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MESSAGE OF THE HON MINISTER OF EDUCATION 

 

 

Greetings to the esteemed participants, scholars, and innovators gathered for the 
University of Vocational Technology's International Research Symposium 2023 and 
Collaborative Initiatives in Sri Lanka's Technical and Vocational Education and 
Training (TVET) Landscape. 
 
In our pursuit of educational excellence, the University of Vocational Technology 
(UoVT) has been an unparalleled beacon of transformative change. Envisioned 
through the parliamentary Act No. 31 of 2008, UoVT has been steadfast in its 
commitment to nurturing excellence in Technical and Vocational Education. Its 
pioneering initiatives and unwavering dedication have set the stage for a paradigm 
shift in Sri Lanka's educational landscape. 
 
The IRS 2023 stands as a testament to UoVT's unwavering commitment to innovation, 
collaboration, and sustainable development. The symposium, themed "Emerging 
Technologies and Skills for Resilient Industries," serves as a converging point for 
visionaries, educators, practitioners, and students to deliberate on key themes crucial 
for our evolving industries and educational platforms. 
 
The outlined themes of IRS23 encompass a diverse array of areas imperative for 
resilience and innovation across industries, technological advancements, and 
educational platforms. From fostering sustainable practices in various industries to 
harnessing innovative pedagogies for transformative educational platforms, each 
theme addresses contemporary challenges and sets the course for transformative 
growth. 
 
Moreover, the parallel events meticulously curated alongside IRS23 further amplify 
the symposium's impact. From the Committee of Vice-Chancellors and Directors 
meeting to the Leadership and Management of TVET Institute program, these events 
not only complement the grandeur of IRS23 but also signify our collective dedication 
to fortifying TVET excellence and fostering industry-academia collaborations. 
 
The collaborative workshops and seminars planned during this symposium are 
invaluable incubators for innovation and sustainable practices within the TVET 
landscape. The initiatives, such as the Waste Management and Sustainability 
Development workshop in collaboration with the TESS EU project, highlight our 
commitment to nurturing environmentally-conscious practices and fostering industry 
partnerships. 
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I commend the University of Vocational Technology for its relentless pursuit of 
excellence, innovation, and sustainable development in the TVET sector. Together, let 
us continue to chart new pathways, foster collaborations, and propel Sri Lanka 
towards a future defined by resilience, innovation, and educational excellence. 
 
 

Hon (Dr.) Susil Premajayantha 
Minister of Education, Sri Lanka 
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MESSAGE OF THE SECRETARY TO THE MINISTRY OF EDUCATION 

 

 

 
 
Greetings to all gathered for the University of Vocational Technology's International 
Research Symposium 2023 and Collaborative Initiatives in Sri Lanka's Technical and 
Vocational Education and Training (TVET) sector. 
 
I commend the University of Vocational Technology (UoVT) for spearheading 
transformative initiatives within Sri Lanka's education sector. The IRS 2023, themed 
"Emerging Technologies and Skills for Resilient Industries," unites minds to deliberate 
on pivotal aspects shaping our industries and educational framework. 
 
These discussions encompass resilient industries, sustainable practices, technological 
innovations, and transformative educational pedagogies, crucial for our nation's 
progress. The aligned parallel events, including the CVCD meeting, Leadership and 
Management of TVET Institute program, and the Industry Seminar, serve as catalysts 
for refining strategies and forging collaborations. 
I am particularly enthused by UoVT's collaborative initiatives, notably the Waste 
Management and Sustainability Development workshop with the TESS EU project. 
This reflects our dedication to cultivating environmentally-conscious practices and 
facilitating knowledge exchange among industry leaders, researchers, policymakers, 
and students. 
I commend UoVT's dedication and strides in advancing the TVET landscape in Sri 
Lanka. Let us continue nurturing an environment where innovation, collaboration, 
and educational excellence thrive, propelling our nation towards resilience and 
sustainable growth. 
 

Mr. M. N. Ranasinghe 
Secretary to the Ministry of Education, Sri Lanka 
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MESSAGE OF THE VICE CHANCELLOR 

 
 
 
 

 
 
 

 

 

Technical and Vocational Education and Training (TVET) serves as a cornerstone in a 
nation's knowledge creation through education and research. The TVET sector, being 
instrumental in generating crucial knowledge and innovative solutions, guides policy 
agendas and aids in achieving national development goals. Recognizing the 
importance of empowering its youth to address challenges, Sri Lanka, as a developing 
country, places a high priority on enhancing the novelty, relevance, and quality of 
research and innovation within its TVET sector. 

In pursuit of this objective, the University of Vocational Technology has actively 
participated in numerous national and international projects spanning diverse 
disciplines. Upcoming projects slated for implementation in the coming year focus on 
critical areas such as education, agriculture, health, food, renewable energy, 
engineering, information and communication technology, and waste management. 
The overarching goal is to cultivate a high-quality workforce by enhancing skills and 
capacities within the TVET sector, among youth, and among entrepreneurs. 

As a premier institution in the TVET sector, the Vocational University of Technology 
plays a pivotal role, in offering students the opportunity to pursue degrees in 
technology. The university's purview encompasses student training, trainer 
development, curriculum design, quality assurance, and accreditation. This 
empowerment positions us to address the human resource needs of emerging 
industries through the creation of innovative training materials and courses. 

The 7th International Research Symposium (IRS 2023) signifies a crucial juncture as 
we elevate the TVET sector and position the University as a model for the next wave 
of paradigm shifts in teaching and learning practices, aligning with both local and 
international expectations. The conference will delve into future trends and practices 
within Industrial Technology and the TVET sector. 

In my role as the Vice-Chancellor of Vocational Technology University, I extend my 
appreciation to the IRS 2023 organizing team for their dedication and tireless efforts in 
orchestrating such a high-profile event. The success of the 2023 International Research 
Symposium hinges on the quality of the research presented. I extend heartfelt 
congratulations and best wishes to all the authors and researchers who have 
contributed to this endeavor. 

Professor C. Mahesh Edirisinghe 
Vice Chancellor 

University of Vocational Technology 
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MESSAGE OF THE SYMPOSIUM CHAIR 

 

 

 

 

 

 

I extend a warm welcome and heartfelt greeting to all of you as the Chair of the 
symposium. This event holds great significance for the University of Vocational 
Technology (UoVT) Sri Lanka, signifying a monumental step toward fostering a robust 
research culture within the University and the TVET sector. 

I am thrilled to share that the response to our call for submissions has exceeded 
expectations. The dedication and enthusiasm displayed by all authors in their 
submissions are truly commendable. In our commitment to nurturing a dynamic 
research culture, we have given special emphasis to advancements in engineering, 
industries, education, ICT, vocational training, and waste management sectors. 
Recognizing the pivotal role of emerging scholars, we have also focused on 
contributions from students who represent the future generation of researchers. 

After careful deliberation and rigorous evaluation, a selection of outstanding 
submissions has been chosen to be part of the symposium proceedings. These 
contributions epitomize the forefront of research in engineering technology, industrial 
technology, education technology, ICT, TVET, and waste management and 
sustainability. We are excited to provide a platform for these ideas to be shared and 
discussed. Beyond being an event, this symposium serves as a catalyst for positive 
change. It marks the beginning of a journey toward creating a lasting impact on 
sustainable technology practices, not only in Sri Lanka but globally. We envision this 
event as a steppingstone to fostering collaboration, innovation, and a deeper 
understanding of challenges and opportunities in the realm of sustainability. 

To all our authors, I extend heartfelt congratulations on your achievements in the field 
of research. Your dedication and hard work have brought us to this moment, and we 
eagerly anticipate the discussions and insights that will emerge during the 
symposium.     As we approach the UoVT International Research Symposium 2023, we 
eagerly anticipate the vibrant exchange of ideas, the forging of new partnerships, and 
the collective pursuit of knowledge. Together, we can make a difference in the world 
of sustainable technology development. 

We wish each and every one of you the best of luck as you present your research and 
engage in the stimulating conversations that lie ahead. May this symposium be the 
beginning of an exciting journey into a future filled with groundbreaking research and 
positive change? 

Helawikum Athauda Seneviratne  
Symposium Chair 

UoVT International Symposium 2023 
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MESSAGE OF THE KEYNOTE SPEAKER 

 

 

 

 

 

  
 

Digital transformation of society, news media and families 
Digital transformation affects society and culture in complex and interrelated ways as 
digital technologies dramatically change the ways in which individuals, companies 
and governments interact among and with one another. New media technology and 
artificial intelligence are changing working life and business models. Theories of 
‘surveillance capitalism’, ‘attention economy’ and ‘social acceleration’ describe how 
media technology changes society. Global media platforms such as Meta/Facebook 
and Tik Tok’s collect data from users ‘likes’, ‘dislikes’, views etc, while artificial 
intelligence replaces journalists and teachers, media content is more easily 
disseminated globally, and everything seems to go faster and faster in our modern 
society. Children, families and societies are affected worldwide.  
Eiri Elvestad is professor of media sociology at USN. She has extensive experience 
with research into the role of media in society, with a particular interest in news media 
use, the spread of misinformation and democracy. Lately, she has done research on 
digital parenting and children’s rights in a digital world. In this lecture, she will 
discuss how global media platforms and social media change the spread of 
information in society and intervene in family life.  
The lecture is based on recent research on the opportunities and dangers of children's 
digital lives, and how digital media change the parental role. Elvestad argues that 
raising and protecting children today requires knowledge of how parents and children 
use social media as well as global media platforms' algorithms and datafication. 
Parents across the world worry a lot about their children’s media use. ‘Sharenting’ is 
an example of a phenomenon that shows how children's digital lives and security also 
depend on their parents' use of social media. Elvestad also argues for the need for more 
research, and more comparative studies that include non-Western countries. Despite 
global platforms, she further points out that the way social media is used and 
regulated varies across countries. 
. 

 
Professor Eiri Elvestad  

Vice Dean for Research & Development 
 University of South-Eastern Norway Delegation 
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MESSAGE OF THE PROGRAM COMMITTEE CHAIR 

 

 

 

 

 

 

 

The 2023 International Research Symposium of the University of Vocational 
Technology is the seventh iteration of the flagship platform to disseminate the 
groundbreaking research done in the areas of industrial technology, education 
technology, engineering technology, and information technology at the university as 
well as by partner institutions both locally and overseas. 
 
The annual research symposium is part of a series of activities that include training 
workshops and research outcome dissemination events conducted by the university 
leveraging its unique position as the highest education institute in Sri Lanka for the 
tertiary and vocational education sector bringing together educators, industry 
practitioners, and technology researchers. 
The International Research Symposium originated from the Annual Research 
Symposium of the university and gained broader participation of local experts as well 
as international contributors gradually elevating its stature. The International 
Research Symposium was held for the first time in 2017 under the Conference Program 
Committee Chairmanship of Dr Dimuthusiri Suraweera and continued under the able 
guidance of Prof Kanchana Perera (2018), Prof KKDS Ranaweera (2019), Prof 
Chandana Jayalath (2021), and Dr Sunil Kularatne (2022). 
 
This year, the conference received a total of 123 research papers with 77 accepted as 
full papers for oral presentation and a further 32 papers accepted for poster 
presentations. Every submitted paper was reviewed by at least two subject area 
specialists in a double-blind review process to improve the quality of the research 
dissemination as well as to provide useful feedback to the researchers for further 
improving and extending their research work. 
The 2023 International Research Symposium has eight tracks covering areas of 
importance to the Sri Lankan economy, technology, and environment with a particular 
emphasis on sustainability, resilience and innovation. These themes are of great 
importance to Sri Lanka as it emerges from the pandemic and sovereign debt induced 
economic crisis as well as climate change driven challenges to food security and 
disaster preparedness. 
 
As the primary higher education centre leading research, technology development, 
and training of experts for the TVET sector, the University of Vocational Technology 
places great emphasis on this flagship symposium to highlight the achievements of 
researchers and provide a broad platform to disseminate research outcomes for 
practical implementations and adaptation to existing technologies. 
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On behalf of the Program Committee, I wish to acknowledge the extraordinary effort 
volunteered by the members of the research paper review committee from local 
universities, industries, public sector organizations, and overseas universities. The 
value added by the review committee members to the continued development and 
upliftment of the International Research Symposium is immeasurable. The program 
committee gratefully acknowledges the leadership and guidance provided to it by the 
Vice Chancellor, Prof Mahesh Edirisinghe, the General Chair of the Symposium, Mr 
Athauda Seneviratne, and the Symposium Secretary, Ms Malkanthi Thenabadu. 
 
I wish to thank all contributing researchers, reviewers, presenters and participants of 
the 2023 International Research Symposium of the University of Vocational 
Technology for the continuing support to ensure the success of the event. 
 

Prof Chandana Gamage 
Chairman, Program Committee 

University of Vocational Technology 
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Abstract- Sustainable practices in solid waste management 

play a crucial role in establishing a viable waste management 

system. The volume of solid waste has emerged as a serious 

environmental concern in Sri Lanka and the prevailing system 

struggles to dispose municipal solid waste as per the 

Sustainable Development Goals. Our study explores how 

Moratuwa Municipality has established sustainable solid 

waste management practices. The findings of the study 

elucidate that cooperating among a range of actors has 

enabled it to overcome the socio-cultural aspect of waste 

management and to generate additional revenue to the 

municipal budget. Similarly, this study demonstrates that 

officers like public health officers could play a leading role in 

fostering sustainable waste management practices at 

Municipalities.  

Keywords-: Municipal Council, Municipal Solid Waste, Waste 

Segregation, Sustainable Waste Management Practice. 

I.INTRODUCTION 

The volume of waste generation increases along with 

the growth of population, increasing urbanization and 

economic development amongst others (Vidanaarachchi, 

Yuen and Pilapitiya, 2006). Managing Municipal Solid 

Waste (MMSW) is a challenging task for developed 

countries as well. Municipalities in developing countries 

often fail to manage their solid waste (Guerrero, Maas and 

Hogland, 2013). There is no exception in the context of 

Sri Lanka. The government has historically ignored the 

problem of solid waste. As elucidated by Vidanaarchchi 

et al. (2006), the country’s Ministry of Environment 

developed a “National strategy for Solid Waste 

Management” in the year 1999.  Nearly 80% of 

households in the Southern Province of Sri Lanka are 

likely to burn waste. In the end, the acuteness of MSWM 

has been witnessed by the country in 2017 as a result of 

“Meethotamulla Municipal Solid Waste Dump Disaster”. 

Waste refers to anything that its owner intends to 

dispose, as it has reached the end of its useful life.  The 

term municipal solid waste is normally assumed to 

include all forms of waste generated in a community, 

except waste generated by municipal services, treatment 

plants and industrial and agricultural processes 

(Tchnobanoglous and Kreith, 2002).  The main sources of 

Municipal Waste in Sri Lanka are residences, markets and 

commercial institutions (Kularathne, 2015). In Sri Lanka, 

Municipal Council, Urban Council and Pradeshiya Saba 

governed under the purview of Ministry of Local 

Government and Provincial Council are responsible for 

collecting, transporting and disposing solid waste. 

Provisions to manage waste are made available under the 

sections 129, 130 and 131 of the Municipal Council 

Ordinance; sections 118, 119 and 120 of the Urban 

Council Ordinance; and sections 93 and 94 of the 

Pradeshiya Sabha Act. Our study explores how Moratuwa 

Municipal Council attempts to address the challenge of 

managing its solid waste which is a requirement under the 

Sustainable Development Goal 11 and 12. 

II.LITERATURE REVIEW 

Solid Waste Management (SWM) is a crucial aspect 

of the social system (Rahardyan et al. (2004). In the early 

civilization, solid waste management concerns were at 

their most basic level, as everyone took care of waste by 

dumping at the back of a cave (Wilson, 1977). Due to 

urbanization, and changes in the lifestyle and dietary 
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habits, the volume of waste is currently growing quickly 

and altering its composition (Poopor et al., 2004; 

Ogbonna, 2007; Agdag, 2008). The rapid rise of 

population in the absence of a sound waste management 

system is a primary factor that contributes to the problem 

of solid waste. While solid waste generation is 

unavoidable and is a consequence of human behavior 

(Khan et al., 2022), global solid waste generation is likely 

to be increased by threefold in the dawn of 2100 

(Minelgaite and Liobikiene, 2019). Our inability to 

manage such waste efficiently undermines well-being of 

humans and environmental health (Khan et al., 2022) 

SWM is concerned with tasks related to the 

generation, collection, transport, and disposal of solid 

waste in an ecologically friendly manner while 

implementing concepts of economy, energy efficiency, 

and conservation (Cader, 2001). The stakeholders such as 

the national government (Shekdar, 2009); municipal 

authorities; city corporations; non-governmental 

organizations (NGO’s); households (Sujauddin et al., 

2008); private contractors; Ministries of Health; 

Environment, Economy, and Finance (Geng et al., 2009) 

and recycling companies (Tai et al., 2011) are interested 

in managing waste. Nevertheless, some difficulties 

associated with waste collection and disposal practices 

were recognized in the literature. Among them, improper 

bin collection system, poor scheduling of waste collection 

routes, availability of few vehicles for waste collection 

and badly maintained road system are notable (Guerrero 

et al., 2013). 

MSWM Practices and Regulations. 

Tchobanoglous and Kreith (2002) emphasize that   

Municipalities and residents employ a variety of 

methodologies, regulations, and practices to limit 

garbage’s harmful repercussions and locate valuable 

recyclables. To him, waste management is organized into 

six organizational functions: waste generation, waste 

handling at source, collection, transportation, processing 

and transformation, and disposal (Tchobanoglous and 

Kreith, 2002).   Open dumping is a widely used practice 

for MSW disposal nevertheless this practice poses 

significant environmental and health due to toxic and 

greenhouse gases (GHGs) emissions through direct 

combustion and/or decay of wastes (Yash et al., 2019). 

Literature suggests that integrated solid waste 

management (ISWM) consists of different methods such 

as, incineration, composting, anaerobic digestions, refuse-

derived fuel, material recovery facility, and sanitary 

landfilling, is much needed (Khan et al., 2022).  

2.1  Sustainable Development Goals   and waste 

management  

The subject of SWM is well embedded in many SDGs. 

(Mahajan.R. 2020S) WM acts as an essential prerequisite 

for the attainment of 17 broad sustainable development 

goals (SDGs) in 2030 in developing countries. It 

contributes towards the progress of a wide range of SDG 

targets either implicitly or explicitly. It paves way for 

executing SDG 6: Clean Water and Sanitation, SDG 3: 

Good health and Well-being, SDG 11: Sustainable cities 

and communities, SDG 12: Responsible consumption and 

production SDG13: Climate change and, in particular and 

other SDGs in general. According to the UN- 

Environment Programme (1972-2022), SDG- Indicator 

11.16.1. Represents the Proportion of municipal solid 

waste collected and managed in controlled facilities out of 

total municipal solid waste generated by cities. 

Target 11.6: By 2030, reduce the adverse per capita 

environmental impact of cities, including by paying 

special attention to air quality and municipal and other 

waste management. The indicator measures the progress 

of the performance of a city’s municipal solid waste 

(MSW) management. It aims to determine the proportion 

of municipal solid waste regularly collected and treated in 

a city. It quantifies:  

I. The total MSW generated in the city (tones/day)  

II. The total MSW collected in the city (tones/day)  

III. Proportion of population with access to basic MSW 

collection services in the city (%) 

IV. The total MSW managed in controlled facilities in the 

city (tones/day)  

V. MSW composition 

 

2.2  Factors influencing the elements of the waste 

management System  

Scholars have argued that there are some factors 

influencing a waste management system. According to 

Sujauddin et al. (2008), the generation of waste is 

influenced by family size, their education level, and 

monthly income. Household attitudes related to the 

separation of waste are affected by the active support and 

investment of a real estate company, community 

residential committees’ involvement for public 

participation (Zhuang et al., 2008), and fee for collection 

service risks based on the waste volume or weight 

(Scheinberg, 2011). Gender, peer influence, land size, 

location of household, and membership of environmental 

organizations explain household waste utilization and 

separation behavior (Ekere et al., 2009). 

III. METHOD AND MATERIALS  

Firstly, a detailed Literature survey was carried out to 

internalize the holistic picture of the existing practices of 

municipal solid waste management and the issues and 

challenges associated with solid waste. The study relies 

upon single case study approach, as our study aims to 

explore how Moratuwa Municipal Council attempts to 
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address the challenge of managing its solid waste within 

its administrative area. As elucidated by Yin (2003), case 

study is an empirical inquiry that explores contemporary 

phenomenon in its real-life context. This study is 

predominantly a qualitative study. The Purposive 

sampling technique was used to collect data from key 

informants such as Commissioner of the Municipal 

Council, public health inspectors (4 PHIs), waste 

collectors (07) at the municipality, and 10 residents live 

in the administrative area of Moratuwa Municipal 

Council. In addition, field observations also were carried, 

including a visit to the Material Recovery Facility (MRF) 

at the municipality and the Karadiyana waste treatment 

facility. 

Semi-structured interviews were conducted. Interview 

recordings were transcribed, coded and themes were 

generated. The interview data was analyzed and 

summarized using theme-based content analysis method. 

Codes were generated using Excel. “Coding reduces lots 

of data into small chunks of meaning”. (Moira Maguire & 

Brid Delahunt 2017) Open coding was used to avoid pre-

set coding. The theme-based content analysis followed 

Braun & Clarke’s (2006) six-phase framework for 

thematic analysis which comprised with 6 (six) steps 

namely, Becoming familiar with the data, Generating 

initial codes Searching for themes, Review themes, 

Define themes and Write-up. There were 4 themes 

generated following 12 codes and the themes were then 

elaborated and explained. The Study further relied on 

secondary data collected from Action plans of MMC, 

Websites, Annual reports/Action plans of the Waste 

management authority, central Environment Authority, 

Presentations, Relevant ordinances, and Progress reports 

and action plans of Karadiyana Waste Treatment Center. 

IV. ANALYSIS AND FINDINGS  

This section presents the analysis and findings of the 

interviews conducted focusing on current solid waste 

management practices adopted by Moratuwa 

Municipality. The interview findings concluded that 

Moratuwa Municipality is performing a unique waste 

collection and segregation mechanism at point of waste 

generation and maintaining a high Resource recovery 

percentage compared to other MCs. The most interesting 

find is that this municipality recovers 97% of its resource 

and recycle them and only 3% is disposed to open dump 

site at the Karadiyana waste treatment facility. 

Data gathered through interviews, observation and 

documents envisages the following six areas: SWM 

process, Sustainable SWM practices, Segregation at 

collection points and Collection frequency, MRF unit 

support, NGO involvement, Social awareness, Informal 

waste collectors, and challenges and issues (Institutional 

support, peoples’ attitudes, Financial constraints, 

Hindrance for institutional entrepreneurship by co-

workers due to political influence, Population) 

IV.1 Solid waste management process at Moratuwa 

Municipality 

As reveled by Vidanaarachchi et al. (2006), officers 

such as medical officer of health, health inspectors in the 

municipalities and urban councils are particularly 

involved in waste management in Sri Lanka. This is no 

exception in the context of Moratuwa Municipality. 

Collecting and disposing of waste is one of the main 

functions handled by the Public Health Department of the 

municipality under the supervision of the CPHI (Chief 

Public Health Inspector). In the Moratuwa Municipality, 

there are 9 PHIs including CPHI. The total volume of 

waste generation in the municipality is approximately 126 

MT/Day and daily waste collection is about 96 MT, which 

is 76% of the Total waste. 18-25% of the municipal 

budget is allocated to solid waste collection 

The municipality’s administrative area is divided into 

five waste collection zones and its 9 PHIs are deployed in 

these zones, including supporting staff such as supervisors 

sub supervisors and laborers. It also revealed that the total 

bio-degradable waste collected by MC is 66 MT per day 

approximately while the total non-biodegradable waste 

collection is around 15-25 MT. Findings highlighted that 

nearly 1 MT ton of bio-degradable waste is composted by 

this municipality while the rest 60-65 MT is transported 

direct to Mihisaru Compost yard at Karadiyana 

established under the Waste Management Authority for 

final disposal. It also revealed that 15-25 MT of non-

biodegradable waste is collected and transferred to its 

MRF, whereas 10 MT of such waste is collected by 

informal collectors.  

IV.2 Sustainable Solid Waste management procedure and 

practices 

Sustainable MSW management requires a rich 

understanding of waste streams, material balance, and 

flow along with the proper knowledge and willingness of 

the stakeholders (Vidanaarachchi et al. 2006). In Sri 

Lanka Technical Guideline on Municipal Solid Waste 

Management has been established by Central 

Environmental Authority precisely articulating the 

general, operational, and Legal requirements of Municipal 

Solid waste Collection, Transportation, Establishing 

MRF, Incineration, Composting, Biogas and Land filling 

Facility that are the main phases of waste chain. 

Moratuwa MC has attempted to follow the guidelines at 

different stages of the WM process based on available 

resources.  The involvement of its PHIs in managing 

waste has enabled to implement several methods in the 

stage of collection, segregation, and disposal of waste. 

Similarly, this municipality has increased the collection 
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frequency, while introducing more segregation at the 

source of origin. In addition, further segregation at the 

collecting truck, and again segregation is at its MRF. The 

composting programs of the municipality require such 

segregation of waste. Therefore, its administration has 

launched awareness programmes to motivate the residents 

to segregate waste at the point of origin and to confirm 

that waste is sorted again at the truck, which leads to bring 

clean and segregated waste to final dumping site - 

karadiyana. Following sections represent the WM 

practices that the MC used to Manage Solid waste 

effectively.  

IV.2.1 Waste collection frequency and segregation at 

source of generation.  

Moratuwa Municipality collects waste from 

households, commercial entities, institutions, and 

industries. Household waste is collected at certain 

frequencies based on the category of waste while 

Commercial/Industry/intuitional waste is collected when 

there is a request from them. Based on the volume of 

waste, commercial places and industries are charged for 

collecting their waste.   Domestic waste is collected five 

days a week. Bio-degradable waste is collected for two 

days, and non-biodegradable waste is collected another 2 

days of the week. Residents are made aware to segregate 

non-biodegradable waste basically into three types, 

namely polythene, plastic bottles and paper. However, the 

municipal workers segregate waste again while being 

transported to the MRF. As the municipality maintains a 

very systematic segregation and collection system, its 

workers never hesitate to reject dirty waste such as lunch 

sheets and shopping bags. Every month, 1st 2nd, and 3rd 

Sunday, the municipality collects reusable waste such as 

glass bottles, fabric, shoes, leather bags, etc. Such items 

are made available at the “Sathi pola” where people can 

buy them at a very low price.  

IV.2.2 Material Recovery Facility (MRF) as a step to 

sustainable waste management  

Wastage was not segregated and mixed wastage was 

collected before establishing MRF at the municipality. 

During 2015-2016, though the public was advised to 

segregate domestic waste. Although it was separated into 

3 categories, it was delivered to Karadiyana as mixed 

waste. This Municipal Council paid an enormous amount 

of money to deliver its waste. Karadiyana waste site could 

not bear the volume of waste delivered by municipalities. 

Therefore, the management of this waste dump rejected 

accepting waste from the municipality. Accordingly, the 

municipal administration was forced to establish its MRF. 

Because of the MRF at this municipality, it could avoid 

paying around 2 000 000 LKR to Karadiyana Landfill. At 

present, 15 - 25 MT of non-biodegradable waste is daily 

transferred to the MRF. Primarily segregated waste is re-

sorted into 42 categories and bailed at the MRF and could 

sell to recyclers. In addition, our results demonstrated that 

although most Municipalities operate an MRF, it causes 

an unclean and dirty atmosphere in the surrounding area. 

Being situated in the center of the town where most public 

institutions and commercial entities are located, this 

municipality maintains a very clean environment, 

especially around the municipality. Therefore, this 

municipality receives no complaint about gathering of 

flies, and mosquitos and emitting bad air due to the MRF 

in contrast to other municipalities in the country.  

IV.2.3 High Resource Recovery Efficiency as an 

approach to Sustainability  

It is necessary to use effective alternative treatment 

methods to avoid biodegradable ending up in landfill 

(Kamaruddin et al., 2015). Recovery of waste is an 

example of diverting waste from being landfilled. This 

method usually represents biological, physical, and 

thermal, including energy recovery (He et al., 2008). 

Moratuwa Municipality has developed a unique waste 

collection system made of segregating waste as per the 

types of waste and efficient disposal practices. All kinds 

of waste that are treated as a resource. In other words, all 

degradable wastes are composted; recyclables wastes are 

forwarded to recycling companies through its MRF while 

non-recyclable waste is diverted to the Waste-To-Energy 

Plant. The MRF facility accepts only less dirty waste from 

households and commercial places. Waste such as 

paper/cardboard, plastic containers, polythene wrappers 

and metals are collected on the day of collecting 

recyclable waste. This became a practice because of 

continuous community awareness campaigns. 

Any waste management system is influenced by the 

aspects such as technical, financial, environmental, socio-

cultural, institutional and legal (Gurrero et al., 2013). It 

had been difficult to change social attitudes at initial 

stages. However, now people got used to separate their 

waste as instructed. The collected recyclable waste is 

further segregated manually by the workers into 42 

categories such as PET bottles, PP cans, PP containers, 

HIPS (yoghurt) caps, Cardboard, Paper, New Paper, 

LDPE wrappers &amp; bags, etc. During further 

segregation process at the MRF, recyclable waste is 

separated based on the type of material; for example, a 

PET bottle is separated from plastic waste and their lids 

are separately collected and stored. All the separated 

materials are sent to the respective recycling companies. 

The non-recyclable laminated polythene packing 

materials are delivered to the Waste-to-Energy Plant 

located at Kerawelapitiya or to the Cement Kline of 

INSEE cement factory as a fuel subsidiary. Totally a small 
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volume of non-recyclables such as wooden offcuts, soil 

mixed waste, sanitary waste and slaughterhouse waste are 

sent to the landfilling site at Karadiyana. In June and July 

2023, this municipality delivered respectively 123.20 MT 

and 125.56 MT to Karadiyana. In the end, the 

municipality has recovered 97% of resources. 

IV.2.4 Composting and re-using 

In 2008, the government initiated a programme, 

namely “Pilisaru”, which aimed to lay foundation for 110 

composting plants around the island (Bekchanov and 

Mirzabaev, 2018). The daily open market in this 

municipality sells essentials such as vegetables, fruits, 

fish, coconut etc. A large amount of organic waste is 

generated by this market. To upcycle such waste, a 

composting plant under the “Pilisaru” project has been 

established and maintained by this Municipal Council 

nearby the market. This composting plant, operated by the 

Chief PHI, a project officer and workers, could produce 

12.5 tonnes compost and each 1 kg is sold at 10.00 

Rupees. It has enabled to attain a viable solution for 

reducing waste amount transferred for open dumping 

while generating revenues to the municipal budget.  

Similarly, the concept of reusing is also promoted by this 

municipality. For this purpose, a Sunday service is offered 

to collect reusable items such as shoes, bags, clothes etc. 

Such waste is made available at “Parisara Pola” where 

people can purchase at a very low cost. However, it was 

revealed that most of the items are taken and used by the 

labours of MC before sending “Parisara Pola”. This 

system also helped to reduce the amount of waste for open 

dumping. 

IV.3 Informal waste collectors 

Highly active informal sectors for waste collection, in 

the low- and middle-income countries, make it more 

difficult to regulate and implement a new efficient and 

standardized waste treatment system (Wilson et al., 

2012b). Our findings show that 10 MT of non-

biodegradable waste is collected by informal waste 

collectors. Informal waste collectors at this municipality 

play a significant role in the waste management chain. As 

there is no proper mechanism to integrate them into the 

waste management chain, they contribute to generating 

another challenge to the municipality. They tend to dump 

unrecyclable or sellable waste at roadsides or bare lands. 

V.CONCLUSION AND RECOMMENDATION 

Our study explores how Moratuwa Municipal Council 

attempts to address the challenge of managing its solid 

waste which is a requirement under the Sustainable 

Development Goal 11 and 12.  Our findings contribute to 

the literature dealing with municipal solid waste 

management. The socio-cultural aspect of waste 

management is considered as one of the major challenges 

for developing countries to build a sustainable waste 

management practice (Guerrero and Hogland, 2013). As 

demonstrated by this study, collective efforts by 

stakeholders such as the municipal administration, its 

ordinary employees and residents have enabled to 

mitigate the negative consequences from a two main 

aspect of waste management, namely socio-cultural. The 

municipality has nurtured the habit of segregation of 

waste at its origin and reusing or recycling such waste that 

could generates additional income to the municipal 

budget. In addition, its waste management practices help 

to reduce the cost of disposing waste, as biodegradable 

waste is properly segregated before delivering to the 

waste disposal site that composts such waste. To foster 

good waste management habits within its administrative 

area, the PHIs have played a main role, which contradicts 

with the findings of Vidanaarachchi et al. (2006). Based 

on their study, the involvements of PHIs instead of 

engineers exacerbate the problem of solid waste 

management in Sri Lanka. 

Poor sorting and increasing complexity of the 

product’s composition limit sustainable resource recovery 

operations in a sustainable solid waste management 

system (Singh et al., 2014). The literature envisages that 

MSW generation is affected by different factors, such as 

population; socioeconomic development index (HDI) 

income level (GNI per capita) (Wilson, 2007; Wilson et 

al., 2012b); and climate of the region (World Bank, 2012). 

Generally, the greater the economic prosperity, the greater 

the amount of waste produced. Sri Lanka generates 7000 

Tons of waste per day and only less than 50% is 

systematically collected and treated by Local authorities 

and the remaining continue to be informally dumped on 

roadsides or barren lands creating an adverse impact to the 

ecological system. The current study concludes that an 

integrated approach to streamline all parties in waste 

chain and specially the community awareness on 

responsible consumption and disposal patterns should be 

encouraged. Community awareness on prevention, 

Minimization, Reduce, and reuse should be expanded as 

in Moratuwa municipality. And similar approach will 

enable to attain the SDG 11: Make cities and human 

settlements inclusive, safe, resilient and sustainable, and 

SDG 12: Ensure sustainable consumption and production 

patterns. 

The industries should apply more circular economy 

strategies at all stages of the product life cycle, and Local 

Authorities must promote innovative culture promoting 

institutional entrepreneurship and Organization 

Citizenship behavior to propose to sustainable solutions 

for regional waste generation. Similarly, politicians and 

celebrities can play an exemplary role by simply changing 

the attitudes of people and moving society to embrace 
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sustainable waste management practices. We urge 

scholars to explore how other municipalities in Sri Lanka 

cooperate with various actors to propagate sustainable 

waste management habits and practices. Similarly, it is 

important to explore why biogas production in Sri Lanka 

has not been successful, albeit the history of biogas 

generation in Sri Lanka traceable as far as back to the late 

1960s (Vidanaarachchi et al., 2006).  The countries like 

Norway and Sweden have been successful in using 

biofuel to drive vehicles belong to the municipality. 

Acknowledgment: This paper is part of Techno-

Economic-Societal Sustainable Development Training in 

Sri Lanka (TESS) Project, No: 609925-EPP-1-2019-1-

NO-EPPKA2-CBHE-JP, which is co-funded by the 

European Commission under its ERASMUS+ CBHE 

programme 
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Abstract—Economies are facing numerous social, and 

environmental challenges due to the absence of proper 

waste management. Circular entrepreneurship plays an 

important role in identifying and exploiting new business 

opportunities to create innovations from waste which is 

paramount to enhancing resource efficiency and 

reducing negative environmental impact. Therefore, 

circular entrepreneurship is imperative in achieving 

sustainable development goals. In this milieu, this study 

explores how circular entrepreneurs create innovation 

from wastes which leads to shared value creation 

through business start-ups in southern Sri Lanka, and 

recognizes the challenges they face during the start-up 

stage. The Multiple case study method was applied and 

data were collected from three circular entrepreneurs by 

conducting in-depth interviews. The findings of the study 

reveal that these circular entrepreneurs introduce 

innovations by using waste with the motivation of 

reusing it to reduce resource wastage and negative 

environmental impact. Their knowledge and experience, 

creativity, cross-sector collaboration, networking, and 

learning induce them to make business start-ups in this 

sector. Further, they are facing several challenges during 

the start-up stage such as lack of access to finance, high 

electricity costs, finding partners, technical faults in the 

machinery, having licenses from multiple authorities 

which delay the process, and inadequate support from 

the government. This study provides insights to the 

practitioners and policy-makers in Sri Lanka to facilitate 

circular entrepreneurs to successfully exploit circular 

business opportunities that impact the triple bottom line 

and achieve sustainable development goals.  

Keywords: Circular Entrepreneurship, Waste 

Management, Shared Value Creation, Sri Lanka 

 

 

 

I.   INTRODUCTION 

Waste is currently known as a valuable resource and 

the application of circular economy practices for waste 

management would help to achieve sustainable 

development goals. In the business community, 

sustainability is coined as “the triple bottom line”, 

expressing that industry has to expand the traditional 

economic aspects to incorporate environmental and 

social dimensions to create a more “sustainable 

business” (Elkington, 1997). Even though there are 

many business opportunities available in the upcycling 

of waste, the community is unaware to convert these 

into value addition and innovations (Leal et al., 2019) 

which ultimately contributes to shared value creation 

(economic, social, and environmental values) through 

circular entrepreneurship. Circular entrepreneurship 

focuses on reusing, recycling, refurbishing, 

remanufacturing, or upcycling wastes through circular 

closed-loop processes when compared with the linear 

economic model (Henry and Hekkert, 2020) which 

ultimately goes for landfilling and creates many 

environmental issues for the economy.  Creative use 

of waste in the production process provides many 

benefits such as extending the lifetime of materials and 

products, increasing material efficiency, reducing 

energy consumption, and generating economic 

opportunities for local communities (Sung et al., 

2019). 

Urbanization, population growth, overconsumption, 

lack of awareness, malpractices by industries, etc. 

create the problem of waste management which has 

been continued for many years in Sri Lanka and came 

to be known well after the collapse of the 

Meethotamulla waste disposal site in 2017 which 

mailto:mafasiyaf@gmail.com
mailto:tslw2013@gmail.com
mailto:wsriyanigt@gmail.com
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created severe environmental issues and death of lives. 

Subsequently, the economic downturn in Sri Lanka 

resulting from the COVID-19 pandemic created many 

issues for society while burdening the livelihood of 

people. Therefore, it is imperative that both profit 

maximization and minimizing resource utilization 

through circular entrepreneurship in all sectors of the 

economy (Gunasekara, 2021). Proposing circular 

business models plays a worthy impact in the Sri 

Lankan economy to ensure food security, good health, 

provide job opportunities, empower youth and 

MSMEs, and reduce cost and environmental pollution. 

Even though circular entrepreneurship is an emerging 

research area around the world, there is still a lacuna 

of research on the value creation done from circular 

business models in Sri Lanka (Jayasinghe et al., 2020) 

as well as scarce research in management insights 

(Donner et al., 2020). Thus, this study aims to explore 

three circular business models in the agro-waste sector 

by analyzing the process of circular entrepreneurship 

and shared value creation in terms of economic, social, 

and environmental aspects of sustainability in the 

context of southern Sri Lanka. Moreover, this paper 

reveals the challenges facing circular entrepreneurs in 

the process of value creation. 

 

II. LITERATURE REVIEW 

2.1 Circular Economy (CE) 

CE model appeals across various academic disciplines 

as well as among practitioners and communities 

around the world. Where CE is an emerging field of 

scholarship with an increasingly coherent set of shared 

beliefs and concepts, with the participation of multiple 

actors (Kirchherr et al., 2023 and Suchek et al., 2022). 

The transition to a CE means a systemic change that 

aims to reduce the impacts of the linear economy 

construct long-term resilience and establish economic 

and business opportunities in addition to returning 

environmental and social benefits (Ellen MacArthur 

Foundation, 2015).  Geissdoerfer et al. (2017) 

conceptualized the CE as, “a regenerative system in 

which resource input and waste, emission, and energy 

leakage are minimized by slowing, closing, and 

narrowing material and energy loops. This can be 

achieved through long-lasting design, maintenance, 

repair, reuse, remanufacturing, refurbishing, and 

recycling”. CE is an alternative model to the linear 

economy which is mainly based on “take-make-

dispose” with a lack of concern for the natural 

environment and society (Sauvé et al., 2016). Thus, 

the CE model proposed to utilize materials, and 

products over time through slowing, closing, and 

narrowing production cycles (Bocken et al., 2016). CE 

adopts the “life cycle thinking” approach which 

expands the traditional focus on manufacturing 

processes to incorporate various aspects associated 

with a product over its entire life cycle. The main goal 

of life cycle thinking is to reduce resource use and 

emissions from/to the environment as well as to 

improve social performance in various stages of a 

product's life.  One of the main goals of CE is to 

transform waste into a resource and waste 

management emerges as a subsector of CE (Merli et 

al., 2018). 

 

2.2 Circular Entrepreneurship and Shared Value   

Creation 

Circular Entrepreneurship is “the processes of 

formation and exploitation of opportunities, using 

both commercial and ecological logics to address 

environmental challenges with the aim of closing, 

slowing, and narrowing the loop of resources and 

regenerating/reconstituting natural capital” 

(Zucchella & Urban, 2019). Circular entrepreneurs are 

crucial to any economy, they identify creative ways to 

reuse and recycle waste while inducing consumer 

awareness and promoting green products (Veleva & 

Bodkin, 2018). According to Gandhi and Raina 

(2018), Social entrepreneurship stands out among the 

several sorts of entrepreneurial pathways because of 

its value proposition. Sinthupundaja et al. (2020) 

stated that “social entrepreneurship can be 

represented as a transitional vehicle that serves for 

creating shared value among an entrepreneur, society, 

and the environment”. Social entrepreneurs not only 

offer benefits to society that commercial enterprises do 

not, but also pursue financial objectives with limited 

resources and support, by generating profits, social 

enterprises hope to attain economic benefits while 

achieving their mission (Shin, 2018). Further, social 

entrepreneurs “benefits for society, local people and 

the local community, to resolve social problems 

around local communities such as enhancing 

community health and safety and uplifting the well-

being of local people” and at the same time circular 

entrepreneurs create environmental value as “the 

betterment of the natural environment. It also refers to 

resolving environmental problems around global 

communities, such as reducing waste and pollution” 

(Sinthupundaja et al., 2020). 

 

Donner et al., (2020) identified six types of circular 

business models in the agro-waste sector such as 

biogas plant, upcycling entrepreneurship, 

environmental biorefinery, agricultural cooperative, 

agro park, and support structure. Drawn a sample of 

39 case studies from 15 countries, the study revealed 

that these models differ in their way of value creation, 

but strongly depend on partnerships and their capacity 
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to respond to changing external conditions. Suchek et 

al., (2022) reviewed the literature on entrepreneurship 

and circular economy and developed a framework for 

circular entrepreneurship including antecedents, 

consequences, and support ecosystem for circular 

entrepreneurship, and emphasized the need for new 

studies to deepen the understanding of circular 

entrepreneurship in different contexts. A study by 

Donner and Radic (2021) conducted an empirical 

study in the olive waste sector based on 41 cases drawn 

from 12 Mediterranean Countries. It explored that 

innovative business models such as olive waste 

valorization, and bioenergy production have emerged 

and still olive biomass is under-valorized. Through the 

application of a qualitative case study approach, 

Jayasinghe et al., (2020) conducted a SWOT analysis 

by investigating three upcycling eco-enterprises in Sri 

Lanka as well as the challenges facing them in 

sustaining growth and scale-up. Findings revealed that 

limited access to funds, lack of business and marketing 

skills, and access to suitable markets are major 

challenges faced by eco-enterprises. 

 

III. METHODOLOGY 

This study applied the qualitative multiple case study 

method. The case study method is defined as "an 

empirical inquiry that investigates a contemporary 

phenomenon in depth and within its real-life context, 

especially when the boundaries between phenomenon 

and context are not evident" (Yin, 2014). We selected 

the case study method to the contemporary nature of 

the phenomenon under investigation and to gain an in-

depth, contextual understanding (Yin, 2014) because 

this research attempts to explore how circular startups 

create shared value. Three case studies were selected 

from the southern province by using the purposive 

sampling technique which is fit into the current study. 

Three cases were first identified through a focus group 

discussion held with circular entrepreneurs. Then 

these three cases were identified as successful circular 

entrepreneurship models because they are pertinent 

examples to generate insights into the phenomenon of 

our research with the best practices of circular 

economy models (Ünal et al., 2019). In-depth 

interviews were conducted via the online Zoom 

platform with selected circular entrepreneurs through 

an interview guide to reveal the process of circular 

entrepreneurship, shared value creation as well the 

challenges faced by them during the start-up stage. 

Probing also took place following the interviews to 

have an in-depth understanding of the phenomena and 

circular entrepreneurs explained their journey as a 

story of their life in a very insightful discussion. 

Interviews lasted about one to one and a half hours 

until the data became saturated and interviews were 

recorded with the permission of the respondents. 

Subsequently, transcribed interviews to critically 

review and analyze the cases with their narratives. 

 

IV. FINDINGS AND DISCUSSION 

This section presents three empirical case analyses by 

emphasizing the circular entrepreneurship process and 

shared value creation. Further, the study presents the 

challenges faced by them during the start-up stage. 

4.1 Case 1 

A rice mill owner in Tissamaharama seized a business 

opportunity of producing eco-pellets from rice husks 

in the year 2011. He thought that since many people in 

that area were doing paddy farms as their main 

livelihood activity and also many rice mills were 

located in the area, which created tons of rice husks 

like mountains and no use of these for other purposes 

and just burning and landfilling threats to the 

environment. Then he searched the alternative ways to 

reuse these husks because it is a big issue for the 

community. Since he had already exported rice to 

India, he had a good network there. Through that 

company, he visited Vietnam, Thailand, and China to 

study technological know-how. He set up a factory in 

2012 with 06 employees to produce eco-palettes from 

rice husks which could be used as a burning material 

for factories and households instead of gas and other 

energies. He purchased two machines from China to 

operate the production process which cost about Rs. 

14,000,000. Then, he could develop a good supply 

chain in the area to provide raw materials without 

interruption which benefited to earn income for a large 

number of suppliers and their employees. Usually, 

1200 kg of rice husk is needed to produce 1000 Kg of 

pallets with the capacity of producing 1600 Kg of 

pallets per day by two machines. First, he exported the 

product to an Indian company and then some other 

companies established in Industrial zones and cement 

factories in Sri Lanka. Next, due to the scarcity of gas 

in the market after Covid 19, there was a high demand 

for this product. 

 

Concerning the availability of abundant waste rice 

husks and well-developed supply chain to the factory 

he had an idea of generating electricity through this 

waste in the year 2017. Then he registered with the 

Central Environmental Authority (CEA) to get 

permission because he thought to supply the electricity 

to the Ceylon Electricity Board (CEB). Then it was 

required to get a license from several authorities such 

as CEA, Water supply and drainage board, Forest 

department, Coast conservation department, and local 

government authority. It takes about 02 years to obtain 

licenses from these authorities. Afterward, he got 
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permission from CEB and signed the agreement in 

February 2023 to supply electricity for 20 years. The 

factory can supply 2.5 MV to CEB and 0.5 MV for 

personal use per day which consumes about 50 tons of 

rice husk. He says that “we would be able to supply 

electricity for about 35,000 households out of this 

03MV. As per the initial estimation it requires about 

Rs. 75 million, but due to the inflation and rising the 

Dollar value currently it needs about Rs. 160 Million 

to launch the project”.  

 

One of the major challenges that he is facing in 

initiating this project is the financial issue. Though he 

has already been talking with several banks, they did 

not agree to provide a higher amount of loan and then 

he talked with a China Bank. Though it agreed to 

provide a loan, they ask for collateral for the total 

amount of the loan and he has no such properties to 

keep as collateral since the value of the project is rather 

higher. Therefore, currently, he is searching for 

partners to invest in the project and talked with several 

parties in foreign countries as well, they have positive 

signs in investing in the project and hopefully launch 

the project shortly. He says that after several years he 

had faced the challenge of finding the market since the 

Indian company stopped orders in 2016 because of the 

price and it could find other alternatives rather than 

this pallet. Then he contacted with Jaffna cement 

factory as well as an allied company of Unilever 

located in Aagarapathana to find the market and it was 

successful. However, these companies demand the 

product from time to time as per their requirements so 

they cannot sell these continuously. Further, the rising 

electricity bills create a high cost of maintaining the 

factory and challenging to keep the cost low. 

Moreover, operating machines also created some 

issues like because our rice husk is harder than in 

China which consumes more electricity, and the 

breakdown of bearings leads to frequent repairs. The 

main challenges for launching an electricity 

generation project are finding finance and obtaining a 

license from multiple authorities which was very 

difficult and time-consuming since there is no 

mechanism in Sri Lanka to get these licenses through 

one request in one stage and multiple requests need to 

be done and not favorable mindset is developed to 

support entrepreneurs as well as for this kind of 

important projects. 

 

 

4.2 Case 2  

A university undergraduate living in Amabalantota 

who produces healthy food and drinks from the waste 

of banana trees. As usual, after harvesting the banana, 

the tree is cut since it produces bananas only at once. 

Therefore, abundant banana trees are cut by banana 

farmers during harvesting and many banana farmers 

are available in the Hambantota district, especially for 

commercial purposes. He was thinking of making 

some value additions from these wastes and generating 

an idea of producing food from them. Banana 

belly/stem is well known as a healthy food among the 

villages but it has not yet been seized for industrial 

application and the opportunity of reusing and 

upcycling banana belly into a rich source of nutritious 

food and drinks such as flour, cordial, and wine. 

Further, since he is an undergraduate in the field of 

food science at the University of Vocational 

Technology, he was able to gain knowledge and skills 

in this field. Especially during the period of Covid 19 

with the vacation and free time, students were assigned 

to do a project and submit a report. Accordingly, he 

was inspired to exploit this opportunity to make value 

additions from banana belly in the year 2021 because 

of his creative thinking the intrinsic motivation to 

introduce a commercially viable product from waste 

rather than just doing something to fulfill the 

requirement of the university. Then he identified the 

ranges of products that could be produced through 

banana belly for example; freezing, dehydrating, 

chutney, etc., and the suitable raw material such as the 

correct types of banana trees with rich fiber since some 

types of banana belly are not suitable to make the 

products. Accordingly, according to the experiments 

and guidelines given by the Ministry of Agriculture he 

chose “Ash plantain, Puwalu, and Ambull " as are most 

suitable and then studied the costs, the food 

preservation and dehydration technology, 

convenience, time duration, etc., and selected this 

option. Next, he bought a dehydration machine and a 

blender which cost about Rs. 100,000 with the support 

of his parents. Next, he started the process of making 

flour from banana belly and did experiments in 

making juice and wine as well. He obtained quality 

certifications from ITI. This flour contains a rich 

source of nutrition with more fibre which could be 

added for preparing any food like porridge, roti, cake, 

biscuits, and other bakery items that have a good taste 

as well. He introduced the products in the exhibition 

to aware the community. As he says” I introduced my 

products to the ProFood ProPack exhibition held at 

BMICH 2023. The product was launched through the 

Ministry of Agriculture. Many people who are health-

conscious for example who are going to fitness centers 

bought many packs since it improves easy digestion 

and this helped me to identify another group of the 

target market for my products. I got contacts to export 

this product. This product won third place in the 

University category as well in the competition of 

“Sahasak Nimawum” organized by the Sri Lanka 
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Inventors Commission. I am thinking of marketing the 

product through the supermarkets based on the 

supply”. Moreover, he has applied for GMP 

certification and ordered to design of suitable 

machines to extract fibre from banana trees without 

any waste. Cross-sector collaboration and stakeholder 

management are also important to continue the 

process. 

 

One of the major challenges that he is facing today is 

the financial problem. He talked with several banks 

with the coordination of the Ministry of Agriculture, 

but they asked collateral to approve loans since the 

business is at the start-up stage.  

 

4.3 Case 3 

She was inspired to start self-employment by running 

a restaurant. Meanwhile, she got to know about a 

training program on making value-added products 

from bamboo organized by the National Craft Council 

in 2018 and attended the workshop since she was very 

eager and interested to learn such things. She was also 

able to get the training on value additions which could 

be produced from eakle during this workshop. Even 

though she got training on both materials, she selected 

Eakle since they are abundantly available and obtained 

free of charge without incurring any transport costs. 

Then she started the business and produced many 

types of eakle products such as bags, baskets, etc. and 

she could provide some job opportunities to women in 

her village and empower them to support their 

livelihood. Moreover, she was willing to share her 

knowledge with women and attended different 

training programs organized by National Craft 

Council, and other community-based organizations as 

a resource person. She expressed; “I made contact with 

some hotels in Hikkaduwa to sell my products. The 

product is durable as far as wood and its eco-friendly. 

One of the major challenges that I am facing is finding 

skilled employees to finish the final outlook of the 

product”. 

 

Findings suggest that circular entrepreneurship 

contributes to shared value creation. Thus, this study 

validates the results of previous studies indicating the 

value of circular entrepreneurship for sustainability 

(Dantas et al., 2022; Cullen et al., 2021, Jayasinghe et 

al., 2020). 

 

 

 

 

 

 

V. CONCLUSION AND 

RECOMMENDATIONS 

The study explored the circular entrepreneurship 

models by studying three cases of circular 

entrepreneurs located in southern Sri Lanka. Circular 

entrepreneurs identified the opportunity through 

wastes that are abundantly sourced continuously from 

their areas and produce value-added products such as 

pallets & electricity generation through rice husks, 

food and beverages from banana belly, and, crafts 

from eakle. These circular entrepreneurs contribute to 

shared value creation by providing job opportunities, 

income generation, support for livelihood, developing 

supply chain, skills & training, cross-sector 

collaboration, empowering women, and contributing 

to generating energy, and reducing environmental 

pollution. The challenges facing them during the start-

up stage could be mentioned as high electricity costs, 

lack of access to finance, finding partners, technical 

faults in the machinery, having licenses from multiple 

authorities that delay the process, and inadequate 

support from the government. This study provides 

insights to the practitioners and policymakers in Sri 

Lanka to facilitate circular entrepreneurs to 

successfully exploit circular business opportunities 

that impact triple bottom lines and achieve sustainable 

development goals.  
There are some limitations in our study since the 

research is based only on three cases in southern Sri 

Lanka and applied a qualitative approach which 

restricts the possibility of generalizing the results. 

Future research may explore how circular 

entrepreneurs create shared values by drawing a large 

sample of different industries in diverse economic 

contexts.   
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Abstract - Proper disposal of domestic waste is a concern 

in every society. The purpose of this study was to identify how 

households dispose of different categories of waste to find out 

any deviation from standard practices. The study analysed 

responses from 143 technology stream undergraduates to 

determine how different varieties of garbage are disposed of 

from their houses. Even though the majority dispose of waste 

after separating into different types, and environmentally 

friendly practices are used for disposing of biodegradable 

waste, burning of plastics, rubber and other allied waste 

materials was identified as the most significant concern. 

Additionally, very low responses were received for the 

questions related to the disposal of electronics or e-waste. 

Hence, the study findings show a great need for identifying or 

making aware of proper waste disposal methods. 

  Keywords - biodegradable waste, electronic waste, 
household waste disposal, non-bio-degradable waste 

 

1. INTRODUCTION 

 

Managing household waste is a complex process 
because its poor implementation could lead to harmful and 
unintended consequences to humans, other living beings, 
and, in general, to the environment. In achieving 
sustainable development,  countries struggle to cope with 
the increased solid waste and its environmental impact. The 
domestic sector is one of the leading producers of the 
biodegradable category. 
 
Numerous attempts have been undertaken in Sri Lanka to 
educate the public on proper waste disposal methods. 
According to the World Bank report on 'What a waste 2.0 
-  Global snapshot of  solid waste management to 2050', an 
average Sri Lankan produces 0.34 kilograms of waste per 
day [19]. 

Domestic solid waste management has become a 
complex issue if waste is not disposed of after separating 
into different varieties at the disposal point. In Sri Lanka, 
Urban Councils, Municipal councils, and Pradeshiya 
Sabhas are the mandated bodies to collect and dispose of 
domestic waste in an environment-friendly and sustainable 
manner. The said councils conduct awareness 
programmes highlighting the importance of separating 
waste at home before dispatching or handing it to the 
authorities for disposal. 

Further, individuals have stepped into a collection of 
metal, glass, paper, and electronic waste, which they 
conduct as a  business. These people play a vital role in 
collecting and disposing of waste varieties. 

Many studies have been conducted on the management 
of solid waste. However, a critical link of this whole 
process of solid waste management is the proper disposal 
at the generation site, i.e. houses. Therefore, people have a 
very casual approach to play with. Many people don't have 
any awareness or understanding of the consequences of the 
wrong waste disposal. Keeping this in mind, this study 
intended to identify practices used by households in 
disposing of their waste.  

 

II. REVIEW OF LITERATURE  

 

Since solid waste management is a global issue, several 
studies have been conducted in different regions and 
societies. However, apparent success in managing solid 
waste isn’t easily attained due to the complex nature of the 
problem. Findings of several past studies on the disposal of 
solid waste in general, as well as studies on the disposal of 
specific categories of solid waste, are summarised below.   

Solid wastes such as non-recyclable packaging, textiles 
and plastics encompass non-biodegradable materials 
generated from households. The management of solid 
waste possesses challenges in terms of collection, 
separation and disposal. Research conducted by Bensusan 
and the group in 2018 emphasised the need for adequate 
waste management infrastructure, public awareness 
campaigns and recycling initiatives to reduce the 
environmental impact of solid waste [14]. 

Managing solid waste is also crucial for maintaining 
environmental sustainability and public health. Several 
studies have focused on strategies to improve solid waste 
management practices, including waste reduction, 
recycling and proper disposal methods. The survey 
conducted by Wilson and his group in 2019 explored the 
significant role of the informal sector in solid waste 
management in developing countries. It examines the 
contributions of informal waste pickers to recycling and 
reducing waste, highlighting the potential for sustainable 
waste management through integration with formal 
systems [9]. 
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In 2022, Charles and his group conducted a study 
among specific communities in Bo Southern Sierra Leone 
to investigate the participation and knowledge of 
households on waste management. As per the revealed 
results, knowledge of the domestic sector on solid waste 
disposal is very low, and 42% of the respondents are used 
to burning waste as the disposal method, causing a risk of 
disease outbreak [1].  

In the final report, “Data Collection Survey on Solid 
Waste Management in the democratic socialist republic of 
Sri Lanka”, submitted by the Japan International 
Cooperation Agency (JICA) in 2016, the requirements of 
ten leading local authorities of the country for solid waste 
management have been summarised. Condition of 
provision of proper transportation facilities and human 
resources,  update the waste collection system with 
appropriate rules, improve the functioning of the existing 
compost plant, improve material recovery systems, 
establish a new sanitary system while enhancing the current 
disposal sites, establish subsidies for solid waste 
management from central government and, introduce 
facilities of intermediate treatment of waste for extending 
the service time of disposal sites are among the suggested 
points in the report.[4].  

The technical guidelines on solid waste management in 
Sri Lanka provide comprehensive guidelines on solid waste 
management to be considered by any entity, including local 
authorities. However, these guidelines are aimed at 
covering municipal solid wastes only. Therefore, 
guidelines for managing hazardous and sewerage waste 
aren’t covered here [5]. 

In a study undertaken in Urban Malawi, a questionnaire 
survey was used for randomly chosen 200 houses in a 
populated region to collect factors that influence household 
waste disposal practices—as per the results, choosing 
relatively good waste disposal practices, such as 
composting and using private services for the waste 
collection practised by female-headed households. Based 
on the results, a six-month waste management plan was 
arranged for the community. To transfer families from a 
throwaway behaviour to better waste disposing methods, 
community-based waste management programmes 
targeting male-headed houses proved effective [6].   

A study was undertaken by Hubaybah et al. to 
investigate the effectiveness of training on household waste 
disposal methods. As per the results of this study, the 
provision of training on household waste management has 
resulted in a substantial improvement in attitudes, 
knowledge and actions of housewives towards reducing the 
rate of disposing of house garbage into the river nearby [7].  

Food waste is a significant component of domestic 
waste, contributing to environmental pollution and 
economic losses. Improper disposal of food waste leads to 
the emission of greenhouse gases and the depletion of 
natural resources [11]. Several studies (Gustavsson et al. in 
2019 and  Parfitt et al. in 2010) highlight the importance of 
reducing food waste through source reduction strategies, 
such as improved meal planning, composting and donation 
programmes [11, 12, 13]. 

A review study by Smith and Guptha in 2018 examined 
the various factors influencing household food waste 

behaviour, such as consumer attitudes, behaviour and 
socio-economic factors. It also discusses the effectiveness 
of interventions and strategies to reduce food waste at the 
household level [8]. 

Plastic waste has gathered increasing attention due to its 
persistence in the environment and detrimental effects on 
wildlife. Significant environmental challenges arose due to 
the long lifespan of plastic waste and its adverse impact on 
ecosystems.  

Numerous studies (Hopewell et al. in 2019 and 
Rochman et al. in 2013) explored solutions for plastic waste 
management, such as recycling technologies, extended 
producer responsibility and public awareness campaigns 
[15,16]. The study conducted by Geyer et al. in 2019 
provides a comprehensive analysis of the production, 
consumption and ultimate fate of all plastics made. It 
highlights the urgent need for effective plastic waste 
management strategies and calls for collaborative efforts to 
reduce plastic waste generation [17]. 

Furthermore, according to certain researchers 
(Ghisellini and Ulgiati in 2020, Kaza in 2018, etc.), 
innovative approaches like biodegradable plastics and 
circular economy models offer promising alternatives to 
traditional plastic waste management practices [18, 19].   

Recently, in 2023, Kankanamge conducted research 
among university students to evaluate the Sri Lankan young 
consumers’ practices on electronic waste management. As 
per the revealed results, most respondents used to store the 
discarded e-waste in their homes, and they weren’t aware 
of the available schemes for e-waste management. 
Stockpiling of e-waste is also a common domestic problem. 
The study emphasised the education requirement on proper 
e-waste management among the general public, especially 
university students [3].    

The increase in electronic devices has led to a surge in 
e-waste. E-waste management faces unique challenges due 
to hazardous substances and the need for specialised 
recycling facilities. Previous research conducted by 
Julander et al. in 2014 emphasises the importance of 
implementing proper collection and recycling systems, as 
well as promoting sustainable design principles to reduce 
the environmental and health risks associated with e-waste 
[20].  

Balde and his group’s study, conducted in 2017, also 
examined various aspects of e-waste management, 
including recycling methods, policy frameworks, and the 
environmental and health impacts of improper disposal. 
The report of this study provides a comprehensive 
overview of the global e-waste problem, including the 
quantities, flows and resources associated with e-waste. It 
emphasises the importance of sound e-waste management 
practices and the potential for resource recovery through 
recycling [10]. 

Glass waste, which is generated primarily from 
containers and packaging, is highly recyclable and has a 
lower environmental impact compared to other types of 
garbage. Research by Ghinea et al. in 2019 emphasises the 
benefits of recycling glass, including energy savings and 
reduced greenhouse gas emissions. However, existing 
challenges regarding collection and processing efficiency 
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highlight the need for improved infrastructure and 
consumer participation [21]. 

III. METHODOLOGY  

 

The study was undertaken as a descriptive survey. An 
online questionnaire in a Google form was administered to 
a sample of 200 undergraduates of Bachelor of Technology 
degree courses at the University of Vocational Technology. 
The sample was selected through cluster sampling. 
However, only 143 undergraduates have responded. 
Simple descriptive data analysis methods were used 
to analyse the data.  

IV. RESULTS 

 

According to the responses, 46.9% of respondents 
dispose of waste after separating it into degradable and 
non-biodegradable varieties, while 37.1% indicate that they 
sometimes dispose of it after separation. Out of the other 
respondents, 9.1% of them rarely separate waste, whereas 
7% do never separate waste before disposing. These 
responses are shown in the Fig. 1. 

 

/  

Fig. 1. Percentage of responses received for the alternative answers to the 

question, “Do you dispose of waste after separating into bio-degradable 

and non-biodegradable varieties ?” 

 Out of all responses, 49% of respondents dispose of 
biodegradable waste by dumping it into a pit in their 
land, whereas 39.2% of them make compost, which is a 
good trend. These responses are shown in the Fig. 2. 

 

/  

Fig. 2. Percentage of responses received for the  alternative answers to the 

question, “How do  you dispose of biodegradable solid waste (kitchen 

waste) ?” 

 

When disposing of non-biodegradable waste, only 
18.9% of respondents separate it into different categories 
of materials such as plastic, glass, rubber, metals, etc. In 
comparison, the majority of 37.1% of respondents separate 

this waste, sometimes only. While 20.3% of respondents 
rarely separate non-biodegradable waste, 23.8% never 
dispose of it as mixed waste. These responses are shown in 
the Fig. 3. 

 

Fig. 3. Percentage of responses received for the  alternative answers 
to the question, “Do you   dispose of waste  as a  mixed waste 
without  grouping  it into different materials (such as plastic,  glass, 
rubber-metal, etc.) ?” 

 

When considering the disposal of plastic waste, 57.3% 
of the respondents indicate that they burn polythene and 
other types of plastic waste. Of all the respondents, 21% 
handed over their waste to the relevant local authorities, 
while 16.1% handed over waste plastic to the waste 
collectors. The responses to this question are shown in Fig. 
4. 

 

/ 

Fig. 4. Percentage of responses received for the alternative answers to the 
question, “How do you dispose of polythene and other plastic waste 

(bags,  lunch sheets,  yoghurt cups, etc.) ?” 
 

Similarly, 35.7% of respondents burn packing material 
such as rigifoam (expanded polystyrene), whereas 36.3% 
hand over such waste to their local authority. While 19.6% 
of respondents don't express a particular disposal method 
for this category of waste, 20% of them dispose of it by 
handing it over to waste collectors. These responses are 
shown in the Fig. 5. 

 

 

 

 
/ 
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Fig. 5. Percentage of responses received for the alternative answers to the 

question, “How do you dispose of packing material like rigid foam?” 

Regarding glass and other ceramic waste, a large 
majority (37.8%) dispose of it by giving it to waste 
collectors. At the same time, 24.5% and 17.5% of 
respondents dispose of such waste by dumping it in a pit 
and landfilling, respectively.  Further, 17.5% of 
respondents hand over such waste to their local authorities. 
Responses to this question are shown in the Fig. 6. 

 

/ 

 

 

Fig.6. Percentage of responses received for the alternative answers to the 

question, “How do you dispose of glass and ceramic waste ?” 

Burning is the primary disposal method for rubber-
based waste, practised by 37.1% of respondents,  whereas 
30.8% hand over their waste to collectors. Another 6.8% of 
respondents handed over it to local authorities. Further, 
15.4% of them dump their waste rubber into a pit in their 
land. Percentages of these responses are shown in the Fig. 
7. 

 

/ 

 

 

Fig.7. Percentage of responses received for the alternative answers to the 

question, “How do you dispose of rubbery waste (like carpets, tires, 

slippers, etc.)?” 

 

 

 

In the case of hazardous waste, the identification of 
waste by type is at a satisfactory level, as indicated in Table 
1.  

TABLE 1. PERCENTAGE OF RESPONDENTS WHO HAVE 
SELECTED EACH CATEGORY OF WASTE AS HAZARDOUS 

 

 
Category of  Material/Waste Percentage of Respondents 

Who Have Selected This 

Category of Waste  as 

Hazardous 
 79.0 

Burned CFL bulbs 79.7 

Burned tube lights  79.0 

Used watch batteries 75.5 

Used torch batteries 76.2 

Used car batteries 88.1 

Mobile phone parts such 

as batteries, displays, etc. 

85.3 

Used phone chargers 51.7 

Used mobile phones 65.7 

Used television  parts 66.4 

Used face masks 28.7 

Used earphones 40.6 

Used paint brushes 23.8 

Used paint cans 42.0 

Damaged thermometers  

which have mercury 

83.2 

Used switches and plugs 39.2 

Leftover paint 40.6 

Polythene and related 

waste such as wrapping 

and shopping bags, etc. 

46.2 

Rigifoam (expanded 

polystyrene) 

45.5 

Used cooking oil 24.5 

Detergents (soap, 

dishwasher liquids, toilet 

bowl cleaning liquid etc.) 

33.6 

Mosquito coils and coil 

ash 

41.3 

Pesticides 57.3 

Weedy sides 55.2 

Inorganic fertiliser 52.4 
 

However, when considering the disposal of e-waste, out 
of 143 respondents, only six have responded to the related 
question, leaving an undetected situation. According to the 
responses received, they dispose of e-waste by handing it 
over to waste collectors or returning it to the sellers when 
buying a new electronic device. Due to a low number of 
respondents, actual disposal practices of e-waste aren’t 
reflected. 

 Regarding metallic waste, most received responses 
indicate that most respondents hand over their metallic 
waste to waste collectors or relevant local authorities. 
Percentages of accepted answers for the disposal way are 
shown in Fig. 8.   
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Fig.8. Percentage of responses received for the alternative answers to the 

question, “How do you dispose of metallic waste ?” 

Concerning the large majority of received responses,  
most respondents are used to handing over their metallic 
waste to waste collectors or related local authorities.  

V. DISCUSSION 

Municipalities and individual waste collectors play a 
more significant role in collecting domestic waste.  As per 
the study's findings, before disposal, a large majority of 
people separate waste into different groups of materials, 
which implies a favourable trend for environmental 
protection. In the case of e-waste, most respondents don’t 
dispose of it in an environmentally harmful way. A 
considerable proportion of respondents used to keep e-
waste generated by discarded electronic devices with 
themselves for a significant time until buying a new 
appliance, rather than disposing of it straight away. As 
revealed by  Kankanamge’s study, even though the 
respondents are educated young adults, they aren’t aware 
of proper discarding methods of e-waste [3]. Alternatively, 
according to the received responses, burning plastics, 
rubber and other allied materials is practiced by many 
respondents, which is highly harmful to the environment. 
One of the most effective ways to manage plastic waste in 
households is the reduction of generation, as suggested by 
Geyer et al. in 2019 [17]. Finally, there is a scope for 
inculcating environmentally friendly waste disposal 
methods, which can be achieved through awareness and 
training programmes, as agreed by past studies [6,7,14]. 
 

VI. CONCLUSION 

 For the disposal of domestic waste, environmentally 
friendly practices are adopted by the households,  in the 
case of biodegradable waste. However, the approach of the 
majority of people towards the disposal of plastic, rubber 
and other allied waste can't be accepted, as it harms the 
environment.  Further, the majority of them are not very 
sure about the proper waste disposal methods. 

VII. RECOMMENDATION 

Proper waste disposal methods can be achieved by 
implementing well-organised education and training or 
awareness programmes targeting the domestic sector. 
Therefore,  it is suggested to incorporate domestic waste 
disposal as an integral component of all educational 
programmes,  especially in tertiary and higher education. 
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Abstract: Unsustainable waste management practices 

undermine well-being of both present and future generations. 

Our study demonstrates how upcycling efforts by a woman 

contribute to preserving intergenerational equity. The forms of 

cultural, economic and social capital help to sustain her 

business. She keeps transforming one form of capital to another 

form of capital during crisis. Similarly, a new form of currency, 

namely “BinCoin” is introduced to foster a grassroots circular 

economy. Her upcycling initiatives are in line with some of the 

sustainable development goals. 

Keywords: Upcycling, Waste, Intergenerational Equity & 

Forms of Capital  

INTRODUCTION 

The global community produces nearly 2 billion tonnes of 
solid waste annually while the unsafe waste disposal rate is 
33% (World Bank, 2018). In general, waste refers to any 
substance or item that its owner intends to dispose, and the 
owner finds no benefits or value having that item or substance 
in possession. Waste could entail a twofold challenge namely, 
negative impacts on human health and the environment, and 
loss of finite and valuable resources (Van Ewijk and 
Stegemann, 2020.  

Any environment unfriendly waste disposal practice could 
negatively influence the well-being of both present generation 
and future generations. Such a scenario is unfair and 
environmentally unsustainable, as the latter group has no 
opportunity to oppose any decision made by the former group. 
This means that we should not prioritise our well-being at the 
cost of future generations’ well-being. Therefore, the present 
generation should make its efforts and commitment to 
preserve intergenerational equity – the right of future 
generations to reap the benefits of natural resources without a 
substantial deduction of their availability (Lamberton, 2000). 
Drawing on upcycling and forms of capital, this study explores 
how a Sri Lankan woman makes efforts to conserve 
intergenerational equity by upcycling waste. 

The remainder of the paper is divided into four sections. 
The second section elucidates a frame of reference consists of 
upcycling and forms of capital, whilst the third section 
explains the research approach. The fourth section elaborates 
and analyses the study’s findings. The final section discusses 
findings and makes conclusions. In addition, directions for 
further studies are also provided.     

 

FRAME OF REFERENCE 

A Perspective on Upcycling 

The earth is viewed as a closed and circular system while 
its assimilative capacity is limited (Geissdoerfer et al., 2017). 
Nevertheless, business enterprises often adopt a linear 
economic approach (Neumeyer et al., 2020) – promoting the 
behaviour of extracting resources, producing products, 
consuming and disposing – that multiplies the volume of 
waste accumulated over time. The term waste is controversial, 
as for a particular item or substance to be treated as waste, a 
boundary has to be defined. And that item or substance can 
only then be identified as wate within that boundary. 
Nevertheless, it can well be a resource outside the boundary. 
Such potentials have often been overlooked in traditional 
production and consumption cycles.     

Scholars elucidate the importance of using waste as a 
resource to minimise its negative consequences (Van Ewijk 
and Stegemann, 2020). In other words, the circular economy 
(CE) is the pathway for enterprises to operate their business 
activities with the environmental consciousness (Coronac et 
al., 2019). Upcycling of waste simply refers to extending the 
usage of the life span of a product beyond the boundaries that 
defined it as waste while using as a resource for the production 
of consumption outside the initial boundaries (Zambrano et 
al., 2021; Zhang et al., 2022; Zhou et al., 2021). Upcycling as 
part of the CE plays a significant role in reducing waste and 
minimising its negative consequences. Upcycling is a process 
that repurposes waste that the owner wish to dispose (Singh et 
al., 2019). In this process, discarded products or materials are 
used to drive a product with higher quality or value (Bridgens 
et al., 2018; Zhang et al., 2021). In other words, upcycling 
enables to upgrade waste materials’ quality and value (Korley 
et al., 2021).  

Forms of Capital 

A stream of research discusses the forms of capital 
necessary to overcome challenges (Kuruppu et al., 2016). 
Capital can take the form of economic, social, cultural or 
symbolic. According to Bourdieu (1986a,1986b,1990), 
economic capital takes the form of money and property right 
that is easily convertible to cash. Cultural capital refers to a 
range of knowledge that remains in a person’s body and mind. 
Similarly, historical and cultural artifacts, and formal 
education and competence are also part of cultural capital. 
Social capital represents a network of relationships that its 
members could mobilise based on the necessity. Symbolic 
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capital is the embedded status of prestige, celebrity, 
consecration, or honour in the social strata. One form of 
capital can be converted to another and such a possibility is 
essential for the reproduction and accumulation of capital 
(Bourdieu, 1986b, 1990; Kuruppu et al., 2016). 

DATA COLLECTION 

This study adopts autoethnography approach. 
Autoethnography is a qualitative research method (Wall, 
2006). Butz and Besio (2009) reveal that autoethnographic 
personal narratives could be derived from a range of 
viewpoints such as academics’ efforts to critically reflect on 
their experience about a phenomenon, researchers’ reflection 
about their filed work, marginalised groups’ reflection about 
their representation in a specific context, indigenous 
ethnographies and other forms of inside member research.   

Autoethnography can be articulated by scholars with 
interdisciplinary background (Hayano, 1979). Scholars, 
representing three disciplines, cooperated in the process of 
writing this article. A female author in this manuscript 
propagates upcycling of paper and wood offcuts in her 
hometown - Kandy. As elaborated by Duncan (2004), 
participant observation, reflective writing, interviewing, and 
collecting documents and other artifacts should be used to 
triangulate personal narratives. In addition to the female 
scholar’s personal narratives, a semi-structured interview 
conducted by two male scholars, newspaper articles, YouTube 
videos, and interview in magazine about Green Life 
Generation (GLG) are used to write this paper.  

UPCYCLING INITIATIVES BY GREEN LIFE GENERATION  

The findings of the study are presented in this section. 
Section one elaborates the company’ background and its 
products. Section two delineates what has been done during 
the recent Covid-19 pandemic crisis. 

Inspiration for founding the company  

GLG is a profit-oriented organisation which encompasses 
its own research and development wing to help the company 
evolve into an ecosystem. Its founder had completed her 
master education in England. The trajectory of founding this 
company is the Meethotamulla waste dump disaster in 2017. 
However, the company’s name was determined in 2016. The 
inspiration for this name was her research on painful 
experience of unskilled female domestic migrant worker in the 
Middle East. She thought of generating employment 
opportunities for them, whilst addressing the challenge of 
managing solid waste. Her thinking has been transpired by her 
attendance in some of the business bridge sessions at her 
university. In these sessions, participants were requested to 
think of a social problem. She reckoned managing waste as a 
problem in Sri Lanka and waste could be used to make some 
valuable products. GLG makes innovation and evolution to 
conserve the environment by the adoption of zero 
environmental footprint of its business and research activities.   

In the late 2016, GLG’s founder and her husband were in 
Sri Lanka to collect data for her studies. She was devastated 
by the news of waste dump collapse and the loss of life in April 
2017. She and her husband discussed what part could they 
play to dignify the society that merely dependent on the waste 
dump as responsible citizens. They decided to establish a 
small and medium enterprise to offer part-time employment 

opportunities at least for 6 vulnerable females, in their very 
locality in Kandy District. A project, namely “I am Upcycled” 
was initiated to produce marketable products out of cement 
bags, cardboard cartons, strings and wood offcuts. GLG aims 
to propagate innovations and skills enhancing opportunities 
for vulnerable females.  

As her husband did not work in Sri Lanka, she proposed 
him to look for materials littered in a nearby housing 
construction site to produce something valuable (add value to 
the otherwise waste material). Having observed that cement 
packages and wood offcuts were consistently available, they 
decided to make some souvenirs out of offcuts and obtained 
the permission to pick such waste up. She and her husband had 
designed some souvenirs to sell to tourists visiting the country. 
Initially, they employed 6 women as part-time employees. The 
reason not to offer fulltime employment was their 
responsibility to take care of children after the school. Each 
employee was to be paid 100 Rupees per hour. 

She possesses a local and international network of friends, 
as she has been educated at an international school in Kandy 
and her stay in England for 15 years. Her friends and relatives 
had given her cash gifts when she got married. Collection of 
such gifts from that occasion was the initial capital of GLG. 
Their souvenir products were attractive and could be sold 
through Laksala as well. Friends – who saw their souvenir 
made of wooden waste – were impressed by the “I am 
Upcycled” project. A fiend of the family promised to donate 
100 Euro every month to help her business, as it contributes to 
protecting the planet. Similarly, her parents give money to 
meet some of her expenses. In addition, she invested the cash 
award received from her university. She won the first place in 
the competition on policy brief for the doctoral students in 
2018 and 2019, and the second place in 2020.  

As the demand for the wooden souvenirs increased, they 
started thinking of producing wrappers for their products. At 
this juncture, the possibility of producing wrappers out of 
cement packages was considered, as one of the employed girls 
and her mother could make bags. The company produces a 
range of giftbags, giftboxes, gift wrappers, stationaries and 
items for decorating ceremonies. Sometimes, their employees 
bring materials that could potentially be used in the production 
process. 

The founder of GLG and her husband promote their 
products through Facebook. A cosmetic enterprise contacted 
the company to purchase its bags made of used cement 
packages. Similarly, her friends and relatives order their 
decorations and wrapping products for festivals. The business 
grew to a level that it is not necessary to approach business 
entities to sell its products. The customers place their orders 
through emails or over the phone. Unexpectedly, this situation 
changed in 2019. Next section demonstrates how the company 
survived during the deep pandemic and then economic crisis 
period.   

Changing the approach for employment 

The founder of GLG borrowed around 250 000 Rupees 
from her friends to invest in the business, as the company had 
promising market potentials. In 2019, the country was 
considered not safe for tourists because of the Easter Sunday 
attack. The demand for its souvenirs suddenly dwindled. 
Similarly, some entities that bought the company’s product 
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were out of business. Fortunately, her friends do not expect 
any interest or money back on a specific date. Though the 
demand for its packaging products remained unstable, the 
company could not generate income to pay the salary for its 
16 staff members. As such, GLG was coerced to make a very 
painful decision to lay off some of its employees. At this point, 
the management considered the efficiency of each employee 
before terminating the employment of staff members who 
could not produce high quality products.  

The Covid-19 pandemic situation and economic crisis 
made it challenging to obtain waste materials. Therefore, GLG 
aimed to provide some services, as the purchasing power of 
citizens had declined. Since the restriction for movement had 
been lifted, it was decided to open its boutique which could be 
used to sell its products and second-hand clothes. Used clothes 
were available free of charge from friends and relatives of 
GLG’s owners. The intention of opening the shop was to offer 
the employment opportunity for 2 vulnerable females.  

The boutique is situated in front of a school. GLG made it 
a space available for mothers waiting for their children. 
Similarly, they were invited to exchange waste such as 
cardboard, papers and plastic packages for the used clothes. 
This exchange system motivated the company to introduce a 
currency, namely “BinCoin” that can be exchanged for waste. 
The members of BinCoin exchange system could use their 
coins to purchase goods or services. At present, there are 
around 400 members. The company now offers a daycare 
service for its BinCoin members. In addition, there is a cafe 
for its members to buy foods and drink. School children are 
also members of the new ecosystem. They tend to buy snacks 
and stationaries. It is interesting to witness that the BinCoins 
have created a grassroots exchange system and the 
employment opportunities for 24 vulnerable females. 

The company now aspires to promote alternative 
education by using its infrastructure system consisting of 
waste collection point, BinCoin system and upcycling 
methods to demonstrate how a grassroots system of circular 
economy could function. The company offers a guided tour 
package that the visitors could choose within the range of half-
day to three-day tour. The tour package includes a backpack 
and a notebook made of waste items. The guided tour of the 
company focuses the visitors’ attention on 16Rs instead of 
famous 3Rs. Recovery, Record, Responsibility, Research, 
Regulate, Reuse, Reduce, Refuse and Recycle are few of them 
to name. A group of 60 French tourists have made reservation 
to learn about its 16Rs in September 2023. They have 
managed to get this order through their social network.  

DISCUSSION AND CONCLUSIONS 

It is important to adopt environment friendly waste 
management practices, as unsustainable waste disposal 
practices endanger biodiversity, quality of air and water, 
degrading soil, and depleting resources amongst others that 
could undermine the ability of preserving intergenerational 
equity. The founder of GLG makes initiatives to upcycle waste 
such as wood offcuts, cement packages and cardboard cartons 
and to offer decent employment opportunities for vulnerable 
and marginalised females while fostering a grassroots circular 
economy. Therefore, her efforts particularly contribute to 
attaining some of the SDGs. Among them, SDG – 1 and SDG 
– 2: enabling vulnerable females to meet the cost of living, 

SDG – 5: empowering women, SDG – 11: making human 
settlements resilient and sustainable, and SDG – 12: ensuring 
sustainable production and consumption behaviour are 
notable.  

She has initially used her education and European 
exposure which is cultural capital and her savings that 
represent economic capital (Bourdieu, 1986a, 1986b, 1990) to 
establish the company. Similarly, she draws on the family’s 
cultural capital to design products and market them through 
Facebook. In addition, her competence of writing policy 
reports has enabled to win the competition at the university 
and to receive additional funding for the business. Social 
capital made of her school and family friends plays a 
significant role in generating sales income and additional 
funds (Bourdieu, 1986a, 1986b, 1990) to invest in the 
company during the Covid-19 pandemic.  In this way, she uses 
one form of capital to access another form type of capital in 
the process of managing her business (Bourdieu, 1986b, 1990; 
Kuruppu et al., 2016).  

The United Nations’ agenda for sustainable development 
underlines the importance of making authentic efforts to 
assure the sustainable existence of people and planet. Our 
study envisages how GLG endeavours to introduce a new type 
of currency, namely “BinCoin”. Such innovations could play 
a significant role in the process of fostering a grassroots 
circular economy. We urge scholars to explore how 
entrepreneurs attempt to foster a grassroots circular economy 
by introducing a new form of currency in other contexts and 
what kinds of challenges could encounter when making such 
initiatives. Similarly, it is important to research how 
entrepreneurs capitalise various forms of capital and transform 
them one form to another at the different stages of business 
growth.       
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Abstract—The issue of Waste Management has garnered 

considerable attention from various authorities, coupled with 

the significant challenge of non-renewable energy depletion. 

Consequently, there is a pressing need to adopt an eco-friendly 

alternative energy source to mitigate these problems. In this 

regard, ‘Biogas Technology’ emerges as an effective solution, 

offering a more stable and efficient renewable energy source 

with the potential to maintain a pollution-free environment. 

Biogas proves to be competitive, economically viable, and 

generally sustainable, benefiting from the abundant supply of 

inexpensive feedstocks. Its versatility is evident in a wide range 

of applications, including heating, power generation, fuel 

production, and serving as raw materials for further processing 

and the sustainable production of chemicals such as H2O, CO2, 

and biofuel. This review paper provides a comprehensive 

overview of biogas generation, design, and operation, exploring 

operational parameters, the biogas production potential of 

organic matter, as well as highlighting the benefits, applications, 

and upgrading technologies associated with biogas. 

 

Keywords—Biogas Technology, non-renewable energy source, 

sustainable, eco-friendly, alternative source  

I.INTRODUCTION  

The depletion of non-renewable energy sources and the 

global waste management challenge stand out as significant 

issues on a global scale. The escalating global population has 

led to an imbalance between energy demands and the 

available supply. Traditional energy resources like oil, coal, 

and natural gas, which have been regularly utilized, are 

diminishing, and their combustion releases greenhouse gases 

contributing to climate change. Notably, petroleum alone 

meets 38.1% of energy demands [8], leading to an increasing 

scarcity of fuel, surging fuel prices, and adverse economic 

impacts. Consequently, there is a predominant research focus 

on finding efficient and environmentally friendly alternatives 

to address the drawbacks of these depleting and harmful non-

renewable energy sources. In this context, the development 

of 'Biogas’ technology emerges as a highly favorable 

alternative energy source for daily human activities. It 

represents a promising solution to meet current and future 

energy demands sustainably and ensures environmental well-

being. 

Conversely, the issue of waste management is a crucial facet 

of contemporary society, with the volumes of waste 

generated often linked to income levels and rates of 

urbanization. With the global population anticipated to reach 

9.7 billion by 2050, there is an ongoing surge in the demand 

for food, water, and energy. In 2016, an estimated 2.01 billion 

tonnes of municipal solid waste were generated, and 

projections indicate a rise to 3.40 billion tonnes by 2050 [13]. 

Developing countries are expected to experience a more than 

threefold increase in the total quantity of waste generated by 

2050 [13]. The persistent escalation in solid waste production 

poses hazardous challenges for both human well-being and 

the environment. Addressing these challenges entails the 

enhancement and implementation of biogas technology, 

utilizing waste in a manner that ensures a more sustainable 

future. 

In simple terms, Biogas is a flammable gas primarily 

composed of Methane (CH4) and Carbon Dioxide (CO2), 

generated by bacteria breaking down organic material in the 

absence of oxygen. The production of biogas yields 

numerous benefits, including renewability, eco-friendliness, 

cleanliness, and green attributes. It helps mitigate greenhouse 

effects, offers a cost-effective solution, diminishes reliance 

on fossil fuels, contributes to the reduction of global 

warming, and produces high-quality enriched fertilizer, 

enhancing soil fertility. Furthermore, as a smokeless 

domestic fuel, biogas decreases the occurrence of eye and 

lung diseases. The proposition of biogas as an alternative for 

meeting energy demands stems from its multifaceted 

advantages. This research is centered on studying and 

advancing biogas as an economical and sustainable 

alternative energy source, aiming to alleviate environmental 

pollution, enhance the quality of life, promote the use of 

superior organic fertilizers over chemical ones, and 

contribute to the improvement of people's literacy. 
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II.AIM AND OBJECTIVES  

o Aim 

To be able to manage the food waste that accumulates daily 

and finally to prove that biogas technology is a very valuable 

process for humans as well as the environment to the extent 

that there is no such thing as waste. Also, to pave the way for 

further expansion of biogas technology. 

o Objectives 

• To study biogas yield and its efficiency to fulfill the 

requirement of the household and commercial. 

• To achieve a very successful & better-quality flame 

& upgrading the gas for thermal applications. 

• To find solutions for problems faced arise during 

and after yield of the biogas. 

 

III.METHODOLOGY  

A comprehensive assessment of the advantages, drawbacks, 

applications, and upgrading processes outlined in existing 

literature is crucial for gaining a thorough understanding of 

the future prospects of biogas adoption. The analysis of 

literature, extraction of pertinent cases, and their 

reinterpretation offer valuable insights from diverse 

theoretical and practical perspectives. To achieve this, the 

review follows specific steps. Initially, the identification of 

the topic is based on various research endeavors. Thematic 

coding is then employed to extract pertinent information from 

research articles, focusing on themes such as biogas 

production for sustainability, types of digester design, 

operational parameters of biogas plant, and biogas production 

potential of organic matter. Subsequently, the benefits and 

disadvantages of biogas, its applications, and upgrading 

technologies are identified. Finally, the coded literature is 

synthesized to produce meaningful information that aligns 

with the objectives of this review paper. 

IV.LITERATURE REVIEW 

With population growth and elevated living standards, the 

challenges associated with energy shortages are increasingly 

prevalent at both local and global levels. The escalating 

demand for fossil fuels, driven by heightened consumption 

levels, stands as a significant contemporary issue affecting 

the global population. Consequently, there is a pressing need 

to explore alternative forms of energy generation to diversify 

the current energy matrix, which currently relies on fossil 

fuels for 90% of its composition worldwide. In this context, 

'Biogas,' as a renewable energy resource, emerges as one of 

the most efficient and effective solutions [1]. 

Numerous studies [1-6] have delved into the production and 

diverse applications of biogas. By the close of 2019, the 

global biogas plant capacity reached approximately 19.5GW, 

signifying a substantial increase in capacity [1]. Factors such 

as energy scarcity, soaring fossil fuel prices, ready access to 

biomass feedstock, and concerns related to emissions and 

global warming appear to have played pivotal roles in driving 

this growth. 

o Biogas Production 

  The typical composition of biogas ranges from 50-70% 

ethane (CH4) and 25-50% Carbon Dioxide (CO2), dependent 

on the substrate introduced to the digester. Additionally, trace 

amounts of Hydrogen (H2), Nitrogen (N2), Hydrogen Sulfide 

H2S, and Ammonia (NH3) may be present [4]. The production 

of biogas involves the anaerobic digestion of various organic 

materials, including agricultural waste, household and 

municipal waste, plant material, manure or dung, human and 

animal feces, sewage, garden (green) waste, and food waste. 

Anaerobic digestion is a complex process encompassing 

chemical and biological transformations that organic matter 

undergoes to yield biogas. 

Microbial action in the digester is responsible for biogas 

production. The organic matter undergoes rapid digestion 

upon being processed and introduced into a reactor through a 

gradual fermentation process. In this process, 

microorganisms utilize organic materials such as proteins, 

carbohydrates, and lipids as nutrition, leading to the 

production of gases, predominantly in the form of CH4 and 

CO2. 

o Benefits of Biogas Technology 

  In addition, there are more benefits of biogas production. 

Those are,  

• The improvement of farming in rural communities, which 

enhances the economy of a community through job creation.  

• Waste reduction using organic agricultural waste and 

municipal solid waste for an increased energy production. 

• The improvement of the environment quality through CO2 

emission reduction. 

• The combination of the disposal of organic waste with the 

formation of valuable energy ‘Methane (CH4)’ by biogas. 

One of the primary benefits of biogas, particularly when 

considered from economic and environmental perspectives, 

is the reduction of greenhouse gas emissions (GHG) [5]. In a 

study assessing the environmental and economic advantages 

of a biogas combined heat and power plant, the system's 

performance was evaluated using the GHG abatement cost 

methodology over its life cycle. The focus of the study was 

to identify key drivers for achieving competitive GHG 

reductions. Agricultural waste served as the energy crop 

substrate in this context. The examined plant demonstrated 

the production of 4.5MWh of electricity and 1.7MWh of 

thermal energy annually. The findings highlighted that the 

cost of GHG abatement could be significantly lowered 

through the efficient utilization of thermal energy [5]. 

o Biogas Digester Design 

A biogas digester is a living system and must have suitable 

conditions for the growth of anaerobic bacteria that produce 

methane. So, it reveals that choosing a right biogas digester 

is very important in constructing a biogas plant. As well as 

anaerobic digestion system designs range widely, primarily 

due to different feedstock types and applications in specific 

environment [7-9] [11]. 

The examination of a research paper focused on the design 

and application of common biogas digesters underscores the 

critical significance of selecting an appropriate digester in 

practical situations during the design phase. It is emphasized 
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that making informed decisions at this stage is vital. Factors 

such as the nature of solid materials to be digested, geological 

conditions, digester shape, yield, and the accessibility of 

construction materials should be thoroughly assessed before 

initiating the design process [7]. 

Accordingly, it has been discussed how biogas digesters can 

be divided under two main types. 
Industrial bio digester: This biodigesters are mainly used in 
developed countries to release pressure at landfills for 
anaerobic digestion of municipal solid waste (MSW). Thus, 
the biogas produced is mainly used for the production of 
electricity.  

Domestic bio digester: This biodigesters are most popular 
among developing countries because of its ability to generate 
biogas on a small scale at the household level. The gas 
generated is used as a fuel to reduce the use of biomass as fuel. 
So,  

(i) Fixed dome digester 

(ii) Floating dome digester 

(iii) Plastic bag digester 

(iv) Plug flow digester/ Inclined digester have 

become popular as domestic biogas digesters 

used for small scale biogas production [7][9]. 

Among these, fixed dome digesters are widely favored for 

their durability, despite being relatively expensive. These 

digesters are typically installed underground. While digesters 

of sizes 4, 6, 8, and 10 cubic meters are popular for small 

families, their costliness makes them more commonly 

utilized at the institutional level [7] [9-10]. On the economical 

side, floating plastic dome and plastic bag digesters stand out. 

The plastic bag digester is particularly cost-effective but 

requires careful handling due to its delicate nature, resulting 

in a shorter lifespan. Another economical choice is the plug 

flow or inclined digester, which is simple and cost-effective 

to install and operate. However, it is not as efficient or 

consistent as the completely mixed design [7]. 

Apart from this, bio digesters designs can be classified 

according to the type of feeding, according to temperature 

and heating [7][8]. 

Under, depending on type of feeding they are classified as,  

1) Batch Type Digester: Batch type biogas plants are 

recommended for situations where acquiring daily 

supplies of raw waste materials proves challenging. In 

this system, a batch-loaded digester is filled to its 

capacity, sealed, and provided with sufficient retention 

time within the digester. Once the digestion process is 

complete, the residue is emptied, and the digester is 

refilled for subsequent cycles. 

2) Continuous Digester: Here, fresh organic material 

continuously enters the tank, and an approximately equal 

amount of digested material is removed in an ongoing 

process. Various stages of digestion exist throughout this 

process to attain balance. 

Next, based on temperature, fermentation process is 

categorized into, 

(i)  Psyrophilic digestion: Occurs at ambient temperatures 

between -15° and 10°C 

(ii) Mesophilic digestion: Occurs at ambient temperatures 

between 20° and 45°C 

(iii) Thermophilic digestion: At elevated temperatures up 

to 70°C 

o Operational Parameters of Biogas Plants 

Biogas primarily consists of CH4 and CO2, with the 

proportion of CH4 influenced by the type of feedstock used 

in the biogas plant. Various operational conditions also 

significantly impact the potential for biogas production. 

Therefore, optimizing the design of a biogas plant is crucial 

to achieving optimal biogas production with minimal costs, 

considering specific requirements and potential. 

To ensure stable and efficient biogas production, several 

design considerations and operational parameters must be 

considered. Monitoring various operating parameters, such as 

temperature, pH value, retention time, organic loading rate 

(OLR), chemical oxygen demand (COD), biochemical 

oxygen demand (BOD), among others, allows for adaptation 

to unexpected conditions. 

Research reviews have underscored those decisions 

regarding biogas plant design, operation, and monitoring 

conditions hinge on numerous factors, including temperature 

range, pH value, OLR, feedstock, COD, BOD, and biogas 

quality. It's important to note that the optimal range of 

operational parameters may vary from one biogas plant to 

another [12]. 

o Biogas Production Potential of Organic 

Matter 

Food waste is the organic material having the high calorific 

value and nutritional value for microorganisms and therefore 

can increase the efficiency of methane production by several 

orders of magnitude. It means higher efficiency and size of 

the reactor and cost of biogas production is reduced. 

Accordingly, most easily degradable organic materials are 

accepted as feedstock for anaerobic digestion. So, Food waste 

is the best option for anaerobic digestion. It is a fact that is 

best illustrated by the research that was studied [14-17]. Thus, 

about 30% of the global fool supply is lost or wasted each 

year. Therefore, it is very important for human as well as the 

environment to find solutions to reduce these wasted food 

waste or reduce environmental pollution. So, if this food 

waste is used for biogas production, many benefits can be 

obtained. 

A studied conducted production of biogas from solid waste to 

overcome the management problems and depletion of non-

renewable energy. Here, a lab scale anaerobic digester for 

batch type was designed and construct. Methane production 

from solid waste mainly food waste (green waste, kitchen 

waste etc.) is used. And the main organic material is food 

waste and cow dung is also used. Further, a 350L plastic 

container of height 90cm and diameter 70cm was used as a 

bio digester and biogas was collected in tire tubes. Also, it 

was found that using a mixture of cow dung and food waste 

retention period was 21 days. Gas started to produce on 7th 

days. Amount of biogas obtained was 136dm3. 

This concluded that the total biogas production can be 

increased by using large scale bio digesters, increasing the 

number of units, and providing suitable temperature 

conditions. In addition, the results here indicated that using a 

mixture of food waste and dung produces more biogas than 

using cow dung alone [8]. 
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In the rate of biogas production was studied in a lab scale 

biogas digester model for the efficient conversion of the food 

waste generated from PRIST University. Biogas production 

was found to be dependent on factors such as the maximum 

biogas yield, the concentration of volatile solids in the input, 

the density of the effluent, the density of the biogas, and the 

reaction rate constant for all substrates. The experiments 

spanned a duration of 40 days, and the rate of gas production 

was measured using the water displacement method. Based 

on the findings of this review, it is suggested that food waste 

proves to be a suitable feedstock for biogas production due to 

its easy biodegradability and high volatile solids content [15]. 

Research was conducted to assess the performance of a 

portable floating-type biogas plant made of plastic, with a 

volume capacity of 0.018m3, under outdoor climate 

conditions at IIT Delhi in India. The study involved a 

comparison between cow dung and kitchen waste for biogas 

production using the batch method, targeting a 30kg fertilizer 

capacity. Various parameters, including temperature, solar 

radiation, relative humidity, biogas composition, pH value, 

volume, and daily biogas production rate, were analyzed at 

different levels of temperature monitoring. The results 

consistently demonstrated that kitchen waste outperformed 

cow dung in terms of both biogas production and methane 

fraction. Thus, as the solid content of kitchen waste is lesser 

than cow dung, the action of microorganisms appears to be 

very fast. In that way, it was concluded the kitchen waste will 

be the best option under a community level biogas production 

[17]. 

o Use of Different Bacteria matter as Co-

substrate with Food Waste in Biogas 

Production 

Furthermore, the study presented findings on biogas 

production derived from waste materials of fruits and 

vegetables, along with an assessment of their impact on plants 

when utilized as fertilizer. The research revealed that the cow 

dung slurry exhibited the highest weekly individual 

production rate, with an average production of 1554 cm3, 

followed by pineapple waste with 965 cm3 of biogas, orange 

waste with 612 cm3, pumpkin waste with 373 cm3, and 

spinach waste with 269 cm3. These results underscored that 

the variability in biogas production is closely linked to the 

nature of the substrate. Importantly, all the substrates 

investigated proved to be effective materials for biogas 

production, and their spent slurries were identified as viable 

sources of plant nutrients [18]. 

In the study, the production of biogas from a blend of fruit 

and vegetable wastes combined with cow manure in an 

anaerobic digester was investigated. The study focused on the 

total solid, volatile solid, moisture content, and ash content of 

the waste materials. The feedstock included avocado, papaya, 

mango, tomato, banana peel, and cow manure. Notably, the 

reduction in total solid and volatile solid indicated that the 

production of biogas from a mixture of food waste and cow 

manure yields a higher volume compared to that obtained 

from a combination of fruit and vegetable wastes with cow 

manure [19]. 

Through various studies, biogas production was studied 

utilizing kitchen waste as the primary component and cow 

dung as a co-substrate. The process involved the use of an 

anaerobic digester for gas generation, maintaining a 

temperature range of 30°-35°C to facilitate mesophilic 

conditions. The pH of the manure was regularly checked and 

adjusted weekly. Gas production was recorded with a 

retention time of 20 days, and the methane content was 

measured using the syringe protocol. The experiment yielded 

a gas production of 0.05196 m3. The findings concluded that 

the co-digestion of kitchen waste and cow manure generates 

a substantial amount of biogas with a methane content of 

60%. Notably, it was observed that a significant volume of 

gas is produced after 7-9 days of introducing the feed into the 

digester, suggesting the proliferation of bacteria within the 

digester chamber [20]. 

o Biogas Upgrading Technologies 

Biogas is generated through the anaerobic digestion of 

municipal, agricultural, and industrial wastes at moderately 

high temperatures. The process of biogas upgrading focuses 

on separating methane (CH4) from carbon dioxide (CO2) and 

other biogases. This involves a two-step treatment of the 

biogas: first, the raw biogas undergoes purification by 

removing toxic compounds, and then it is upgraded, with the 

CO2 content adjusted to achieve a sufficient calorific value 

for the biogas. 

Various technologies for biogas upgrading employ separation 

and sorption approaches, leveraging the chemical, physical, 

and biological properties of gas components. These 

technologies are designed to enhance the quality of biogas for 

optimal utilization as below, 

• Under physical technologies; Water scrubbing, 

Physical absorption of organic solvent scrubbing, 

Pressure swing adsorption, Cryogenic adsorption 

• Under chemical technologies; Chemical scrubbing 

• Under biological technologies; Chemoautotrophic 

method, Photosynthetic methods, In-situ desorption 

& Ex-situ desorption [23] [26].  

So, complex and expensive above-mentioned technologies 

are used for high level biogas purification treatments to 

obtain biomethane, because they allow more efficient 

removal of pollutants. This improvement is done through 

treatment and purification processes, involving technologies 

to remove other gases present in biogas, separate CH4 and 

increase its calorific value. 

The study evaluated the Thermal Integration of anaerobic 

digestion (AD) biogas production with amine-based biogas 

upgrading to enhance the overall thermal efficiency of both 

systems. The thermal characteristics were scrutinized for 

typical AD raw biogas generation and MEA absorption 

biogas upgrading. The case study demonstrated that AD 

biogas production can be effectively integrated thermally 

with amine-based upgrading. In the examined scenarios of 

typical AD biogas production and amine absorption biogas 

upgrading, thermal integration was found to recover 64% to 

100% of the waste heat from the biogas upgrading system. 

This recovered heat could then be reused in the AD system, 

corresponding to an increase of 5.3% to 17.4% in net raw 

biogas production [24]. 

o Applications of Biogas Technology 

Biogas boasts a multitude of applications, primarily in 

electricity generation through internal combustion engines, 
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gas turbines, micro-gas turbines, or on-site turbines. It is also 

instrumental in various thermal applications such as cooking, 

lighting, heating, and boiling, and contributes to the 

production of biofuels. Biogas extends its utility to 

transportation as a viable vehicle fuel and plays a role in 

refrigeration and cooling power plants. Furthermore, it serves 

as a valuable feedstock for hydrogen production, offering 

possibilities for energy generation, electric power, and fuel 

for fuel cells. The technology associated with biogas can 

additionally be harnessed to produce organic fertilizer, 

presenting an eco-friendly alternative to costly chemical 

fertilizers. 

Biogas, when upgraded, becomes a versatile fuel source that 

can be employed in the processing of methanol fuel. The 

conversion of Compressed Biogas (CBG) and Liquefied 

Biogas (LBG) into biomethane allows for diverse direct and 

indirect applications in fuel and power generation. Processes 

like Combined Heat and Power generation from biogas 

(CHP), compression to Bio-CNG, and Bio-LPG for purified 

biogas or biomethane contribute to the flexibility of biogas 

utilization. Moreover, biogas serves as a precursor for the 

production of Fischer-Tropsch (FT) fuels. The FT process 

involves a sequence of chemical reactions transforming a 

mixture of Carbon Monoxide (CO) and Hydrogen (H2), 

known as syngas, into liquid hydrocarbons. The production 

of fuel from biogas entails cleaning and purification, 

followed by partial oxidation before reforming into syngas, 

facilitating the production of methanol. 

o 4.9 Use of bio-slurry as Organic Fertilizer 

  It is important to provide farmers with a useful way to 

reduce the burden of fertilizer on the country’s economy 

today and improve the sustainability of the field. In this 

regard, biogas slurry can be considered as a good quality 

organic fertilizer to maintain the quality of products in 

sustainable agriculture.  

  Biogas slurry not only led to the flourishing growth of plants 

but also increase the fertility of the soil. So, proper use of bio-

slurry prevents the depletion of nutrients in the soil of 

agricultural lands while providing very good agricultural 

yields [28][30]. Accordingly, the benefits of bio-slurry are 

shown below. 

• Social Benefits: Farmers face various health problems 

due to the use of chemical fertilizers. In addition, if 

chemical fertilizers are not used and stored properly, it 

can cause poisoning. So, apply bio slurry as a solution 

can reduce the problems of skin diseases, itching etc. 

and reduce the incidence of diseases spread by 

fertilizers. 

• Economic Benefits: Chemical fertilizers are very 

expensive compared to organic fertilizers produced 

from biogas and using bio-fertilizer can save more 

money. Apart from this, the sale of bio-fertilizer also 

be economically beneficial. 

• Environmental Benefits: The utilization of bio-slurry 

in agriculture leads to a notable improvement in 

household, kitchen, garden, and social environmental 

conditions [26]. 

Biogas slurry holds significant potential for enhancing both 

the physical and biological qualities of soil. This potential 

improvement encompasses enhancements in soil structure, 

increased water-holding capacity, elevated cation exchange 

capacity, reduced soil erosion, and the provision of nutrients 

to soil micro-flora, including those involved in nitrogen 

fixation and phosphorus solubilization. 

Furthermore, there are documented instances of increased 

crop yields attributed to the application of biogas slurry, 

particularly in India. Various crops, including field crops, 

tobacco, castor, chickpea, mustard, onion, cabbage, banana, 

chili, pearl millet, and sugarcane, have demonstrated 

improved yields as a result of the positive impact of biogas 

slurry [27]. 

In a conducted study, alternative nutrient sources for small-

scale farmers aimed at improving sustainable agriculture and 

encouraging organic farming were explored. The chemical 

analysis of biogas fertilizer, considered as an alternative 

organic fertilizer, was carried out to evaluate its nutritional 

composition in comparison to other organic fertilizers. The 

findings indicated that the mean percentage concentration of 

nitrogen (2.14±0.6233), phosphorus (1.37±0.888), and 

potassium (0.70±0.3684) in bio slurry surpassed those in 

manure compost and farmyard manure. Moreover, with a 

standardized and known concentration range, biogas fertilizer 

was identified as an environmentally friendly option capable 

of increasing yields, buffering acidic soils through its liming 

characteristics, improving soil structure, and facilitating an 

integrated plant nutrition system. It was also suggested that 

its use could potentially reduce the reliance on chemical 

fertilizers by up to 50% [29]. 

o Disadvantages of utilizing Biogas 

• Lack of technology development: The primary 

drawbacks of biogas plants lie in the limited 

efficiency of the current systems, producing biogas 

sufficient for only certain energy needs. The large-

scale sourcing of biogas remains a challenge, and 

governments are yet to make significant investments 

in this sector. There is a continued need for 

technological advancements in biogas plants to 

enhance their production capacity of biogas while 

maintaining a low-cost investment. 

• Effects of temperature: Bacteria tend to digest food 

waste at an optimal temperature of 37%. Unlike 

other renewable energies, biogas production is 

affected by the weather. Hence in relatively colder 

temperatures, heat energy is needed to maintain a 

constant biogas supply. 

• Traces of impurities: Biogas contains impurities 

even after refinement, and compression. These 

impurities can corrode some parts of the engine in 

vehicles. 

V.CONCLUSION 

Energy is a fundamental requirement for the comfort and 

basic needs of everyday life. In today's energy-demanding 

lifestyle, there is an imperative need to explore new 

renewable and eco-friendly energy sources. 'Biogas' emerges 

as a promising renewable energy source successfully 

implemented at both domestic and commercial scales. To 

gain a comprehensive understanding, this paper reviews the 

literature on biogas technology and anaerobic digestion, 

providing a clear overview of the fundamentals. The review 
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encompasses topics such as anaerobic digestion, feedstock, 

types of digesters, and the products of anaerobic digestion. 

Additionally, the paper presents parameters influencing 

biogas production and those considered in the design of 

anaerobic digesters. The advantages and disadvantages of 

biogas, its applications, biogas upgrading technologies, and 

the use of bio slurry as fertilizer are also discussed. 
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Abstract— The growing forecast of the environmental 

footprint of the textile industry due to the continued 

manufacture of synthetic fiber textiles has led the research 

community to find new methodologies to move forward as a 

sustainable industry contributing to circularity. Unlike 100% 

synthetic fiber fabrics, blended fiber fabrics challenge the 

circularity process. This short review highlights the methods 

and processes recorded in the literature during the last five 

years on the recycling of blended fiber fabrics towards fabric-

to-fabric recycling, which stands for closed loop recycling. 

Blended fiber fabrics, such as Polyester/Cotton, 

Cotton/Wool/Polyester, Polyester/Viscose and Polyester/Wool 

recycling methods discovered in recent studies, have become 

the focus and are categorized under mechanical, chemical, 

and biological methodologies. 

   
Keywords—Blended Fiber, Multi Fiber, Textiles 

Circularity 

I. INTRODUCTION 

The world's textile demand is increasing due to the rise 

in global population growth and the fast fashion industry 

movement (Ling et al., 2019). When comparing the fiber 

production of the world in the last decade, it is noticed that 

58 million tons were produced in 2000, and it has doubled 

in 2020, reaching 109 million tons. Further, it is expected 

to exceed 100 million tons by 2025, with an increase of 

34% by 2030 (Kahoush & Kadi, 2022). Out of which, 

about 7 million tons of textiles are annually end up as 

landfills. This is a global issue that has attracted the 

attention of researchers seeking solutions (Subramanian et 

al., 2020; Nørup et al., 2019). Textile waste is classified as 

pre-consumer waste, post-consumer waste, and post-

industrial waste (Quartinello et al., 2018). As estimated, 

the post-consumer textile waste of garments, which has an 

average lifespan of 5 years, is disposed of globally at a rate 

of 65–92 million metric tons (Mt) annually (Egan et al., 

2023). From region to region of the world, the textile waste 

varied due to their cultures, population density, fashion 

choices and lifestyles, and income. Estimated annual 

textile waste in China, the UK, and the US is 26, 1.7, and 

15.1 million tons, respectively, which counts ~6% of the 

entire municipal solid waste generation. This textile waste 

contributes to global greenhouse gas emissions, 

representing 3% of them (Yousef et al., 2020). Nearly 25% 

of wasted textiles are recycled or reused. Less than 1% is 

recycled and taken back into clothing (Juanga-Labayen et 

al., 2022).  

 

Both natural and synthetic fibers are used in textile 

manufacturing. 64% of the global textile fiber production 

is from petrochemicals, and the balance of 36% is 

contributed by 24% of cotton, 6% of synthetic cellulose, 

1% wool, and other types of cellulosic fibers (Egan & 

Salmon, 2021; Navone et al., 2020). Fig.1 indicates the 

global fiber production share in 2019 clothing (Juanga-

Labayen et al., 2022). Natural fibers are dominated by 

cotton, while linen, hemp, bamboo, banana, lotus, and 

viscose are also part of them. Wool and silk are the natural 

fibers that exist as protein fibers. Polyester is dominating 

as the largest fiber producer in textiles. Due to the 

advantages of improving the properties of textiles, such as 

wettability, surface smoothness, and elasticity, 

manufacturers are used to going for blended fibers such as 

cotton-polyester, polyester-wool, nylon-cotton, and 

polyester-polyurethane (Navone et  

 
 

Fig. 1 Global fiber production share in 2019 clothing (Juanga-Labayen et 
al., 2022) 

 

al., 2020; Quartinello et al., 2018). The blended fiber 

market is anticipated to grow from USD 41.5 billion in 

2022 to USD 70.3 billion by 2032, as shown in fig.2. The 

Asia-Pacific region has a higher production of blended 

fiber, according to fig.3 (Nagrale, 2023). Currently, the 

recovery of all these blended fiber-based textiles at the end 

of their use undergoes either re-use as textiles or re-

purposing for different end uses (Navone et al., 2020). 

Blended fiber textiles are facing challenges in recycling 

due to different fiber blends that are difficult to separate, 

chemicals used for textile finishes, and dyes that make it 

necessary to find various methods and technologies for 

their fiber separations (Egan et al., 2023). 

Mechanical or chemical recycling is the most commonly 

used method for the recycling of blended fiber textiles. 

Mechanically recycled waste textiles are used for 
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agricultural, construction, and decoration purposes. The 

depolymerization of polymers in blended textiles, such as 

polyester, and the dissolution of cellulosic compounds in 

the blend happen in the chemical recycling process 

(Juanga-Labayen et al., 2022). In addition, enzymatic 

hydrolysis (Subramanian et al., 2020) and biological 

methods, such as microbial and insect use (Egan & 

Salmon, 2021; Sashiwa et al., 2018; Biological 

Degradation of Textiles and the Relevance to Textile 

Recycling, 2021), have been applied in recent studies for 

the recycling of waste textiles with different fiber blends.    

This short review has investigated the recent studies 

done on blended fiber textile recycling methods and 

techniques during the last five years and published in 

research journals. 

 
 

Fig. 2 Blended Fibers Market, 2022 and 2032 (USD Billion) (Nagrale, 
2023) 

II. METHODOLOGY 

A systematic review approach is followed in writing this 

review paper. 42 research papers titled “textile waste 

recycling”, “textile Circularity”, and “textile waste 

management” were picked mainly from journal databases 

such as Elsevier, MDPI, and Springer that were published 

during the period of 2018–2023. Literature that 

complements the focus of this research review was further 

filtered by the key search terms of “blended fiber”, “multi-

fiber”, “textile circularity”, and “closed-loop”, and finally, 

22 research papers, including review papers, were 

referenced in this study. The methodologies applied to 

recycling blended fiber and textiles for a closed-loop 

approach have been evaluated in this review. The 

methodology followed in selecting complementary 

literature for this review paper title is illustrated in fig. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4 Methodology exemplification in selecting relevant research 

articles 

III. RESULTS AND DISCUSSION 

The new methodologies found in the reviewed research 

articles are categorized by prioritizing the blend of the 

fibers and subdivided into mechanical, chemical, and 

biological methods. 

Polyester/Cotton  Recycling 

Chemical separation of cotton-polyester blends is 

identified in the literature as three different approaches. 

One approach is that one component is dissolved and the 

other component is undissolved. In this method, the 

undissolved part is extracted and the dissolved part is 

recovered. Another approach is to completely destroy the 

cotton part and separate the polyester for recycling. The 

other method is to perform the depolymerization of 

polyester and save the cellulose in cotton (Kahoush & 

Kadi, 2022).  

A new strategic approach to recovering cotton from 

polyester/cotton blended textiles presented by Yousef 

(2020) introduces the discharge of textile dyes from the 

waste textiles using Nitric Acid as an ingredient for 

pretrea-  

 
 

Fig. 3 Blended Fibers Market Share by Region 2022 (USD Billion) 

(Nagrale, 2023) 

 

tment, the use of Dimethyl Sulfoxide (DMSO) to dissolve 

organic compounds in the treated textile, polyester, and 

left-over organic compounds from textile dyes, and the 

involvement of diluted hydrochloric acid and Sodium 

Hypochlorite during the bleaching process to purify the 

recovered cotton from the textile. As a preliminary test, 

waste jean samples of cotton (80%)/polyester (20%) were 

washed with water to remove the impurities and air dried. 

Pieces in the size range of 50-150mm2 were obtained by 

shredding the dried samples. The capacity of a 1L 

ultrasonic bath was used to identify the conditions of 

dissolution and optimal leaching. 20g of pieces were 

exposed to nitric acid (HNO3) at a concentration of 1.0 M 

for 20 minutes to dissolve the dyes. A 1g sample from that 

has been taken, and DMSO solvent treatment has been done 

in 60 ml of solvent for 9 hours at a constant temperature of 

50 oC to dissolve organic compounds in the textile and the 

textile dyes and polyester. A developed reactor has been 

used for the pilot experimentation following the conditions 

identified during the preliminary testing. Leaching with 

nitric acid was performed at 50 oC for 20 min in a solid to 

liquid ratio of 1:50. Then the DMSO solvent was used to 

dissolve the organic components and the polyester in the 

fabric for 6hrs at 50oC. Sodium Hypochlorite and dilute 

hydrochloric acid were used to bleach the recovered fibers 

under the treatment of a soundwave at 40 oC for 2hrs to 

remove the impurities. At the end of the process, the used 

Database search for research 

papers 

(Key search terms- Textile waste 

recycling, textile circularity and 
textile waste management 

Databases - Elsevier, MDPI, 

Springer, few other sources) 

Further filtration with Key search 

terms 

(Blended Fiber, Multi Fiber, Textiles 

Circularity, closed-loop) 

Papers published 
during 2018 - 

2023 

Blended fiber - Polyester/Cotton, 

Cotton/Wool/Polyester, Polyester/Viscose 

Polyester/Wool 
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acid was regenerated, and polyester was extracted from 

cotton, making the whole process a closed-loop strategy to 

recycle the blended fiber. 

Haslinger (2019) has studied cotton/polyester blended 

textile recycling with a closed-loop approach to generating 

man-made cellulosic fibers (Wang & Salmon, 2022). In this 

study, a vertical kneader system was used to combine the 

cotton polyester blend with an equal number of moles of 

1,5-diazabicyclo(4.3.0)non-5-ene (DBN) and glacial acetic 

acid ( [DBNH] [OAc]) for 1 hour at 80 oC, producing a 6.5 

w% cellulose solution. To reduce the degradation of 

polyester, another sample was prepared with a 1:1.3 ratio 

of acetic acid, and undisclosed polyester was separated 

following hydraulic pressure filtration at 70 oC by a 5–6 

mm fine metal filter mesh at 1–8 MPa. To increase the 

cellulose concentration to 10.5%, the solution filtered was 

added with cotton polyester blends at 80oC for 1hr. A 

solution of cellulose was allowed to solidify at 8oC for a 

few days, and direct dry-jet-wet spinning was performed to 

generate man-made cellulose fibers. Separated polyester 

was purified with fresh ionic liquid to remove the 

contaminated cellulose residue. Filtration and subsequent 

washing with de-ionized water were used to eliminate the 

solvent. The separated polyester is suggested to reuse in 

polyester filament generation. 

Cotton/Wool/Polyester Recycling 

Quartinello (2018) has experimented with the recovery 

of amino acids from wool, glucose from cotton and other 

cellulosic constituents, and poly from polyester by an 

enzymatic hydrolysis process. The use of proteases and 

cellulases for the extraction of amino acids and glucose, 

respectively, is captured in this study. Both textile waste 

containing 100% cellulose, polyester, and wool, as well as 

fiber-blend materials such as cotton/polyester, wool blends, 

polyamide, and textiles prepared by mixing known 

percentages of cotton, wool, and polyester, were used for 

the experimentation. A weighted 1g of each sample has 

been incubated for two days at 50 °C with 75 ml of 50 mM 

Tris-HCl buffer pH 9 and 8 U ml-1 of protease while being 

swirled at 400 rpm on a magnetic stirrer. Following vacuum 

filtration with a Polyethersulfone (PES) 0.2 M filter, treated 

samples were added to 75 ml of mQ-H2O and stirred at 400 

rpm for 30 minutes, then filtered and dried for 6 hours at 

105 °C. Cellulase cocktail (2750 U ml-1) was incubated in 

75 ml of 50 mM sodium citric buffer pH 4.8 for five days 

at 50 °C at 400 rpm. The samples were weighted both 

before and after each phase. Further analysis of the extracts 

was performed to analyze the extracts of cellulose, protein, 

and polyester. According to Quartinello (2018), through the 

protease treatment, it was able to recover about 90% of the 

protein from the wool fiber-mixed textiles, and 

approximately 80% of the cellulose fibers were recovered 

from the treatment of cellulose. Amino acids extracted 

from wool proteins are used for resins, and glucose 

extracted from cellulosic compounds is used as the source 

of carbon for the fermentation of yeast in ethanol 

production. Extracted poly has been identified as similar to 

pure polyethylene terephthalate (PET) and suggested for 

recycling.   

Polyester/Viscose Recycling 

Peterson (2022) has experimented with the alkaline 

hydrolysis process to separate viscose and polyester from 

blended textiles. 70% viscose and 30% polyester and 100% 

viscose and 100% polyester fabrics are taken from well-

known suppliers and cut into 1cm2 pieces and laundered at 

60 °C as per the Swedish standard SS-EN ISO 6330:2012. 

Samples were oven-dried for 2hrs at 105 °C. Sodium 

hydroxide (NaOH, 50%), reagent-grade sulfuric acid 

(H2SO4, 95–97%), and pure acetic acid are used for the 

experimentation. A 1:100 solid-to-liquid ratio was 

followed to perform the alkaline hydrolysis of 

viscose/polyester, pure viscose, and pure polyester fabrics. 

Oven-dried fabric samples were added to heated (90 °C) 5 

wt% NaOH to perform the hydrolysis for 60–1440 min, 

immersing the reaction vessel in an ice bath. Filtration was 

applied to separate the solid residue from the reaction 

solution with the support of knitted polyester-wire fabric. 

Extracted solids were subjected to neutralization in 5% 

acetic acid and dried for 4hrs at 105 °C after washing for 

further analysis. Alkali was neutralized with sulfuric acid.  

Due to the alkaline treatment, natural viscosity has 

weakened up to 35% of the cellulose. Hence it is not 

recommended for fiber to fiber recycling, but suggested for 

emerging fiber processes.     

Polyester/Wool Recycling 

Enzymatic digestion of wool from wool/polyester 

blended fabric was studied by Navone (2019). Over 95% of 

the weight in wool is made up of keratin proteins 

(Quartinello et al., 2018). Fabric samples of 100% knitted 

wool, 100% woven wool, 70% wool/30% polyester knit, 

45% wool/55% polyester woven, 100% knitted polyester, 

and 100% woven polyester received from Frost textiles 

were used for the experimentation. The determination of the 

keratinase activity was performed using keratin azure as the 

reactant (Navone & Speight, 2018). In 2.4 ml of pH 8 or pH 

10 100 mM Tris-HCl buffer, 0.01 g of keratin azure was 

combined with 100 μL of enzyme dilution. Incubation of 

the samples was done at 200 rpm at 37 °C for 1hr and then 

the incubated samples were centrifuged for 10 min at 4000 

rpm and the absorbency of the supernatants was determined 

at 595 nm. Each enzyme dilution's results were verified 

three times. Sodium sulfite (1%, 1.5%, or 2%) or sodium 

thioglycolate (2%, 3%, 4%, or 5%) are used as reducing 

agents. 

The protease that is used for this experiment is Ronozyme 

ProAct. 0.1g of fabric pieces cut by scissors into the size of 

5mm x5mm or grounded pieces in size ≤0.6 mm with the 

support of a mill and sieves were kept at 37 or 50 °C for 

16hrs at pH 10 in 5 mL of 100 mM Tris-HCl buffer, treating 

proteases of 2, 4 and10 KU/mL at 200 rpm. Sodium sulfite 

1% or Sodium thioglycolate 2% or 3% were added. A 

treatment consisting of two steps was also followed 

keeping the above followed conditions as the same and 

only adding 2% sodium thioglycolate at 50 °C at 200rpm 

for 6hrs and centrifuged for 10mins at 4000rpm, washed 

with water, and again adding  2% sodium thioglycolate and 

incubating at 50 °C at 200rpm for 14-16 hrs. The Bradford 

assay principle was used to measure peptide solubility after 

enzymatic treatment. The weight loss served as the 
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determinant of the degradation %. Polyester fibers that are 

undigested are recovered through this process without 

making any significant changes to their virgin properties. 

Lebedytė & Sun (2022) have studied the closed loop 

method of recycling wool with a chemical process with 

solvents and reductions to extract keratin solution.  With 

the blending of other materials and the wet processing, the 

extracted keratin solution is recommended for the 

generation of novel fibers for textile manufacturing 

(Lebedytė & Sun, 2021).  

 

IV. CONCLUSION 

The recycling of blended textile waste has paid huge 
attention to its life cycle assessment to make sure that the 
process followed is ecologically and economically viable. 
Recycling of blended fiber textiles supports circularity and 
the study methodologies can be supportive for future 
researchers to look for the possibilities to enhance the 
properties of regenerated novel fibers from recovered or 
extracted parts. Cellulose extracted from cotton-blend 
textile wastes is needed to be blended with other fibers to 
enhance the properties, such as tensile strength, of the 
generated fibers. The enzymatic processes are leading to 
recycling the blended fibers because of their compatibility 
with ecological processing. While searching for solutions to 
the recycling of waste textiles, which are more complex at 
blended fibers, it is important to make consumers aware of 
their responsibility in consumption towards reducing waste 
collection to landfills, changing their mindsets in accepting 
fast fashion movements. 
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Abstract— Under Education Sustainable Development 

Govt. ITI Berhampur trainees designed and fabricated some 

beautiful Sculptures from the scraps in the design thinking 

lab. Scraps from the workshop of the technical institute 

generated during training practice are being up-cycled and 

given a sculptured shape with aesthetic look and 

finishing.  This enhances the hands on skills such as fitting, 

welding, painting, filling and turning of the students. The 

designed sculptures are in high demand among interior 

decorators and have high market value. By this the trainees 

are earning money during their training practice at the same 

time they became warriors of the planet to lead sustainability, 

transformed the campus into an educational wonderland. 

This develops interest among the students to have career in 

the TVET sector.  

Keywords— Skill development, waste management, waste to 

wealth, sustainable employment, economic development 

I. INTRODUCTION 

Skill gap minimization and green challenge initiative 
provided an opportunity for an innovative best practice on 
circular economy waste to wealth initiative enhancing hands 
on skill of ITI, Berhampur students. Hands on skills are 
abilities applied through active engagement and practical 
learning rather than class room lecturer or books. These 
skills can be achieved by practising what they are learning 
immediately. More and more practice will enhance the level 
of skill and minimise the skill gap and make them industry 
ready, entrepreneur opportunities, positive carbon footprint 
and waste management. Waste management is the 
systematic way of reusing through innovative methods that 
are recycled with attention to the least negative impact on 
the environment.  

During training practice in training institutes, service 
centres of electrical, electronic equipment, automobile 
workshops various waste materials are generated. Wastes 
are normally rejected material after being used by the 
students for the first time they cannot be used again in 
training practice. As per global waste composition 4% are 
material waste and 17% are rubber waste. [1] 

 

Fig. 1 Waste hierarchy pyramid 

When the metal scraps are recycled for producing the 
recycled product they cause global warming with a potential 
2.1 kg CO2eq/kg HRC. [2] 

 When the buildings are demolished the iron bars, water 
tank, grills are the residues which are being collected for 
recycling by the scrap venders. Most of the TMT bars are 
reused with recycling. They are melted from a new object 
or iron rods/sheets. When these bars are up cycled and value 
addition is there the CO2 emersion is prevented thus leading 
to positive carbon footprint. When the TMT bars are used 
for a long time inside the concrete slab, RCC structure their 
bond strength and tensile strength is reduced. [3] The TMT 
bars collected from the scrap yards of the city are being up 
cycled here at the design thinking lab by the student. 

Normally in all most all cities tyres are dumped in scrap 
yards. When exposed to sun light the tyre are degraded. The 
degraded items spoil the soil and mix with the underground 
water. After mixing with groundwater year after year the 
water is contaminated. When put under sunlight years 
together some time the tyres catch on fire. When the tyres 
catch fire it pollutes the entire atmosphere. This black 
smoke spreads in air. These tyres are breeding place of 
mosquitoes. When water remains inside the tyre, the 
chemicals from the tyre mix with the water and temperature 
of the water is suitable for dengue mosquitoes to breed and 
spread diseases. These problems can be solved by properly 
up cycling the tyres and disposing them from the tyre scrap 
yard. [4] The scrap tyres can be up cycled into different 
artefacts for interior decorators, landscaping, and outdoor 
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park a tyre art park is developed at the campus of ITI, 
Berhampur.  

Circular economy is the innovative methods adopted by 
the team by up cycling the waste material by reducing and 
reusing the materials. [5] 

Interior decoration has a huge potential to rise in the 
coming days. It is expected to reach USD 58.24 billion by 
2029 (Fig. 2). In India the interior decorative industry is 
directly proportional to the real estate market. In India the 
demand for the interior decorative items particularly from 
waste to wealth is increasing every year. The corporate 
houses, hostels even in flats, village the interior decorators 
opt for sculptures from scrap metals, e waste, tyres etc. [6] 

 

Fig. 2. Interior Design Market of India in 2029 

All the discarded materials are to be manufactured such 
that they should be inputs for use by others. Even though 
zero waste is a target that is ethical, economical, efficient 
and visionary, this can only be achieved by up cycling the 
wastes. 

Govt. ITI Berhampur students adopt this as an 
innovative good practice for up cycling the discarded 
materials by adding value by their skill. Zero impact on the 
environment and making the green TVET is the present 
need of the hour. 

To make the environment clean, green and pollution free 
is the mission for TVETs and this is a great green challenge 
for TVETs. In a first innovative step, the ITI, Berhampur 
integrated their existing skills in an innovative manner to 
address the waste challenge. The scraps such as automobile, 
e waste metal scraps, electrical scraps, PVC wires tires from 
two-wheeler and four wheeler generated during training 
practice are processed after value addition upgraded into 
beautiful sculpture. 

Annually more than 1000 Kgs scraps are generated 
during the training practice every year. The metal dusts are 
mixed with soil cussing pollution to soil as well as ground 
water. The innovative team in the design thinking lab shape 
them and design them with an innovative sculpture as per 
the present need of the interior decorative industry. In India 
more than 13500 ITIs and so many training centres are there 
thousands of tons of scraps generated. These scraps can be 
better utilised for sustainability, circular economy. At the 
same time the hands-on skills of the students can be 
enhanced. 

Adequate skills are required in preparing TVET 
graduates to fit in today’s workplace. In order to fill up the 
skill gap between Industry and ITI there is an urgent need 
for hands-on skill of the trainees to be as per the need of the 
industry, so that they can adopt the required skill as per need 
of the industry with minimum training at industries. 

Beautiful artefacts will help the students to become more 
and more self-sustainable in terms of raw material, increase 
their hands-on skill and generate revenue during the training 
practice. 

II. CHALLENGES 

The G20 leaders have argued that the skilled workforce 
is to be equipped with the existing skill and adoptable to the 
future skill in the national growth and overall growth of the 
G20 countries. All the countries agreed for mutual 
cooperation and strong support to face the challenges of the 
future workforce for fostering strong sustainable and 
balanced growth of each and every member of G20. A major 
challenge is the need to simultaneously address the changes 
required in the skilling echo system. Skilling up skill and re 
skilling required with the change in the technology and need 
of industries. 

The growth of a country depends on its skilled 
workforce and their productivity. Skilled workforce is 
possible only with rigorous updating of the existing skill 
strength of the workforce and their response to adapt 
themselves with change in the skill market. 

As per global economics the need for high skilled labour 
is in high demand and low skilled labours demand is 
declining. The problem will be further widened in an 
advanced economy. So economy because of demographic 
realities as the existing workforce will retire and it is 
difficult to replace them. [7] 

India is an advanced developing country and capable to 
take advantage of this situation. As India considered 
youngest country in the world. The young generation in the 
country can easily adhere the upcoming advance skill. India 
will be in a position to supply skilled workforce to the rest 
of the world. So, it is a high challenge for the young Indian 
skilled workforce to be trained as per the needs of Industries. 

Global economies will need high skilled labour 
increasingly and demand for low skills would decline. 
Situation would worsen in advanced economies because of 
demographic realities as the existing skilled workforce will 
retire and will not be replaceable in full. 

There is thus a need for global efforts to improve skills 
of labour across the disciplines and in an inclusive manner 
with a view to containing the polarisation between the high 
skill high wage workers and low skill low wage workers. 
India is one of the advanced developing countries which 
would maintain its demographic advantage of having a 
young workforce capable of supplying labour to the rest of 
the economies provided it is able to take up skill 
development programmes of its young people suiting the 
emerging needs of the global economy. [8] 

Adequate skills are required in preparing TVET 
graduates to fit in today’s workplace. In order to fill up the 
skill gap between Industry and ITI there is an urgent need 
of hands-on skill of the trainees to be as peer the need of the 
industry. So they can adopt the required skill as per needs of 
the industry with minimum training at industries. 
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Fig 3: Basic Challenges 

By providing trainees with hands-on skills in waste 
management and waste to wealth technologies, this 
approach is helping to minimize the skill gap and make them 
industry-ready. This is especially important in India, which 
has the youngest population in the world and a huge demand 
for skilled workers. 

This positive change had to face many challenges before 
turning out to be a positive outcome. There was this 
challenge of handling such a huge volume of waste that 
needed a separate and dedicated team which was impossible 
with the existing manpower (Fig.3). Also, the waste 
couldn’t be disposed of anywhere because of the probable 
threats to health and environmental pollution. There was a 
minute sharp and a tiny waist that could cause injury. These 
materials also when getting mixed up with soil, caused the 
loss of fertility.  

On Job Training (OJT) is an important training method 
which can help the students to work in the real field. The 
parameters such as innovation, environment, guidance, 
interaction with technical exports autonomy help them to be 
a skilled professional. Due to non availability of Industries 
the locality and the existing industries cannot support 3000 
students. The industrial environment is to be created inside 
the campus. 

The design thinking laboratory is a valuable tool for 
helping trainees to develop teamwork and industry-
readiness. By working together on real-world problems, 
trainees learn how to communicate effectively, solve 
problems creatively, and adapt to change. These are all 
essential skills for success in the workplace. 

The integration of skill development and waste 
management for waste to wealth is a very innovative and 
promising approach. It addresses two important challenges: 
the need for skilled workers and the need to reduce waste. It 
is also aligned with the G20 countries' commitment to net 
zero targets by 2030. 

Overall, the integration of skill development and waste 
management for waste to wealth is a very promising 
approach that has the potential to make a significant impact 
on India's economy and society. 

India has the potential to become the skill capital of the 
world due to the huge demand for skilled workforce. 

 

III. METHODOLOGY  

Technical institutes typically generate five types of 
scrap: metal, electronic components, PCBs, and discarded 
spare parts from two-wheelers and four-wheelers. With 
approximately 3,600 students enrolled in multiple trades, 
ITI Berhampur generates around 1,000 kg of scrap every 
month. Some iron-dust generated during training mixes with 
the soil and is washed off in the rain, creating water and soil 
pollution. Transporting these items to dumping grounds or 
landfills is not a sustainable solution. 

Integration of skill development and waste management 
for the skill gap minimization and green challenge provided 
an opportunity for an innovative best practice on circular 
economy waste to wealth initiative at the Government 
Industrial Training Institute (ITI) Berhampur in Odisha, 
India. This initiative aims to minimize the skill gap and 
make students industry-ready, provide entrepreneurial 
opportunities, reduce the carbon footprint, and manage 
waste. 

From the demolished building the iron bars are being 
collected from the scrap yard of the campus. They are 
straightened into different sizes. (Fig. 4) 

Further the govt the works department provides the iron 
wastes, metal window door, GI water tank which are 
rejected and dumped in their scrap yard. The automobile 
scraps such as gear, pinion, timing chain, crank, wheels, 
bearing, bike/cycle chain, fuel tanks and shock absorber are 
being collected from the institute scrap yard or from various 
automobile service centres of the city. The present scrap 
policy of the Govt. makes available a large number of scraps 
in their scrap yard. (Fig. 8 & Fig. 9) 

E-waste such as PCB, mother board of computer, 
monitor, keyboard, mouse, TV, LCD Screen, radio, 
microwave oven, electronics toys, mobiles, earphone, 
medical electronics machine, washing machines when 
discarded they are the most hazardous e-waste and harmful 
to the society when the motherboards of the computers are 
burnt to extract gold and other precious metals they create 
heavy carbon footprint to the atmosphere. These types of e-
waste are being collected from the institute scrap yard and 
the e-waste collection centre of the local body. (Fig. 10) 

The canteen, the food plaza in the campus generate a 
large number of plastic bottles and the cold drinks bottle 
caps further a large number of bottle caps are being 
generated in the various cold bars. These bottle caps scraps 
are being up cycled with the innovative skill into various 
sculptures. 

Tyres from car, scooter, bus, tractor and other two and 
four wheelers are being discarded frequently it is estimated 
each family has one discarded tyre in every year. The 
institute's scrap yard, automobile service centres generate a 
large number of scrap tires every month. (Fig. 11) 
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Fig 4: Separation of wastes 

In the design thinking lab 3D version art of the sculpture 
is designed with the computer. The necessary dimensions, 
front view, side view and elevation are developed in a graph 
paper. The entire drawing is redrawn with a multiple (10, 
20, 30………………) as per the need in the floor of the 
workshop. The engineering drawing team put the 
coordinates and transformed the small version of 2D 
drawing into a larger version. The welding art team converts 
the 2D art into 3D sculptures. The team is constituted with 
trainees from welding, painting, fitting, CNC turning (Fig. 
6). The multi trade train team enhances the spirit of 
teamwork. The technical specifications are shared by the 
industry professionals. By these scrap projects the students 
work with their hands, heart and mind. The enthusiasm 
developed with them to give an aesthetic look. The sculpture 
developed is perfectly cleaned to remove the dust and rust. 
They are perfectly given a dynamic look and beautifully 
painted with 2K paints. To protect from corrosion it is 
finally painted with a special chemical. (Fig. 5) 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: Methodology 

 

Fig 6: Integration of Skill 

 The skilled sculptures are being used by the interior 
decorators in hotels, corporate houses, parks, fashion shows, 
and residential interior decorative purposes. There is a 
heavy demand for these products in the interior decorative 
industries as well as the theme parks established by the 
Govt. and various NGOs. (Fig. 7) 

 

 

 

 

 

 

 

 

 

 

 

Fig 7: Sculpture for Wealth 

 

Fig 8: Various types of scraps or wastes used for wealth 
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Fig 9:- Sculpture from Iron dust 

This strategy has several benefits. It has majorly 
contributed to solving the greatest challenge of Technical 
Institute Waste Management. This is an absolutely 
environment-friendly strategy, thus, is totally eco-friendly. 
The most noticeable benefit of this concept is that it has 
opened the doors for a new area of skill development. The 
idea is to implement the non-conventional skills giving birth 
to an innovative creation. 

 

Fig 10:- Sculpture from E Waste 

This innovation was put into action with the team work 
from all the trades. After achieving the initial success in 
converting a scrap into art, it was showcased as a unique art 
via a park that was created especially for this purpose. The 
park was named as “Waste to Wealth Park” and items that 
were once scrap now became a piece of artefact that 
attracted visitors, interior designers from across regions and 
witnessed the skills and art of the students. There is a big 
potential to crack the interior decorative market. 

 
Fig 11:- Sculpture from Tyre Scrap 

For the installation of indoor and outdoor locations, 
consuming large amounts of scraps, the sculptures are 
developed in three different categories. 

• Small size for residential flats 

• Medium size for indoor hotels, corporate houses 

• Large size for city square, parks 

A. Small Size:-  

These small size scraps are skill art based that consumes 
maximum 1 to 5 Kg. of scrap. These scrap sculptures are 
used for interior decorator. They can also be developed 
based on a theme. In the international market, these scrap 
sculptures can be sold up to Rs. 30,000. These sculptures 
can be made out of automobile, plumber and mechanical 
scraps. Interior decorators have high demand to use these 
items in their decoration. (Fig. 13) 

B.  Medium Size:-  

 These medium size scraps sculptures are skill 
based this consume a maximum 40 to 50 Kg. of scrap. These 
scrap sculptures are used in office industries having a theme. 
In the international market, these scrap sculptures can be 
sold for up to 50000. (Fig. 14 & Fig 15) 

Fig 12:- Sculpture from Automobile Scrap 

C. Large Size: -  

These large size scraps sculptures are skill based this 
consumes maximum up to 5 tons of scrap. These scrap 
sculptures are used in Park/city squares. They can also be 
developed based on a theme. In the international market, 
these scrap sculptures can be sold for up to 20000 USD. 

Fig 13:- Sculpture from demolished building TMT bars 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

40 

 

       

Fig 14: Skilled in Odisha outlet  

 

Fig. 15 Skill Exhibition on Vintage Bike models at ITI, Berhampur 

The scrap sculptures and welding art products made out of 

E-waste, cold drink bottle caps are in sale by a outlet  

organised by Govt. of Odisha. (Fig. 16) 

 

Fig 16: Sculpture prepared using cold drink cap 

Using the waste products various fashion dress, 
shoes,ornaments,hand bracelets are prepared. Students 
participated in a Ramp Show. (Fig. 17 & Fig 18) 

 

Fig 17: Elephant Sculpture Filled With Plastic Bottles at waste to wealth 

park, ITI, Berhampur 

 

Fig 18: Skill park in city square 

III. RESULT 

By this innovative method Integration of skill 
development of waste management, trainees are gaining 
hands-on skills that are essential for the workplace. This 
innovative approach is minimizing the skill gap of trainees 
and making them industry ready. 

The design thinking laboratory is a valuable tool for 
helping trainees to develop teamwork and industry-
readiness and entrepreneurship . By working together on 
real-world problems, trainees learn how to communicate 
effectively, solve problems creatively, and adapt to change. 

The internal revenue generation of the institute is hike 
every year (Fig. 19) 

As skill gap minimized placement is increased from 602 
to 1425 in five years (Fig. 20).  

During placement the average salary of the students is 
increased from ₹ 11500 to ₹ 22800 in five years (Fig. 21).  

During admission more and more students are attracted 
to take admission. The application number is increased from 
3000 to 11000 in three years. (Fig. 22) 

Most interestingly girl’s admission is increased from 
427 to 734 in last three years. (Fig. 23) 

A huge amount of various scraps like automobile waste, 
Iron waste, tyre waste, bottle waste and e-waste are used to 
prepared the sculpture. (Fig. 24)  

 

Fig. 19 Internal revenue generation in Lakh  
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Fig. 20. Hike in placement 

 

Fig. 21. Increase in Average salary  in Rupees 

 
Fig. 22 Number of Applicant increase for admission 

 

Fig. 23. Increase in girl admission  

 

Fig. 24. Different types of scraps used for the year 2023 

IV.CONCLUSION  

Trainees are the future workforce of the country. The 
waste to wealth concept is intigrated in their mindset. 
Throughout their life. This concept can be transferred to all 
the 13000 vocational training institutes in India. The young 
workforce will be the warrier for waste to wealth.  This can 
enhance hands on skill, which will help the country to be the 
skill capital of the world.  
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Abstract: 

The steadily increasing urbanization rate and population growth in 
Sri Lanka cause a significant rise in the generation of Municipal 
Solid Waste. Inefficient Municipal Solid Waste Management in Sri 

Lanka creates many environmental, health, and socioeconomic 
challenges.  Thus, there is a pressing need for an integrated approach 
that goes beyond traditional waste management practices for 
addressing these challenges. This study focuses on identifying the 
key stakeholders in the Municipal Solid Waste Management process 
in Sri Lanka and the possibility of value chain development as a long 
lasting solution for this tragedy.  Based on the qualitative research 
and purposive sampling method, six municipal areas in Southern 
Province of Sri Lanka were selected.  Focus group discussions, 

observations, and documentary survey methods were applied in data 
collection.  Thematic analysis and SWOT analysis were applied in 
revealing the facts on the key themes of this study.  The plus factors 
include: more enthusiastic young officers and having sound Solid 
Waste Management plans and novel ideas among the majority of 
municipals; apply circular economy practices like producing 
compost, recycling, bailing and reselling paper and plastics; having 
networks with several solid waste management projects in the 

province; and having more enthusiastic entrepreneurs who produce 
solid waste based value added products. The key negative factors 
include: absence of long-sighted vision and capital for the 
government; dependence on traditional technology; lack of 
integration of the actors in Municipal Solid Waste Management 
process; poor attitudes of the citizens; lack of market linkages, 
inability to expand the operations and hence create employment 
opportunities; and absence of updated databases of waste collectors 

and solid-waste based entrepreneurs.  By integrating all the key 
actors of the municipal solid waste management process as a value 
chain, there is a possibility to inculcate a culture of applying circular 
economy practices with the attitude of ‘waste’ to ‘wealth’. 
Key Words: circular economy practices; municipal solid waste 

management; stakeholders; sustainable development; value chain 

development.  

I. INTRODUCTION  

Municipal solid waste management (MSWM) has become a 

critical issue in many countries around the world, especially 

among the developing nations including Sri Lanka (Saja, et 

al., 2021).  Municipal Solid Waste (MSW) is 

heterogeneous  and comprises everyday items such as food 

waste, building waste, paper, and plastic which are discarded 

by the residential, commercial, and industrial sectors 

(Adhikari et al,. 2018).  With the rapid urbanization  

and population growth, consumption pattern, industrial 
operations, and other human activities, the generation of 

waste has increased significantly. According to the World 

Bank, the global generation of MSW will reach 3.5 billion 

tons by 2050 (Muhammad et al,. 2023). It is an increase of 

70% (Chan, 2019). This issue harms the environment as well 

as public health and safety. United Nation’s 2030 Agenda for 

Sustainable Development emphasized the necessity of 

applying the circular economy concept and best practices like 

prevention, reduction, recycling and reuse of waste for SWM. 

The developed countries like Sweden, Japan, Norway, 

Denmark, etc. reached the sustainable development goals and 

the top ranks in the SWM index by applying the circular 
economy concept and best practices for SWM (Global Waste 

Index, 2022). These countries maintain an up to date database 

of SW generation and take continuous actions to reduce the 

waste, apply best practices and participatory approach for 

waste disposal, convert the waste into value additions, and 

create solid waste based livelihoods, etc. rather allowing it to 

create many issues within a country. Among  the 38 countries 

which were considered in preparing the Global Waste Index 

in 2022, 18 countries reported as the open dumping is at zero 

level.  Countries like Sweden, South Korea and Germany 

claim high recycling rates and among them, Germany is often 
celebrated as a world champion for recycling. While the 

majority of developed countries consider the SW as a wealth, 

many developing countries including Sri Lanka are 

struggling with this issue due to high generation of municipal 

solid waste (MSW) and absence of efficient management for 

MSW (Saja, et al., 2021). Presently, Sri Lanka emits more 

than 9000 MT of SW daily and the rate of waste generation 

increases by 1.2% each year (Report of Ministry of Health, 

2020).  While gradual increase in waste generation happens, 

lack of a proper mechanism for collecting all the solid waste 

in municipal areas; lack of government assistance, treatment 
process, value additions, stakeholder collaboration; and lack 

of public awareness and commitment cause to exacerbate the 

MSWM issue further (Gudmann Knutsson et al., 2021; 

Jayasinghe et al., 2021; Samarakoon and Schenkel, 2020). 

The most crucial incident that happened in Sri Lanka was the 

collapse of the Meethotamulla garbage dump in Colombo in 

April 2017 which created multiple deaths, displacement of 

families, and environmental damage. The dump had been 

overfilled for years, and this collapse highlighted the urgent 

need of managing solid waste properly.  Eventhough many 

previous studies focused on revealing the causes for the poor 

MSWM and suggests several solutions for mitigating the 

mailto:wsriyanigt@gmail.com
mailto:gunarathnavijitha@gmail.com
mailto:tslw2013@gmail.com
mailto:induwithana@ymail.com
mailto:Mafasiyaf@gmail.com
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MSWM issue, still qualitative in-depth studies which focuses 

on establishing an integrative approach as a long lasting 

solution for this issue is scarce (Saja et al., 2021; Samarakoon 

and Schenkel, 2020). By reviewing the literature, Asamoah 

and Kyeremeh (2017). emphasized the importance of 
establishing Private Public Partnerships (PPP) and 

community-based initiatives for addressing properly the 

deficiencies in the formal system of MSWM.  Also, most of 

the past studies focused on the municipalities in Western 

Province of Sri Lanka and a very few studies were focused 

on other municipal areas.  Therefore, by concerning the 

prevailing research gaps, this study mainly focuses on 

studying the existing MSWM process in Southern Province 

of Sri Lanka to identify the key actors of the MSWM process 

and their role, plus and minuses of the MSWM processes, and 

finally provide possible implications for strengthening an 

integrative approach as a long lasting solution for MSW 
management in Sri Lanka aiming to contribute to sustainable 

development.  

 

II. LITERATURE REVIEW 

A. Current Status of Municipal Solid Waste Management 

in Sri Lanka and in Southern Province: 

The per capita of SW per day was about 10 kg in the Colombo 

Municipal Council, 0.75 kg in other Municipal Councils, 0.60 

kg in Urban Councils and 0.40 kg in Pradeshiya Sabhas.  The 

Southern Province has 3 Municipal Councils (MC), 4 Urban 

Councils (UC), and 42 Pradeshiya Sabhas (PS) (Wood, 2021, 
P.16).  The waste collection in the municipal areas of Galle, 

Matara, and Hambantota districts in Southern province of Sri 

Lanka is estimated as 32 MT/Day, 30-35 MT/Day, and 10 

MT/Day respectively.  In 2018, Southern province reported 

the 3rd highest mid-year population of 2,637,000 (Wood, 

2021, P. 14) and steadily increasing trend in MSW happens 

due to this high population, migration to city areas, and 

increasing use of disposable materials and excessive 

packaging. Increasing quantities of MSW impose a 

tremendous pressure on the disposal and management of 

municipal solid waste in Matara and Galle districts.  

However, it was reported that municipal solid waste 
collection rate was only 52% (of the 3,502 tons/per day) in 

Western Province and 23% (of the 1,158 tons/per day) in 

Southern province (JICA, 2016) and apply open dumping or 

land-filling for the rest mainly due to low cost and less 

processing involved.  However, the Global Waste Index 

(2022) reported that  the rate of open dumping is zero in most 

of the developed countries.   

 

Similar to other countries in the region, the composition of 

solid waste in Sri Lanka predominates by organic materials 

(55%), and plastic (12.4%) and paper (12%). Globally, Sri 
Lanka is estimated to be the fifth-largest contributor to ocean 

plastics pollution (Sri Lanka Recyclers Association – Cited 

by Becerra and Bryan, 2020).  This study further shows that 

in the Southern Province, the majority of residential and 

commercial waste consisted of biodegradable waste 

including kitchen waste, garden waste, paper, and cardboard. 

In both residential and commercial areas, kitchen waste is 

reported as more than 68%.  Paper and cardboard is the 2nd 

and 3rd largest type of waste respectively in commercial and 

residential sectors. Major recycling industries in the country 

are plastic, paper, glass, CFL bulbs, batteries and metal (De 

Alwis, 2019). 

 
B. Issues in Municipal Solid Waste Management in Sri 

Lanka and in Southern Province: 

 

Several researchers (for example: Wood,2021; De Alwis, 

2019) pointed out that though number of projects and 

programs being implemented in Sri Lanka to improve the 

waste management system, still an inefficient and 

unsystematic manner with minimal consideration can be seen 

for the disposal solution and hence create environmental and 

health hazards.  One example for this situation is that waste 

collection points in several areas in Western and Southern 

provinces appear like mini dumping sites along the streets 
and in residential blocks due to insufficient storing facilities 

and improper management. Gudmann Knutssony et al, 

(2021) and Saja et al, (2021) identified the MSWM 

challenges specifically in the context of Southern Sri Lanka 

and those include: ineffective planning and implementation 

of waste management strategies, lack of public awareness and 

commitment, lack of resources and unplanned pick-up 

schedules, and lack of the necessary resources and 

infrastructure. Vitharana (2016) highlighted that Hambantota 

Municipal Council in Sri Lanka faces the challenge to carry 

out sustainable SWM with increasing SW with the 
development plan and due to lack of financial and technical 

support, public awareness and education, collaboration and 

public participation, and a lack of legal instruments and 

policies.  Moreover, several researchers (for example: 

Rathnayake and Sellahewa, 2022; Saja et al,. 2021; Wood, 

2021; Becerra and Bryan, 2020; De Alwis,2019) highlighted 

the issues like: lack of commitment by the governmental 

authorities, limited technical capability and unsuitable 

business models, inadequate human resources, knowledge 

capacity gaps and lack of financial resources, lack of 

consistent collection, sorting and disposal, and low awareness 

from the public on how to appropriately deal with their waste. 
The recent economic crisis also created in-house 

management issues such as shortages of skilled labour, lack 

of market due to low quality of recycled plastics, and higher 

production costs for the recycling firms (Karunarathna and 

Rajapaksha, 2020) as well as high inflation rate of the 

country, high tax rates, import restrictions for machinery 

parts, dollar shortage, etc. effect on recyclers (Sriyani, 2022).   

 

Many studies noticed the lack of collaboration and integration 

among the stakeholders in the MSW process such as public 

and private sector organizations as well as the waste 
collectors and recyclers in the informal sector as one of the 

major obstacles for ensuring an efficient and productive 

MSW management in Sri Lanka (Wood, 2021; Samarakoon 

and Schenkel, 2020; De Alwis, 2019).  De Alwis (2019) 

further noticed the political interference affect drastically for 

the poor regional cooperation and mufti-stakeholder 

partnerships.  So, it cannot be seen a healthy collaboration 

among the institutions and bodies like the National Steering 

Committees convened by Ministry of Environment (MOE) 

and other Ministries on waste management as well as an 
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encouraging cooperation between Government, scientific and 

research institutions and the private sector for stimulating for 

best MSW practices. Samarakoon and Schenkel (2020) 

highlighted that though the informal sector small scale solid 

waste collectors and recyclers contribute more in MSWM 
process, absence of integration of the informal sector players 

with the formal system, neglect and unnoticed their role and 

contribution to keep the environment clean, operating in a 

limited spaces in cities, oppositions of the neighbour people 

for their operations have cause to demotivate for continuing 

their career.   

 

C. Circular Economy Practices and Value chain 

Development for MSWM 
 

United States Environmental Protection Agency (EPA, 2023) 

defines the circular economy (CE) as “a model to reduce 

material use, redesign materials, products, and services to be 

less resources intensive, and recapture ‘waste’ as a resource 

to manufacture new materials”. International NGOs and past 

researchers emphasized the urgent need of meeting the CE 

principles and an integrated approach to enhance the value of 
waste rather than practicing low cost methods like land filling 

or dumping to dispose solid waste (UNEP, 2015). In 

developing the value chain of MSW, it is required to integrate 

all the actors in the MSW process and identify the value they 

add to the chain and the role of each actor.  The actors in the 

overall MSWM process includes who involve in solid waste 

generation, collection, segregation, sorting, mechanical 

processing or recycling and trading into local, national and 

international markets. The value chain also includes local 

authorities, Universities, Business Development Service 

providers, etc. which facilitate in numerous ways in the MSW 
process.  Actors in various stages in the waste value chain 

play multiple roles along the waste management hierarchy. 

For instance, local authorities define what constitutes waste 

and present laws and regulatory frameworks for waste 

recycling, recovery, and treatment and disposal (Nikolaou et 

al, 2021).   

 

Most of the researchers share the experience in international 

level to explore the opportunities and benefits of integration 

the formal and informal actors in the MSW process into 

municipal solid waste value chains (Nikolaou et al, 2021; 

Jaligot, 2016; Jayasinghe, 2015).  The ILO at its workshop on 
Compost and Plastic Recycling sector jointly held in 

December 2011 with Waste Management Authority in 

Western Province of Sri Lanka highlighted the importance of 

value chain development bringing all relevant stakeholders 

together to improve the competitiveness of the composting 

and plastic recycling sectors in order to achieve its potential 

for development of the local economy and to create more 

green jobs and making the sector effective and progressive.  

To achieve the CE, there is a need to establish processes to 

resource recovery from waste and it depends on the chain of 

processes and structures (formal/informal networks of 
stakeholders) created and shaped by the relations of 

stakeholders across the whole value chain, that bring together 

production, distribution, access, and management (Iacovidou 

et al., 2020).  In Sri Lanka, the development of a robust value 

chain is essential for waste management practices for 

successfully facing the above mentioned environmental and 

health related issues and ensuring the achievement of 

sustainable development goals.  Silva de Souza et al., (2022) 

argued that informal stakeholders within recycling value 

chains are important contributing parts of society that 
positively add to economic growth and ultimately to the 

efforts of transitioning towards a circular economy and it 

requires education, training, support, and empowerment.  In 

a study of women in the SWM value chain, Jaysignhe (2015) 

developed the concept “Wastescape” to understand SWM in 

Sri Lanka. “Wastescape is used to conceptualize the space(s) 

where social, cultural and political aspects of waste 

management and its stakeholders operate.” Jayasinghe (2015) 

and Becerra & Bryan (2021)  show that majority of women in 

Sri Lanka who work in waste are informal waste collectors 

and have less presence in the formal waste collecting sector.  

Poor women work as waste pickers and receive less value for 
their career.  However, several women show their strength by 

starting recycling and value added productions as well as lead 

in community level SW societies.  Though several 

community-based women organizations have been active in 

assisting women to develop composting businesses, or collect 

recyclables, informal nature, poor infrastructure, and lack of 

market linkages and finance limit the potential in upgrading 

of their businesses (Jaysinghe, 2015).   

 

II. METHODS 

This study focused on in-depth analysis to study the 
involvement of the key actors in the MSWM process of the 

municipal areas in Sri Lankan context, identify plus and 

minus factors of the SWM process, and suggest a possible 

long sighted solution for this controversial social issue.  

Therefore, the action research method under the qualitative 

approach was applied.  Based on both theory and practice, the 

action research brings together action and reflection in 

participation with respondents in the pursuit of practical 

solutions to a particular issue of pressing concern (Bradbury, 

2015, p. 1).  The 3 municipal areas and 3 urban council areas 

in the Southern Province of Sri Lanka were selected as 

research sites for this study. The purposive sampling method 
was applied by including the municipals, Central 

Environmental Authority, industries and the households, 

solid-waste based entrepreneurs, waste collectors, higher 

educational institutions, Business Development Service 

providers who have been considered as the stakeholder 

groups of this SWM process in Sri Lanka. Document 

analysis, focus group discussions, in-depth interviews, and 

observations were applied in data collection and the thematic 

analysis based on narratives and SWOT (Strength, Weakness, 

Opportunities, and Threats) analysis were applied in 

revealing the facts on the key themes of this study.  An audio 
recording of the focus group conversation and in-depth 

interviews were kept. During focus group discussions, 

participants were guided by the moderator who kept the 

discussion focused, ensured that everyone participated, and 

encouraged participants to explain their answers.  Document 

analysis was applied to be aware of the existing mechanism 

of MSWM and the strategic plans and proposals developed 

for MSWM.  Finally, develop the SWOT analysis and design 
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the value chain map and conclusions are provided based on 

the respondents’ narratives. 

 

 

 
IV. ANALYSIS 

 

A. SWOT Analysis of MSWM in Southern Province of Sri 

Lanka: 

 
Based on the findings of this study, the SWOT analysis 

developed for the MSWM in Southern province of Sri Lanka 

is depicted in Table 1 (See Annex I). Strengths and 

weaknesses of the MSWM sector were identified relating to 

the key actors of the MSWM in the Southern province 

including: policy & legislative framework, municipalities and 
Urban Councils, waste generators/suppliers, informal waste 

collectors, and recyclers and value added entrepreneurs.  

Opportunities and threats were presented based on the MSW 

sector in Southern province.   

 

B. Value Chain Development for MSW in Southern 

Province 

 

Value chain development (VCD), a concept widely applied 

in various sectors, has the potential to transform the MSW 

management system in Sri Lanka by optimizing resource 

utilization, reducing environmental impacts, and creating 
economic opportunities.  VCD in MSWM refers to the 

systematic organization of the actors who involve in waste 

collection, sorting, recycling, value addition, disposal, and 

providing supportive services. A well-structured value chain 

assist to create economic value to waste and more job 

opportunities, reduce environmental pollution, contribute to 

a cleaner and healthier living environment and finally support 

to achieve sustainability goals.  As revealed by this study, the 

actors in the MSW value chain include regulatory and policy 

level in MSW such as Central Environmental Authority 

(CEA) and relevant Ministries, municipals and local 
governance institutions, waste generators/suppliers 

(including households, industries such as garments, food city 

chain, tourist hotels and restaurants, food processing firms, 

shoe manufacturing firms, agricultural farms, timber mills, 

etc.), informal waste collectors, recyclers, value added 

product producing entrepreneurs, machine designers, schools 

and higher educational institutions, technology and R & D 

institutions, BDS providers, intermediary and final buyers 

and exporters.  The ILO introduced 5 step process in VCD 

including: Sector selection, Project setup and initial research 

and evaluation, Value chain mapping and understanding 
relationships, Value chain analysis and intervention 

strategies, and Monitoring and evaluation.  Based on the 

findings of this study and the ILO guidelines for VCD, 

following steps were understood as essential in developing 

the MSW sector Value Chain in the  Southern province. 

i. Analyze the MSW sector thoroughly in order to identify 

market trends and sector growth potentials, types of 

economic activities/livelihoods create by the sector, 

employment intensity and potential of employment 

creation in the sector, percentage of women representation 

in the sector in different tasks (gender equality), 

contribution to the national and local economic 

development, existing good practices in the sector, etc.   

ii. By focusing on the key players and the initial assessment 

of the MSW sector, develop a SWOT analysis. 

iii. Mapping the MSW Value Chain by considering the roles 
and  relationships of each actor. 

iv. Develop strategies for strengthening the existing ties and 

building up new relationships to strengthen the MSW 

sector and enhance the competitiveness, For example: 

establish a regulatory framework and enforcing 

compliance with waste management standards and CE 

practices; establish and facilitate better coordination 

mechanism among the actors; identify direct and 

supportive industries that can be used for outsourcing 

purposes, etc. 

v. Monitoring and evaluation of the progress at least six 

months’ time. 
 

C. Value Chain Mapping: 

 

Based on the findings of the MSW sector in Southern 

Province of Sri Lanka, the Value Chain Map can be 

demonstrated as in Figure 1 (see Annex II).  Accordingly, 

mainly three types of categories were identified.  These are: 

i) Actors who laid the foundation for CE and proper SW 

management [Policy & Legislative bodies and Municipal and 

Urban Councils]; ii) Primary actors [SW generators including 

house holders and industries, SW collectors (formal and 
informal), and SW based community level associations], 

Machine designers; iii) Service providers [BDS providers, 

Technology Providers, Financial Institutions and educational 

& research institutions].  As expressed at the focused group 

interviews, many claims have been made by the informal 

sector waste collectors and MSEs who engage in recycling 

and value added productions. Informal sector metal and hard 

plastic waste collectors collect the waste at the household 

level at a very low price and until segregation, they had to 

store these at the open areas.  During the rainy season, they 

have to face many issues due to manual cleaning, resistance 

from the Nabor families, etc.   Also, the mass of the collected 
metal waste is resold to the exporters in Colombo area and a 

small portion to the value-added product manufacturers in the 

province. The plastic waste also is resold to the plastic 

product and plastic pellet manufacturers in Colombo area.  

Due to irregular buying patterns, it is difficult to have a stable 

supplier chain with the provincial level plastic pellet and 

product manufacturers. Because of having several 

intermediaries in this supplier chain and increasing labour 

charges, transport cost, etc., the income earned from the 

business is insufficient to expand the business with required 

infrastructure. Also, the advantage of creating employment 
opportunities for the southern province cannot be seen in this 

value addition process.  Even though several micro and small 

scale level SW based value added producers are available in 

the province, due to high cost of production, lack of 

technology know-how, and lack of market linkages, etc. they 

cannot expand their operations and create employment 

opportunities in the area.  Hence, creation of a Value Chain 

might be beneficial for these actors to properly address  the 

issues they faced and thereby reuse the waste and create 
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economic activities and employment opportunities in the 

province.   

 

V. Conclusion and Suggestions 

 
VCD as a participatory process that the public, private and 

NGO sectors, community-based organizations, and the 

general public can work together to stimulate and activate 

local economic activities to ensure a resilient and sustainable 

local economy.  MSW is recognized as a prominent sector 

which has more potential to empower the poor community 

people via integrating with the MSW process.  A well-

structured MSW value chain can recover valuable resources 

from waste, such as recyclable materials and organic waste, 

reducing the pressure on environmental and health issues as 

well as efficient use of natural resources through CE 

practices.  Moreover, the recycling and waste management 
industry can generate more economic activities and 

employment opportunities for vulnerable communities, 

contributing local economic growth, poverty reduction, as 

well as minimizing pollution, conserving natural resources 

and reducing greenhouse gas emissions.  For ensuring the the 

uninterrupted operation of the value chain for MSW 

management, it requires collaboration, dedication, and long 

term commitment of all the stakeholders and timely decision 

making and adoption of strategies prudently to face 

successfully the challenges faced by every actors in the chain. 

 
Based on the findings of this study, following suggestions can 

be presented for proper implementation of the MSW value 

chain in the Southern province and addressed the issues 

discussed in the previous sections of this paper. 

i. Require to prepare databases in district level of all waste  

collectors/collecting centres, entrepreneurs who operate 

in the recycling/up-cycling  and value additions of 

waste, 

ii. Establish and empower village level community 

associations and community leadership towards best 

practices of MSW, starting livelihoods in waste 

collection, processing, reselling, recycling and value 
additions. 

iii. Provide equal opportunities for women to enter into the 

value addition process of MSW and stimulate women 

leadership in community based SW societies. 

iv. Have a sound 5-year strategic plan for the MSW in each 

municipal area by including the integration of all the key 

actors in the value chain of MSWM. 

v. Have monthly progress meetings at Municipal level by 

participating all the key actors in the MSW value chain 

. 

vi. Develop access to collect waste from garments and 
industrial zones for recycling and value additions 

especially for micro and small scale women 

entrepreneurs and enhance the access to them for micro-

loans 

vii. Aware the importance of practicing rules and 

regulations of employee safety and health, and 

environmental protection. 
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Annex 1 

 

Table 1: SWOT Analysis for Municipal Solid Waste Management in Southern Province 

Strengths Weaknesses 

Policy & legislative framework 

⚫ Sufficient Acts and procedures 
⚫ CEA operates in all the MC and UC areas 

⚫ Unstable nature in key positions of decision making 
hierarchy 

⚫ Lack of monitoring process on practicing of rules and 
regulations relating to MSW 

⚫ Lack of coordination mechanism among the actors in 
MSW 

Municipalities and Urban Councils 

• Mandatory policies positively affected residents’ 
willingness to separate waste as degradable, non-
degradable & recyclable 

• Having creative and dedicated young staff 

• Have strong MSW disposal plans & start several 
recycling projects 

• To some extent, value creations and treatments are 
applied after segregation of SW [for example: produce 
high quality composts under the project of ‘Waste to 
Energy’; resell recyclable plastic (as pallets) & PET 
bottles (after bailing); handover non-recyclable items to 
INSEE organization] 

• R & D work for producing Flower pots, Interlock bricks, 
etc. based on polythene. 

• Have model vegetable farms to demonstrate the 
effective use of compost 

• Have a polythene washing and pelleting machine. 

• Establish a bio gas unit for providing energy 
requirement in public areas 

• Only 50% of SW is collected presently 

• Insufficient transport vehicles, infrastructure and staff 
for collecting, segregating, bailing, storing, and 
recycling. 

• Lack of machinery for bailing and recycling 

• Lack of integration between national level strategy, 
provincial level policies and strategies 

• Lack of funds and assistance from the upper level, 
hence, project proposals and plans became inactive. 

• Lack of technology know-how for value additions 

• Absence of appraisal the novel & creative work of the 
staff 

• Week relationships with the stakeholders in the MSWM 
process (for example: BDS providers, R & D providers, 
Universities, informal sector players in SW, etc. 

Waste generators/Suppliers 

• Availability of door-step collection process 

• Availability of awareness programs on CE practices 

• A few business firms practice zero waste concept 

• Poor attitudes and consumption pattern generate more 
waste, less attention on segregation,  reduce and reuse 

• Lack of coordination and communication 

Informal waste collectors 

• Have sufficient no of waste collectors & visit regularly 
to households 

• Have linkages with recyclers at local level 

• Have proper informal supply chain 

• High competition among collectors 

• Pay less for the householders due to several 
intermediaries in the process 

• Unavailability of washed recyclable waste 

• Lack of storage facilities  create dengue threat & 
environmental pollution 

• Less concern on up-cycling or  forward integration 
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Source: Author Survey - 2023 
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Recyclers and value added entrepreneurs 

• Have innovative ideas for product design and machinery 
design 

• Have enough capacity for expansion for several waste 
based medium scale entrepreneurs 

• Free availability of industry waste and food waste 

• Assistance received from Ruhuna University and BDS 
organizations 

• Use primary level technology due to lack of technology 
know-how by Micro and Small Scale entrepreneurs 
(MSEs) 

• Lack of market linkages and low concern on product 
quality 

• Lack of concern on safety and health 

• Less priority to glass recycling especially green colour 
glass 

Opportunities Threats 

• Opportunity to self-sustain by MC and UCs through 
involvement in recycling/upcycling and value additions 

• Trend in applying CE principals, green practices and 
sustainability goals 

• Presence of several foreign funded projects to promote 
MSWM and CE practices 

• Establish several youth Clubs like Zero Plastic 

• Introduce Degree programs and Course modules on 
Waste treatment and waste management 

• Increasing the involvement of University academics in 
SWM related project work, research and knowledge 
sharing work 

• Availability of knowledge sharing and promotional videos 
and YouTube for MSWM 

• Increasing demand for green and eco-friendly products 
with the increase tourist arrivals 

• Political instability affect on long term vision and 
strategic planning in SWM 

• Lack of clear policies and regulations for MSWM 

• Demand decline for composts due to government 
decision to import fertilizer 

• High tax rates avoid new entrance and investors into 
the waste recycling industry 

• High cost of production due to inflation and hike up 
utility bills 

• Loose points in waste management policies and 
regulations hampers the implementation of best 
practices 

• Limited technical expertise and infrastructure for 
advanced waste management technologies in Southern 
province 

• Lack of social recognition for several occupations in 
SWM process 

• Compost sites create environmental pollution and 
villagers create oppositions 

• Bad practices in garbage disposal by the tourist hotels 
and guesthouses 

• No recycling solutions for the items of curd pots, tile 
parts, porcelain parts, Rigifoam, yogurt cups, Fibber 
pieces, and E- waste. 
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Figure 1: Value Chain Mapping for MSW Sector in Southern Province 

of Sri Lanka 
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Abstract— The main objective of this research is to find 

out what are the determinants of households’ pro 

environmental behavior (PEB) to enhancing towards 

solid waste management towards circular economy in Sri 

Lanka and what are the methods to manage waste. This 

study is focused on households’ pro-environmental 

behavior determinants, or the factors that affect personal 

or external factors Above mentioned particulars are the 

specific objectives of this research. In Sri Lankan context 

it is very rare to find literature on determinants of 

employers’ pro environmental behavior enhancing 

towards small and medium scale industries waste 

management and shows the contextual research gap. This 

study is conducted using qualitative and quantitative 

research methods (Mix method). To identify the 

determinants influencing employers’ PEB relating to 

households, a literature review and a questionnaire 

survey is employed. Based on the literature review, eight 

potential factors are identified. A structured 

questionnaire is developed for data collection. It was 

ensured to include respondents representing the Matara, 

Galle, and Hambantota districts as well. Initially, 1070 

questionnaires were posted to randomly chosen 

households in Southern province, Sri Lanka. However, 

only 546 respondents returned completed questionnaires. 

The response rate was sufficient (51%). The study used 

PLS-SEM to analyze the data. Scholarly findings 

available on the website used in the preparation of this 

article and the lack of evidence in relation to solid waste 

management and pro-environmental behavior were 

identified as the main limitation. It reveals that pro-

environmental behavior of households has a positive 

impact on solid waste management. This is in line with the 

findings of previous research findings. According to 

researchers, personal and external factors have been 

identified as an important factor in the pro environmental 

behavior that could affect solid waste management. 

Previous research has demonstrated positive relations 

between personal factors and solid waste management. 

Even though most of the scholars conducted research 

based on pro environmental behavior in different 
contexts they have not identified the PEB of households 

and the findings of the solid waste management in 

circular economy is vague in literature.  
Keywords— Pro-environmental behavior, Circular 

Economy, Theory of Planned Behaviors, Solid-waste 

management, Personal factors, External factors  

I. INTRODUCTION  

The United Nation’s 2030 Agenda for Sustainable 

Development established goals promoting prevention, 

reduction, recycling, and reuse waste in countries while many 

countries face the problem of insufficient of both necessary 

resources and infrastructure for sound waste management. 

Due to population growth and changes in consumption 

patterns, the amount of waste released into the environment 

has increased and there is a significant challenge for the waste 

management capacity in many countries. Global waste 

generation is foreseen to increase by as much as 70% by 2050 

(Chan, 2019). Based on the goals of the 2030 Agenda of 

sustainable development, Goal 12 mentioned “Responsible 

Consumption and Production” to increase the awareness of 

sustainable development in terms of resource consumption 

among people around the world and also aims to promote a 

healthy lifestyle (Knutsson 2021). Moreover, the concept of 

a circular economy has garnered international attention over 

the last decade. For instance, developing a circular economy 

has become a focal point for the United Nations and is seen 

as vital for progress towards achieving several of the UN 

Sustainable Development Goals (UNIDO, 2017). The 

household activities of both urban and rural areas have a 

negative impact on the natural environment. Economic 

growth that is derived from intensive exploration of natural 

resources and increasing pollution and waste is 

environmentally unsustainable. There is growing evidence 

that environmental challenges such as climate change and 
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loss of biodiversity are caused by the activities of industries 

and  Pro-environmental behaviors (PEB) can assist SMEs in 

reducing their negative environmental impact (Fatoki 2019). 

According to the literature, it is obvious that pro-

environmental behavior is a successful method to minimize 

the effect of environmental pollution and maintain 

environmental sustainability. Although pro-environmental 

behavior (PEB) is determined by a broad range of socio-

demographic and psychological determinants, reviewing 

recent studies indicates that interdisciplinary exchange about 

them is still limited, posing a research gap in previous studies 

(Ridha et.al. 2020). This endeavor merges the knowledge of 

both disciplines and gives an overview of recent research 

findings by creating an interdisciplinary survey. As Stern 

(2000) writes, the role of an individual’s predisposition to act 

in a certain way can vary strongly depending on the context, 

the behavior and the actor. In our interdisciplinary review of 

the literature published in the last decade, we find that this 

important factor is not considered appropriately. Sri Lanka 

faces profound challenges in the field of waste management 

and waste treatment. The report “Environmental management 

framework” from December 2017, is a government report 

assessing the state of the waste management situation in Sri 

Lanka and suggesting steps to be taken. Solid waste 

collection and disposal has been an issue in Sri Lanka for 

several decades, where burning and dumping garbage in 

collection yards are the most common modes of disposal. 

Municipal solid waste generated is mostly disposed of in 

“open dumps”, without any pre-treatment, cover or 

compaction. Some of these dumps are located in 

environmentally sensitive areas such as wetlands, marshes 

and beaches, and are sometimes polluting local water sources 

or the soil. If nothing is done, these problems are likely to 

exacerbate due to increased urbanization. 

 

Researchers pointed out several barriers that faced pro-

environmental behavior not to practice circular economy 

such as lack of awareness of the benefits of the Circular 

Economy (CE) and usually have limited technical and 

financial resources, and they may not see CE as one of their 

priorities because of their lack of knowledge, governments 

and policymakers’ support are not at a satisfactory level 

(Prieto‐Sandoval 2019; Rizos et.al. (2015).  Green behavior 

or the reducing environmental pollution is the trend of all 

over the world although the Sri Lankan people are not giving 

considerable diligence and perseverance for minimizing 

environmental pollution because of the lack of awareness 

regarding the value of green behavior, incapability of 

recruiting employees with good green practices and limited 

measurement tools. Demographic factors have a considerable 

impact on the individual’s behaving pattern which could 

affect the organization’s productivity and goodwill 

(Weerakoon et.al.2021). 

 

When referring literature there are much evidence that 

identification of determinants of pro environmental behavior 

(PEB) on household waste-related behavior in terms of 

Internal factors (attitude, social and personal norms) and 

external factors (situational factors) while omitting personal 

and environmental factors like stress and tedious production 

processes, which have been shown to impact households’ 

behavior in Sri Lankan context and also previous literature 

(Banwo  and Jianguo Du ,2019; Centobelli  et al., 2021) 

explained research on pro environmental behavior (PEB) has 

mainly focused on homely atmosphere  and few studies have 
focused on several businesses such as hotel sector and apparel 

industry. Although, studies done on SMEs have led to 

important empirical results. However, it seems there is lack 

of empirical research on household sector in Sri Lankan 

context. Consequently, this study is directed to examine the 

determinants of pro environmental behavior of households 

and how can they assist to circular economy in Sri Lanka.  

 

The main objective of this research is to find out what are the 

determinants of households’ pro environmental behavior to 

enhancing towards solid waste management towards circular 

economy in Sri Lanka and what are the methods to manage 

waste. This study is focused on households’ pro-

environmental behavior determinants, or the factors that 

affect personal or external factors Above mentioned 

particulars are the specific objectives of this research. In Sri 

Lankan context it is very rare to find literature on 

determinants of employers’ pro environmental behavior 

enhancing towards small and medium scale industries 

waste management and shows the contextual research 

gap. 

II. LITREATURE REVIEW 

Circular Economy (CE) 

The aim of the circular economy is to improve the utilization 

rate of resources and obtain the maximum economic output 

with as little environmental cost as possible, including 

minimum resource consumption and minimum waste 

generation. CE concepts and practices provide benefits to all 

businesses and countries, the approach taken towards it could 

vary depending on the country and nature of the businesses. 

In the CE conception, take/make gives the meaning of how 

the industries find resources from the environment to 

transform them into products or services. The product/service 

is then used by consumers or other companies, and the waste 

is redirected and returned to the environment or the industrial 

process to close the loop.  

 

The CE concept is based on maximizing use of resources and 

regeneration of natural systems. Reduce materials and energy 

which used as inputs, Reuse the byproducts of production 

process and used waste from one stage to another stage of the 

production process and Recycle (3R)are the three main 

principles derived from the Circular Economy (Marino 

2020). Another R , Redesign or the Renewing is recently 

added principle to offer product service systems and for the 

convenience of recycle and reuse. Hence, 3R has been 

extended to 4R (Sohal 2021). 
 
CE is opposed to a linear economy that is based on the make-

use-throw concept. The predicted increase of world 

population to 10 billion by 2050, 180% increase in 

consumption rate from 1990s level and high consumption of 

natural resources will result in high volume of waste 

generated due to a linear economy. When these wastes are 

transferred and accumulated at the landfill, they cause 

irreparable environmental damage, though there is hidden 
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potential in these wastes. To capture the full potential of the 

wastes, a shift is required from ‘cradle-to-grave’ (linear 

model) approach to ‘cradle-to cradle’ (circular model) 

approach that supports CE (Prieto‐Sandoval 2019). 
 
Pro-Environmental Behavior 

Pro-environmental behavior (PEB) is adopted by researchers 

to study workplace pro- environmental issues in 

manufacturing industries, tourism, and education. Pro- 

Recycling, conserving water, saving electricity, choice and 

use of transport, and consumption of green products, are 

several different practices that involve environmental 

behavior. that can be grouped into three major categories: 

reduce, reuse, recycle (Hao et.al 2022). It is a challenge to 

change behavior, such as recycling, online methods for 

conferencing as a replacement for travelling, and using public 

transportation to promote cleaner production and prevent the 

production of waste and reduce the organization impacts on 

the environment in some organizations. Although these 

activities might seem irrelevant on the individual level, they 

could possibly have a significant influence on the 

organization’s environmental performance (Foster 2022). 

 

Several studies have endeavored to understand the factors 

that influence pro-environmental behavior and Previous 

studies reveal the factors that can impact on PEB including 

interpersonal factors (attitudes, norms, motivation, and 

values) and contextual or situational factors (government 

regulations, availability of recycling facilities). Some 

scholars evaluate Socio-economic factors including age, 

education, income, and gender, along Psychological 

determinants as awareness, norms, values, identity, 

environmental concern and knowledge, Bonds with the 

society, Personal factors as pleasure, enjoyment, happiness, 

bond with nature) and Organizational (organizational 

leadership behavior, institutional support) (Fatoki 2019).   

 

External variables and Individual variables are two main 

categories of the determinants of pro environmental behavior. 

Social norms, cost, and convenience are considered as 

external variables and demographic and psychological 

variables are categorized into Individual variables. External 

factors and demographic factors were used to explain the pro-

environmental behavior in early studies and later researchers 

found that the importance of psychological factors as attitude. 

Although the interaction of psychological variables with one 

another and the motion of pro-environmental behavior 

systems are deficient areas to remain discovered (Centobelli 

et.al. ,2021). Infrastructures, technical facilities and available 

products are concerned as contextual factors and the previous 

research studies do not pay considerable attention to study 

how contextual factors and habits of a person affect towards 

Pro-environmental behavior (Sawitri 2014). 

 

Anticipated cost and benefits, Influence and moral and 

normative concerns are three things to motivate a person to 

behave environmentally. Theory of Reasoned Action, Theory 

of Planned Behavior, Norm Activation Theory and Values-

Beliefs-Norms Theory are most widely theories to explain the 

determinants of environmental behavior. Intention is very 

important to a person’s behavior and the most widely used 

theory to explore the complexity of behavior, the Theory of 

Planned Behavior (TPB), explains this paradigm. (Sawitri 

2014). 
 

 
 

The Theory of Planned Behavior  

There are several attempts at investigating and understanding 

environmental behavior in different contexts and theoretical 

perspectives. Among them the theory of planned behavior 

aims to predict behaviors from attitudes as well as to explain 

the process through which the two are related and it has 

developed as an extension of theory of reasoned action. 

Theory of Planned Behavior (TPB) and the Theory of 

Reasoned Action (TRA) emphasis the value of intention 

when performing a particular behavior. A large variety of 

contexts such as sexual behavior, driving, health-related 

practices, and recently pro environmental behaviors such as 

recycling, water conservation, green consumerism, and storm 

water management would be able to apply the theory of 

planned behavior. The theory proposes that a variety of 

person, environmental, and behavioral variables influence the 

pro-environmental behavior process (Sawitria 2014). 

 

Based on the above description the theory of planning 

behavior is applied for determine the determinants of 

employer’s pro environmental behavior and designed the 

conceptual framework. Institutional support is very important 

to encourage employees’ pro environmental behavior. 

Previous studies emphasis the positive relationship between 

employee’s workplace PEB and leadership behavior. The 

empirical research findings show that employees’ pro 

environmental behavior is positively related to pollution 

prevention, sustainable innovation, better environmental 

performance, and more efficient environmental management 

systems. Employees’ PEB is one of the most important 

factors to the advancement of organizational environmental 

initiatives as well as sustainability of natural environment.  

Organizational leaders can motivate employees to engage in 

behaviors that support the environment. However, leaders 

can serve as role models to employees and send signals to 

employees that certain behaviors are expected and valued as 

motivate employees’ PEB. The availability of recycling bin 

and the appreciation of green behaviors are several activities 

that the management of an organization can undertake to 

demonstrate their support and encourage employees PEB. 

Many firms have not been able to find a balance between 

economically oriented and environmentally oriented actions. 

Lack of vision, unwillingness to change, lack of engagement 

and communication with employees and limited financial 

resources are constrained of institutional support for PEB 

(Fatoki 2019). 

III. METHODOLOGY 

This study focuses on examining the determinants of 

households’ pro-environmental behavior on solid waste 

management: towards circular economy in Sri Lanka. It was 

ensured to include respondents representing the Matara, 

Galle, and Hambantota districts as well. Initially, 1070 

questionnaires were posted to randomly chosen households 
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in Southern province, Sri Lanka. However, only 446 

respondents returned completed questionnaires. The response 

rate was sufficient (42%). Next, it was decided to contact 

other households through telephone calls to get an 
appointment for personal interviews. Accordingly, 

another150 respondents were contacted through telephone 

calls and123 households agreed for interviews. However, 

only 100 questionnaires (out of 123 questionnaires) were 

usable to the survey as there were twenty-three incomplete 

questionnaires. As such, a total of 546 usable questionnaires 

were considered for the analysis. A structured questionnaire 

was used in the study. It consisted of five parts i.e., 

demographic data, background information, waste disposal 

behavior, waste collection system, and suggestions. The data 

collection took place during November 2022 and February 

2023. The five study constructs i.e. personal factors and 

external factors were used as multi-item constructs. The 

personal factors were obtained from Nyang‘au et al. (2015) 

and Sam et al. (2012). External factors were measured with 

the four items of the Chatzoglou et al. (2010) ‘s study. Solid 

waste management in circular economy adopted from 

Chatzoglou et al. (2010) and consisted of nine. All the 

variables were addressed by using a five-point Likert Scale 

ranging from 1= strongly disagree to 5= strongly agree. The 

result is a fairly detailed measurement and data collection 

sections making it possible for others to reproduce the 

research, to reanalyze the data, and to judge the adequacy of 

the methods and the data collection.  

After reviewing the body of literature, researcher construct 

the theoretical model including personal variables such as 

Environmental commitment (Personal Values, Attitude, 

Norms) Environmental awareness, Sense of Responsibility, 

Physical Stress, Psychological Stress, and external variables 

as Influencing Others, Tedious Production Process, Training 

and propose the corresponding research hypothesis.  

 

Several studies examined the willingness to engage in PEB, 

including attitudes, behaviors, and intention of protecting the 

environment.  These values can be differentiated through 

their emphasis on different motivational goals. Literature 

provides much evidence to managers’ attitudes and 

subjective norms are strongly related to an organization’s 

initiative of establishing corporate environmentalism. 

Several authors suggest that further attention is necessary to 

an individual level determinant which may influence 

managers’ pro environmental behavior (Bhattacharyya 

2020). Wan, Shen, and Yu did another research under the 

topic of “The determinants of willingness to support 

recycling activities in Hong Kong”. There has persistently 

exposed.  

“The safety orientation displayed by safety-specific 

transformational leadership can influence 

subordinates’ safety climate perceptions such that 

employees believe safety is prioritized over other 
organizational issues” through the empirical studies 

and It was affirmed by Ito, Leung, and Huang that 

“environmental commitment had a significant 

impact on PEB”.  

 

Organizational greening strategies, employees' knowledge of 

the environment, and environmental programs lead to pro-

environmental practices in any organization, and employees 

are proud of their company when they perceived the social 

consciousness of the company's (Fosters, 2022). Previous 

research consciously resists non-environmental behaviors 

and are willing to use green products (Zhao et.al.,2021). 
According to the above description developed another 

hypothesis, gender is a considerable variable and there is a 

moderating effect on PEB. The following hypotheses are 

developed based on previous literature.  

H1:  Environmental commitment has a positive effect on solid 

waste management.  

H2: Environmental awareness has a positive effect on solid 

waste management.  

H3: Sense of Responsibility has a positive effect on solid 

waste management. 

H4: Physical Stress influences solid waste management. 

H5: Psychological Stress influences solid waste management. 

H6: Influencing Others has a positive effect on solid waste 

management. 

H7: Tedious Production Process influences solid waste 

management. 

H8: Training has a positive effect on solid waste management.  

IV. DATA ANALYSIS 

Discriminant validity ensures that a construct measure is 

empirically unique and represents phenomena of interest that 

other measures in a structural equation model do not capture 

(Hair et al., 2010). Technically, discriminant validity requires 

that “a test not correlate too highly with measures from which 

it is supposed to differ” (Campbell, 1960, p.548). The 

discriminant validity of the latent variables was tested using 

Fornell and Larcker (1981) approach. Table 1 shows the 

discriminant validity of each latent variable. The discriminant 

validity of the latent variables requires that each latent 

variable’s AVE is greater than the latent variable’s squared 

correlation with any other construct in the model. The other 

entries in Table 1 shows the square of correlations (R2) 

between constructs. No non-diagonal entry exceeds the AVE 

of the specific construct. The covariance-based (CBSEM) 

approach and the variance- based partial least squares path 

modelling (PLS) are two statistical methodologies for 

estimating SEM with latent variables. Jöreskog and Wold 

(1982) viewed CB-SEM and PLS-SEM as complementary 

rather than competitive statistical methods. More 

specifically, Wold (1982) recognized CB-SEM’s potential 

for the social sciences but was concerned about the 

informational and distributional requirements which are 

regarded as unrealistic for empirical research. To correctly 

apply CB-SEM and PLS-SEM, researchers must understand 

the purposes for which each approach was developed and 

apply them accordingly. Structural equation models with 

good measurement properties generally achieve comparable 

results with either approach, especially when the CB-SEM’s 

model specifications have been correctly set up (Reinartz et 

al., 2009). 

PLS-SEM only permits recursive relationships in the 

structural model (i.e., no causal loops). Therefore, the 

structural paths between the latent constructs can only head 

in a single direction (Volckner et al. 2010). CB-SEM 

develops a theoretical covariance matrix based on a specified 

set of structural equations. The technique focuses on 
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estimating a set of model parameters in such a way that the 

difference between the theoretical covariance matrix and the 

estimated covariance matrix is minimized (e.g., Rigdon, 

1998). 

 

 

 

Table 1: Discriminant validity of variable constructs 

Source: Survey Data (2023 

 

 

The CB-SEM model estimation requires a set of 

assumptions to be fulfilled, including the multivariate 

normality of data, minimum sample size, and so forth 

(e.g., Diamantopoulos & Siguaw, 2000). A SEM with 

latent constructs has two components (i.e., inner model 

and measurement model). SEM does not only allow to 

analyze a set of latent factors like dependent and 

independent variables in regression analysis (Segars & 

Grover, 1993) but also provides a comprehensive means 

to assess and modify theoretical models (Karahanna & 

Straub, 1999). 

 

Impact of Personal Factors on Solid Waste Management 

Table 2 shows the summary of the coefficient of 

determination (R2). The study measures the coefficient of 

determination (R2) of the endogenous latent variable i.e., 

solid waste management. The percentage of explained 

variance (R2) is 0.67 for solid waste management. Also, table 

2 summarizes these relationships and shows the values of 

standardized path coefficients (β), standard errors (se), t-

values (t), and significance values (p) of path coefficients 

including model goodness of fit statistics. 

 

 

 

 

 

 

Table 2: Results of PLS Path Model Estimation 
 Solid Waste Managementa 

Estimates (t-values) 

Path 

Personal Factors 

       Environmental commitment 

       Environmental awareness 

       Sense of Responsibility 

       Physical Stress 

      Psychological Stress 

External Factors 

      Influencing Others 

      Tedious Production Process 

      Training 

Model goodness-of-fit statistics  

       X 2 (df)  

       SRMR  

       d ULS  

       d G  

       NFI  

       rms theta 

Coefficient of determination (R2)  

 

 

0.42 (8.97)*** 

0.31 (6.01)*** 

0.27 (2,69)** 

0.48 (9.23)*** 

0.15 (0.49) 

 

0.36 (5.01)*** 

0.12 (0.39) 

0.25 (2.67)** 

 

254.314 (76) 

0.06 

1.89 

1.54 

0.71 

0.17 

0.67 

***p < 0.001; **p < 0.01; *p < 0.05            
a Dependent variable Source:  

Source: Survey data (2023) 

 

Under the personal factors, the results reveal that 

environmental commitment has a positive and 

statistically significant relationship with solid waste 

management. This relationship is supported by data 

(β=0.42, t=8.97, p< 0.000) in harmony with postulated 

theory, results show that an environmental awareness has 

a positive and statistically significant effect upon solid 

waste management. There is a positive and statistically 

positive relationship between environmental awareness 

and solid waste management (β = 0.31, t = 6.01; p < 0.000). 

There is a positive and statistically significant relationship 

between sense of responsibility and solid waste 

management (β = 0.27, t = 2.69; p < 0.05). Physical Stress 

has a positive and statistically significant relationship 

with solid waste management. This finding is supported 

by the data (β = 0.48, t = 9.23; p < 0.000) and it is in 

expected direction. There is a positive relationship 

between Psychological Stress and solid waste management 

(β = 0.15, t = 0.49; p < 0.136). There is a positive 

relationship, but the relationship is not statistically 

significant. External factors of the pro environmental 

behaviors of the households indicate that the positive 

relationship with solid waste management in circular 

economy except tedious production process, other factors are 

statistically significant with endogenous variables. There is 

a positive and statistically significant relationship 

between influencing others and solid waste management (β 

= 0.36, t = 5.01; p < 0.000). Meanwhile, training has a 

positive and statistically significant relationship with solid 

waste management (β = 0.25, t = 2.67; p < 0.05), tedious 

production process has a positive but statistically not 

significant relationship with solid waste management (β = 

0.12, t = 0.39; p < 0.201).  

 

  

Latent 

Variables 
1 2 3 4 5 6 7 8 

Env. 

Commit

ment 

0.8

5 

       

Env. 

Awarenes

s 

0.6

2 

0.8

3 

      

Sense of 

Responsib

ility 

0.5

3 

0.4

3 

0.8

1 

     

Physical 

Stress 

0.5

0 

0.3

3 

0.5

4 

0.7

8 

    

Psycholog

ical Stress 

0.4

8 

0.4

5 

0.4

6 

0.6

7 

0.7

6 

   

Influencin

g Others 

0.4

1 

0.5

6 

0.2

1 

0.6

1 

0.5

8 

0.7

1 

  

Tedious 

Productio

n Process 

0.3

2 

0.4

7 

0.3

8 

0.5

2 

0.3

7 

0.5

4 

0.6

8 

 

Training 0.2

7 

0.3

6 

0.3

0 

0.4

5 

0.4

1 

0.3

2 

0.4

1 

0.6

6 



 

 

II. DISCUSSION AND CONCLUSION 

This study is to investigate the determinants of households’ 

pro-environmental behavior on solid waste management: 

towards circular economy in Sri Lanka. The main objective 

of this study is to find out the determinants of households’ 

pro-environmental behavior on solid waste management. It 

reveals that pro-environmental behavior of households has 

a positive impact on solid waste management. This is in 

line with the findings of Chan, (2019). According to Chan 

(2019), personal and external factors have been identified 

as an important factor in the pro- environmental behavior 

that could affect solid waste management. Previous 

research (Sparrowe et al., 2001; Cross & Cummings, 2004) 

has demonstrated positive relations between personal 

factors and solid waste management (Burt, 1992). Among 

these personal factors physical stress as a pro-

environmental behavior significantly affects solid waste 

management. Moreover, the findings of the study revealed 

that there is a significant positive relationship between 

personal and external factors with solid waste management. 

The waste sorting and purchase of environmentally friendly 

goods are increasing the most. Meanwhile, the performance 

of conservation behaviour increased the least. The change 

in the performance of switching of lights when leaving the 

room was one of the least and people were not inclined to 

perform this behaviour frequently in 2022/2023 

(Minealgate and Liobikienė 2023). 
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Abstract— This paper explores the crucial role of 

segregated waste collection in facilitating the transformation 

from waste to energy, thereby underpinning a circular 

economy model. It argues that proper segregation of waste is 

a prerequisite for efficient Sri Lankan waste-to-energy (WtE) 

waste-to-energy (WtE) conversion, which helps to optimize 

the value of waste resources while minimizing environmental 

impacts. The study draws on primary data sources to 

demonstrate that waste segregation during collection is an 

essential step for sustainable waste management. Results 

indicate that well-implemented segregation systems 

significantly enhance the quality of recoverable materials, 

improve energy conversion efficiency, and reduce 

environmental pollutants. Furthermore, the paper shows how 

these systems, when integrated within a circular economy 

model, catalyzes sustainable development by minimizing 

waste and reducing resource consumption. The findings 

underscore waste segregation as a critical step toward 

effective WtE processes and a sustainable circular economy. 

The paper concludes by suggesting future research directions 

to overcome potential barriers in implementing such systems.  

Keywords—Waste to Energy, segregation, circular economy,  
Sri Lanka  

I.  INTRODUCTION   

Waste-to-energy (WtE) refers to the technologies that 
treat waste to recover energy in the form of heat, electricity 
or alternative fuels such as biogas. WtE plants have become 
an important part of the global effort to reduce waste. The 
concept of "Waste-to-Energy" covers a wide range of 
technologies that differ in complexity and scale. These 
include the production of cooking gas from organic waste in 
household digesters, the collection of methane gas from 
landfills, and the thermal treatment of waste in large-scale 
incineration plants using methods such as incineration, 
pyrolysis, and gasification (Psomopoulos et al., 2009). 
Additionally, Refuse Derived Fuel (RDF) can be 
coprocessed in cement plants or through gasification (Khan 
et al., 2016).   

 WtE plants have become a significant part of global 
efforts to reduce waste. However, the sustainability of these 
plants often depends heavily on the quality and quantity of 
the waste feedstock available (Consonni et al., 2015). For 
instance, if waste is not properly segregated, it can lead to  

 

decreased energy recovery efficiency and increased 
environmental impacts (Laurent et al., 2014). Hence, a 
circular economy approach that incorporates segregated 
waste collection is imperative to enhance the sustainability 
of WtE plants (Zaman, 2015).  

  

Each WtE technology comes with its own set of 
advantages and disadvantages, and the selection of a 
suitable method depends on several factors, including the 
type and quantity of waste, the resources available, and the 
potential environmental impact (Malinauskaite et al., 2017). 
These technologies contribute to waste reduction and the 
production of renewable energy, aligning with the global 
trend toward sustainable development (Velis, 2014). To 
enhance the sustainability of WtE plants, a circular 
economy approach that incorporates segregated waste 
collection is necessary.  

 Segregated waste collection is the process of separating 
different types of waste at the source, such as households or 
commercial establishments. This approach enables the 
recovery of valuable materials from waste streams, such as 
metals, plastics, and paper, which can be reused or recycled. 
The remaining organic waste can be used as feedstock for 
WtE plants.  

 The circular economy approach to WtE plants involves 
designing and operating these facilities in a way that 
maximizes resource recovery and minimizes waste 
generation. This approach involves three key principles: 
reduce, reuse, and recycle. By reducing the amount of waste 
generated, reusing materials, and recycling valuable 
materials, WtE plants can become more sustainable and 
efficient.  

 One of the main benefits of a circular economy 
approach to WtE plants is that it reduces the need for virgin 
materials. This reduces the environmental impact of 
resource extraction, transportation, and processing. In 
addition, it reduces the amount of waste that ends up in 
landfills, which can release methane and other harmful 
greenhouse gases.  

 To implement a circular economy approach to WtE 
plants, it is necessary to establish effective waste 
management systems that incorporate segregated waste 
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collection. This requires collaboration between 
municipalities, waste management companies, and WtE 
plant operators. It also requires public education and 
awareness campaigns to encourage individuals and 
businesses to adopt sustainable waste management 
practices.  

 The benefits of a circular economy approach to WtE 
plants extend beyond environmental sustainability. It also 
creates economic opportunities by generating new jobs in 
the waste management and recycling industries. In addition, 
it can reduce the costs associated with waste disposal and 
energy production.  

 Enhancing the sustainability of WtE plants through 
segregated waste collection is essential for achieving a 
circular economy that maximizes resource recovery and 
minimizes waste generation. It is time for municipalities, 
waste management companies, and WtE plant operators to 
work together to implement this approach and create a more 
sustainable future.  

 The primary aim of this research is to comprehensively 
investigate and understand the multifaceted challenges and 
issues faced by waste-to-energy (WTE) plants, particularly 
in developing country-Sri Lanka, and how these issues 
affect their efficiency and sustainability.  

 The paper delves deeper into the specific operational, 
regulatory, and logistical barriers and opportunities that are 
associated with implementing segregated waste collection 
systems at WTE plants in these regions. By doing so, the 
paper aim to identify practical solutions that can enhance the 
sustainability and efficiency of these facilities.  

  

Furthermore, the study will explore the potential of a 
circular economy model to optimize the functionality of 
WTE facilities. This investigation seeks to ascertain the 
degree to which such a model can contribute to the reduction 
of waste, the maximization of resource utilization, and the 
mitigation of environmental impacts, thus driving the 
transition towards more sustainable and efficient WTE 
facilities.  

  

By addressing these objectives, the research aim to 
provide actionable insights that policymakers, waste 
management agencies, and WTE plant operators can utilize 
to overcome the identified challenges, leverage potential 
opportunities, and adopt circular economy principles, 
thereby promoting a more sustainable and efficient waste 
management infrastructure.  

  

Research question:  

1. What are the key barriers and opportunities in 
implementing segregated waste collection to enhance 
the sustainability of WTE plants in Sri Lanka?  

2. To what extent can a circular economy model 
contribute to the optimization of waste-to-energy 
facilities?  

 

 

 II.  LITERATURE REVIEW  

The transition to a circular economy model, which 
emphasizes the reprocessing and reuse of waste materials, 
has been touted as a critical solution to addressing 
increasing environmental concerns, including waste 
management and energy production (Ellen MacArthur 
Foundation, 2013). Among these solutions, waste-to-energy 
(WTE) technologies play an integral role in this paradigm 
shift by converting waste materials into useful forms of 
energy such as heat or electricity (Psomopoulos, Bourka, & 
Themelis, 2009).  

A. Waste-to-Energy Plants and Sustainability  

  

A key concern with WTE technologies is their 
sustainability, especially regarding their carbon emissions 
and overall environmental impact (Arena, 2012). There 
have been several approaches proposed to enhance the 
sustainability of WTE plants, including improving 
operational efficiency, reducing pollutant emissions, and 
utilizing waste heat for district heating or cooling systems 
(Kothari, Tyagi, & Pathak, 2010). The successful 
implementation of such strategies largely depends on the 
type of waste processed, the technology used, and the 
specific local or regional circumstances (Münster & Lund, 
2010).  

 B. Segregated Waste Collection and WTE  

  

An emerging area of interest in the literature is the 
potential for segregated waste collection to enhance the 
sustainability of WTE plants (Malinauskaite et al., 2017). 
Segregated or separated waste collection involves the 
sorting of waste materials at the source, which can lead to 
more efficient recovery of valuable materials and a 
reduction in contamination levels. This, in turn, can improve 
the efficiency of WTE operations, resulting in increased 
energy production, reduced emissions, and the recovery of 
valuable by-products like metals or minerals (Malinauskaite 
et al., 2017).  

  

C. Circular Economy Approach  

  

The circular economy model provides a framework that 
aligns well with segregated waste collection in the context 
of WTE technologies. The model emphasizes keeping 
resources in use for as long as possible and maximizing their 
value through repeated cycles of recovery, reuse, and 
recycling (Ellen MacArthur Foundation, 2013). This model 
creates the potential for synergies between segregated waste 
collection and WTE plants, such as enhanced waste 
resource management, energy generation, material 
recovery, and emissions reduction (Ghisellini, Cialani, & 
Ulgiati, 2016).  

 Several case studies illustrate the feasibility and 
benefits of adopting this approach. For instance, research in 
Denmark and Sweden has demonstrated that implementing 
a circular economy model with segregated waste collection 
and WTE technologies can contribute to reduced landfilling, 
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improved energy efficiency, and considerable greenhouse 
gas (GHG) emissions savings (Eriksson & Finnveden, 
2015; Bernstad Saraiva Schott & Cánovas, 2015).  

  

D. Challenges and Opportunities  

  

Despite these promising developments, various 
challenges need to be addressed to fully realize the potential 
of this approach. These include logistical issues associated 
with waste segregation, public participation and awareness, 
technological requirements, and policy and regulatory 
frameworks (Ghisellini, Cialani, & Ulgiati, 2016; Eriksson 
& Finnveden, 2015). Nevertheless, the opportunities for 
integrating segregated waste collection with WTE 
technologies in a circular economy context are significant 
and further exploration.  

 The literature suggests that enhancing the sustainability 
of WTE plants through segregated waste collection within a 
circular economy framework holds significant promise for 
improved waste management, energy production, and 
environmental protection. However, the successful 
implementation of this approach requires addressing various 
technical, social, and policy challenges. As the demand for 
sustainable waste and energy management solutions 
continues to grow, so does the need for research and 
innovation in these areas.  

 Research in the field of waste-to-energy (WTE) plants, 
segregated waste collection, and their integration within the 
framework of a circular economy approach is a continually 
developing area.   

 Much of the research on this topic has focused on 
developed nations or specific geographic regions. 
Therefore, a research gap exists in understanding how these 
practices could be implemented and optimized in various 
socio-economic and geographical contexts, particularly in 
developing nations.  

  

While studies have investigated certain aspects of WTE 
plants and segregated waste collection, a comprehensive 
lifecycle analysis that covers all stages from waste 
generation to energy production and subsequent waste 
disposal, particularly in the circular economy context, 
seems lacking. There is limited research on the development 
and application of novel technologies that could make 
segregated waste collection and WTE processes more 
efficient, scalable, and sustainable. Research is needed on 
how local, regional, and national policies and regulations 
can incentivize segregated waste collection, promote the 
sustainability of WTE plants, and foster circular economy 
principles. The role of public awareness, attitudes, and 
behaviors in segregated waste collection is another area with 
substantial research gaps. Understanding these factors could 
be key to increasing the participation rate and efficiency of 
these programs.  

 The economic feasibility of enhancing the sustainability 
of WTE plants through segregated waste collection in the 
context of a circular economy is another potential research 
gap. Understanding the economic costs and benefits, as well 

as potential business models, could help promote these 
practices.  

 Much of the current research is relatively short-term, so 
longterm studies on the sustainability and efficiency of 
WTE plants utilizing segregated waste collection under a 
circular economy approach are needed.  

 Studies comparing the efficiency and effectiveness of 
different waste segregation and collection methods, and 
their impact on WTE plant performance and sustainability 
are limited.A thorough investigation of the environmental, 
social, and health impacts of implementing segregated 
waste collection in WTE plants under a circular economy 
model is yet to be fully explored.  

 These areas could provide fertile ground for new 
research that advances our understanding of how to enhance 
the sustainability of waste-to-energy plants through 
segregated waste collection within a circular economy 
context.   

III.  THEORY 

Enhancing the sustainability of Waste-to-Energy 

(WTE) plants through segregated waste collection in the 

context of a circular economy, the theoretical lens used is 

Stakeholder Theory. This study identifies and analyze the 

various stakeholders involved in the waste-to-energy 

process, from waste producers, collectors, to WTE plant 

operators and endusers of the energy produced. 

Understanding their interests and influence can provide 

insight into the challenges and opportunities of 

implementing segregated waste collection.  

  

IV. METHODOLOGY  

To examine the impact of segregated waste collection on 
enhancing the sustainability of Sri Lankan Waste-to-Energy 
(WtE) plants, the study adopted a case study approach. This 
qualitative research method allows for an in-depth 
examination of a specific case or cases within their real-
world context (Yin, 2014). The methodology is divided into 
case selection, data collection, and data analysis stages.  

  

A. Case Selection  

For this study, research selected a Sri Lankan WtE plant 
that employs segregated waste collection as part of its waste 
management strategy. The waste to energy plant is selected 
as it is one of the best waste to recovery plant with best of 
the practices.  

  

B. Data Collection  

Data was collected from both primary and secondary 
sources. Primary data was gathered through in-depth 
interviews with plant personnel, including plant managers, 
waste collection and segregation staff, and technical experts 
involved in the plant's operation. We used semi-structured 
interview guides to ensure that key topics were covered 
while allowing for open-ended responses (Creswell, 2013). 
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We also conducted site visit and direct observations of waste 
collection, segregation, and energy generation processes.  

  

Secondary data was collected from plant records, annual 
reports, and waste collection and segregation 
documentation. This included information on waste intake, 
segregated waste types, energy output, waste treatment 
techniques, emission levels, and the disposal process of 
residual waste.  

  

C. Data Analysis  

Data analysis was performed through thematic analysis, 
a method commonly used in case study research to identify 
patterns or themes within the data (Braun & Clarke, 2006). 
The study transcribed and coded the interview responses 
and reviewed plant documentation to identify recurring 
themes and patterns related to the impact of segregated 
waste collection on the sustainability of the WtE plant. The 
study then categorized the themes into sub-themes and 
analyzed them in relation to the efficiency, and economic 
feasibility of the plant.  

V.FINDINGS  

In the Figure 1, provides a flowchart that visually 
represents the entire process of waste handling in a Sri 
Lankan WtE plant, starting from waste collection and 
segregation to final energy generation. The flowchart 
include stages such as:  

1. Collection of waste from various sources  

2. Transportation of waste to the WtE plant  

3. Segregation of waste into different categories 
(e.g., organic, inorganic, recyclables, hazardous)  

4. Treatment of segregated waste (e.g., 
composting, recycling, incineration)  

5. Energy generation from treated waste  

6. Management of by-products (e.g., ash disposal, 
emission control)  

  

 
Figure 1 flowchart of integrated waste  Handling process in a sri lankan 

waste-to- Energy plant 
 

Strategies or guidelines of waste management  
1. 4R concept  
2. Circular Economy  
3. Zonal Concept of waste management  
4. Seven steps Of Municipal Solid waste 
management  
5. Polluter pay Principal and Extended Producer   
Responsibility  
6. PDCA (monitoring)  
7. Simultaneous approach for waste management  
8. Provincial Platform for waste management  
9. Interpersonal Communication and Education  

  

4R concept: This refers to "Reduce, Reuse, Recycle, and 
Recover." This concept emphasizes minimizing waste 
generation, reusing items, recycling, and recovering 
resources (energy or materials) from waste (Troschinetz & 
Mihelcic, 2009).   

Circular Economy: This approach encourages keeping 
resources in use for as long as possible, extracting the 
maximum value from them, and then recovering and 
regenerating products and materials at the end of their life 
cycle (Ghisellini et al., 2016).  

Waste minimization and the circular economy are 
closely aligned concepts that share the goal of reducing 
resource consumption and waste generation (Tomic et 
al.,2020). By implementing waste minimization strategies, 
businesses and consumers can contribute to the 
establishment of a circular economy, where resources are 
reused, recycled, and recovered, reducing the demand for 
new materials and the environmental impact associated with 
waste disposal.  
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Figure 2 the circular economy model for waste minimization  

 

 

Zonal Concept of Waste Management: This involves 
segregating a city or region into zones for the purpose of 
waste management to enhance efficiency and effectiveness 
of waste collection and treatment (McDougall et al., 2008).  

FIGURE 3 THE CLASSIFICATION OF WASTE MANAGEMENT 

INTO  
HANDLING AND MINIMIZATION MINIMIZATION  

  

  

Seven Steps of Municipal Solid Waste Management: 
This includes waste generation, on-site handling, collection, 
transfer and transport, processing and recovery, disposal, 
and monitoring (Tchobanoglous et al., 1993).  

Polluter Pays Principle and Extended Producer 
Responsibility: The Polluter Pays Principle implies that 
whoever is responsible for damage to the environment 
should bear the costs associated with it. Extended Producer 
Responsibility is a strategy to add environmental costs 
associated with goods throughout their life cycles to market 
prices (OECD, 2016).  

PDCA (monitoring): Plan-Do-Check-Act (PDCA) is a 
repetitive four-step management model used in business for 
the control and continuous improvement of processes and 
products. In waste management, it can be used for 
monitoring and improving waste management systems 
(ISO, 2015).  

Simultaneous Approach for Waste Management: This 
involves the implementation of various waste management 

strategies together, instead of separately, such as waste 
reduction, segregation, recycling, and disposal, to achieve 
maximum efficiency (Zurbrügg et al., 2014).  

Provincial Platform for Waste Management: This refers 
to coordination at the provincial level for efficient and 
sustainable waste management, which can include 
developing regional waste management plans, 
infrastructure, and education programs (EPA, 2020).  

Interpersonal Communication and Education: Education 
and communication are crucial for fostering 
environmentally responsible behaviors, such as proper 
waste disposal, recycling, and waste reduction. This 
includes public awareness campaigns, school education 
programs, and community engagement (Dahlén & 
Lagerkvist, 2010). 

 TABLE 1 TARGETS OF STRATEGIC PLAN FOR WASTE  

MANAGEMENT IN THE WESTERN PROVINCE (2019 TO 

2023) AND WASTE TREATMENT & DISPOSAL INDEX, 

TARGETS.  

Index  

 
     

Waste 

collection %  
55  56  58  59  61  62  

Source  
Segregation %  

40  45  48  52  56  60  

  

Index  

 

2019  2020  2021  2022  223  

Open dumping %  89  70  20  0  0  0  

Composting by LA%  4  4  6  6  6  6  

Recycling by LA%  3  4  5  6  7  7  

  Composting by 

clusterbased facility %  
4  7  10  12  13  13  

Other cluster-based 

treatment & disposal 

landfill %  

1  15  60  77  75  74  

WMI  11%  30%  80%  100%  100%  100%  

The Waste Treatment and Disposal Index (WTDI) can 
be conceptualized as a metric that quantifies the 
effectiveness, efficiency, and environmental impact of 
waste treatment and disposal practices. The index can be 
useful for assessing the performance of waste management 
systems, comparing different waste treatment and disposal 
technologies, and tracking progress over time.   

  

Waste Treatment and Disposal Index (WTDI): WTDI 

indicates the amount of waste properly managed out of 

the total waste collection in percentage wise.  
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WTDI can be calculated by the formula given below. 

This index is relevant to the respective year.  

FIGURE 4 WTDI TRENDS   

  
FIGURE 5 MSW COLLECTION IN A SRI LANKAN PROVINCE  

  
  
FIGURE 6 WASTE RECOVERY OVERVIEW: PERCENTAGE 

DISTRIBUTION OF RECYCLED, COMPOSTED, LANDFILL AND  
ENERGY-WASTE IN A SRI LANKAN WASTE-TO-ENERGY 

PLANT 

  
  
FIGURE 7 COMPARATIVE ANALYSIS OF WASTE TREATMENT 

AND DISPOSAL METHODS IN A SRI LANKAN WASTE-TO-

ENERGY  
PLANT  

  
 

 

 

 

 

 

  

FIGURE 8 WASTE TREATMENT AND DISPOSAL INDEX (WTDI)  
SCORES ACROSS PROVINCES IN A SRI LANKAN WASTE-TO- 
ENERGY PLANT  

District   WTDI  

Colombo  66%  

Gampaha  37%  

Kalutara  50%  

Western Province  59%  

  

Applying a circular economy framework to waste-to-
energy (WTE) plants involves rethinking and redesigning 
the entire waste management system to optimize resource 
use, minimize waste, and maximize the value extracted from 
waste throughout its lifecycle.   

  

Here are some key components of such a circular 
economy framework:  

  

Prevention and Minimization of Waste Generation: 
Reducing waste at the source is a fundamental principle of 
the circular economy. This includes practices such as 
designing for durability, repair, and reuse, promoting 
consumption reduction, and encouraging consumers to 
choose products with less packaging or waste (Stahel, 
2016).  

Segregated Waste Collection: Different types of waste 
have different potentials for energy recovery and recycling. 
Segregating waste at the source improves the efficiency of 
the waste-to-energy process and allows for better resource 
recovery (Rizos et al., 2016). The figure 9 shows the waste 
composition of the WTE.  

 

  
FIGURE 9 WASTE COMPOSITION IN A SRI LANKAN WASTE-

TO- 

ENERGY PLANT  

   
Optimized Waste-to-Energy Processes: WTE 

technologies has been chosen and designed considering the 
specific types of waste available, the potential energy yield, 
and the environmental impacts. Optimizing these processes 
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maximize energy recovery and minimize pollution 
(Korhonen et al., 2018).  

  

Recycling and Composting: Not all waste should go to 
WTE plants. Recycling and composting have been 
prioritized for waste that can be turned into new products or 
organic fertilizer, reducing the need for virgin resources and 
synthetic fertilizers (Ghisellini et al., 2016). The WTE in 
colombo has ensured a good waste segregation. The WTE 
has helped in improving the energy recovery  

  

Residue Management: the WTE plants produce 
residues, such as ash. These residues have been treated as 
resources, not as waste, and reused in cement plants. This is 
a very good example, in construction materials (Zaman, 
2015).  

 

This paper delves into the pivotal role of segregated 
waste collection in driving the transformation from waste to 
energy, forming the backbone of a circular economy model. 
The central argument posits that the meticulous segregation 
of waste serves as a fundamental prerequisite for the 
efficient conversion of waste to energy in the context of Sri 
Lanka. This process, known as waste-to-energy (WtE) 
conversion, not only optimizes the value of waste resources 
but also minimizes the environmental footprint associated 
with waste management. 

 

Drawing on primary data sources, the study underscores 
that the segregation of waste during the collection phase is 
an indispensable step for fostering sustainable waste 
management practices. The results presented in the paper 
highlight that well-implemented waste segregation systems 
significantly elevate the quality of recoverable materials, 
enhance energy conversion efficiency, and mitigate 
environmental pollutants. 

Moreover, the paper elucidates how these segregated 
waste collection systems, when seamlessly integrated 
within a circular economy model, act as catalysts for 
sustainable development. By minimizing waste and 
reducing resource consumption, these systems contribute to 
the overall resilience and longevity of the circular economy 
framework. The findings emphasize waste segregation as a 
critical step toward ensuring the effectiveness of WtE 
processes and the realization of a sustainable circular 
economy. 

In conclusion, the paper suggests future research 
directions aimed at overcoming potential barriers in 
implementing segregated waste collection systems. 
Recognizing the significance of this groundwork, the 
discussion sets the stage for continued exploration and 
innovation in waste management practices, pushing the 
boundaries of sustainable development. Ultimately, the 
integration of segregated waste collection within the waste-
to-energy framework emerges as a transformative strategy 
for steering societies toward a circular economy that is both 
economically viable and environmentally responsible. 

  

 

 VI.  CONCLUSION  

 This paper underscores the fundamental role of 
segregated waste collection systems in advancing waste-to-
energy (WtE) conversion processes and supporting the 
implementation of a circular economy model. The research 
establishes a clear connection between efficient waste 
segregation and the optimization of the value derived from 
waste resources, along with significant reductions in 
environmental impacts. Empirical findings suggest that 
well-executed segregation systems are vital for enhancing 
material recovery quality, improving energy conversion 
efficiency, and curtailing environmental pollutants.  

  

These systems, when thoughtfully integrated within a 
circular economy framework, can act as catalysts for 
sustainable development, helping societies minimize waste, 
curtail resource consumption, and bolster energy efficiency. 
To that end, this study offers a persuasive argument for 
policy initiatives to place waste segregation at the forefront 
of strategies aiming to amplify the effectiveness of WtE 
processes and create a more sustainable circular economy.  

  

The results also highlight the necessity for future 
research and policy recommendations that focus on 
overcoming potential obstacles that could hinder the 
implementation of such systems. This work thus sets the 
stage for subsequent investigations into the various facets of 
waste management, contributing to a comprehensive 
understanding of sustainable waste-to-energy practices 
within the circular economy paradigm.  
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Abstract— This paper aims to analyze stakeholder 

views and opinion to develop an appropriate curriculum 

for a proposed master’s degree in waste management and 

circular economy by the university of Sri 

Jayewardenepura to build the capacity in the field of 

higher education in Sri Lanka under The TESS project 

(Techno-Economic-Societal Sustainable Development 

Training in Sri Lanka) funded by the European union 

Erasmus+ programme. The sample (Research Site) was 

selected in such a manner to represent different 

perspectives of stakeholders. Accordingly, university 

academics, university students, schoolteachers, school 

principals, government officials engaged in waste 

management at the ministry of environment, local 

government authorities, provincial councils, 

representatives from central environmental authority, 

Coastal Conversation & Coastal Resource Management 

department, and non-governmental organizations, 

industry experts and entrepreneurs engaged in waste 

management business are identified as key stakeholders. 

Data is collected through peer discussion, focused group 

interviews, and individual interviews.  All stakeholders 

emphasized the importance of higher education in waste 

management, and a master's degree is viewed as an 

excellent opportunity for people to improve their capacity 

to cope with the waste issue in Sri Lanka. Further, they 

stress the need of a vibrant curriculum that conveys 

current information primarily from technical and 

theoretical viewpoints while emphasizing the importance 

of combining such knowledge in finding solutions to real-

life practical problems in waste generation and 

management. Technology is regarded as a main enabler 

of waste management learning and implementing 

solutions for waste management. The importance of 

looking at waste and waste management from global and 

collective approaches to find sustainable solutions. 

Further, stakeholders want the education to see waste as 

a resource rather than a problem so that it would help 

create more entrepreneurial opportunities, and rooms for 

innovations and to engage in new business models to 

create value especially within a circular economy 

perspective. The need for introducing new methods in 

teaching, learning and assessment is also highlighted by 

the stakeholders as the subject areas has a practical 

relevance. Analysis further finds that education and 

awareness on waste management should reach a wider 

array of people including households, and manufacturers 

who mainly generate waste.  Hence, education should not 

be limited to selected groups of people but, avail for 

everyone.  The research provides insight into the scope, 

nature, content, delivery, and assessment of waste 

management in higher education and a framework for 

introducing a new degree in waste management and 

circular economy.  

Keywords— Circular Economy, Sustainability, Stakeholders, 

Stakeholder Analysis, Waste Management  

I.INTRODUCTION  

Waste has become a global issue and therefore everyone 

has a stake in contribution to find solutions for waste and 

waste management at different capacities. Profound 

education and good practices could play a critical role in 

the pursuit of managing waste and finding a lasting solution 

to this global issue of waste. TESS, Techno-Economic-

Societal Sustainable Development Training in Sri Lanka 

(TESS Project) is a project funded by the European Union 

programme of Erasmus+ with the aim of building 

capacities in the Higher Education in Sri Lanka.  

Curriculum development for a newly introduced master’s 

degree programme in waste management and circular 

economy is one of the work packages of the TESS project. 

The need for stakeholder analysis has been identified as a 

key pillar of the process on the ground, that the outcome of 

the analysis has high potential to lay a strong foundation to 

execute the master’s degree program. 

Stakeholder analysis is a process of identifying and 

evaluating the views and opinion of people who either 

directly or indirectly are likely to influence or being 

influenced by a particular phenomenon.  Stakeholders in 

waste management were identified as university 

academics, university students, schoolteachers, school 

principals, government officials engaged in waste 

management at the ministry of environment, local 

government authorities, provincial councils, 

representatives from central environmental authority, 

Coastal Conversation & Coastal Resource Management 
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department, and non-governmental organizations, industry 

experts and entrepreneurs. Stakeholder identifying process 

involved creating a list of all the different individuals and 

groups who are likely to be associated with waste and waste 

management and potential to disseminate the knowledge on 

was and waste management.  

The purpose of stakeholder analysis is to identify the needs, 

expectations, and concerns of these stakeholders, in the 

pursuit of developing curriculum for a master’s degree 

programme to build the capacity in higher education as a 

crucial part of the TESS project. Views and opinions of 

stakeholders were considered in determining the scope, 

nature, content, delivery modes, and assessment of the said 

master’s degree programme to ensure that the new degree 

program will meet the needs of the target audience and to 

have a positive impact on the wider community when 

dealing with waste. 

The importance of identifying stakeholders, engaging with 

them and collecting data in strategic decision making 

specially within private sector organisations is highly 

visible(Carroll & Buchholtz, 2002; Christopher, Payne, & 

Ballantyne, 2002; Rutterford, Upton & Kodwani, 2006) 

and it has stepped into public sector organizations as well 

with an  increasing trend around the world (Maassen, 2000; 

Wit, 2000; Peters, 1996 & Kettle, 2002). The importance 

has been further increasing specially in the higher 

education sector as the operations of the sector are likely to 

have multiple and sustainable impact on the society in 

managing critical issues and finding lasting solutions for 

critical issues. On the other hand, the support and the 

consent of stakeholders plays a significant role as the 

stakeholder theory explains (Donaldson and Preston, 

1995), irrespective of the fact that whether the organization 

is for profit or not for profit (Bryson, 2005), particularly in 

a high education context. 

Concepts of Stakeholder Analysis 

The concept of stakeholder engagement provides 

opportunities for every stakeholder to engage in and 

contribute in many ways depending on the subject matter. 

A summary of the concepts of stakeholder analysis with a 

short description, reference and research’s view is given in 

table 1 below.  

 

TABLE 1: CONCEPTS OF STAKEHOLDER ANALYSIS 

Concept  Reference  View  

Stakeholders (parties 

that will affect or 

being affected by the 

actions others)  

(Nutte 

& 

Backoff

, 
1992),(

Polonsk

y, 1995) 

Waste management is not an 

outcome of actions of single or 

selected people instead it 

connects to many engaged in 
the process of waste 

management.  

Stakeholder 
identification and 

classification  

(Polonsky, 
1995), 

Johnson and 
Scholes 

(2002), Reed 

(2008). 

It is challenging to identify 
relevant stakeholders for 

collecting data for any strategic 

decision.   

Stakeholder 
Analysis and 

common objectives 

Oliver, 1991,  The role of stakeholder analysis 
is significant, especially when 

the subject matter is to promote 

and achieve common 
objectives. Ultimate objectives 

of waste management are 

linked to common objectives of 
achieving sustainability at a 

global level.  The need for 
classifying stakeholders for 

analysis purposes would keep 

the objective intact.  

Degree of 
influence of 

stakeholders 

Fre
eman 

(1984) 

degree of influence of the 
stakeholder matters in 

determining courses of actions 

connected to waste 
management operations and 

achieving set objectives. 

Significance of 

stakeholder analysis. 

Burby,2003, 
Margerum, 

2002, 

Bryson, 
1995, Moore, 

1995,Baumg

artner 
&Jones,1993

, Eden & 

Ackermann, 

1998. 

Success of any course of action 
is always high when 

stakeholders actively engage in 

the process. Hence, a 
stakeholder analysis can help 

develop a sound foundation for 

curriculum development.  

 

Goal congruence 

and stakeholders  

Bryson 

(2005), 

Mitchell, 
Agle & 

Wood (1997) 

effective stakeholder 

consultation would help build 

strong alliances and ensure 

smooth operations of actions. 

 

Risk of identifying 

the relevant 

stakeholders. there is 
possibility that non-

stakeholders are 

identified as 

stakeholders 

Mitchell et 
al.,1997, 

Rowley, 

1997 

There is a greater risk as non-
stakeholders could be identified 

as stakeholders unless a process 

of stakeholder analysis is done 

as the different identities and 

complexities of stakeholders. 

Techniques such snowball 

helped minimize this risk 

 

Stakeholder 
prioritization and 

consensus though 

conflicting views 
and tendency to 

compete for 

resources.  

(Neville & 

Menguc, 
2006), 

(Gomes & 

Gomes, 
2009), 

Mitchell et 

al., 1997). 

This concept highlights the 

importance of focusing  on 
common goals as stakeholders, 

with conflicting views and 

tendency for to compete for 
resources would create 

challenges. Stakeholder 

prioritization would bring a 
solution to this issue. However, 

developing curriculum might 

not create big issues with 
competing stakeholders as 

consensus can be easily reached 

as the subject is education and a 

common issue.   

stakeholders with 

strategies and 

actions 

Gomes & 

Liddle, 2009, 
(Reed, 

Graves, 

Dandy, 
Posthumus, 

Hubacek, 

Morris, Prell, 
Quinn and 

Stringer, 

2009 

Different stakeholders into the 

strategies and actions would 
create some minor challenges as 

they could turn out to be 

opportunities or threats 
sometimes. Incorporating the 

views of stakeholders into the 

strategies and actions would be 

a solution.  
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Balance in 

Stakeholder analysis  

(Brookes, 
2003, (Wit et 

al., 2000). 

The tendency of dominance by 
high-profile academia when 

deciding curriculum might 

disregard the importance of 
stakeholders.  This issue may 

create a mismatch between 

industry needs and the teaching 
learning process. This gap may 

reflect at many levels unless 
stakeholder analysis is well 

incorporated when designing 

higher education programme, 
as stakeholders may not 

actually have much influence in 

determining curriculum of 

universities.  

 

II.METHODOLOGY 

Data analysis was carried out by using a qualitative 

approach Schilling (2006) as the objectives of the research 

need to bring about the context specific realities to 

determine the nature and scope of the curriculum 

development. Hence, it is needed to have views and ideas 

from those who play key roles in waste management 

throughout the country. More than 60% of waste is 

generated in the western province. Hence, the interview 

sample (Research Site) included a majority from the 

western province while representing different fields from a 

wide range of disciplines. Accordingly, 136 stakeholders, 

as detailed out in table 2 were interviewed either as focused 

groups or individuals. 

 

Coding was done by referring to identified themes and 

dimensions to find out the general content and 

commonalities of responses (Miles and Huberman, 1994). 

Scope of the need analysis extended to identify and analyze 

knowledge gap labour, market opportunities, and 

competencies needed for employment, and to determine 

(PLOs), course modules, learning contents, modes of 

teaching learning, and assessment methods aligned with 

attributes and the requirement of Sri Lanka Qualification 

Framework (SLQF). Ideas and views were gathered from 

stakeholders in both public and private sectors.  

Qualitative research approach was used as the 

methodological approach and content analysis and 

interpretivism were used as methods of analyses. 

Accordingly, data and information were gathered from 

meetings and discussions with stakeholders, and 

engagement with the process of forming an apex body on 

waste management by university of Ruhuna, informal 

interviews & discussions and own learning experience of 

the team.  

 

 

TABLE 2: A SUMMARY OF STAKEHOLDERS INTERVIEWED 

 

 Preliminary interviews with opinion formers in relation to 

waste management to define the exact direction of the 

analysis, to identify key stakeholders to be interviewed, and 

to decide the scope and content of interviews and 

discussions. Accordingly, data was collected mainly 

through peer discussion, focused group interviews, and 

individual interviews, covering the areas of PLOs, scope of 

the curriculum, content requirement of course units, modes 

of deliveries, student assessment, suggestions to improve 

waste management approaches and practices in Sri Lanka. 

Research site comprised of a range of stakeholders namely 

university academics, university students, schoolteachers, 

school principals, government officials engaged in waste 

management at the ministry of environment, local 

Date Duration Number of 
Stakeholders 

Remarks 

5.04. 2020 1 hours 
and 35 

minutes 

5 Industry experts  

8.04. 2020 1 hour 
and 20 

minutes 

3 Industry experts 

10.9. 2020 2 hours 3 Industry experts 

23.9.2020 2 hours 
and 15 

minutes 

5 Representatives from 
Municipalities, Provincial 
Councils  

28.9. 2020 1 hours 
and 45 

minutes 

4 Representatives from 
Municipalities, Provincial 
Councils 

29.9. 2020 2 hours 
and 35 

minutes 

6 Representatives from 
Municipalities, Provincial 
Councils, Ministry of 
Environment 

7.10. 2020 1 hours 
and 20 

minutes 

5 Representatives from 
Municipalities, Provincial 
Councils 

17.05.2021 2 hours 
and 10 

minutes 

5 Representatives from NGOs 

21.05.2021 2 hours 
and 30 

minutes 

2 Coastal Conversation and 
Coastal Resource 
Management 

7.06.2021 3 hours  34 Representatives from 
diverse groups – School 
Teachers & Principals, 
University students, Zonal 
education Directors, 
Planning Officers, Local 
Government Authorities 
from provinces 

9.07. 2021 2 hours 4 Representatives from 
Colombo Municipality 

 5.08. 2021 2 hours 3 Representatives from 
Ministry of Local 
Government and provincial 
Council 

25.11. 
2021 

 5 hours 20 Diverse stakeholders – 
Hambantota District Apex 
Body Discussion  

2.12. 2021 5 hours 22 Diverse group of stake 
holders – Matara District 
Apex Body Discussion 

10.12. 
2021 

5 hours 15 Diverse stake holders- Galle 
District Apex Body 
Discussion 
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government authorities, provincial councils, 

representatives from central environmental authority, 

Coastal Conversation  

 & Coastal Resource Management department, and non-

governmental organizations, industry experts and 

entrepreneurs engaged in waste management business. 

Stakeholders were identified by referring to the literature 

and general knowledge of the team members and results of 

discussions had among academia and industry experts. 

Accordingly, initial discussions were held with industry 

people at seminars conducted to form forming an apex 

body for waste management in Galle, Matara, and 

Hambantota districts resulted more practical solutions in 

waste management from social, environmental, and 

economic point of views. This design of the data collection 

was used as the nature of the study is exploratory, and it 

gives each interviewee the opportunity to freely express 

their views and thoughts. Questions were asked to explore 

the current and how they are linked to the objectives of the 

study 

 

 

III.DATA ANALYSIS AND DISCUSSION  

Whilst stakeholder theories are relatively mainstream, 

(Donaldson and Preston, 1995; Singhapakdi et al., 1996), 

limited research has addressed stakeholder engagement 

(Bryson, 2005). There is a of stakeholder theory evident, 

this research aimed to start with a relatively to identify the 

stakeholders, their relative importance, and the factors, 

affecting their importance. Defining stakeholders is of 

importance (Mitchell et al. 1997; Reed, 2008), and this 

research identified 136 stakeholders that are relevant to the 

introduction of a master’s degree by the university of Sri 

Jayewardenepura. Desk research was also carried out and 

the outcome of it was summarized based on the following 

major areas.  

• Need of higher education to manage waste in a 

sustainable manner.  

• Dealing with Waste in a circular economy  

• Seeing waste as a resource instead of as an issue  

• Role of technology and how it is integrated with 

teaching learning environment and wase management 

practices. 

• Appropriate blend of teaching learning methods and 

delivery modes  

• Modes of student assessment 

• Relevance of research in waste management  

• Visibility of learning outcomes at practice after 

completion of the degree  

• Regular review and continuous improvement of 

curriculum 

It was found that collective and integrated approaches 

would be strategic and sustainable solutions for this global 

issue of waste and best practices are required to be 

promoted at individual and corporate levels as well. There 

is an urgent need to impart the required knowledge on 

waste and ways of managing it as the starting point and 

therefore curriculum in any level of education should 

accommodate these aspects.  

It was recommended to see waste as a resource instead of 

looking at it as a troublemaking issue as waste can generate 

value and has potential of creating business opportunities. 

However, it is needed to have support from the government 

to make it possible by providing required infrastructure and 

financial support, proper guidance, adequate awareness, 

legal framework, and effective monitoring.  

The use of technology at all levels of waste hierarchy was 

also found to be a key leverage in waste management. 

Attitude on waste prevailing in Sri Lankan context was 

regarded as highly negative and as a result everyone is 

likely to preserve self-interest at high social and 

environmental costs. Resistance against the construction of 

waste management plants, on irrational and individual 

agendas can be shown as an example of attitudinal behavior 

of people, irresponsible and politically motivated decisions 

of authorities. Hence, multiple actions of awareness on 

waste, waste management and consequences in absence of 

sustainable solutions for waste management are essential. 

Learning environment is required to be arranged with more 

opportunities for students to become active learners to find 

practical solutions rather than becoming passive cognitive 

learners.  

 Active research initiatives could further enhance the 

capacity of stakeholders as this issue of waste has a 

practical relevance to engage in. Stakeholders highlighted 

the importance of capacity people to reflect what they have 

learned in finding solutions for real-life issues and 

situations.  

Further, the need for deviating from traditional teacher-

based learning was highlighted, instead it was proposed to 

introduce technology and new teaching learning methods 

to keep students engaged in and interact in the learning 

process. Opportunities for foreign exposure in learning 

either through field visits or knowledge dissemination by 

foreign experts and academics were also stressed on the 

ground that the waste management specially in developed 

countries are being tacked in innovative and sustainable 

manner.   

Student assessment was regarded as a critical aspect of the 

curriculum. It was noted that there is a risk that assessment 

methods may not focus on learning outcome from what 

students have really learned during the course due to many 

weaknesses and constraints prevailing in teaching methods. 

Stakeholders further stressed the importance of 

communicating the assessment methods properly at the 

beginning of each course and the programme. In turn, 

examiners should adhere to the methods, rules, regulations, 

and guidelines as stipulated to test learning outcomes. As 

knowledge is likely to expand rapidly mainly due to 

changes in technology and isomorphism, the need for 

regular curriculum review and prompts revisions to and of 

the course modules offered are essential parts of a good 

curriculum.  

With reference to practical solutions for waste 

management, many stakeholders were highly concerned 

about the problem of landfills with waste. Stakeholders 
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from local government authorities and provincial councils 

paid more attention towards stakeholder knowledge on 

waste and management of municipal waste, starting from 

waste generation points. Waste reduction, reuse and 

recycling were regarded as key factors of reducing the 

number and area of landfills which is a critical issue in Sri 

Lanka at present. Authorities from the ministry of 

environment and department of coastal conservation and 

central environment authority further stressed the need for 

reducing landfills with waste with appropriate use of 

technology, policy implementation and implementation of 

different business models to use waste as a resource to 

generate value to the economy thus promoting the concept 

of circular economy. The environmental assessment of 

landfills based on stakeholder analysis. 

Proper competencies enhanced with appropriate 

knowledge, skills and attitudes must be considered in 

general in developing a curriculum for waste management, 

almost all stakeholders stressed. Appropriate knowledge 

was referred to a composite one and embedded in wider 

socio-political context. Skills required for capacity building 

highlighted by stakeholders mainly include communication 

skills, adaptability, ability to adjust in a changing 

environment, interpersonal skills, critical thinking, digital 

skills, technological skills, and analytical and problem-

solving skills. Focus on self-awareness, aesthetic sense, 

respect to environment and societal values, professionalism 

in action and engage in ethical conduct as a responsible 

citizen were the key attitudes identified by the stakeholders. 

Non recognition of the task of waste collectors is one of the 

biggest attitudinal and social problem and as a result, the 

social and economic condition of those waste collectors is 

seen not being improving a bit even thus leading a complete 

social rejection that is turn create problems in the job 

market as well. This is a critical deviation of the situation 

prevailing in developed countries and therefore, capacity 

busing in higher education needs to think of way to enhance 

professionalism, use of technological skills and maintain 

ethical conduct in waste management where artificial 

intelligence, robotic process automation, or machine 

leaning are possible enablers to improve the demands in the 

job market.   

Collaboration among policy makers, educational intuitions 

and industry partners would help sustain the waste 

management practices and therefore, such industry 

exposure must be arranged in the curriculum. A holistic 

approach for waste management will always be effective 

and inclusion learning outcome to deal with Environment –

Social-Governance (ESG) assessment and reporting are 

imperative. 

Roles of traditional waste managers were seen to have 

confined to value reporter and value preserver and that 

needs to be changed to be value enabler and value creator 

according to industry experts. Hence, the curriculum needs 

to have these important skills incorporated.   

The need for higher education opportunities especially 

from managerial perspective was highly welcome 

especially by officials at local authorities, provincial 

councils, ministry of environment and central 

environmental authority, as the all the available learning 

opportunities and channels highly tend toward technical 

and technological aspects of waste. Some stakeholders 

were surprised to hear the intention of introducing a 

master’s degree program in waste management by a 

management faculty of a university as such tasks have been 

already well institutionalized as a task of an engineering or 

a science faculty.   

There were mixed opinions on inclusion of a research 

component in the curriculum. Those who argued against 

mentioned that most research studies in management have 

no practical relevance and they are carried out just for the 

name shake. Hence, it is better to keep it optional so that 

students who have real intention of doing research can 

choose it at their discretion. Further, it is essential to have 

qualified and competent faculty members to supervise such 

research to deliver a quality work and the real situation in 

higher education institutions in Sri Lanka is not promising 

as such qualified people limited. On the other hand, 

stakeholders stressed the need for having a research 

component compulsory highlighted that such engagement 

would allow students to apply the knowledge gathered from 

course units can be applied in real life situations and 

further, real research into the nature of waste and waste 

management would allow students to find solutions to the 

problem of waste in innovative and creative ways. Hence, 

it is required to follow appropriate research methodology 

courses before starting the research to make students ready 

and capable of doing real research successfully.  

The most cited stakeholder group are officials from local 

authorities, provincial councils, central environmental 

authority, and the ministry of environment. School 

teachers, university students, university academics, 

education planning directors provided views mainly on the 

content, relevance, delivery, and assessment of students. 

The second most identified stakeholder group was industry 

experts who provided views on industry collaboration, the 

need for training, research, and possibilities of 

implementing different business models. The staff of the 

university were both ‘academic’ and student. This was 

considered important because academic staff ‘had interests 

that went beyond the university alone, such as a 

commitment to their subject area’, whilst students also 

could view it from learner perspective.   

Stakeholder grouping generally perceived and referred to 

stakeholders to simplify their understanding and overview, 

and hopefully simplifies conceptualization of the variety of 

stakeholders cited, as well as providing some indication of 

their commonalities. Primary purpose of the stakeholder 

analysis that is to develop a curriculum for a master’s 

degree in waste management and circular economy was 

achieved and the structure of curriculum developed with a 

two-year program including a research component. The 

structure of the curriculum is given in table 3.  
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TABLE 3: STRUCTURE OF THE CURRICULUM OF THE DEGREE 

PROGRAM 

 

CV= Credit Value  
CH= Direct Student Contact Hours  

NV= Notional Hours 

IV.CONCLUSION 

Stakeholder views were gathered covering a wide range 

of representatives from those who are engaged in waste 

management activities in both public and private sector 

organization, policy makers, NGOs, industry experts, 

academics, and students. Peer discussion, interviews and 

focused group discussion were conducted to collect data. 

Qualitative approach was used to analyse data which 

referred to  education needs in waste management, nature of 

waste and management aspects, role of technology in waste 

management, waste management practices, relevance of a 

master degree to build capacity, learning outcomes expected 

from a master degree, course structure, learning content, 

delivery methods of knowledge, learning environment, 

internship, relevance of research in waste management, 

visibility of learning outcomes at practice after completion 

of the degree, student assessment methods, review and 

continuous improvement of curriculum.  

Data with multiple dimensions and perspectives helped 

design the curriculum in such a manner as laying a 

foundation for building capacities of people in waste 

management through effective learning experiences. There 

is lacuna in high education opportunities in waste 

management in Sri Lanaka compared to other opportunities 

and there is a significant demand for a master’s degree in 

waste management. All 136 stakeholders and groups are 

either directly or indirectly engaged in waste management 

practices and education. Analyses revealed that there are 

diverse and dynamic views and opinions on waste 

management and learning, but all have a kind of touch with 

the global issue of waste and the need for sustainable waste 

management solutions ranging from collective efforts to 

individual practices.   

Program learning outcomes (POLs) were designed in such 

a manner by considering the outcome of the stakeholder 

analysis for the purpose of building the capacity of people. 

Accordingly curriculum was developed to reflect the needs 

of society and to build the capacity address those issues, 

with two year master degree including a research 

component by incorporating an appropriate course 

structure, learning content, delivery modes, and student 

assessment in line with PLOs the proposed master’s degree 

in waste management and circular economy to cater for the 

need of addressing the issue of waste within the identified 

scope of the TESS project, resources and capacities 

available.   
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Abstract— Water is an important natural resource. It is 

required for the survival of all living things. Animals and 

plants require water to perform their daily metabolic 
functions. Global population increase, climate change, and 

lifestyle changes are affecting water quality and state of water 

resources, resulting in severe water stress in many nations. 

Water is crucial to life since it has a significant impact on 
public health and living standards. Rural water delivery 

schemes were formed with the goal of increasing access to 

clean drinking water for underserved poor people in rural 

places. Yet, as a result of human activity, these resources 
suffer from any changes in pollution, whether direct or 

indirect, in water content, and the sources become hazardous 

for daily use of human. Many chemicals and processes were 

used on this process. Long time usage of certain chemicals in 
water purification process caused for many health issues to 

the humans. As a developing country, Sri Lanka is facing 

difficulties on the cost of water purification process and 

chemicals. Turmeric (Curcuma domestica) is a healing 
tropical medicine, not like chemicals if over dosing that not 

affect for human’s health. Objectives of the experiments were 

to identify the quality of raw water which feeds selected rural 

water supply schemes of Nagoda and Thawalama in Galle 

District and check for the effectiveness of applying Turmeric 
and study the optimum Turmeric dosage.At the end of the 

study, it could be found whether turmeric is applicable or not 

for water purification works for the Nagoda and Thawalama 

water supply schemes through the obtained results from the 

experiments. 

Key words : rural water supply schemes, turmeric, turbidity 

I. INTRODUCTION   

 There are various sources of water. (Rain water, Ground 

water, Surface water) About 97% of the water on the  

Earth’s surface is covered with water. Only 2% to 3% is 
available and safe for drinking. Rest of the water is 
saltwater and other two-thirds of the Earth’s freshwater is 

frozen in glaciers and these water resources are mostly 
inaccessible for human use. This is the reason, we all need 
to reduce wasting this natural resource and conserve water 

for future requirements [4].  

In rural areas of Galle District community tempt to go 
for some water supply schemes which managed under  

Community base organization (CBO).These schemes 
were built to fulfill their drinking and house hold chores, 

in spite of the fact that there was an issue with the quality 

of the water that they have been using. Among number of 
schemes, two schemes were selected for the research 
purpose.  

Water supply scheme – 01 (Name of the water supply 

scheme: Nildiyawara)  

Water source is a Dug Well. There are 50 house holders 
are benefitted from this scheme, which is situated in Nagoda 

Divisional Secretariat, Udawaliwitiya West Grama Niladari 
Division. Currently chlorine is used for malfunctioning 
purification system.  

Water supply scheme – 02 (Name of the water supply 

scheme: Manakanda)  

Water source is a Stream. There are 20 house holders are 
benefitted from this scheme, which is situated in Thawalama 

Divisional Secretariat, Hinuduma West Grama Niladari 
Division. Currently a collecting chamber is used to distribute 

water. 

Water is vital need for all living being. Due to some reasons 
there can be seen unsafe water quality in many of fresh water 

sources which are already used as water sources for Rural 

Water Supply schemes. Some Rural Water Supply schemes 
are processed under less efficiency because of low raw water 

quality of the source and the cost of the treatment process. 
Low water quality caused for many of water-related infections 
are practically widespread in rural populations throughout 

developing countries as Sri Lanka.  

In some rural water supply schemes, they have a huge 
problem of buying chlorine for their water purification 

process because of the high cost and currently due to lack of 
dollars in Sri Lanka. In rural areas ,villagers refused to use 
chemicals for their water treatment process. Villagers tend to 

find organic healthy substitutes for the water purification 
process. Nagoda and Thawalama areas have optimum climate 
for growing turmeric. Turmeric was considered as a tropical 

organic matter with a high power of herbal. Most of the 
villagers cultivate turmeric in their gardens. Also they have 
positive attitudes towards this tropical herbal plant. It is a very 

easy to find, reliable, healthy and economical matter for water 

purification process if it is applicable.   

When using chlorine, it is very important to maintain 
correct chlorine levels with proper guidance. Consuming 
chlorine can cause stomachaches, vomiting, and diarrhea, in 
addition to dry, itchy skin. Severe chlorine overdose is 
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significantly worse; a large dose of liquid chlorine can be 
exceedingly dangerous and even fatal to humans. In addition, 
chlorine can react with water and minerals to form 

trihalomethanes (THMs), which have been linked to heart 

disease, eczema, asthma, and even cancer [3].  

But turmeric has its own herbal properties which is promoted 
as a dietary supplement for a variety of conditions, including 
arthritis, digestive disorders, respiratory infections, allergies, 
liver disease, depression. Also turmeric has a strong anti-

bacterial property, it can help in any bacterial infection on 
the skin also it has anti-cancer properties and a lot of health 
benefits. [5] 

From all of these problems, came up the idea of using 

Turmeric for water treatment process.  

According to the studies and articles many more 
researches have done on water purification topic; many 
chemicals and processes were used on this process. Using 

chemicals for a long time in water purification process can be 
caused for many health issues to the humans. As a developing 
country, Sri Lanka has some issues on the cost of water 

purification process and chemicals. Turmeric (Curcuma 
domestica) is a healing tropical medicine, not like chemicals 

if over dosing that not effect for humans health issues.   

By studying the literatures there can be seen gap between 
using Turmeric directly to the water purification process 
which is studying under this topic for the selected area. 

II. METHODOLOGY  

This experiment is to investigate the effect of using Turmeric 

for important parameters in drinking water   

A. Collection of water sample:  

Two rural water supply schemes were selected. River water 
was collected from Manakanda stream in Thawalam,Galle 

and well water from Udawalivitiya west public well in 
Nagoda, Galle. These sources were generally used by rural 
people for their household chores. The samples were stored in 
pre cleaned bottles. Sterilized glass bottles were immediately 

used for experiment.   

  

B. Collection and preparation of Turmeric Rhizomes: 

Mature Rhizomes of Turmeric were collected from local 
cultivation gardens. Then the picked rhizomes were 
segregated and washed with tap water. Then peeled the 

rhizomes and steamed the turmeric for 30 minutes and next 
removed from heat. Sliced and grated the rhizomes into fine 
pieces. Spread the grated turmeric thinly on a drying sheet and 

allowed them to dry in the sun. Then used heavy duty mixer 
and ground dried Turmeric. After that, sieved the turmeric to 

get only the fine dust for Turmeric powder.  

C. Preparation Solution from Turmeric powder:  

Above mentioned cleaned Rhizome powder were diluted in 
100ml volumetric flask using distilled water with 500mg of 

cleaned Turmeric. Then 5000 mg/dm3 (5000 ppm) solution 
was made and it was kept for 1 hour at room temperature. 

  

D. Using Turmeric extract/Solution:  

From the solution made with Turmeric, different volumes of 

Turmeric(5000ppm),different volume of turmeric extract was 

taken as 0 ml, 1 ml, 1.5 ml, 2 ml and 2.5 ml in order to prepare 

25 ppm, 37.5 ppm, 50 ppm, 62.5 ppm samples. Solutions were 

added in each beaker and the volume of 200ml was made up 

by adding raw water. One beaker was kept as control volume 

without any extract. The beakers  were arranged for the water 

quality test were incubated for 24 hours and found out the 

total viable count. 

 

E. Research Process:  

Eight parameters were proposed to check on water quality. 
Five liters were collected from both sources of selected 
water supply schemes. The water samples were taken in the 

middle of the water source and filled in to the bottles. 
Collected water samples and transferred to the beakers and 
checked for the following parameters. Then recorded 
properties of raw water of both water sources. Physical 

properties – (Turbidity, Color), Chemical properties – (pH, 
Electrical Conductivity, Hardness, Alkalinity, Chloride), 
Biological properties – (E-Coli (Escherichia coli), Coliform) 

as per the SLS 614:2013 

All the experiments were repeated minimum two times and 
average reading was taken for analysis [1]   

It cannot go for higher ppm dosage as turbidity and color of 

water sample was highly deviated from drinking water quality 
standard.(SLS614:2013) . 

 

III. III.DATA COLLECTION AND DATA ANALYSIS  

The experimental results as follows.     

Average Experimental results of Nagoda Rural water supply 

schemes for different Turmeric dosages.  

TABLE 1: EXPERIMENTAL RESULTS OF NAGODA DUG WELL SOURCE 

 

 

 

Parameter 

Turmeric Dosage   

raw 

water  

25(m 

g/dm 
3)  

37.5( 

mg/d 

m3)  

50  

(mg 

/dm3)  

62.5( 

mg/d 

m3)  

25 

ppm  

37.5 

ppm  

50  

ppm  

62.5 

ppm  

P
h
y
si

ca
l 

Color ( Hazen  

)  

5±0.1 

2e  

10±0. 

11d  

30±0 

.31c  

40±0.4 

1b  

60±0 

.55a  

Turbidity 

(NTU)  

0.69± 

0.71e  

2.47± 

0.11d  

3.04 
±0.4 

3c  

3.54±0 

.52b  

6.23 
±0.8 

2a  

C
h
em

ic
al

 

pH  

6.2±0 

.11a  

6.3±0 

.41a  

6.2± 

0.23a  

6.2±0. 

48a  

6.8± 

0.11a  

Electrical  

Conductivity( 

µs/cm)  

73.7± 

0.71a  

75±0. 

23a  

75.4 

±0.6 

7a  
75.8±0 

.33a  

77.2 

±0.4 

4a  

Temperature(˚ 

c)  

29.5± 

0.33a  

29.5± 

0.14a  

29.3 

±0.3 

3a  

29.3±0 

.63a  

29.3 

5±0. 

23a  

Chloride(mg/l)  

13±0. 

77a  

13±0. 

93a  

12±0 

.66a  

13±0.8 

3a  

12±0 

.41a  
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Alkalinity 

(mg/l)  

10±0. 

64a  

8±0.1 

8b  

6±0. 

37c  

8±0.42 
b  

8±0. 

11b  

Hardness 

(mg/l)  

16±0. 

37a  

16±0. 

28a  

16±0 

.52a  

14±0.2 

6b  

16±0 

.38a  

B
io

lo
g
ic

al
 

E.coli 

(MPN/100ml)  

14±0. 

18a  

9.5±0 

.74b  NIL  NIL  NIL  

Coliform 

(MPN/100ml)  TNC  TNC  

30±1 

.42a  

8±5.73 
c  

10±6 

.33b  

 

NIL-Zero, TNC-Too number to count 

Data presented as mean ± SD (n = 3). Different lower case 
letters a, b, c, d in the same row indicate a significant 

difference at P<0.05 based on ANOVA and Fisher’s LSD test.   

Average Experimental results of Thawalama Rural water 
supply schemes for different Turmeric dosage. 

 

TABLE 2: EXPERIMENTAL RESULTS OF THAWALAMA STREAM 

Parameter   

   

   

   

raw 

wat er  

25(m 

g/dm 

3)  

37.5( 

mg/d 

m3)  

50(m 

g/dm 

3)  

62.5( 

mg/d 

m3)  

25 

ppm  

37.5p 

pm  

50pp 

m  

62.5p 

pm  

P
h

y
si

ca
l Color ( 

Hazen )  

10± 

0.73 
d  

40±0 

.33c  

50±0. 

86b  

70±0 

.52a  

70±0. 

37a  

Turbidit

y (NTU)  

1.47 

±0.8 

8c  

2.12 

±0.7 

8b  

2.41± 

0.47b  

3.42 

±0.4 

3a  

3.47± 

0.83a  

C
h
em

ic
al

  

     pH  

6.8± 

0.46 
a  

6.8± 

0.62a  

6.85± 

0.93a  

6.87 

±0.7 

8a  

6.9±0 

.44a  

Electrica

l  

Conducti

vity(µs/ 

cm)  

29.8 

±0.7 

3a  

31.4 

±0.5 

2a  

32±0. 

74a  

32.8 

±0.5 

8a  

33.6± 

0.65a  

Tempera

ture     

(˚c) 

29.5 

±0.8 

3a  

29.8 

±0.4 

6a  
29.7± 

0.55a  

29.6 

±0.2 

3a  
29.7± 

0.48a  

Chloride 

(mg/l)  

6±0. 

19b  

6±0. 

88b  

6±0.5 

6b  

7±0. 

38a  

6±0.2 

9b  

Alkalinit

y (mg/l)  

4±0. 

37d  

6±0. 

93c  

8±0.4 

3b  

10±0 

.11a  

10±0. 

13a  

Hardnes

s (mg/l) 

6±0. 

22b  

6±0. 

44b  

6±0.6 

5b  

4±0. 

06c  

10±0. 

64a  

B
io

lo
g
ic

al
  

E coli 

(MPN/1

00ml)  

30± 

0.93 
a  

15±0 

.74b  

9±0.8 

7c  NIL  NIL  

Colifor

m  

(MPN/1

00ml) 

TN 

C  TNC  TNC  

34.5 

±0.4 

1a  23±0. 

55b  

NIL-Zero, TNC-Too number to count 

Data presented as mean ± SD (n = 3). Different lower case 

letters a, b, c, d in the same row indicate a significant 

difference at P<0.05 based on ANOVA and Fisher’s LSD test. 

 

 

Statistical Analysis  

Data was presented as mean ± SD (n = 3). Data were tested 

for normal distribution at 95% confidence interval using 
Shapiro-Wilk test where a P>0.05 was determined as normal 
distribution.  Homogeneity of variance was tested with 

Levene’s test using Minitab 17. Descriptive statistics are 
given as mean ± SD. Data for experimental groups were 
independently compared by one-way ANOVA followed by  

Fisher LSD test for pairwise comparisons. 

Using turmeric for the water purification process is more 

reliable than using chlorine because chlorine contamination 
can be very harmful. Furthermore, using chlorine is more 
expensive, and chlorine storage requires careful handling and 

planning. Complex and costly machineries are needed for the 
chlorine mixing process, which may not be feasible for rural 
water supply projects. 

 

Above data of test results can be represent through the graphs. 
 

 

 

The initial value of colors were started with very low values. 

Because of the natural color of the Turmeric were slightly 

increased with the Turmeric dosages. Even though there were 

a tiny variation, when considering to whole graph it was 

dramatically increased with Turmeric dosage. 
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Fig 1.Colour Vs. Turmeric Dosage 
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Fig 2. Turbidity Vs. Turmeric Dosage)  

 

Turbidity Vs.  Turmeric dosage graph was same as above 

color Vs. Turbidity graph. At the beginning, less dosage had 

less Turbidity .Turbidity values were slightly increased with 

the Turmeric dosages. At the end of the graph Nagoda sample 

obtained 6.23 NTU and Thawalama sample obtained 3.47 

NTU as highest values. 

 

 
 

 

Fig 3. pH Vs Turmeric Dosage  

 

According to pH Vs Turmeric dosage curves, pH values of 
Thawalama is higher than Nagoda values. By considering 
Thawalama and Nagoda pH curves there can be seen steady 

running with the Turmeric dosages. End point of Nagoda 
curve was increased with the value of 6.8 .But cannot be seen 
a significant difference.  

 

 

  

Fig 4.Electrical conductivity Vs. Turmeric dosage 

  

In here Nagoda Electrical Conductivity curve running above 

from the Thawalma Electrical Conductivity curve is shown. 
There was a substantial difference between two curves. 
Thawalama source was stream and Nagoda source was a dug 
well. By considering above two curves with the values there 

was something to investigate firmly.   

 

 

 

Fig 5. Chloride Vs Turmeric Dosage  

In the figure of Chloride Vs Turmeric Dosage, total curves 
running steadily with increase of Turmeric dosages. Nagoda  

 

Fig 6. Hardness Vs. Turmeric Dosage  

 In hardness variation, Nagoda curve was drawn in the above 
of the Thawalama curve. Curves run steadily up to the 

Turmeric dosage of 37.5 ppm. Both curves were dropped at 
the 50ppm Turmeric dosage was the matter for further 
considerations. After 50ppm both curves were started to step 

up.  
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Fig 7. Alkalinity  Vs Turmeric Dosage 

 

 

In the figure of Alkalinity Vs Turmeric dosage, 

there cannot be seen a neat pattern for both curves .But curves 
were flattened out at the Turmeric dosage of 50ppm. Nagoda 
Curve runs to the above level at the abrupt of the curve. There 

can be seen a significant different in the curves.   

  

Color of the samples were increased with the turmeric dosage 

increment .Turbidity was increased when the suspended 
Turmeric level increased. According to the analyzed data and 
graphs there was a significant difference in color, Turbidity, 

Alkalinity and Hardness with increment of Turmeric dosage. 
But in 50ppm, there are exceptional values for Hardness, 
Alkalinity and Chloride levels. There are no any significant 

difference in pH and conductivity with Turmeric dosage. In 
Electrical Conductivity Hardness and Chloride curves, 
Nagoda curves can be seen above of the Thawalama curve and 

the pH and Color curves are above of the Nagoda Curve.  

  

Most important part of this research was the variation of 

biological parameters with the different turmeric dosages. It 
can be shown here through the graphs as follows: Biological 
variation in Nagoda rural water supply scheme.  

 

  
  

Fig 8. Biological parameters variation vs turmeric dosages 

in Nagoda water project  

  

Biological variation in Thawalama rural water supply scheme  

  

 
  

Fig 9. Biological parameters variation vs turmeric dosages 

in Thawalama water project  

When discussed on this results, it is not effective as chorine 
which is widely used in Sri Lanka now.  

But According to the (Table 3) and above biological parameter 
graphs, we can identify 50 mg/dm3 (50ppm) dosage is 

suitable for Nagoda rural water supply schemes when villages 
cannot provide chlorine for their water supply schemes.  

  

TABLE 3: OPTIMUM DOSAGE FOR THE FUTURE PROCEDURES - NAGODA  

Parameter  

Turmeric 

Dosage  

Requirem

ent  

current 

condition  

   

50(mg/dm 

3)  

(SLS614 

:2013)  

50ppm  

Maximu

m  

P
h

y
si

ca
l 

Turbidity 

(NTU)  3.54  

2  

not 

satisfied  

Color ( 

Hazen )  40  
15  

not 

satisfied  

C
h
em

ic
al

 

Conductivity 

y(µs/cm)  75.8  
_ 

_ 

Temperature

(˚c)  29.3  
_ 

_ 

PH  6.2  
6.5-8.5  

not 

satisfied 

Hardness 

(mg/l)  14  
250  

satisfied 

Alkalinity 

(mg/l)  8  
200  

satisfied 

Chloride(m 

g/l)  13  
250  

satisfied 

B
io

lo

g
ic

al
 E-coli 

(MPN/100m

l)           NIL  

NIL  

satisfied 
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Coliform 

(MPN/100m

l)   8  

<10  

satisfied 

  

According to the (Table 4), for the Thawalama Water supply 

scheme, 62.5 mg/dm3 (62.5 ppm) dosage can be taken as 
suitable turmeric dosage for the future procedures in the 
Thawalama water supply scheme.  

 Table 4: Optimum Dosage for the future procedures - 

Thawalama 

Parameter  

Turmeric 

Dosage  

Requirem

ent  

current  

condition  

   

62.5(mg/d 

m3)  

(SLS614 

:2013)  

62.5ppm  

Maximu

m  

P
h
y
si

ca
l Turbidity 

(NTU)  3.47  

2  

not  

satisfied  

 

Color ( 

Hazen )  70  

15  

not  

satisfied 

C
h

em
ic

al
 

Conductivit

y y(µs/cm)  33.6  
-  

- 

Temperatur

e 

(˚c)  29.7  

-  

- 

PH  6.9  
6.5-8.5  

Satisfied 

  

Hardness 

(mg/l)  10  
250  

Satisfied  

 

Alkalinity 

(mg/l)  10  
200  

 

Satisfied  

Chloride(mg 

/l)  6  
250  

 

 

B
io

lo
g

ic
al

  
 

E-coli 

(MPN/100

ml)  

            

NIL  NIL  

Satisfied  

 

Coliform 

(MPN/100

ml) 

23 
<10 

 

 

not 

Satisfied 

E-coli and Coliform colony count were reduced with 
ascending Turmeric dosage up to 37.5 ppm. After 37.5 ppm 
there was no any E coli colony count was observed in Nagoda 

and Thawalama both locations.  

  

IV.CONCLUSION  

Over the last century, significant progress has been made in 

providing safe drinking water to billions of people and 
thousands of communities worldwide. However, billions of 
people (mainly in developing countries and rural regions) 

continue to lack access to safe drinking water, which is 
essential for both nutrition and sanitation.  

At the conclusion of the research it was found out that the 
optimum dosage for both Nagoda and Thawalama water 
supply schemes. For the Nagoda scheme it  reveal that 50 ppm 

of Turmeric is most suitable dosage among the results. For the 
Thawalama scheme 62.5 ppm is consider as optimum dosage 
for water purification process among the experimental results. 

E. coli is a more specific indicator of fecal contamination and 

is a potentially more harmful pathogen than other bacteria 
typically found in the total coliform group. There is no pattern 
in values for coliform count and alkalinity when comparing 

the treatments in Nagoda well water samples. Most coliform 
bacteria do not cause disease. However, some rare strains of 
E. coli, particularly the strain 0157:H7, can cause serious 

illness.[2] In that case the count of total coliform did not count 
to select the most suitable treatment.  

Hardness is significantly high in Nagoda well water samples 
compared to Thawalama water samples. Well water is not 

inherently hard, but it is more likely to be hard because the 
water is coming from the ground instead of dedicated 
reservoirs. Water stored in the ground will take on the 

attributes of the soil surrounding it, meaning well water may 
have excess minerals stored in it.  

In Thawalama water samples also color and Turbidity were 
increased with the increment of Turmeric dosage. pH, 

Electrical conductivity, Temperature and chloride are stable 
throughout the all dosages. There is no pattern in values for 
coliform count and alkalinity when comparing the 

treatments in Thawalama stream water samples. Based on 
the count of E.coli and Coliform. According to the results 
turmeric has an antibacterial effect on water samples. 

Especially Turmeric can reduce E. coli count in water.  

IV. RECOMANDATION  

For future recommendations,  

It is better to check behaviors of Turmeric for various 
dosages. Also it can be check for adding less amount of 
Chlorine to the water for quick reactions.in the data analysis 

it was revealed that there can be special characteristic of  
Turmeric at the 50 ppm. It is proposed to check the Turmeric 
properties with the different turmeric concentrations 

.Significant different can be seen in graphs of Electrical 
conductivity ,Chloride, and Hardness curve of two curves of 
Nagoda dug well curve and Thawalama stream curve. There 

for ensuring the variations f above mention data will be 
beneficial.  
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Abstract- Type II diabetes has reached pandemic 

dimensions affecting and terminating the lives of people on a 

daily basis. Diet is a prominent factor in the onset and 

progression of type II diabetes, highlighting the importance of 

dietary interventions to prevent and manage the disease. 

Hence, the objective of the study was to determine the 

effectiveness of cinnamon in reducing the glycaemic index of 

wheat bread. Breads were formulated with different 

percentages of cinnamon powder and the product with the 

best sensory perception was selected through sensory 

evaluations. The effectiveness of cinnamon in hindering the 

glycaemic impact of bread was evaluated by calculating the 

glycaemic index against a control, via a human trial. The 

calculated glycaemic index of cinnamon-incorporated wheat 

bread was 45.06±12.3 which was a 21.08% reduction 

compared to control bread. Results indicate that the 

incorporation of functional ingredients such as cinnamon into 

high glycaemic foods could be a promising way of reducing 

glycaemic index and consequently aid in controlling and 

managing type II diabetes.  

Keywords—Diabetes, Glycaemic impact, Bread, Cinnamon  

I. INTRODUCTION  

 Diabetes has become a health crisis affecting almost 
every household around the world. Two-thirds of the 
diabetic population live in developing countries and South 
Asian countries have escalating number of people suffering 
from the disease [1]. Sri Lanka has a high percentage of 
diabetic population and available data shows a definite 
upward trend [2]. Type II diabetes is the most common 
among diabetes types and diet is a significant root cause in 
the etiology of the disease. Dietary factors are of utmost 
importance to prevent and manage the occurrence of the 
disease even though dietary interventions are rarely 
implemented.     

Bread is a staple food product in almost every household 
around the world. Made mostly from refined wheat flour, 
bread is high glycaemic and elicits quick blood glucose 
responses upon eating. Long-term consumption of high 
glycaemic foods increases the risk of onset and progression 
of type II diabetes [3]. Alternative low glycaemic breads are 
available in the market, formulated with high fibre and 
added resistant starches, decreasing their palatability.  
Therefore, refined wheat breads are still preferred due to 
their taste even with the risk of diabetes.  

The addition of functional ingredients to reduce the 
glycaemic index of diet is comparatively less researched. 
Spices and herbs have been used for thousands of years to 
treat various ailments through traditional medicinal 
systems. Most spices and herbs of Asian origin possess anti-
diabetic/ hypoglycaemic properties [4]. Cinnamon 
(Cinnamomum verum) is such a spice that is considered to 
possess anti-diabetic properties and could be beneficial in 
the management of type II diabetes. The effectiveness of 
cinnamon in reducing the glycaemic impact of wheat bread 
was investigated via a human study by calculating 
glycaemic index (GI). 

II. METHODOLOGY  

a. Product formulation  

Different selected percentages (0.5%, 1%, 1.5% and 
2%) of cinnamon powder were added to wheat flour, salt, 
yeast, and fat and kneaded with a sufficient amount of water 
to make a dough. The formulated dough was kept for bulk 
fermentation for an hour and shaped and proofed for another 
hour. Finally, the dough was baked for 40 minutes at 2000C. 
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b. Sensory evaluation and selection of the 

best sample  

Bread products formulated by incorporating different 
percentages of cinnamon powder were evaluated for 
sensory attributes; Appearance, Aroma, Texture, Taste, and 
overall acceptability to select the best sample. Products were 
evaluated using a five-point hedonic scale, by a semi-trained 
sensory panel of 30 panellists. Results were statistically 
analyzed by Friedmann test (Minitab 17) and according to 
mean ranks best sample was selected.   

c. Human study and calculation of GI 

Ethical clearance for the human trial was obtained from 

the Faculty of Medicine, University of Sri 

Jayewardenepura prior to the beginning of the study (Ref. 

no 13/22).  
The best-selected sample proceeded to the calculation of GI 

in order to assess the effectiveness of cinnamon in lowering 

the glycaemic impact of bread. Healthy adults with normal 

blood glucose levels (80-120 mg/dL) and BMI (18.5-23.5), 

18-45 years of age were selected on a voluntary basis. They 

were asked to come on 3 different days with an overnight 

fast (8-12 hours) for the blood collection after glucose 

(standard), control bread, and cinnamon bread ingestion. 

Finger prick blood was collected in 0, 15, 30, 45, 60, 90, 

and 120-time //intervals, and samples were analyzed using 

a glucose oxidase assay kit (Megazyme) and a USDA-
approved glucometer.  

Blood glucose variation after each ingestion was plotted 

against time for each individual and Incremental Area 

Under the Curve (IAUC) was calculated. The glycaemic 

index for each individual was calculated using the 

following formula: 

Glycaemic index=  

 

III. RESULTS AND DISCUSSION  

//Diet modifications can be considered a successful and 
more economical way of preventing and managing type II 
diabetes as diet is a major root cause in the development of 
the disease. The objective of the study was to formulate a 
low glycaemic bread product with acceptable sensory 
attributes. There are several ways to reduce the glycaemic 
index of a food, the addition of functional ingredients being 
one of them [6]. It was important for the novel bread to be a 
palatable one as most alternatives in the market are repelled 
by consumers. Therefore, the one with the highest sensory 
acceptability was selected through the sensory evaluations.  

Compared to control bread (no added spices), 
cinnamon-incorporated bread had shown a better sensory 
profile with an improved taste. Figure 1 illustrates the ranks 
obtained by breads incorporated with different cinnamon 
percentages and accordingly, sample 553 was selected to 
proceed with the human study.  

The selected product was subjected to the evaluation of 
glycaemic index along with a control bread for comparison. 
The glycaemic index of both control and cinnamon bread 
for each individual was calculated and averaged to have the 
final values. Control and cinnamon bread have elicited GI 
values of 57.1±14.9 and 45.06±12.3 respectively. 
Commercial bread usually has a GI value around 70-80 

which is considered high glycaemic. Control bread in the 
study has shown a much lower GI may be due to kneading 
and fermentation time, and baking time-temperature 
differences.  

The glycaemic index of cinnamon-incorporated bread is 
lower than the control bread even though the reduction is 
not significant. As a percentage, the reduction of GI is 
21.08% compared to control bread. This indicates that the 
incorporation of cinnamon into wheat flour as a functional 
ingredient has been able to reduce the glycaemic impact of 
wheat bread.  

Cinnamon is recognized as a potent antioxidant, anti-
inflammatory, anticancer, and antidiabetic agent [7]. Data 
from similar studies where cinnamon is incorporated into 

the diet are scarce.  However, the effect of direct cinnamon 
supplementation on humans has been studied by several 
researchers in clinical trials and has shown significant 
reductions in fasting glucose and HbA1c levels at the end of 
supplementation [8][9]. Cinnamon is considered a natural 
insulin-sensitizing agent, facilitating glucose uptake into 
cells and increasing insulin sensitivity. Anti-inflammatory 
activity of cinnamon aids in reducing oxidative stress in the 
body, alleviating metabolic syndrome [10]. This evidence 
suggests that the incorporation of hypoglycaemic 
ingredients such as cinnamon into the diet is beneficial in 
reducing the glycaemic index and consequently helps to 
prevent and manage type II diabetes.  

IV. CONCLUSION  

The glycaemic index of the cinnamon bread was lower 
than that of the control bread even though the reduction is 

not significant and thus can be considered beneficial to 

diabetic population as well as the general public. 
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Abstract—Plant based supplementary food has enormous 

attention due to their high therapeutic properties and health 

benefits. Green pepper (Piper nigrum) is an unmatured stage of 

the pepper and rich in piperine as active substances, antioxidants 

and anti-diabetic properties, beneficial for decreasing gastritis, 

abdominal pain & non communicable diseases (NCDs). Garlic 

offers an immune system boost to help prevent colds and the flu, 

the cholesterol level and reduce the risk of cancers & heart 

diseases. The development of green pepper (Piper nigrum) and 

garlic (Allium sativum) based sauce is facing challenges due to 

maintaining the green colour and other sensory parameters of the 

product. Cold water, use of lime extract and use of citric acid were 

tested for green pepper and prepared samples were stored under 

room temperature and refrigerated condition using glass bottles 

and amber colour bottles for 60 days. The chlorophyll content 

according to ESS method 150.1 (1991) was measured. The 

Formula-157 (56% green pepper pulp, 16% garlic paste, 14% 

sugar, 5% spicy mixture, 4% ginger pulp and  3% salt) was selected 

as the most acceptable composition during the sensory evaluation. 

The 100g of final product contains 68.6±1.52 of moisture, 

27.7±0.2 of carbohydrate, 19.3±0.05 of sugar, 1.8±0.05 of protein, 

1.7±0.1 of crude fiber, 0.8±0.05 of ash, 0.6±0.1 of fat and 0.5±0.1 

of salt. According to the microbiological analysis, the final product 

has a three month shelf life and the pH of the sauce varied from 

4.62±0.11 to 4.18±0.05 during storage period. The “cold 

water+citric acid” treatment was the best method for green pepper 

and then the final product should be stored in amber colour bottles 

under the refrigerated condition to reduce the colour degradation 

during storage. 
 

Keywords— Green pepper, green pepper based sauce, colour 

degradation, supplementary food 
 

I. INTRODUCTION 

Prevailing socio-economic cultural changes, move on to 

healthy food and business of the society. Therefore, the 

demand for processed and convenient food has increased. 

The sauce as a famous convenience supplementary food has 
high demand among people without the age limit. Besides 

that the demand for healthy plant based food has increased 

among consumers due to containing bioactive compounds. 

Consumption of plant based food have many health benefits 

that decreases the risk of non-communicable diseases and 

vitamin deficiencies. As main ingredients, green pepper 

includes volatile oil, alkaloids and other active substances. 

Pepper (Piper nigrum) acts as a bioavailability enhancer, 

anti-inflammatory, antioxidant, anti-diabetic, antidiarrheal, 

bioavailability, enhancer, immunomodulator, lipid 

metabolism accelerator, anticancer [1, 2]. Garlic prevents and 

reduce the illnesses as colds and the flu, improves blood 

pressure and reduces the cholesterol level and chronic 

diseases [3]. Although pepper is a highly demanded spicy 
crop in Sri Lanka [4], local manufacturers were unable to 

produce green pepper based sauce due to facing some 

challenges related to preserve the colour and other sensory 

attributes continuously. Development of this sauce product is 

a ready to eat vegan food supplement, developed with 

functional ingredients, namely green pepper, garlic, spices 

and condiments as a spicy product.  

This research study is supported to introduce this value-added 

green pepper garlic based sauce as a demanded food 

supplement with absolutely no coloring agents, emulsifiers, 

flavors and flavor enhancers. Also this study was conducted 
to determine the nutritional composition, shelf life and the 

best color retention method for this sauce during storage 

period.  

II. BACKGROUND STUDY 

Pepper is one of the most widely used and popular spice in 

the world and known as “King of the Spices” [4]. 

According to the previously published report by the 

Department of Export Agriculture (DEA), the total extent 

of pepper in Sri Lanka was 32,291 ha [2]. Green pepper is 

an unmatured stage of pepper crop and rich in nutrients. 

According to the previous studies, green pepper is rich in 

vitamins, minerals, volatile oil, alkaloids, lignans, 

coumarins, fibers, some trace elements and other active 

components as antioxidant, anti-inflammatory, insecticidal 

substances. [1]. Garlic is a vital crop for culinary purposes, 
its pungent flavor providing a special taste to meals and rich 

in therapeutic properties as allicin [5] [6]. As well as spices 

and condiments such as chili powder, ginger, onion, 

cardamom, cinnamon, nutmeg and cloves are added for 

contributing rich flavor, odor and appearance. Especially 

garlic and ginger are included to make erectile dysfunction, 
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low sperm count, diabetes, high blood pressure, and 

increasing sperm count [7] [8].  

Sauces can be produced as liquid, semi-liquid or solid 

texture as paste, emulsion or suspension form including 

spices, condiments, seasonings and other ingredients [9]. 
The plant sauces play a vital role to enhance the functional 

properties and add value to the human diet [10]. 

Development of a plant based sauce using highly demanded 

spicy crop as pepper will be the best value added product 

with high commercial value. Mainly the purpose of this 

research was to introduce this green pepper garlic based 

sauce product as a solution for different challenges which 

facing most of the manufactures in Sri Lanka.  
 

III. METHODOLOGY 

This research study was conducted in four major phases. At 

the first phase four sauce samples were introduced by 

changing the concentration of green pepper pulp and garlic 

paste while keeping the other parameters constant. In the 

second phase, sensory evaluation was conducted and 

selected the final best product. In the third phase, 

physiochemical, nutritional and microbiological evaluation 

were conducted. Finally, the colour degradation analysis 

was conducted to reduce discoloration during the storage 

period.  

a. Phase 1 : Preparation of green pepper garlic based sauce  

i. Preparation of green pepper pulp:  

The unripe, unmatured, cleaned green pepper was hot 
water blanched for 2-3 minutes, then prepared the green 

pepper pulp by grinding with water using a laboratory 

scaled blender.  

ii. Preparation of garlic paste:  

Unpeeled, washed, chopped garlic was grinded with 1:1 

of water using a laboratory scaled blender and prepared 

the garlic paste.  

iii. Preparation of ginger pulp:  

Unpeeled, cleaned, chopped ginger was dipped into 85 

°C of hot water (1:2 ginger: hot water) for 5-10 minutes, 

then filtered the ginger pulp by a laboratory scaled 
sieve. 

iv. Preparation of spicy mixture: 

The spices (onion, cinnamon, cardamom, cloves) were 

unpeeled, cleaned and chopped. Then the prepared spicy 

mixture was covered with a muslin cloth [11].  

v. Preparation of the sauce:  

 Initially, prepared green pepper pulp and garlic paste 

boiled at 55 to 60 °C for 2 to 3 minutes. Then prepared 

ginger pulp, sugar, citric acid and salt were added and 

heated up to 65 to 68 °C with continuously stirring. Then 

the prepared spicy mixture bag was dipped in the sauce 

mixture and concentrated by stirring. Step by step the brix 
value was determined and the vinegar was added at the 

endpoint. When the Brix value of the mixture was reached 

26°, the mixture was removed from the cooker, and pH 

value was measured. The sauce mixture was filled into 

sterilized glass bottles and stored in a refrigerated, dry place 

(8±2 °C). 

b. Phase 2: Sensory Evaluation  

The four sauce samples were introduced according to the 

two factor factorial method by changing the concentration 

of the green pepper pulp  and garlic paste (F123- 48:24 %, 

F145 -52:20 %, F157- 56:16 %, F164- 60:12 %) while 

keeping the other parameters constant (Sugar – 14%, 

Ginger pulp-4%, Spicy mixture- 4%, Salt-2%, Citric acid-

2%, Vinegar-2%). To select the best green pepper garlic 

based sauce sample, sensory evaluation was conducted for 

prepared four sauce samples (F123, F145, F157, F164) and 

control with 30 semi trained panelists on 5-point hedonic 
scale as described in a previous study [12]. Each category 

was rated from 1 (strongly dislike) to 5 (strongly like) and 

the scores were analyzed by a non-parametric test. 

c.  Phase 3: Determination of nutritional composition, shelf 

life and physiochemical parameters of the best selected 

products  

i. Nutritional analysis:  

To determine the nutritional content of best selected sauce 

product, moisture, fat, ash, protein, crude fiber, 

carbohydrate, sugar and salt content were evaluated 

according to the standard methods described in the AOAC 

2019 guideline [13].  

ii. Shelf life evaluation: 

 Total plate count and yeast and mold count were 

determined at 15 days intervals for three months according 

to the SLSI 516 standard.  To determine the storage 

stability of sauce pH value was analyzed at 15 days 

intervals for three months according to the AOAC 2000 

guideline [13]. 

Phase 4: Color degradation analysis of the final product 

Twelve treatments (Table:1) were conducted for the best 

selected sauce sample and determined the chlorophyll 

content according ESS method 150.1 (1991) at intervals of 

15 days for 60 days to select the best treatment to preserve 

the colour of  the best selected sauce product [14].  
 

    TABLE 1: DIFFERENT TREATEMENTS TO REDUCE COLOR DEGRADATION 

OF SAUCE 

Test  Blanching 

Temp (°C) 
Cold 

treatment 
Time 

(min) 
Bottle 

Type 
Storage 

condition 

1 85 Cold water 5 Glass Room 

2 85 Cold water 5 Glass Refrigerato

r  
3 85 Cold water 5 Amber Room 

4 85 Cold water 5 Amber Refrigerato

r  
5 85 Cold 

water+Lime 
5 Glass Room 

6 85 Cold 

water+Lime 
5 Glass Refrigerato

r  
7 85 Cold 

water+Lime 
5 Amber Room 

8 85 Cold 

water+Lime 
5 Amber Refrigerato

r  
9 85 Cold 

water+citric 
5 Glass Room 

10 85 Cold 

water+citric 
5 Glass Refrigerato

r  
11 85 Cold 

water+citric 
5 Amber Room 

12 85 Cold 

water+citric 
5 Amber Refrigerato

r  



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

82 

 

 

 Statistical analysis  

All the data was analyzed by one-way ANOVA, using 

Minitab software. Turkey test was used to determine 

significant differences between the means for all 

comparisons (P < 0.05). 

IV.  RESULTS AND DISCUSSION 

A. Sensory evaluation 

Sensory results revealed that the best selection of green 

pepper garlic based sauce is F-157 which includes 56% of 

green pepper pulp and 16% of garlic paste. According to the 

figure 1, F-157 sample was scored highest median score for 

the odour (4.00±0.52), taste (4.30±0.53), texture 

(4.00±0.52), and colour (3.62± 0.49) and overall 

acceptability (4.00±0.45) compared with other three 
samples and the control. Some panelists reported as the 

pepper and garlic mixed odor and taste comes from the F-

157 was better than the other samples. The appearance of a 

product has a major influence on the quality of the product. 

The results of the sensory test were shown in Table 2, F-

164 sample got the highest score of appearance 

(3.80±0.60).  However, there was no significant difference 

in colour attribute between the F-164 and F-157 samples. 

Considering the sensory results, the sample which 

contained 56% of green pepper pulp and 16% of garlic paste 

was selected as the best sauce sample for further analysis. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Spider web analysis of sensory attributes for best selected sauce 

 

 

B. Proximate Analysis 

 Proximate analysis was conducted to determine the 
nutrients of sauce which is shown in Table 3. According to 

the results, it is revealed that there was a significantly (P < 

0.05) high amount of moisture level in the control sample 

compared to the best selected sample F-157. According to 

the comparison, the moisture content in tomato sauce is 

reported as 66.65± 0.14 % lower than the moisture content 

of the green pepper garlic-based sauce due to containing 

high amounts of total solids in tomato pulp [15]. Sugar is 

the one of the most important ingredients of spicy sauces 

because sugar contributes to the flavor, texture, and quality 

of sauce. The sugar requirement in Chillie or spicy based 

sauces should be 20–30 g/ 100g as mentioned in the SLSI 

581:2008 [16]. However, total sugar content of the sample 
(19.30±0.05 g/100g) was significantly less than the total 

sugar content of the control sample (23.6 ± 0.22 g/100g). 

Moreover, the total sugar content of the sample was higher 

than the reported sugar level in ketchup/ sauces in a 

previous study as 11.97 – 17.79 g/100g [17]. The protein 

content of the sauce sample (1.80 ± 0.05 g/100g) was 

significantly higher than the control sample (1.70 ± 0.02 

g/100g). The final brix value of the sauce was recorded as 

26° while the recommended brix value for tomato sauce 

shall not be less than 25°. Finally, it is revealed that there 

was a significant difference in the nutrition composition 

between the best selected sauce sample and the control.  
 

C. Shelf life evaluation 

 There was an increasing number of aerobic plate count 

during the three months period when sauce was stored in 

sterile glass bottles at refrigerated condition (8 ± 2 ∘ C), 

which shown in the Table 4.  SLSI 516:2013 has reported 

that the acceptable level of aerobic plate count of sauce is 

10-106 CPU per g while the acceptable level of yeast and 

moulds count is 0-110 CPU per g [18]. Initially, there were 
less yeast and moulds in the sauce compared with the 

bacteria due to low pH condition. The preferred pH level 

for yeast growth is pH 3 to above [19]. Microbial growth 

can be increased due to applying the low cooking 

temperature during the sauce preparation (65 °C). The 

initial pH of the sauce was recorded as pH 4.62±0.11 and 

then the pH level gradually decreased during the three 

months storage period as shown in Table 4. The FDA 

reported as pH 4.4 to 5.4 is the acceptable pH range for 

sauces [19]. The acidity level was increased during the 

storage time due to addition of vinegar and citric acid [19]. 

Therefore based on the microbiological evaluation results 
the best selected sauce product is safe for consumption 

within three months under refrigerated condition (8 ± 2 °C). 

D. Color degradation analysis 

Colour is one of the main attributes which caused the first 

impression about the product in the customer mind. 

Discoloration was the main problem that had to be faced 
during the storage period of the green pepper garlic-based 

sauce. Due to the oxidation of the green pepper within time 

caused the discoloration of the final product. Chlorophyll is 

the main component for the green colour of the product. 

Chlorophylls are highly susceptible to colour degradation 

during sauce preparation and the colour change of 

chlorophylls from brilliant green to olive brown 

(pheophytin, pheophorbide) due to senescent tissues [20] 

[21]. Heat, oxygen, enzyme chlorophyllase, light, 

chemicals and acidic level can be caused to the colour 

degradation of the final product [21, 22]. 
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TABLE 2: SENSORY EVALUATION OF FINAL PRODUCT COMPARED TO THE 

CONTROL SAMPLE 

 

   TABLE 5: EFFECTS OF TREATED (COLD WATER, COLD WATER + LIME 

EXTRACT, COLD WATER + CITRIC ACID) FOR GREEN PEPPER, STORED 

THE FINAL SAUCE PRODUCT (GLASS BOTTLES, AMBER COLORED 

BOTTLES), UNDER ROOM CONDITION (25±2 °C) AND REFRIGERATED 

CONDITION (8±2 °C) 

 

 

                                     
a, b, c Different superscript letters indicate significant differences (P < 0.05) 

 

 

 

TABLE 3: THE PROXIMATE COMPOSITION OF THE SAUCE 

 

 

                            

TABLE 4: SHELF LIFE RESULTS OF THE SAUCE 

 

 

 

 

The values are Mean ± SD of three independent determinations 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

Furthermore, the ability of chlorophyll retention in parsley 

leaves and colour changes during storage was studied in a 

previous study and they reported that colour degradation 

was induced due to oxidation [23]. The results of colour 

retention analysis with chlorophyll determination were 

shown in Table 5. According to the results, the colour 

degradation was gradually increased during the storage 
period. The highest chlorophyll value (36.87±0.24 µg/L) 

was reported in the treatment 12 (cold water+citric acid 

treatment, amber colored bottles, refrigerated condition). 

However, there was no significant difference recorded in 

cold water + citric acid treated sauce samples which were 
stored in glass and amber colour bottles under refrigerated 

condition (Treatment 10 and 12) during the initial days. The 

lowest chlorophyll content recorded in the only cold water 

treated sauce samples during the period.  Therefore, twelfth 

treatment was the best colour retention method (cold water 

+ citric acid treated, stored in amber colour bottles under 
the refrigerated condition) due to recording the highest 

chlorophyll content during the 60 days of storage period. 

According to the results, it is revealed that colour 

degradation of sauce can be reduced by using amber 

colored bottles and storing the sauce in a refrigerated 

condition. 
 

CONCLUSION 

The third composition (F-157) which contained 56% of 

green pepper pulp, 16% of garlic paste, 14% of sugar, 5% 
of spicy mixture, 4% of ginger pulp and 3% of salt) was 

selected as the best sauce product. The nutrition analysis 

revealed that the best selected sauce sample is rich in fiber, 

protein and carbohydrates compared with the control 

sample. The total soluble solids of sauce was 26°, pH value 

of the sauce varied from 4.62±0.11 to 4.18±0.05 during the 

Sample  Appearance Colour Odour Taste Texture Overall 

Acceptability 

F- 123 3.29±0.46b 3.20± 

0.61b 
3.10±0.60c 3.20±0.66c 3.60± 

0.49b 
3.30±0.46b 

F-145 3.58± 0.50b 3.23± 

0.63b 
3.40±0.67b 3.00±0.58c 3.40±0.72b 3.00±0.45b 

F-157 3.71± 0.57a 3.62± 

0.49a 
4.00±0.52a 4.30±0.53a 3.20± 

0.66a 
4.00±0.45a 

F-164 3.80±0.60a 3.60± 

0.56a 
3.60±0.49a 3.80±0.55b 4.00±0.52a 3.50±0.52a 

Control 3.29 ± 0.46b 2.90± 

0.48b 

 

3.60±0.56a 3.70±0.46b 3.60±0.49b 3.80±0.40b 

Treatmen

t  

Day  5 

(µg/L) 

Day 15 

(µg/L) 

Day 30 

(µg/L) 

 Day 45 

(µg/L) 

Day 60 

(µg/L) 

1 34.57±0.31 30.67±0.12 28.26±0.02 22.52±0.23 18.77±0.14 

2 34.63±0.05 31.25±0.06 28.79±0.06 23.12±0.15 19.32±0.08 

3 34.89±0.23 31.76±0.08 28.82±0.04 23.76±0.18 19.45±0.08 

4 34.95±0.51 31.88±0.23 28.91±0.03 23.88±0.12 19.89±0.06 

5 35.12±0.24 34.75±0.25 29.85±0.26 27.78±0.24 24.56±0.05 

6 35.78±0.12 34.88±0.15 33.65±0.03 31.54±0.08 28.74±0.15 

7 35.32±0.26 34.65±0.03 33.68±0.42 31.65±0.62 28.68±0.42 

8 35.89±0.05 34.82±0.12 33.75±0.26 31.72±0.31 30.12±0.08 

9 36.25±0.14 35.15±0.17 34.28±0.52 31.45±0.07 31.02±0.25 

10 36.85±0.52 35.86±0.08 34.78±0.21 31.79±0.05 31.41±0.26 

11 36.36±0.06 35.29±0.31 34.49±0.12 31.71±0.22 31.21±0.14 

12 36.87±0.24 35.32±0.42 34.84±0.05 31.87±0.36 31.33±0.07 

Proximate value Amount (g/100 g wet basis) 

Best selected sauce Control 

Moisture 68.5 ± 0.70 69.8 ± 0.45 

Carbohydrates 27.7 ± 0.20 24.7 ± 0.20 

Crude fiber 1.70 ± 0.10 1.4 ± 0.24 

Crude protein 1.80 ± 0.05 1.7 ± 0.02 

Crude fat 0.60 ± 0.10 0.5 ± 0.20 

Total ash 0.80 ± 0.05 1.10 ± 0.02 

Total Sugar 19.30 ± 0.05 23.6 ± 0.22 

Salt 0.50 ± 0.10 0.54  ± 0.04 

Energy, Kcal/100g 125 117 

Day Aerobic 

plate count, 

CFU per g  

Yeasts & Molds 

count, CFU per 

g 

pH value 

1 day 0.2✕ 103 Less than 10 4.62±0.11 

15 days 0.6 ✕ 103 Less than 10 4.54±0.15 

30 days 2.4 ✕ 103 Less than 10 4.46±0.15 

45 days 3.3 ✕ 103 Less than 10 4.37±0.15 

60 days 4.8 ✕ 103 Less than 10 4.28±0.05 

75 days 8.6 ✕ 103 Less than 10 4.22±0.01 

90 days 9.3✕ 103 Less than 10 4.18±0.05 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

84 

 

storage period.  The sauce product can be stored under the 

refrigerated condition (8±2 °C) for three months in 

sterilized glass bottles. The cold water+citric acid treatment 

was the best method for green pepper before the sauce 

preparation and the colour degradation can be reduced by 
storing the final sauce product using amber colour bottles 

under the refrigerated condition.   
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Abstract- Electrically Assisted Membrane Separation 

Processes (EAMSP) are a promising innovation in the food 

industry, combining electric fields with membrane techniques 

for enhanced separation efficiency, reduced fouling, and 

improved selectivity. This approach is particularly beneficial for 

concentration, purification, and fractionation in food 

processing. EAMSP's gentle and precise separation preserves 

sensory and nutritional qualities while finding applications in 

juice concentration, protein separation, bioactive compound 

recovery, and contaminant removal. Beyond its functional 

advantages, EAMSP contributes to sustainability by minimizing 

energy usage, waste production, and reliance on harsh 

chemicals. This technology is poised to drive significant 

innovation in the food sector.  

Keywords—electrically assisted membrane separation 
processes, food processing, electrodialysis, nanofiltration, 
fouling 

I. INTRODUCTION  

Electrically Assisted Membrane Separation Processes 

(EAMSP) refer to a group of techniques that combine 

membrane separation technologies with the application of 

an electric field to enhance the separation process. 

Membrane separation is a widely used method for 

separating components in various fluids, such as liquids or 

gases, based on their size, charge, or other specific 

properties. The introduction of an electric field can 

significantly improve the efficiency, selectivity, and 

overall performance of these separation processes. 

There are several variations of EAMSPs, each with its own 
specific applications and benefits. Some common 

techniques include: Electrodialysis (ED), Electro filtration 

(EF), Electroosmotic Dewatering (EOD), Electrochemical 

Membrane Processes, and Membrane Capacitive 

Deionization (MCDI). 

The so-created electric field's influence on particle 

movement, ion transport, and fluid dynamics enables  

 

 

better process control. Moreover, EAMSP often operates at 

lower pressures and temperatures compared to  

conventional methods, leading to energy savings. These 

processes find application across diverse industries like  
water treatment, food processing, pharmaceuticals, and 

environmental cleanup. The technique chosen depends on 

separation needs, feed solution characteristics, and desired 

product quality. 

APPLICATIONS OF ELECTRICALLY ASSISTED MEMBRANE 

SEPARATION PROCESS WITHIN THE FOOD INDUSTRY 

As a method of processing and separation in the food 

industry, membrane technology is finding widespread use. 

Membrane separations can be utilized as the latest 

technology for processing novel products and foods or as 

an alternative to traditional methods. Compared to 
conventional technologies, membrane procedures provide 

advantages including cost-effective cold pasteurization and 

sterilization, shelf-life extension, and a green image. 

Additionally, they help recover key components in diluted 

effluents and wastewater treatment applications while 

maintaining natural flavor and nutritional value 

(Dhineshkumar V et al., 2017). By selecting the suitable 

operational settings and membrane materials, membranes 

may potentially separate ions, molecules, and colloids with 

sizes ranging from sub-nanometer to several micrometers 

from liquids (Badireddy, A.R. et al., 2023). Microfiltration-

MF, Ultrafiltration-UF, Nanofiltration-NF, and Reverse 
Osmosis-RO are examples of pressure-driven membrane 

processes that make it easier to separate different particle 

sizes. MF is typically used to separate soluble feed 

components from suspended particles and bacteria. 

Proteins and peptides are examples of soluble 

macromolecules that can be separated using UF. NF is used 

simultaneously for concentration and partial 

demineralization (Dhineshkumar et al., 2017). 

Membrane processes are widely employed, particularly in 

the dairy, wine and beer, fruit juice, and sugar sectors. 

Furthermore, removal of microorganisms from food, 
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purification or concentration of water, whey, vinegar, soy, 

concentration or separation-purification of proteins, 

polypeptides, fats, sugars, mucus, starch, and lysozyme are 

some other applications (Nazia N. et al., 2018). 

Major barriers to wide-scale adoption of membrane 
technologies include fouling and concentration polarization. 

When foulants build up on the membrane's surface, the 

result is fouling, which raises the operating pressure and 

creates gel layers. On the other hand, concentration 

polarization happens when foulants concentrate, leading to 

increased fouling, higher back diffusion, and increased 

osmotic pressure gradients. These problems are caused by 

intricate interactions between foulants and membrane 

components (Badireddy, A.R. et al., 2023). The use of 

electric fields to help with fouling mitigation during 

membrane filtration is what makes electro filtration, a 
desirable prospect, becoming increasingly common. In 

order to increase the economic competitiveness of 

membrane separation processes, effective antifouling 

techniques are highly sought for.  

II. FOOD QUALITY ASPECTS 

Membrane separation processes can help retain valuable 

nutrients such as vitamins, minerals, and proteins while 

removing unwanted compounds like fats and cholesterol, 

leading to improved nutritional quality in food products 

(Zhang et al., 2017). Since the process is typically carried 

out at lower temperatures compared to conventional 

methods, the flavor and aroma of the food are better 
preserved. Membrane separation processes do not involve 

high temperatures, which can help minimize heat-induced 

damage to heat-sensitive components, resulting in better 

food quality. These processes can efficiently remove 

harmful contaminants, microbes, and pathogens, 

improving the safety of food products. 

III. FOOD MANUFACTURING PRODUCTIVITY ASPECTS 

Membrane separation processes can be operated 

continuously, reducing the need for frequent start-ups and 

shutdowns, leading to increased productivity and reduced 

downtime. These processes can simplify food 
manufacturing by combining multiple unit operations into 

a single step, leading to a more streamlined production 

process. In some cases, membrane separation can be faster 

than traditional methods, enabling higher throughput and 

increased productivity. Membrane systems are often easier 

to clean and maintain resulting in shorter cleaning cycles 

and less production downtime. 

IV. COST CONSIDERATIONS 

Implementing membrane separation systems may require 

higher initial capital investment compared to traditional 

methods. The long-term benefits in terms of improved 
productivity and product quality can outweigh the initial 

costs. Depending on the specific process and application, 

membrane separation can require lower energy 

consumption compared to conventional methods, leading 

to potential cost savings in the long run. By selectively 

separating components, membrane processes can reduce 

waste generation and associated disposal costs. Proper 

maintenance of membranes is essential for optimal 

performance. Regular maintenance costs should be 

factored into the overall cost analysis.  

V. ENVIRONMENTAL AND ENERGY IMPACT 

Membrane processes are renowned for their remarkable 
energy efficiency when compared to various other 

separation methods. When concentrating apple juice and 

passion fruit juice, MF and UF techniques prove to be 

advantageous with their notably low energy requirements. 

In terms of energy consumption, RO demonstrates superior 

efficiency. Yet, it's essential to acknowledge that the pumps 

responsible for generating the necessary pressure in RO 

systems are powered by either electric or combustion 

engines. 

TABLE 1: ENERGY REQUIREMENT IN VARIOUS FILTRATION PROCESSES 

Filtration process Device type Energy 

serving 

Reverse osmosis Energy recovery turbine  

Pressure exchanger 

30–40% 

 

50–60% 

Ultrafiltration Energy recovery turbine 

Pressure exchanger 

40–50% 

 

60–68% 

Microfiltration Energy recovery turbine 

Pressure exchanger 

65–75% 

 

75–80% 

Diafiltration Energy recovery turbine 

Pressure exchanger 

45–65% 

 

65–70% 

The environmental consequences of membrane processes 
are relatively limited. These processes don't involve the use 

of harmful chemicals that need to be disposed of, and they 

don't produce heat. The energy requirements for different 

filtration processes are outlined in the provided table. 

VI. TYPES OF FOODS 

Dairy industry: Milk is an intricate blend of various types of 

biomolecules such as proteins, lipids, lactose, and minerals. 

However, it also contains undesirable constituents like 

bacteria. Here, membrane technologies play a role in 

concentrating and segregating milk and its by-products, 

eventually enhancing their commercial value. Particularly, 
the processing of whey stands as the primary use of 

membrane technology in this industry, constituting more 

than 70% of all membrane applications. The incorporation 

of techniques like tangential flow or cross-flow MF, the 

introduction of the uniform transmembrane pressure (UTP) 

concept, and enhancements in ceramic-based membranes 

have all contributed to the amplified adoption of MF in dairy 

processing. There are three major applications of MF within 

the dairy industry. There are bacteria elimination from milk, 

the pretreatment of cheese whey (fat reduction and bacteria 

elimination), the enhancement of cheese milk through 

micellar casein enrichment. 
Fruit and vegetable juices: UF serves as a key player in 

the processing of various fruit and vegetable juices. In this 
method, juice is initially extracted using a press and 
subsequently directed through an UF module prior to 
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undergoing concentration through processes like 
evaporation or further membrane operations. During UF, 
membranes retain the concentrated pulp fraction as well as 
undesired enzymes. The resulting UF-clarified permeate 
can be subjected to pasteurization and, if required, further 
concentration. As a result of the adoption of low 
temperatures during the process, RO has emerged as a 
desirable technique for effectively concentrating fruit 
juices, resulting in premium products with both nutritional 
and sensory qualities intact. For the concentration of orange 
and apple juices, a recent innovation known as high-
concentration reverse osmosis has been launched. A dual-
membrane setup is used in this novel approach. A 
membrane retains sugars and aromatic chemicals in the first 
stage, resulting in a concentrated solution. This retentate is 
then passed through a second membrane, which allows part 
of the sugars to flow through, yielding the final concentrated 
product.  

Vegetable oils processing: The manufacturing process 
of edible oils entails a number of critical stages aimed at 
guaranteeing optimal product quality by removing 
contaminants such as water, dust, phospholipids, free fatty 
acids, gums, waxes, oxidation products, colors, and trace 
metals such as iron, copper, and sulfur. Degumming, 
deacidification/neutralization, bleaching, dewaxing, and 
deodorization is all part of this procedure. The latter stages 
of this process often include the employment of high 
temperatures, harsh chemicals, and significant energy inputs 
through steam or electricity. Membrane-based processes 
(MF, UF, NF) hold the promise of potentially replacing the 
entire sequence of required steps in edible oil processing, 
offering a straightforward, competitive, and 
environmentally conscious approach. However, there 
remains a need for advancements in membrane technology 
to achieve higher flux and selectivity while mitigating 
fouling.  

Brewing and wine industry: Ranked as the world's 
second most consumed beverage, beer processing faces an 
ongoing struggle to achieve uniform quality and distinct 
flavor profiles, all while minimizing production expenses 
and adopting environmentally conscious procedures. The 
adoption of membrane technology applications is gaining 
prominence in this context, given their ability to elevate 
product excellence, while conserving energy, and mitigating 
water wastage. Beer production involves mashing, boiling, 
fermentation, and maturation, followed by a pasteurization 
phase to ensure microbiological stability and preservation. 
A variety of filtering stages are required during the brewing 
process to remove solid particles such as yeasts, malt, and 
hops from the product mixture. This separation of particles 
from liquids, which is traditionally accomplished through 
dead-end filtration with diatomaceous earth (DE), presents 
challenges in terms of economic viability, environmental 
effect, and technological issues. 

Futuristic food: The qualities of existing membranes are 

regarded appropriate for MF and UF. However, other 

elements including process design, process control, specific 

application knowledge, and substantial operational know-
how are critical in the use of MF and UF in the chemical and 

food industries. Aside from known membrane processes 

and applications, new membrane operations such as 

membrane contactors and membrane reactors are gaining 

attention in industrial settings. These procedures are 

becoming routine unit operations in process engineering, 
substantially amplifying membrane engineering's overall 

impact on industrial production. It is critical to ensure that 

all membrane-based activities adhere to the concepts of 

process intensification and sustainable industrial 

development. 

VII. CONCLUSION 

In summary, Electrically Assisted Membrane 
Separation Processes (EAMSP) represent a significant leap 
forward in food industry innovation. By combining electric 
fields with membrane techniques, EAMSP enhances 
separation efficiency, reduces fouling, and improves 
selectivity, making it ideal for concentration, purification, 
and fractionation processes. EAMSP not only maintains 
sensory and nutritional qualities during gentle separation 
but also finds applications in various areas such as juice 
concentration, protein separation, bioactive compound 
recovery, and contaminant removal. Beyond functional 
benefits, EAMSP aligns with sustainability goals by 
reducing energy usage, waste generation, and reliance on 
harsh chemicals. As a versatile and transformative 
technology, EAMSP has the potential to reshape the food 
industry by addressing challenges and fostering efficient, 
sustainable, and high-quality food production. Its promising 
trajectory positions it as a driving force for innovation in the 
food sector, offering solutions that meet consumer demands 
and environmental imperatives simultaneously. 
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Abstract— Nutritional Powder Mixture or breakfast cereal 

is a good source of nutrients which is rich in protein and is 

developed using three main ingredients which are very rich and 

common in daily diets. Oats (Avena sativa), mung beans 

(Vigna radiata), and maize (Zea mays l) are mixed with ratios 

using Taguchi’s method. Initially, eight samples were prepared 

and named T1-T8, those samples were roasted using the 

dehydrator, and the selected optimum time-temperature 

combination is 1500C 15 Min. And ground finalized the best 

sample (T5) after conducting a sensory evaluation (30 untrained 

panelists) and using Friedman and one-way ANOVA test 

sensory evaluation results were calculated. T5 sample was 

selected as the best sample (code-532) (Oats 60 g, Maize 25 g, 

Mung beans 10 g) and headed to further developments and for 

further proximate analysis and microbiological analysis. In the 

proximate analysis, fat percentage was 7.8, the protein 

percentage was 17.5, the fiber percentage was 2.8 the Ash 

percentage was 9.8 and the Moisture percentage 8.2 were 

analyzed. In microbiological stability was tested over three-

week periods and the coliforms and E. coli were absent in the 

respective sample and the yeast and molds count were observed 

in a lower limit. As a breakfast cereal, this product can be used 

and the ingredients are also very natural and healthy. 

Keywords— Breakfast cereal, Oats, Mung bean, Maize 

I. INTRODUCTION  

Breakfast is the first meal of the day, which is eaten two to 

three hours after waking up. It is the meal that breaks the fast 

after the longest period of sleep and consists of food and 

beverage from at least one of the food groups listed in My 
Plate [7,9,50]. It has been reported that men who do not eat 

breakfast have a 27% increased risk of coronary heart disease 

and lower cognitive performance. [21,59] Breakfast cereal 

products are currently divided into two categories: cooked 

cereals and cold breakfast cereals. Cornflakes are a type of 

cold breakfast cereal that is ready to eat. [57,56] The role of 

Cereal Based Breakfast in a balanced diet has been organized 

for many years. [21,78,80] 

Oats-based breakfast cereals are currently trending the 

market demand worldwide. Among the cereals, Maize (Zea 

mays) and Mung Beans (Vigna radiata) are widely cultivated 

in the dry zone like Anuradhapura, Polonnaruwa and they can 

be used for many products in the Sri Lankan market. Thus, 

the Oat with locally available cereal-based products is 

concerned to develop instead of imported cereal breakfast 

products in this study.  

Introducing a cereal-based breakfast powder is a main 

objective and as specific objectives, selecting the best 

formulation using organoleptic parameters and evaluating the 

physio-chemical parameters of the selected formula, and 

evaluating the shelf life of the selected product. Breakfast 
cereals consumers had a superior micronutrient profile and 

dietary fiber intake compared with skippers and non-cereal 

breakfast consumers, adolescents who are at great risk of not 

meeting nutrient targets for key nutrients, including calcium 

and magnesium, had the highest prevalence of breakfast 

skipping, and the lowest prevalence of breakfast cereal 

consumption. [28,6] 

Overview of the Oates (Avena sativa) 

Oat remains an important cereal crop in the developing world 

and the most popularly cultivated species is Avena sativa. 

which is trivially known as the common covered white oat 

[43,82] Oats require lesser amounts of nutrients (N- Sodium, 

P-Phosphorus, K-Potassium) to cultivate than that required 

for wheat or maize. Oat grows in cool and moist climates. 

[60,61] Oat consumption in human diets has increased 

because of health benefits associated with dietary fibers such 

as B-glucan, functional proteins, lipids, starch components, 
and phytochemicals present in the oat grain. [76,57]  

In recent years, public attention is especially paid to 

inhabitant health and well-being and healthy lifestyle food 

including functional food. Oat is a well-known annual crop 

in temperature climates. [34,57] It is recognized as a healthy 

food containing significant amounts of soluble dietetic fiber, 

beta-glucans, fat-soluble vitamin E, and polyunsaturated fatty 

acids in the acids oats are a very rich source of protein [78] 

Oats have a well-balanced nutritional composition.it is a good 

source of carbohydrates and quality protein with a good 

amino acid balance. [57,78,76] 
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Antioxidants such as vitamin E are known to protect the body 

from damaging free radicals and play an important role in the 

prevention of diseases such as cancer. [55] Oat germ has a 

high level of tocopherol (a and c isomers). Whereas 

tocopherols are mainly concentrated in endosperm but, are 
absent in germ.[55] 

Oat is a good source of phenolic compounds. [63] Those 

compounds may contribute to the functional and nutritional 

properties of the grain.[74] Cereals account for phenolic 

compounds derived mainly from hydroxybenzoic and 

hydroxycinnamic acids. The major phenolic acids in oats are 

ferulic, P-coumaric, caffeic, vanillic, hydroxybenzoic acid 

and their derivatives. [73,15,49] 

Overview of Mung beans (Vigna radiata) 

Processing mung bean into flour could increase its shelf life 

and economic value. [48] Pretreatment of mung bean should 

be done to eliminate unpleasant odors in mung bean 

flour.[48] Mostly food processing involved heating processes 

using high temperatures such as roasting, steaming, and 

boiling. Folate is a compound that is not stable at high 

temperatures. [45,46] 

Folate lost during the cooking process is a result of vitamin 
thermal degradation in the cooking water and heat damage. 

[48] 

The mung bean is rich in polyphenolics.[25] The major 

phenolic constituents in the mung bean are phenolic acids 

(1.81–5.97 mg rutin equivalent/g), flavonoids (1.49–1.78 mg 

catechin equivalent/g), and tannins (1.00–5.75 mg/g). [25]  
 
The seeds, sprouts, and hulls of mung beans contain an 

enormous amount of macro (protein, polypeptides, oligo, and 

polysaccharides) and micronutrients (flavonoids, phenolic 

acids, organic acids, sterols, triterpenes, aldehydes), which 

exerts potent antioxidant properties. Germination generally 

causes an increase in micronutrients, including secondary 

metabolites (phenolics, flavonoids, -tocopherol, and vitamin 

C), through aerobic respiration and biochemical metabolism. 

[45,46,41] These phenolic compounds and vitamins are 

notably beneficial as antioxidants. [71] 

Overview of Maize (Zea mays) 

Corn is the cereal with the highest production worldwide and 

is used for human consumption, livestock feed, and fuel. 

Various food technologies are currently used for processing 

industrially produced maize flour and corn meals in different 

parts of the world to obtain precooked refined maize flour, 

dehydrated nixtamalized flour, fermented maize flour, and 
other maize products. [1,34,35] 

Carbohydrates and water are the main chemical substances in 

corn. The carbohydrate content in corn is close to 75% and 

carbohydrates content in sweet corn takes accounts for nearly 

18%. The water content in corn is about 10% and the water 

content in sweet corn is about 75%. Corn and sweet corn 

provide a wide variety of vitamins (carotenoids, thiamine, 

riboflavin, niacin, pyridoxine, folate, ascorbic acid, vitamin 

E, and vitamin K), minerals (calcium, magnesium, 

phosphorus, potassium, sodium, and zinc) and resistant 

starches. [2,66,67] 

Maize is an essential source of various major phytochemicals 

such as carotenoids, phenolic compounds, and phytosterols 

[68] They are commonly categorized as phenolic acids, 

flavonoids, stilbenes, coumarins, and tannins. Among these 

phenolics, flavonoids and phenolic acids are the major 
compounds found in corn. [66,48,52] 

II. OBJECTIVES 

This research was conducted to introduce a cereal-based 

breakfast powder for a ready-to-eat concept which has filled 

with various nutritional properties and secondly to select the 

best formulation using organoleptic parameters and to 

evaluate the physio-chemical parameters of the selected 

formula and self-life evaluation of the selected product 

III. METHODOLOGY 

Study area and location 

This study was conducted in the Food Processing Laboratory, 

Food Analysis Laboratory, and Food Microbiology 
Laboratory of the University of Vocational Technology, 

Ratmalana. 

 

Selection of raw materials 

Powder particles of Oates, maize, and mung beans would be 

prepared and brown sugar & salts would be purchased from 

the domestic market. Purchased Mung Beans used to grind 

and dehydrate in order to prepare the Mung Beans flour 

Sample preparation   

A- Oates Flour 

B- Maize Flour 

C- Mung Beans Flour 

S- Sugar 

T- Salt 

(Sugar 4% and salt 2% are constant in every sample as per 

the food act in Srilanka) 
                           

A0=40g(Low)                        

A                                                                      

              A1 = 60g(High) 

 

                                                                           

 B0= 15g (Low)   C0=10g (Low) 

 

  B    C    

B1=25g(High)   C1=20g(High) 

 

Figure 1: Experimental design 

 

23  Design 

  

1             A0 B0 C0 + S + T  

A            A1 B0 C0 + S + T  

B A0 B1 C0 + S + T  

C A0 B0 C1 + S + T  

AB          A1 B1 C0 + S + T  
AC         A1 B0 C1 + S + T  

BC          A0 B1 C1 + S + T  
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TABLE 1: EXPERIMENTAL DESIGN 

 

Selection of the best formula 

The best formula will be selected by preparing the above 

ratios and serving with hot water or milk then conducting a 

sensory evaluation and selecting the best formula. 

Organoleptic Evaluation (Sensory evaluation) Determination 

of Physio-Chemical Parameters done by ISO standards and 
microbiological analysis done by SIS standards. 

RESULTS & DISCUSSION 

To discover the optimum temperature range 

preliminary experiments were held using a three-time 

temperature combination. 

 

250 0C      20 Min       All the samples were burnt and 

rejected 

250 0C   15 Min      All the samples were burnt and 

rejected 

150 0C     20 Min Samples were roasted too much and 

rejected 

 

Sensory attributes were failed 150 0C 25 Min Samples 

were roasted and sensory attributes were identified according 

to the requirements and accepted.According to Keying Q. 

et.al., 2009 findings, the best and optimum time-temperature 

combination to roast oats flour was discovered as 150 0C – 

15 Min. [39]With the findings of Keying Q. et.al., 2009 the 

preliminary experiments for the best roasting time-

temperature combination for the other two ingredients (mung 

beans and Maize) were discovered.[39] 

Sensory Evaluation 

561 - T1,321 - T2,132 - T3,225 - T4,532 - T5,165 - T6,325 - 

T7,135 - T8 all the eight samples were named T1-T8 and 

represent three-digits numbers as mentioned and the sensory 

evaluation radar chart 

 

 
 

  

 

 

             

 

 

Figure 2: Sensory Evaluation Radar Chart 
 

TABLE 3: TURKEY COMPARISON TEST RESULTS 

 

 

TABLE 4: DESCRIPTIVE ANALYSIS OF EIGHT SAMPLE 
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 Selected Sample from Sensory Evaluation 

 

 

The sample which is selected from the sensory 

evaluation was sent for proximate analysis and microbiology 

analysis.Previously in the experimental design the sugar and 

salt were added according to the ratios and in the sensory 

evaluation, the added required amount of sugar and salt 

according to the food act Sri Lanka was not 

enough.Therefore, the opportunity to add the preferable 

amount of sugar and salt is given to the customer. 

TABLE 5: PROXIMATE ANALYSIS RESULTS FOR T5 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 6: MICROBIOLOGY ANALYSIS 

 
 

 

 

The results show that, coliform and E. coli are absent 

in the sample, and yeast and mold are present in the 

acceptance level. 

CONCLUSION 

Sample 532-T4 has been identified as the optimal 

specimen, along with the most favorable ratio, employing the 

Tukey comparison method and the one-way ANOVA 

approach through both Minitab and SPSS software analyses. 

Concurrently, as per the outcomes derived from sensory 

evaluation tests, sample 532-T5 has been designated as the 

superior specimen, displaying the most desirable ratio. The 
data were subjected to thorough examination using SPSS and 

MINITAB software applications. 

Sample T5 demonstrates the most favorable sensory 

attributes as ascertained through the examination of mean 
values, suggesting avenues for potential refinement. 

Remarkably, the protein content was quantified at 17.5 units, 

signifying its stature as a robust protein source with minimal 

fat content. This aligns with the prevailing trend wherein 

individuals are progressively opting for low-fat and low-

carbohydrate cereal-based breakfast options, while 

concurrently expressing a proclivity for heightened protein 

consumption. Such dietary preferences stem from a desire to 

foster physical well-being, combat various ailments, and 

effectively manage health amidst the bustling contemporary 

lifestyle. 

 

 

60 g 

Oats  

25 g 

Mung Beans  

10 g 

Maize  

95 g 

Weight of the 

flour Mixture  

Test parameter Test method Results 

Fat percentage by 

dry mass ISO 

11085:2015 Solvent 

extraction 

MCL CF- SOP - 01 7.8 

Protein, percent by 

dry mass ISO 

59832:2009 Digestion 

& distillation 

MCL CF- SOP - 02 17.5 

Crude fiber, percent 

by dry mass ISO 

5498:1981 

Gravimetric 

MCL CF- SOP - 03 2.8 

Ash percentage SLS standards 9.8 

Moisture percentage, 

dry basis, oven dry 

method 

SLS standards 3.2 
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Abstract— Chlorophyll's prospective use in pharmacy as 

a treatment, diagnostic tool, and photosensitizer are 

highlighted by a review of its medical usage in contemporary 

medicine. It has a variety of therapeutic applications and 

contributes to the modification of genotoxic effects. Objective 

of this article how to produce nutritional advancements of 

cactus and hathawariya enriched chlorophyll food in human 

health. An overview of studies and advancements in the 

medicinal claims of chlorophyll is given in the review. 

Medicinal potential of these photosynthetic pigments and 

their derivatives including antioxidant, antimutagenic, 

antigenotoxic, anti-cancer, and anti-obesogenic properties.  

Keywords— chlorophyll; chlorophyllin; health, immunity, 

nutrition  

I. INTRODUCTION 

Plant products are gaining popularity in the hunt for 
novel nutraceutical components and all-natural remedies for 
treating disease, and the development of new antibiotics to 
replace those now in use is a key area of this study because 
of pathogen resistance. Chlorophyll juice is one example of 
a plant product that is now being studied in terms of its 
potential as a drug. This review aims to explore the health 
and therapeutic benefits of chlorophyll juice/foods. [1].  

Hathawariya, also known as Asparagus racemosus, is 
highly regarded for its nutritional and medicinal properties. 
The leaves are commonly consumed in porridges, earning it 
the title of the "queen of herbs." In addition to its culinary 
use, Hathawariya has found its way into the culinary 
industry in the form of curry powders and herbal 
supplements like tablets and syrups. Nutritionally, 
Hathawariya contains vitamins A, B, C, E, and essential 
minerals such as magnesium (Mg), calcium (Ca), iron (Fe), 
and phosphorus (P). Its remarkable medicinal properties 
include antioxidant, antibacterial, antifungal, 
antihepatotoxic, antitumor, anticarcinogenic, 
antiulcerogenic, diabetic retinopathy, and reproductive 

benefits. In Sri Lanka, Hathawariya is used to make 
porridge which is eaten in Sri Lankan homes as well as make 
“Kola Kanda” (herbal soup) that is an herbal drink which is 
a heavily used drink among Sri Lankans [23]. 

A cactus is a member of the Cactaceae family of 
succulent plants (plural: cacti, cactuses, or cactus). 
Although many of them are also grown as crop plants, they 
are frequently utilized as decorative plants. Almost all plants 
from the "new world" are cacti. This indicates that only 
North America, South America, and the West Indies are 
home to them. In dry and semi-arid parts of India, cacti are 
widely cultivated as wild plants. Cacti are a staple food for 
people in northern Africa, Mexico, the United States, Spain, 
and Italy. Its young leaves make a nutritious vegetable and 
salad meal, and the immature fruits are great for producing 
mock-gherkins. The fresh fruits have exceptional quality 
and flavor [22]. 

II. CHLOROPHYLL 

Chlorophyll, due to its chemical similarity to 
hemoglobin, the substance in red blood cells responsible for 
carrying oxygen, is believed to mimic hemoglobin in our 
bodies. This mimicry can aid in rebuilding red blood cells, 
enhancing their capacity to transport oxygen, thereby 
increasing our energy levels. Green plants contain 
antioxidants that have shown potential in preventing certain 
types of cancers. Research has indicated that chlorophyll, a 
prominent antioxidant, can influence the balance of oxidants 
and antioxidants within pancreatic cancer cells. 

The technology used to make chlorophyll juice from 
wheatgrass and other leafy greens typically involves juicing 
or blending the greens and then using specialized equipment 
like cold-press juicers or centrifugal juicers to extract the 
liquid. This process helps retain the nutrients and 
chlorophyll content. Some companies also use freeze-
drying or other preservation methods to create powdered 
chlorophyll supplements. It's important to note that the 
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specific technologies and processes may vary among 
manufacturers.  

Every plant has at least one kind of chlorophyll. Both of 
these substances are fat-soluble and possess antioxidant 
qualities. Chlorophyll enters the body and travels about in 
micelles, which are fatty molecular groups. While the exact 
minimal quantity of fat required to metabolize chlorophyll 
has not been determined by studies, it is believed that tiny 
quantities of good fats can aid the body in processing 
chlorophyll during meals [2] 

Being water soluble and non-fat soluble, chlorophyllin 
is semi-synthetic and frequently added to medications or 
food coloring. Chlorophyllin is a supplement that is taken 
with meals, whereas chlorophyll is a naturally occurring 
substance in plants. [2] 

a. Medical Values of Chlorophyll Juice and Suppliments 

Chlorophyll-based juices and drinks have gained 
popularity due to their potential health benefits. Chlorophyll 
is the green pigment in plants that plays a crucial role in 
photosynthesis. Some proposed benefits of chlorophyll 
drinks include detoxification, improved digestion, and 
potential antioxidant effects. However, it's important to note 
that scientific research on the specific health effects of 
chlorophyll consumption in humans is still limited [1]. 
While chlorophyll itself is considered safe for consumption, 
some commercial chlorophyll drinks might also contain 
added ingredients, flavors, and sugars. But balanced diet 
rich in fruits, vegetables, and a variety of nutrients is 
essential for overall health, and relying solely on 
chlorophyll drinks may not provide all the necessary 
nutrients your body needs. [1]Chlorophyll supplements are 
often promoted for their potential health benefits, including 
detoxification and antioxidant effects. However, the 
scientific evidence [3] supporting these claims is limited and 
mixed. While chlorophyll is an essential molecule for 
photosynthesis in plants, its effects on human health are not 
as well- established. [1]  

 

Enhance blood health: chlorophyll’s resemblance to the 

hemoglobin aids in restoring red blood cells. Enzymes in 

chlorophyll purify blood, improving oxygen-carrying 

capacity and combination anemia. [4]  
 

Cancer protection: acting as a chemo protective agent, 

chlorophyll’s anti mutagenic properties prevent toxin 

absorption in the intestines, potentially reducing cancer 

risks. It also safeguards the liver from harmful agents. [5]  

 

Powerful antioxidant: chlorophyll’s free radical scavenging 

ability, coupled with its vitamin content, bolsters the body’s 

defense against pathogens and oxidative stress, thereby 

preventing diseases. [6]  

 
Anti-inflammatory: chlorophyll’s similarity to hemoglobin 

enables efficient detoxification by increasing blood flow, 

binding to toxins, and eliminating heavy metals and drug 

residues. [1]  

 

Anti-aging support: as an antioxidant, chlorophyll aids in 

anti-aging efforts by scavenging free radicals. It promotes 

healthy tissue retention, stimulates anti-aging enzymes, and 

rejuvenates skin while improving adrenal gland function. 

[7] 

 
Digestive health: Chlorophyll helps prevent 

constipation, alleviate gastritis discomfort, maintain 
intestinal flora, stimulate bowel movements, renew 
wounded bowel tissues, and facilitate colon cleansing by 
inhibiting cytotoxicity and colonocyte proliferation. [8]  

Anti-microbial properties: An alkaline material called 
chlorophyll has been demonstrated to be very useful in 
treating Candida albicans, a yeast infection brought on by 
an overabundance of candida in the human body. [9]  

Immune Support and Healing: Chlorophyll, due to its 
resemblance to hemoglobin, can assist in rebuilding red 
blood cells, enhancing oxygen transportation, boosting 
energy levels, and promoting healing processes. [10] 

Deodorizing properties: Chlorophyll has deodorizing 
properties, making it effective for combating bad breath. It 
helps eliminate mouth and throat odors, stimulates digestive 
health by cleansing the colon and blood stream, and is 
administered to individuals with colostomies and metabolic 
disorders to reduce fecal and urinary odors. [11]  

Kidney stones: Chlorophyll contains essential vitamins, 

including vitamin K, which contributes to the formation of 

compounds in urine. These compounds aid in reducing the 

growth of calcium oxalate crystals, potentially preventing 

kidney stones. [12]  

 
Hormonal balance: Chlorophyll plays a role in 

maintaining hormonal balance in both males and females, 
primarily due to its vitamin content. Vitamin E in 
chlorophyll stimulates the production of testosterone in 
males and estrogen in females, contributing to overall 
hormonal health. 

Oral health: Chlorophyll finds application in 
maintaining oral health, particularly in the treatment of 
dental issues such as pyorrhea. It is used to address oral 
infections, soothe inflamed and bleeding gums, and support 
overall oral hygiene [13] 

 

Fig  1: Cactus chlorophyll supplement (vitamingrocer.com) 
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III. TECHNOLOGY OF MANUFACTURING CHLOROPHYLL 

JUICE/DRINKS 

The technology used to make chlorophyll juice from 
wheatgrass and other leafy greens typically involves juicing 
or blending the greens and then using specialized equipment 
like cold-press juicers or centrifugal juicers to extract the 
liquid. This process helps retain the nutrients and 
chlorophyll content. Some companies also use freeze-
drying or other preservation methods to create powdered 
chlorophyll supplements. It's important to note that the 
specific technologies and processes may vary among 
manufacturers. [1]In the search for novel nutraceutical 
components, natural remedies for disease treatment, and 
antibiotic replacements, plant products are becoming 
increasingly important. Chlorophyll juice is one example of 
a plant product that is currently being studied in terms of its 
potential as a medicine. [1] 

a. chlorophyll Food Products  

Define abbreviations and acronyms the first time they 
are used in the text, even after they have been defined in the 
abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, 
dc, and rms do not have to be defined. Do not use 
abbreviations in the title or heads unless they are 
unavoidable.Nowadays, humans are more inclined to add 
healthy natural ingredients to our diet. Chlorophyll can be 
called as the most popular food among them. The green 
color in plants called chlorophyll.It has many healing 
benefits due to its antioxidant properties. Foods contained 
in green foods. Chlorophyll is sometimes added as a dietary 
supplement or to products such as juices, smoothies, and 
powders. By consuming foods rich in chlorophyll, the body 
can obtain large amounts of nutrients such as iron and 
dietary fiber. Some examples of foods containing 
chlorophyll can be seen below. [14] 

✓ Spinach 

✓ Collard greens 

✓ Mustard leaves 

✓ Alfalfa 
✓ Parsley 

✓ Broccoli 

✓ Green cabbage 

✓ Asparagus 

✓ Green beans and peas 

✓ Matcha green tea 

Naturally, we can identify chlorophyll by its appearance, as 

chlorophyll-a and chlorophyll-b. There are a few minor 

differences between these. Chlorophyll is a natural 

ingredient and there is a synthetically made liquid 

chlorophyll called chlorophyllin. It is sold in the market as  

 

Fig 2: Cactus juice/drinks (stylecrase.com) 

 

 

supplements for that. It is used as a treatment for skin, body 

odor, food related problems. This supplement has been 

found to help neutralize oxidants. Research has found that 

it effectively reduces damage caused by agents such as 

chemical carcinogens, UV light exposure, and radiation. 

[14] 

IV. HEALTH BENEFITS  

a. Cactus Plant as a Chrolophyll Supplement as well as 

Immunity and Other Health Benefits  

Cactus plants offer health benefits as they can help 
improve indoor air quality by absorbing pollutants. 
Additionally, some varieties of cactus, like prickly pear, 
have edible fruits that are rich in vitamins, antioxidants, and 
fiber, which can be good for your overall health. Just be 
cautious of thorns and potential allergies when handling 
cacti. [15] Cactus water, particularly derived from the 
prickly pear cactus (Opuntia species), has gained 
recognition for its potential health advantages. Here are 
some of the health benefits associated with consuming 
cactus water: 

 

1. Hydration: Cactus water is a naturally hydrating 

beverage due to its high water content, supporting 

essential bodily functions such as digestion, 
circulation, and temperature regulation. 

2. Low Calories and Sugar: Cactus water typically 

contains fewer calories and less sugar compared 

too many other fruit juices and sugary beverages. 

This can make it a suitable option for those 

looking to manage their calorie and sugar intake. 

3. Rich in Antioxidants: Cactus water provides 

antioxidants like vitamin C and betalains, which 

combat harmful free radicals in the body, 

contributing to cellular health and immune system 

support. 

4. Electrolyte Balance: Natural electrolytes in 
cactus water, including potassium, magnesium, 

and calcium, play a crucial role in maintaining 

fluid balance, nerve function, and muscle 

contractions. 

5. Anti-Inflammatory Properties: Some studies 

suggest that compounds found in prickly pear 

cactus, such as betalains, have anti-inflammatory 

properties. These properties may be beneficial for 

managing inflammation-related conditions. 

6. Digestive Health: Soluble fiber in cactus water 

supports digestive health by promoting regular 
bowel movements and aiding in waste removal 

from the body. 

7. Blood Sugar Regulation: Some research 

suggests that cactus water may help regulate blood 

sugar levels due to its potential to slow down the 

absorption of sugars in the digestive tract. 

However, more studies are needed to confirm this 

effect. 
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8. Cholesterol Management: Some studies have 

indicated that consuming cactus extract might 

contribute to reducing LDL ("bad") cholesterol 

levels. Again, more research is needed to fully 

understand this potential benefit. 
9. Skin Health: The antioxidants in cactus water 

may contribute to skin health by combating 

oxidative stress and promoting collagen 

production. Some skincare products include 

cactus-based ingredients for their potential 

moisturizing and anti-aging effects. 

Cactus-based drinks, primarily made from prickly pear 
cactus, are believed to offer numerous health benefits, 

including reducing inflammation, supporting digestion, and 

aiding in blood sugar management due to their rich content 

of antioxidants, vitamins, and minerals. [2] [15] 

b. Hathawariya (Shatavari) a Locally Available Green 

Plant Variety Enriched with Chlorophyll and 

Nutrients, for drinks and Juices for Unparalleled 

Wellbeing: 

Shatavari (Asparagus racemosus) is a medicinal plant that 

has been traditionally used in Ayurvedic medicine for its 

various potential health benefits. It is often referred to as 

the "Queen of Herbs" due to its nourishing and rejuvenating 

properties. While research on Shatavari is ongoing, here are 

some of the potential medical benefits that have been 

attributed to the plant. [16] [17] 
1. Hormonal Balance: Shatavari is often used to 

support hormonal balance in women. It is believed 
to have adaptogenic properties that may help 
regulate hormone levels and alleviate symptoms of 
hormonal imbalances, such as irregular menstrual 
cycles, premenstrual syndrome (PMS), and 
menopausal discomfort. 

2. Reproductive Health: In Ayurvedic medicine, 
Shatavari is considered a tonic for the female 
reproductive system. It is used to support fertility, 
enhance libido, and promote healthy lactation in 
breastfeeding mothers. 

3. Digestive Health: Shatavari is believed to have 
digestive benefits. It may help soothe the digestive 
tract, reduce inflammation, and support the body's 
natural digestive processes. 

4. Immune Support: Shatavari is thought to have 
immune-boosting properties that may help the body 
defend against infections and promote overall 
immune system health. 

5. Anti-inflammatory: The plant contains bioactive 
compounds that exhibit anti-inflammatory 
properties, which may help reduce inflammation 
and alleviate associated symptoms. 

6. Stress and Anxiety Relief: help the body adapt to 
stress and reduce the negative effects of stress on 
the body. It may have a calming and 
anxietyreducing effect. 

7. Antioxidant Properties: Shatavari contains 
antioxidants that help protect cells from oxidative 

damage, which is associated with various chronic 
diseases and the aging process. 

8. Urinary Health: Shatavari has been used to 
support urinary health, including helping with 
urinary tract infections and promoting healthy urine 
flow. 

9. Anti-diabetic Potential: Some studies suggest that 
Shatavari may have a role in managing blood sugar 
levels and improving insulin sensitivity, potentially 
benefiting individuals with diabetes. 

10. Anti-cancer Effects: Preliminary research has 
indicated that Shatavari may have certain 
compounds with potential anti-cancer properties, 
although further studies are needed to fully 
understand its effects. [17] 

More scientific studies are needed to fully establish its 

safety and efficacy for various health conditions. As with 
any herbal remedy, advisable to qualified before using 

Shatavari or any other herbal supplement, especially if you 

have underlying health conditions or are taking 

medications. 

V. CONCLUSION  

The primary element that gives the leaves their green hue 

is chlorophyll. But chlorophyll also has various therapeutic 

benefits. The alkaline composition and antioxidant capacity 

of chlorophyll are responsible for many of its therapeutic 

benefits. To obtain the functional advantages, it is advised 

to incorporate chlorophyll as the primary component in a 
daily diet. 
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Abstract-With the growing population, people increasingly 

move away from home for study and work, the demand for 

Ready-to-Eat, Ready-to-Cook, and Ready-to-Serve foods has 

increased. Today's health-conscious consumers demand 

processed food products that are convenient, of high quality, 

shelf-stable, and packed with nutrients, such as instant soup, to 

maintain their well-being. The aim of research work is to 

formulate instant cream soup with natural Artichoke Yam, 

Sweet potato, Purple yam and Oyster mushroom. Sweet potato, 

Artichoke, and purple yam are chosen in this study for their 

nutritional richness, making them ideal ingredients to meet the 

demands of a balanced and nutrient-enriched diet. Four 

samples of Instant cream soup (Sample IS001, IS002, IS003, 

IS004 were made With Artichoke flour 20%,30%,20% and 30% 

respectively, Sweet potatoes flour 22%,22%,35% and 35% 

respectively and Purple yam flour 21 constantly) were prepared 

and Initial sensory evaluation was done using Thirty non 

trained panelists and best sample was selected. The second 

phase of the sensory evaluation involved a comparative analysis 

between the selected sample and a control sample.Proximate 

and physicochemical properties were analyzed by using AOAC 

methods. Data were analyzed with MINITAB-19 version at 0.01 

significance levelThe Instant cream soup sample underwent 

proximate analysis, assessing moisture (4.76%), protein 

(12.7%), fat (2.4%), ash (1.54%), total sugar (6.08%), and pH 

value (6.5). Sample IS002 received the highest consumer 

acceptance. Coliform, Yeast, and mould, along with total plate 

count, was within acceptable limits. Considering sensory, 

Proximate, and microbial analyses, Artichoke and Sweet potato-

based instant cream soup show potential for widespread 

consumption due to high acceptability and health benefits. 

Keywords- Artichoke, Purple yam, Sweet Potato, Instant 
cream soup 

I. INTRODUCTION 

Today's health-conscious consumers seek convenient 

and health-promoting products. They have high 

expectations for convenience, shelf stability, and ready-to-

use processed foods. Meeting these demands can be 

achieved by providing easy-to-prepare, nutrient-enriched 

options, like instant soups[1]. This requirement could be 

fulfilled by supplying  nutrient- enriched foods such as 
instant soup [2].   

The choice of sweet potato, artichoke, and purple yam as 

ingredients is based on their nutritional richness, making 

them ideal for a well-rounded and nutritious addition to 

one's regular diet. Artichoke or Leren(Calatheaallouia) is 

an indigenous tuberous crop in the Caribbean and South 
America. Calatheaallouia is rarely used as the primary 

starchy staple in a meal, but it is frequently served as a side 

dish. Tubers are typically prepared by boiling.It contains 

0.3% of fat, 1.5% of proteins, amylose content 39.2% and 

21.4% of carbohydrates and 94.3% of calories 

(Kinupp&Lorenzi, 2014). Calatheaallouia has prebiotic 

properties, and the high concentration of resistant starches 

[3]. 

 

The sweet potato (Ipomeabatatas (L) Lam), a perennial 

plant with tuberous roots from the Convolvulaceae or 
morning glory family, serves as an affordable alternative to 

starchy staples. It is rich in starch, soluble sugar, vitamins, 

minerals, and various nutrients [4]. Sweet potatoes offer 

numerous health benefits, such as antioxidant, liver-

protective, anti-inflammatory, anti-tumor, anti-diabetic, 

anti-microbial, anti-obesity, and anti-aging effects [5]. 

 

Purple yam (Dioscoreaalata), commonly found in 

tropical regions, features a vibrant purple to red flesh and 

is classified under the species Dioscoreaalata L. [7]. Within 

yam tubers, you can find diverse functional components, 

including mucin, dioscin, dioscorin, allantoin, choline, 
polyphenols, polyphenolases, vitamins and essential amino 

acids[8] Notably, purple yams are rich in phenolic 

compounds, particularly anthocyanins, known for their 

antioxidant,  anticancer apoptosis-inducing, anti- diabetes, 

anti-obesity, and DNA damage prevention activities 

properties [9]. 

 

The formulation and development of complementary 

foods using locally available raw materials have garnered 

significant attention. The current research project is 

focused on creating an instant soup mixture using 
ingredients like artichoke powder, sweet potato powder, 

and other components. 

Considering above facts, the objective of my research 

is to produce instant soup mixtures with Artichoke powder, 

Sweet potato powder and other ingredients. 
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II. REVIEW OF LITERATURE 

A. Instant Soup 

Soup is a tasty and nutritious liquid food typically 
enjoyed at the start of a meal or as a snack[10]. It's made 
by blending vegetables with stock and various thickeners 
[11]. Soups come in two main categories: thick soups and 
clear soups [12]. Dry soup mixes, in particular, offer 
protection against enzymatic and oxidative spoilage and 
maintain flavor stability when stored at room temperature 
for an extended duration. They don't necessitate the use of 
preservatives or refrigeration for preservation. 
Additionally, they boast high nutritive value due to their 
richness in fiber and vitamin C [13]. 

B. Artichoke yam (Calathea allouia): 

a.  Artichoke or Leren (Calathea allouia) is 

an indigenous tuberous crop in the Caribbean and South 

America. Extended from the stem rhizomes by single 

strands of root are clusters of tubers [14]. Tubers are 
cylindrical in shape, measuring 5–18 cm length and 2–4 cm 

diameter [15]. The Calathea allouia has high fat, proteins, 

amylose content, carbohydrates and calories (Kinupp & 

Lorenzi, 2014). It finds application in diverse medications 

including adhesives, binders, and film-formers, serving as 

gelling agents, thickeners, retardant retainers, and retarders 

of retrogradation in certain food products[16]. 

C. Sweet potato (Ipomea batatas (L) Lam): 

Sweet potato (Ipomoea batatas (L.) Lam.), is a long-term 

species in a warm and hot climate zone and an annual plant  

in temperate zone.[17]. The edible tuberous root is either 

long and tapered, ovoid or round. And its skin colour is 

ranging from white, brown, purple or red and the flesh 

colour ranging from white, pale cream, orange or purple 

[10]. The sweet potato is rich in various nutrients such as 

protein, carbohydrates, minerals (calcium, iron, and 

potassium), carotenoids, dietary fiber, vitamins (especially 
C, folate, and B6), minimal fat, and sodium. [10]. In certain 

nations, a variety of sweet potato is consumed in its raw 

form as a remedy for anemia, hypertension, and diabetes. 

[18]. 

D. Purple Yams (Dioscorea alata L.): 

b. It usually produce one to three tubers, which may 

be of any shape i.e. globular, cylindrical, elongated, 

branched or lobed [19]. The presence of carbohydrates, 

proteins, fats, vitamins and minerals increases the 

nutritional acceptability of purple yam [20]. Polyphenolic 

compounds, including anthocyanins and phenolic acids, are 
the primary functional constituents of purple yam. [21]. 

The yam extracts exhibit a range of bioactivities and health 

advantages, including antioxidant capacity, 

immunomodulatory activity, antihypertensive activity, 

antimicrobial activity, estrogenic effect, and antitumor 

effect.[22]. Many value-added products like spreads, jams, 

chips, dehydrated slices, flour, pickles, etc. can be made 

from using it [19]. 

 

III. METHODOLOGY 

A. Preparation of sample 

Preparation of the Artichoke Flour and Sweet Potato 

Flour: 

Both Artichoke and sweet potato tubers were 

cleaned with filtered tap water and peeled using sharp 

stainless steel knives. Tubers were cut into 2 mm thick 

slices. Slices were blanched by 90˚C hot water for 6 

minutes and dehydrated in a tray drier at 60˚C for 

4hr.Dried slices were ground by electrical grounder.A 
60mm-mesh sieve was used to sieve the flour[23]. 

 

Preparation of the Purple Yam Flour 

 

Purple yam tuber was washed with filtered tap water and 

peeled using sharp stainless steel knives. The peeled 

Purple yam tubers were cleaned in filter tap water and 

sliced into 2 mm thick slices with a stainless-steel knife. 

Raw purple yam was blanched by 100˚C hot water for 5 

minutes. Slices of Purple yam were dehydrated in a tray 

drier at 65˚C for 4hr.  Then dried tubers ground by 

electrical grounder. A 60mm-mesh sieve was used to 
sieve the flour[24]. 

 

i.Preparation of Soup Mix 

ii.The Artichoke and Sweet potato based instant soup 

formulation was made by mixing different ingredients: 

Artichoke flour, Sweet potato flour, Purple yam flour, 

Oyster mushroom flour, pepper, citric acid and salt. The 

ingredients were carefully and accurately weighted. All 

ingredients were mixed and stored in LDPE bag for 

further use. 

 
TABLE 1: FORMULATION OF THE ARTICHOKE 

AND SWEET POTATO BASED INSTANT SOUP 

SAMPLES 

Ingredients, g IS001 

(%) 
IS002 

(%) 
IS003 

(%) 
IS004 

(%) 
Artichoke flour 

Sweet potato flour 

Purple yam flour 

Oyster mushroom 

Pepper 

Citric acid 

20 

22 

21 

11 

2 

1 

30 

22 

21 

11 

2 

1 

20 

35 

21 

11 

2 

1 

30 

35 

21 

11 

2 

1 

 

B. Sensory Analysis 

Sensory evaluation was conducted for four Instant 

soup samples (i.e., IS001, IS002, IS003, IS004) prepared 

by three different composite formulas with 30semi 

trained panellists as described by Amerine et al on 5-

point hedonic scale (Curi et al., 2019). 

C. Proximate Analysis 

Proximate composition (moisture%, fat%, 

protein%, ash%, total sugar% and pH value) of selected 

Instant soup sample was determined according to the 

AOAC methods. 
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D. Shelf life f the Composite Flour 

The shelf life of the selected best Instant soup 

sample was evaluated for moisture content, Total colony 

count, Coliform , yeast and mould. 

IV. RESULT AND DISCUSSION 

A. Result of Sensory Evaluation 

The IS002 sample was selected as the best one with 
respect to all attributes of the sensory analysis (Figure 1). 

Figure 1: web diagram of sensory evaluation of Instant soup sample 

 

General comments by the panellists regarding sensory 

attributes were also evaluated. The result indicated that 

the sample number IS002 had the highest mean value 

which contained 30g of Artichoke flour and 22g of Sweet 

potato flour for appearance, colour, flavour, taste, texture, 

and overall acceptability. Compared other sensory 

attribute there is no significant statistical difference of 

texture and taste has most significant statistical difference. 

 
For further the validation of the outcome of sensory 

evaluation of Instant soup sample sample with control 

sample were drawn using web diagram shown in figure 2. 

 

Figure 2: web diagram of comparison of sensory properties with Instant 

soup sample and control sample 

 Second part of sensory evaluation was carried out for 

evaluation of sensory characteristics of selected sample 

IS002 which had highest mean values for flavour, taste and 
overall acceptability to compare with the control sample 

(Control sample was made with purple yam 21%, 

mushroom powder 11% pepper 2% and citric acid 1%). 

There is no significant statistical difference for appearance 

and colour between sample number IS002 and control 

sample. But there is a significant statistical difference for 

Taste and flavour and overall acceptability between two 

samples. The sample number IS002 which prepared using 

30g Artichoke flour and 22g Sweet potato had the highest 
mean values for taste and flavour and overall acceptability 

when compared with control sample. 

B. Result of Proximate Analysis 

The proximate analysis (Table 2) revealed that IS002 

contained higher moisture (4.76 ± 0.01 g/100g dry basis), 
crude protein (12.7 ± 0.15 g/100g dry basis), crude fat (2.4 

± 0.01 g/100g dry basis), total sugar (6.08 ± 0.02 g/100g 

dry basis), total ash (1.54 ± 0.01 g/100g dry basis), and 

lower pH value (5.94 ± 0.02) than the control sample. 

 
TABLE 2: THE PROXIMATE COMPOSITION OF THE INSTANT 

SOUP SAMPLE 

 

 

Proximate value 
Amount(g/100g dry basis) 

IS002 sample Control sample P value 

Moisture 4.76 ± 0.01 4.23 ± 0.02 0.000 

Crude Protein 12.7 ± 0.15 6.84 ± 0.15 0.003 

Crude Fat 2.4 ± 0.01 1.29 ± 0.02 0.000 

Total Sugar 6.08 ± 0.02 2.97 ± 0.01 0.000 

Total Ash 1.54 ± 0.01 0.98 ± 0.01 0.000 

pH Value 5.94 ± 0.02 6.52 ± 0.01 0.000 

 

C. Result of Microbial Analysis 

Microbial analysis demonstrated negative results for 

Coliform and yeast and mold in both instant soup mix 

samples at a 10—1 dilution. The total plate count was 

2.9×103 cfu/g, well below the acceptable limit (5×104 

cfu/g) ( SLSIStds), ensuring the safety of the developed 

instant soup. 

 

D. Shelf life Study 

The shelf life study indicated no significant difference 

in moisture content over two months of storage at room 
temperature (28±2°C) in high-density polyethylene 

packaging.  

 

V. CONCLUSION 

 

Based on the organoleptic evaluation, IS002, 

containing 30g of Artichoke flour and 22g of Sweet potato, 

showed the highest consumer acceptance. Sensory analysis 

confirmed the superiority of Artichoke and Sweet Potato 

Based Instant Cream Soup over the control sample in terms 

of taste, flavor, and overall acceptability. Its nutritional 

profile, characterized by higher protein, fat, sugar, and ash 
content, along with a lower pH value, further enhances its 

appeal. Consequently, Artichoke and Sweet Potato Based 

Instant Cream Soup can be considered a favorable option 

due to its high consumer acceptability. 
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VI. RECOMMENDATIONS 

Recommendations and future research should focus on 

several key aspects to enhance Artichoke and Sweet Potato 

Based Instant Cream Soup. Firstly, conducting market 

acceptability studies through consumer surveys and taste 
tests will provide valuable insights into preferences and 

potential demand, facilitating effective marketing 

strategies. Secondly, a comprehensive cost analysis is 

essential to determine economic feasibility and potential 

profitability, considering ingredient costs, production 

expenses, and pricing strategies. Thirdly, nutritional studies 

should be undertaken to highlight the soup's health benefits, 

appealing to health-conscious consumers. Additionally, 

exploring shelf-life extension techniques, eco-friendly 

packaging options, process optimization, and health impact 

evaluations will further improve the soup's market position 
and desirability. 
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Abstract— In the Sri Lankan context, the production of milk 

and dairy products is hampered using poor milking and 

processing processes, which results in microbial spoiling of 

milk, particularly in small-scale processing plants. The aim of 

this survey was to identify potential hazards and evaluate the 

microbial contamination of milk and dairy products in a 

small-scale dairy processing unit located in Ratmalana Area, 

Sri Lanka. A total of eight samples were analyzed, including 

ice cream, yoghurt, and curd samples from various processing 

units from small-scale processing plants in Ratmalana area 

Sri Lanka. Total plate count (TPC) and Total Coliform Count 

(TCC) were determined for the samples. Also, for yeast and 

mold. For milk product samples, the range of and TPC & 

coliform was 6.9×105 to 1×105 cfu/ml and 16×106 to 6.9×105 

cfu/ml respectively. Preventive and corrective measures for 

milking and processing phases (thermal treatment, 

packaging, and storage) were defined based on 

microbiological outcomes and milk production flow 

characterization, with a focus on training of farmers and 

dairy employees to improve the hygiene of the local milk and 

dairy production chain. 

 

Keywords—microbiological quality, milk products, 

microbial contamination, food safety, food inspection 

I. INTRODUCTION  

It is critical to ensure the microbiological purity of 

milk products in order to ensure their safety for 

consumption. Microbial contamination can result in 

product spoiling, pathogenic illnesses, and deterioration. 

This review of the literature highlights critical 

considerations for evaluating the microbiological quality of 

milk products. To maintain microbiological safety in milk 
products, strict hygiene standards must be followed 

throughout the production and processing chain. Reference 

[1] found that applying Good Manufacturing Practices 

(GMP) and Hazard Analysis and Critical Control Points 

(HACCP) systems is critical for preventing 

microbiological contamination and ensuring product safety 

[1]. 

 

Milk and dairy products are important components of 

Sri Lankan cuisine culture and nutrition. It is critical to 

ensure the microbiological quality of these items in order 

to protect public health and retain consumer trust. The 

following overview of the literature addresses major 

research findings concerning the microbiological quality of 

milk products in Sri Lanka. In Sri Lanka, microbial 

contamination of milk products has prompted worries 

regarding foodborne illnesses. Reference [2] found 

dangerous microbes such as Salmonella and Escherichia 
coli in locally produced milk and dairy products, 

underlining the importance of severe quality control 

procedures [2]. Reference [3] found that sanitary measures 

during milk production, processing, and distribution are 

critical for preserving the microbiological quality of dairy 

products. The study emphasizes the importance of 

education and awareness among stakeholders in order to 

improve the overall quality of milk products [3]. In Sri 

Lanka, the impact of various processing processes on the 

microbiological quality of milk products has been 

investigated. Reference [4] explores the efficacy of heat 
treatment strategies in lowering microbial load and 

improving dairy product safety [4]. In Sri Lanka, efforts to 

improve the microbiological quality of milk products 

include the adoption of microbial testing and quality 

control procedures. Reference [5] conducted research on 

the influence of such activities on the decrease of 

microbiological contamination in dairy products [5]. 

 

No prior studies have been conducted focusing on the 

products of small-scale dairy manufacturers in the 

Ratmalana area. Therefore, this research centers on the 

microbiological assessment of dairy products 
manufactured and distributed within the Ratmalana area 

and its neighbouring areas. All samples were collected 

directly from the factory level to accurately gauge the 

microbiological quality of the products. This approach was 

adopted to eliminate potential research discrepancies 

arising from transportation and storage conditions 

prevalent in the market. 

 

Total of 8 samples were analyzed in the microbiology 

laboratory at the University of Vocational Technology 
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Ratmalana and compared with SLS 516 quality standards 

for microbiological quality of the milk products.  

II. METHODOLOGY 

a. Collection of samples 

Milk product samples were collected from the four 

listed factories using sterile aseptic containers and ice for 

preservation. These samples were then transported to the 

laboratory in separate ice crates to maintain isolation. In 

total, eight samples were analyzed. 

 

1. C### ice cream 

2. R### yoghurt 

3. W### ice cream 

4. N### curd 

b. Total Coliform count 

Total coliform count was measured by plate count agar 

medium. The sample (0.1ml) of each dilution was taken 

onto each sterile Petridis and poured plate count agar 

medium. The plates were then incubated at 37◦C for 24 

hours. Total bacterial count was measured in colony 

forming unit per gram (cfu/ml). The Coliform count was 

done using MacConkey agar medium. Typical pink 

colonies were counted for determination of Total Coliform 

after incubation of plates at 37◦C for 24 hours. 

 

c. Total Aerobic Plate count 

Total plate Count was measured by plate count agar 

medium. The sample (0.1ml) of each dilution was taken 

onto each sterile Petridis and poured plate count agar 

medium. The plates were then incubated at 37◦C for 48 
hours. Total bacterial count was measured in colony 

forming unit per gram (cfu/ml). 

 

d. Yeast and Molds 

PDA (Potato Dextrose Agar) was used as the growth 

medium, with 0.1% peptone water serving as the diluent. 
Each sterile Petri dish received a 0.1ml sample from 

various dilutions, which was subsequently poured onto 

PDA agar medium. The plates were incubated at 25°C for 

72 hours to determine the yeast and mold count in colony 

forming units per gram (cfu/ml). 

 

III.  RESULTS AND DISCUSSION 

a. Total Coliform Count 

Three milk products successfully passed the coliform 

test, namely C#### ice cream, R### yoghurt, and N### 
curd, while W### ice cream did not meet the criteria. As 

per SLS 516 regulations, 75% of the tested items are 

expected to pass the coliform test. The permissible coliform 

limit stands at 1x 102 cfu/g. 

 

 

RESULTS OF TCC 

HYGIENIC 

MICRO-

ORGANISM 
COLIFORM 

sample 

dilution 
10 1000 10000 

product 

Name 
      

C### ice 

cream 
      

(sample 01) 0 0 0 
(sample 02) 0 0 0 
Standard 

Deviation  
0 0 0 

R### yoghurt        
(sample 01) 0 0 0 
(sample 02) 0 0 0 
Standard 

Deviation  
0 0 0 

W### ice 

cream  
  

 

(sample 01) uncountable 690000.00 18000000 
(sample 02)   740000 16000000 
Standard 

Deviation  
  392020 9338094 

N### curd       
(sample 01) 0 0 0 
(sample 02 ) 0 0 0 
Standard 

Deviation  
0 0 0 

b. Total Pltae Count 

The total number of products allowed under SLS 516 (total 

plate count TPC) was one. R### yoghurt accounted for 

only 25% of the evaluated items. The permitted maximum 

for ice cream, according to SLS 516, is 2 x 105 cfu/ml.   

RESULTS OF TPC 

HYGIENIC 

MICRO-

ORGANISM 
TOTAL PLATE COUNT 

sample dilution 10 1000 10000 

product Name       

C### ice cream       

(sample 01) uncountable  650000 1600000 

(sample 02) uncountable 690000 900000 

Standard 

Deviation  
  28284 494974 

R### yoghurt        

(sample 01) 0 0 0 

(sample 02) 0 0 0 

Standard 

Deviation  
0 0 0 

W### ice 

cream  
      

(sample 01) uncountable 6000000 900000 

(sample 02) uncountable 7100000 700000 

Standard 

Deviation  
  3608600 443846 

N### curd       

(sample 01) 131000000 9000000 100000 

(sample 02 ) 1220000000 3000000 0 

Standard 

Deviation  
770039284 4242640 70710 
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c. Yeast and Mold Count 

The allowable limits for yoghurt SLS 516 are 2 x 105 

cfu/g. It is 1x102 cfu/g for curd. It should be 0 for ice cream. 

All products tested for yeast and mold were rejected 

according to SLS 516 restrictions. 100% genuine items 

 

RESULTS OF YEAST AND MOLD 

HYGIENIC 

MICRO-

ORGANISM 
YEAST AND MOLD 

sample 

dilution 
10 1000 10000 100000 

product 

Name 
        

C### ice 

cream 
  

  
(sample 01) uncountable 21000000 200000 0 

(sample 02) uncountable 16000000 100000 0 

Standard 

Deviation  
  3535534 70711 0 

R### yoghurt        

(sample 01) 1000000 200000 900000 0 

(sample 02) 1000000 100000 0 0 

Standard 

Deviation  
0 70711 636396 0 

W### ice 

cream  
  

(sample 01) 115000000 21000000 100000 0 

(sample 02) 0 18000000 200000 300000 

Standard 

Deviation  
81317280 10665885 384230 134164 

N### curd   

  
(sample 01) 114000000 8000000 300000 100000 

(sample 02 ) 105000000 7500000 300000 120000 

Standard 

Deviation  
6363961 353553 0 14142 

d. Results Summary 

The table indicates whether the products met SLS 516 
quality standards in the three hygienic micro-organisms 
tests. 

 

 

 

 

 

 

 

 

 

RESULTS SUMMARY 

PRODUCT 

NAME 
COLIFORM 

TEST 

TOTAL 

PLAT 

COUNT 

YEAST & 

MOLDS 

C### Ice Cream Accepted Rejected Rejected 

R### Yoghurt Accepted Accepted Rejected 

W### Ice 

Cream 
Rejected Rejected Rejected 

N### Curd Accepted Rejected Rejected 

 

IV. CONCULSION AND RECOMMENDATTION 

The total coliform count was used to assess the 

microbial quality of selected dairy products from 

Ratmalana area, Sri Lanka. The presence of coliforms in 
general and E. coli in particular implies fecal 

contamination. The presence of nonfecal coliforms also 

suggests the presence of additional harmful bacteria. The 

health of the dairy herd, milking, and pre-storage 

conditions as well as transport conditions to the factory all 

have an impact on milk quality. 

The presence of coliform in processed food indicates 

unsanitary conditions throughout the manufacturing and 

post-manufacturing stages.  

 

According to the findings of this study, the 

microbiological quality of most milk product samples 
obtained from Ratmalana areas was not sufficient, as 

evidenced by their high bacterial loads. As a result, milk 

products must be handled with prudence. More research is 

required to set standards for small-scale milk product 

producers. 

 

In accordance with the outcomes of this investigation, 

an educational training program was conducted with the 

objective of enhancing awareness regarding 

microbiological food safety in dairy production. The 

program specifically targeted factory personnel and 
production supervisors within the chosen four factories 

situated in the Ratmalana region. 

 

Ensuring the adherence to Good Agricultural Practices 

(GAP) at the farm level and maintaining rigorous Good 

Manufacturing Practices (GMP) at the factory level are 

pivotal in ensuring the safety of the food supply chain from 

farm to table. Thus, conducting comprehensive training and 

educational programs for small-scale dairy product 

manufacturers, coupled with continuous product sample 

analysis and factory inspections, plays a critical role in 

identifying and rectifying unsanitary production 
procedures. 

To ensure the safety of milk products, it is advised that all 

milk product samples be tested in a qualified laboratory and 

that reports be submitted with the trade license application 
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for annual renewal in the Dehivala-Mount Lavinia 

municipal council region.    
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Abstract— Aporosa lindleyana (Wight) Baill.  (Sri Lankan 

name: Kebella) is a widely used herbal plant in the treatment 

of Diabetes in Ayurveda, Traditional and Alternative 

Medicine in Sri Lanka. Globally, very few studies are 

available on the Aporosa lindleyana. Therefore, the present 

study was carried out to investigate the medicinal plant 

Aporosa lindleyana (Wight) Baill extract with other 

biochemical compositions and proximate analysis. Steam and 

Simple distillations were carried out to isolate the Volatile oil 

from fresh plant leaves and isolated oil samples were analyzed 

using GC-MS. Maceration using methanol followed by 

phytochemical screening was done for air-dried samples. 

Alkaloids, Glycosides, Saponins, Phytosterols, Triterpenes, 

Diterpenes, and Flavones were present in A. lindleyana 

extract. Thin-layer Chromatography was carried out to 

separate the both macerated aqueous and methanolic 

extracts. The proximate analyses (moisture, ash, crude fats, 

proteins) of the samples were determined. A. lindleyana 

showed moisture = 2.30%, ash = 13.22% and crude fat = 

2.85%. Results of the present study revealed that A. lindleyana 

is rich in secondary metabolites. As this study planned to 

investigate the Biochemical composition and antioxidant 

activity of A. lindleyana extracts, this will support the 

investigation of the medicinal values of A. lindleyana and it 

will help the community to select better solutions for their 

diabetic matter.  

Keywords— Diabetes, Kebella, Herbal Plant, Biochemical 

I. INTRODUCTION 

Sri Lanka is rich with a vast diversity of medicinal plants 
which include several endemic species with a wide array of 
pharmacological and other health-beneficial interests. 
Currently, Non-communicable diseases (NCDs) such as 
Diabetes Mellitus are highly prevalent among society in 
every part of the world. The high content of diverse specific 
secondary metabolites, phenolic, and flavonoids in 
medicinal plants have been associated with their antioxidant 
activities that play a role in the prevention of the 
development of NCDs and age-related diseases, particularly 
caused by oxidative stress.   

Diabetes is a defect associated with the difficulty in the 
body to convert glucose (sugar) to energy. In Sri Lanka, 
many herbal preparations are widely used in the treatment 
of Diabetes and it has a rich history of using different herbs 
for the treatment of Diabetes and NCDs.   

Aporosa lindleyana(Wight) Baill is a tree that is used for 
several diseases. In traditional medicine, ayurveda and 
alternative medicine are used as herbal medicine. 

Taxonomy  

Kingdom: Plantae  

Phylum: Tracheophyta  

Class   : Equisetopsida C. Agardh  

Order   : Malpighiales Juss. ex Bercht. & J. Presl  

Family: Phyllanthaceae                                                             

Genus: Aporosa  

Species  : Aporosa cardiosperma (Gaertn.) Merr. / 

Aporosa lindleyana  

 

  

II. MATERIALS AND METHODS 

     Live steam distillation was carried out to isolate the 
volatile oil from fresh plant leaves and separation was done 
with fresh diethyl ether. Then simple distillation was carried 
out to evaporate the excess diethyl ether and oil samples 
were isolated and analyzed. Maceration using methanol was 
done for 4 days and a rotary evaporator (HS 2005-S-) was 
used to evaporate the excess solvent, followed by 
phytochemical screening for air-dried samples. Tests for 
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alkaloids, Glycosides, Saponins, Phytosterols, Diterpenes, 
and Flavonoids were Carried out.  

Phytochemical Screening of methanolic crude extract was 

conducted as follows. Screening of alkaloids,  

About 200 mg of methanolic crude extract was mixed with 

5 mL of 2N HCl solution. The solution was heated in a 

steam bath for 5 minutes. It was allowed to cool to room 

temperature and the solution was filtered using a filter paper 

(Whatmann No.1). The filtrate was subjected to the 

following tests.  

Mayer’s test  

A few drops of Mayer's reagent were added into 1 mL of the 

filtrate and observed for the turbidity.  

Wagner’s test  

A few drops of Wagner's reagent were added into 1 mL of 

the filtrate and observed for the precipitate.  

Dragendroff’s test  

A few drops of Dragendroff’s reagent were added into 1 mL 

of the filtrate and observed for the turbidity.  

Screening for Saponins  

A fourth test was carried out.  

About 200 mg of methanolic crude extract was shaken with 
2 mL of distilled water. If persistent froth forms for more 

than 3 minutes test was considered as positive.  

Screening of tannins and phenols  

About 100 mg of methanolic crude extract was shaken with 

2 mL of 5 % FeCl3 solution. If blue-green or green-black 

coloration indicates the presence of tannins and phenols.   

 Screening for flavonoids  

About 100 mg of methanolic crude extract was defatted with 

petroleum ether. It was dissolved in 2 mL of 95% ethanol. 

A few pieces of Mg turnings were added into the test tube 

and a few drops of conc.HCl was added. The color of the 

solution was determined.  

Orange-red         Flavones  

Red crimson         Flavonols  

Crimson-magenta       Flavanones  

 

 Screening for Glycosides  

Kellar-Killiani test  

About 100 mg of methanolic crude extract was dissolved in 
2 mL of glacial acetic acid and 6 drops of 5% FeCl3 solution 

were added. The mixture was poured slowly along the wall 

of the test tube containing 2 mL of conc.H2SO4. The 

formation of a brown ring at the interface was observed.  

Screening for diterpenes  

About 200 mg of methanolic crude extract was dissolved in 

distilled water. A few drops of Cu (CH3COO)2 solution was 

added. The formation of an emerald green color indicates 

the presence of diterpenes.  

Screening of phytosterols and triterpenes  

About 200 mg of methanolic crude extract was shaken with 

5 mL of pet ether and pet ether solution was discarded. 10 

mL of chloroform was added and shaken. The following 

tests were carried out for the chloroform layer.  

Libermann-Burchardt test  

About 2 mL of chloroform extract was obtained into a test 
tube. 0.25 mL of acetic anhydride followed by a few drops 

of conc.H2SO4 was added. The appearance of the green 

color solution is considered positive for the test.  

Salkowski test  

About 2 mL of chloroform layer was obtained into a test 

tube. Few drops of conc. H2SO4 was added to it. The 

appearance of the yellow color solution is considered 

positive for the test.  

    To separate the samples, Thin layer chromatography was 

done for both aqueous and methanolic extracts using the 

Hexane: Ethyl acetate solvent system and spots were 

visualized by using a UV lamp. The parameters determined 
for proximate analyses include ash, moisture, crude protein, 

and fat, All of these were carried out using the methods 

described by (AOAC, 2010).  

   Moisture content was determined gravimetrically by 
drying the samples in an oven at 100 °C to a constant weight. 

Crude protein content (N × 6.25) was determined by the 

Kjeldahl method (Method No. 978.04) (AOAC 2010). 

Crude fat was determined by the Soxhlet extract method 

using petroleum ether as the extracting agent (60–80 °C) 

(Method No. 930.09) (AOAC 2010). Ash content was 

assayed by incinerating the samples in a muffle furnace at 

550 °C (Method No. 930.05) (AOAC 2010).  

 

III. RESULTS AND DISCUSSION 

 

Phytochemical Studies  

     

     Phytochemical Studies of the plant extract confirmed 

the presence of a large array of plant constituents such as 

alkaloids, saponins, flavonoids, glycosides, steroids, 

tannins, and terpenoids, all of which may be potential 

sources of phyto-anti-inflammatory agents. 

 
 

 

 

TABLE 1: RESULTS OF PHYTOCHEMICAL STUDIES 
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Phytochemical  Availability  

Alkaloids  Available  

Glycosides  Available  

Saponins  Available  

Phytosterols  Available  

Triterpenes  Available  

Diterpenes  Available  

Flavones  Available  

 

According to observed results, Alkaloids, Glycosides, 

Saponins, Phytosterols, tyrpenes, Diterpenes, and Flavones 

were present in A. lindleyana extract. 

 
Thin Layer Chromatography  

 

Thin-layer Chromatography was carried out on macerated 

aqueous and methanolic extracts. For methanolic extract, 

there were four separate samples for Aporosa lindleyana 

and two separate samples for aqueous extract.  

TABLE 2: RESULTS OF THIN LAYER CHROMATOGRAPHY 

 

Sample Spot  Rf Value  

Spot 01 (Rf1)   0.56  

Spot 02 (Rf2)  0.88  

 

 

The proximate analysis  

  

The Proximate analysis is a quantitative analysis of a 

mixture to determine the percentage of components. The 

following Parameters were analyzed. 

TABLE 3. RESULTS OF PROXIMATE ANALYSIS 

 

Parameter  Results  

Moisture  2.30%,  

Ash  13.22%  

Crude fat  2.85%.  

 

IV. CONCLUSION 

Steam and Simple distillations were carried out to isolate 
the Volatile oil from fresh plant leaves and isolated oil 
samples were analyzed using GC-MS. Maceration using 
methanol followed by phytochemical screening was done 
for air-dried samples. Alkaloids, Glycosides, Saponins, 
Phytosterols, Triterpenes, Diterpenes, and Flavones were 
present in A. lindleyana extract. Thin-layer 
Chromatography was carried out to separate the both 
macerated aqueous and methanolic extracts. The proximate 
analyses (moisture, ash, crude fats, proteins) of the samples 
were determined. A. lindleyana showed moisture = 2.30%, 

ash = 13.22% and crude fat = 2.85%. Results of the present 
study revealed that A. lindleyana is rich in secondary 
metabolites. Results of the present study revealed that 
Aporosa lindleyana (Wight) Baill.  is rich in secondary 
metabolites. It is very useful for enhancing immunity. This 
study further planned to develop a new antidiabetic drug 
using Aporosa lindleyana (Wight) Baill.  extracts with other 
medicinal values will support the community in selecting 
the best drug for their diabetic matter. It will lead to a 
reduction the Diabetic and other diseases among the 
population.   
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Abstract— This study investigates the knowledge, 

attitudes, and practices of pregnant mothers regarding 

maternal nutrition within the Udubaddawa Divisional 

Secretariat, Kurunegala, Sri Lanka. Employing a quantitative 

research approach, the research explores demographic 

characteristics, nutritional knowledge, attitudes, practices, 

and their correlations among study variables. Demographic 

profiles reveal a diverse representation of participants across 

various categories. Notably, nutritional knowledge displays 

varying levels of understanding, with specific areas well 

grasped while others require improvement. Attitudes towards 

nutrition show mixed positive inclinations and uncertainties, 

shaping dietary behaviors. While responsible practices such 

as awareness of alcohol and smoking risks during pregnancy 

are evident, areas like daily iron supplementation and animal 

product consumption suggest opportunities for enhancement. 

Correlational analysis underscores the influential role of 

maternal education in shaping attitudes and practices (r = -

0.113, p < 0.05), highlighting its significance. 

Recommendations for further research encompass 

longitudinal studies to assess long-term effects, exploration of 

cultural influences on dietary practices, and tailored nutrition 

education interventions. Strategies involving healthcare 

providers, digital platforms, partner engagement, and 

socioeconomic factors are suggested. Comparative studies 

across regions could provide broader insights. Additionally, 

exploring links between maternal nutrition and child 

development is suggested. The study contributes insights into 

maternal nutrition dynamics, offering pathways to enhance 

maternal and infant health outcomes through informed 

interventions and policy actions. This research provides 

valuable context for advancing maternal care and 

underscores the pivotal role of education in promoting 

healthier behaviors during pregnancy. 

Keywords— maternal nutrition, pregnant mothers, 

knowledge, attitudes, practices, Sri Lanka  

I. INTRODUCTION  

Nutrition is a fundamental pillar of human life, health 
and development throughout life. Proper diet and good 
nutrition are essential for survival, physical development, 
mental development, performance and productivity, health 
and well –being [1].However, nutritional requirements vary 
with physiological changes such as age, gender, and 
pregnancy. Pregnancy is a crucial time in a woman’s life, 
unhealthy nutrition or inability to meet the nutritional needs 
of the mother during this period causes several health 

problems for both the mother and the baby [2]. Problems 
such as anemia, osteomalacia and gestational poisoning 
increase the risk of pregnancy and stillbirth, premature birth, 
cognitive abnormalities and dementia in infants due to 
inadequate and unbalanced nutrition. In addition, low 
maternal food quality can lead to misalignment of fetal 
development [3]. This leads to permanent structural, 
physiological and metabolic changes and is prone to 
cardiovascular, metabolic and endocrine diseases in 
adulthood [4]. The effects of nutrition during pregnancy 
affect the short- and long-term health of the mother, fetus, 
and infant, and that pregnant women are more likely to 
suffer from malnutrition and unbalanced nutrition [5].The 
main reasons for inadequate and unbalanced nutrition of 
pregnant women are not getting the necessary nutritional 
supplements for increasing pregnancy and lactation needs, 
not purchasing the right nutrients according to the 
nutritional content due to economic weakness, and choosing 
the wrong nutrients [6]. 

Maternal knowledge about nutrition is an important link 
to good pregnancy outcomes and is a critical skill in 
improving the nutritional status of children [7]. Evidence of 
maternal knowledge and attitudes about nutrition during 
pregnancy and their association with dietary diversity 
practices can never be obtained [8]. Existing studies have 
reported a link between maternal awareness levels or some 
pregnancy outcomes but a decrease explanation on how 
awareness levels during pregnancy are linked to attitudes 
and dietary practices. Therefore, in this study, aimed to 
assess the level of maternal knowledge about nutrition and 
attitudes towards nutrition [9]. 

II. OBJECTIVES  

The general objective of the study is to assess the 
knowledge of pregnant mothers on maternal nutrition and 
associated factors in Udubaddawa Divisional Secretariat, 
Kurunegala, Sri Lanka Further, this study aimed to describe 
socio-demographic attributes of pregnant mothers, evaluate 
their knowledge on nutrition and explore their various 
dietary behaviors and practices.  Further this study will 
ascertain the potential influence of socio-demographic 
variables on their nutritional awareness. 
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III. METHODOLOGY 

The research employs a quantitative approach involving 
a cross-sectional descriptive framework. The primary aim is 
to comprehensively assess maternal nutrition and its 
associated factors among pregnant women. The study was 
conducted between March and August 2022 within the 
Udubaddawa divisional secretariat in Kurunegala, Sri 
Lanka. The cross-sectional design utilized a cluster 
sampling technique to gather data from a representative 
community sample of pregnant mothers registered under the 
Udubaddawa divisional secretariat. Participants were 
selected among those seeking antenatal care at health 
centers and posts during the specified period in 2022. 

a. Sample Size Determination 

The sample size is determining by the assumption that 
95% of the pregnant mothers were knowledgeable on 
maternal nutrition during pregnancy with 5% marginal error 
and 95% CI and a none response rate of 20%. Based on this 
assumption, the actual sample size for the study is determine 
using the formula for single population proportion. 

   n = (Z α ⁄2) 2 p q 

               d2 

Where n = Sample size 

Z α ⁄2= Z value corresponding to a 95% level of 

significance = 1.96 

p = expected proportion of practices of mothers on 

nutrition during pregnancy= 95% =0.95 

q = (1 - p) = (1-0.95) = 0.05 
d = absolute precision (5%) 

None response rate =20% 

n=73+20=93 
 

This number was made up to 100 to increase the statistical 
power. 

B.  Data collection procedures  

Systematic sampling was applied to select study subjects 
from each antenatal care unit. The semi-structured 
questionnaire, translated from English to Sinhala, was pre-
tested in the health center's antenatal care unit on 5% of the 
sample. Data collection involved multiple visits to the study 
area's MOH clinic. The dependent variable focused on 
pregnant mothers' nutritional knowledge, assessed through 
a 10-question quantitative study. Respondents answered 
questions about supplements, health risks, causes of 
malnutrition, and more. Answers were scored, and the 
nutrition knowledge variables were calculated out of 100. 
Independent variables included socio-demographic 
characteristics and nutrition information. Data quality was 
ensured through pre-testing, translation, daily checks, and 
oral recording. Statistical analysis using SPSS included 
descriptive statistics and correlational analysis, while ethical 
considerations prioritized informed consent and data 
confidentiality. 

IV. RESULTS AND DISCUSSION  

a. Demographic Characteristics of Respondents 

The demographic characteristics of the study 
participants were distributed across various categories. The 
age groups showed representation of 18.0%, 51.0%, 28.0%, 

and 3.0% for 15-24, 25-34, 35-44, and above 44 years, 
respectively. All participants were married. Regarding 
religion, 62.0% were Buddhists, 20.0% Catholics, and 
18.0% Muslims. The ethnicity composition included 79.0% 
Sinhala, 17.0% Muslim, and 4.0% Tamil. Maternal 
occupations encompassed 15.0% government employees, 
21.0% house servants, 56.0% housewives, and 8.0% private 
employees. Husband's occupations ranged from 22.0% 
business, 48.0% farmers, 15.0% government employees, 
8.0% merchants, to 7.0% private employees. Maternal 
education levels were 81.0% with secondary education (9-
12) and 19.0% with a diploma or above. Similarly, 67.0% 
of husbands had secondary education, 22.0% had a diploma 
or above, and 11.0% had primary education. Family sizes 
consisted of 26.0%, 57.0%, and 17.0% for less than 3, 3-5, 
and more than 5 members, respectively. Gestational weight 
gain percentages were 31.0%, 44.0%, and 25.0% for 40-50, 
50-60, and 60-70, respectively. Gestational age in weeks 
displayed percentages of 31.0%, 47.0%, and 22.0% for less 
than 20 weeks, 20-40 weeks, and more than 40 weeks, 
correspondingly. Monthly income categories were 56.0%, 
41.0%, and 3.0% for less than 10,000, 10,000-50,000, and 
more than 50,000, respectively. 

DEMOGRAPHIC CHARACTERISTICS AMONG RESPONDENTS 

Demographic Characteristic Category Frequency % 
Age Group 15 - 24 18 18.0% 

 25 - 34 51 51.0% 

 35 - 44 28 28.0% 

 More than 44 3 3.0% 

Marital Status Married 100 100.0% 

Religion Buddhism 62 62.0% 
 Catholic 20 20.0% 

 Islam 18 18.0% 

Ethnicity Sinhala 79 79.0% 

 Muslim 17 17.0% 

 Tamil 4 4.0% 

Maternal Occupation 

Government 

Employee 15 15.0% 

 House Servant 21 21.0% 

 Housewife 56 56.0% 

 Private Employee 8 8.0% 

Husband’s Occupation Business 22 22.0% 

 Farmer 48 48.0% 

 

Government 

Employee 15 15.0% 

 Merchant 8 8.0% 

 Private Employee 7 7.0% 

Maternal Education Secondary (9-12) 81 81.0% 

 

Diploma and 

above 19 19.0% 

Husband’s Education Primary (1 - 8) 11 11.0% 

 Secondary (9 - 12) 67 67.0% 

 

Diploma and 

above 22 22.0% 

Family Size Less than 3 26 26.0% 

 3 - 5 57 57.0% 

 More than 5 17 17.0% 

Number of Births 1 - 2 66 66.0% 

 2 - 4 34 34.0% 

Inter-pregnancy Interval Less than a year 8 8.0% 

 1 - 2 years 34 34.0% 

 More than 2 years 58 58.0% 

Total Gestational Weight 40 to 50 31 31.0% 

Gain 50 to 60 47 44.0% 

 60 to 70 2 25.0% 
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Demographic Characteristic Category Frequency % 

Gestational Age in Weeks 

Less than 20 

weeks 31 31.0% 

 20 - 40 weeks 47 47.0% 

 

More than 40 

weeks 22 22.0% 

Monthly Income Less than 10,000 56 56.0% 

 10,000 - 50,000 41 41.0% 

 More than 50,000 3 3.0% 

 

b. Nutritional knowledge of pregnant mothers 

Comprehension of maternal and infant nutrition during 
pregnancy was assessed through a set of questions. Notably, 
around 40% accurately recognized causes of malnutrition, 
identified anemia, and understood necessary supplements 
for pregnant women. Additionally, 38% comprehended the 
health risks linked to insufficient iron intake in maternal 
diets, while 48% identified risks for infants. Moreover, 
participants displayed sound awareness (44%) of preventive 
measures for anemia, iron-rich foods, and substances 
affecting iron absorption. The mean knowledge score was 
45.1, indicating a moderate overall understanding. The 
results underline variable familiarity across different topics, 
highlighting areas for potential improvement through 
targeted education. These findings emphasize the 
significance of enhancing knowledge to facilitate better 
maternal and infant nutritional practices during pregnancy. 

 NUTRITIONAL  KNOWLEDGE 

Question  %Correct 

answers 

1. What do you think are the causes of malnutrition? 40% 

2. What supplements do you think pregnant women need 

during pregnancy? 

44% 

3. How do you identify anemia? 40% 

4. What are the health risks when pregnant women’s diet 

lacks iron? 

38% 

5. What are the health risks when infants’ diet lacks iron? 48% 

6. What do you think are the prevention measures of 

anemia? 

44% 

7. What are iron-rich foods? 51% 

8. What enhances iron absorption when taken with meals? 44% 

9. Which beverages inhibit iron absorption when taken 

with meals? 

44% 

10. Who/what is your source for nutritional information? 58% 

Mean score of the participants based on the knowledge 45.1 

 

 

 

 

 

 

c. Attitude towards Nutrition 

Table III outline the maternal attitudes towards nutrition 
during pregnancy within the Udubaddawa division. It 
depicts responses to various statements concerning dietary 
practices. Notably, 52% of participants expressed a positive 
attitude towards consuming more food during pregnancy, 
while 48% were uncertain about this notion. Regarding 
carbohydrate intake, 23% believed it should be increased, 
contrasting with 35% who disagreed, and 42% who were 
unsure. An overwhelming 90% acknowledged the 
importance of increasing protein or legume consumption 
during pregnancy. Similarly, 63% recognized the need for 
more milk and dairy products during this period. 
Encouragingly, 97% acknowledged the significance of 
incorporating iron-rich foods into their meals, such as beef, 
chicken, or liver. Participants also indicated positive 
inclinations towards good-tasting omega-3-rich foods 
(48%), milk and dairy products (75%), and iodized salt use 
in meal preparation (48%). 

MOTHERS ATTITUDE TOWARDS NUTRITION IN PREGNANCY 

Question Good Not 

good 

Not 

sure 

Eat more food during pregnancy? 52 48 0 

Eat more carbohydrate than non-

pregnancy 

23 35 42 

Eat more proteins or beans during 

pregnancy? 

90 10 0 

Have more milk and its products during 

Pregnancy? 

63 37 0 

Meals with iron-rich foods such as beef, 

chicken or liver? 

97 3 0 

 Good taste of omega 3 rich foods Good 48 48 4 

Good taste of milk and milk products? 75 25 0 

Prepare meals with iodized salt? 48 40 12 
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         Fig.1. - Mothers attitude towards nutrition in pregnancy    

 

d. Nutritional practices of pregnant mothers  

The table IV highlights the nutritional practices of 
pregnant mothers within the Udubaddawa division. The 
study assessed these practices through a series of questions, 
and the responses shed light on various aspects of dietary 
behavior. Encouragingly, the participants exhibited sound 
understanding and responsible behavior in certain areas, 
with 100% acknowledging the risks of alcohol and smoking 
during pregnancy. However, only 33% reported daily iron 
supplementation, suggesting a need for improvement in this 
crucial aspect. Similarly, while 41% consumed animal 
products daily, there is potential for increased intake 
considering their nutritional significance. On a positive 
note, 76% included dark green leafy vegetables daily, 
signifying awareness of their benefits. Daily meal 
consumption was generally high, with breakfast (82%), 
lunch (100%), and dinner (92%) being consistently 
consumed. Citrus fruit addition to dark green leafy 
vegetables was practiced by 72%, often attributed to its 
nutritional benefits (88%). Coffee/tea consumption (34%) 
and its timing (52%) during pregnancy were also addressed. 
The mean count and score reflected overall satisfactory 
nutritional practices, although specific areas like iron 
supplementation and optimal food variety could be 
addressed for enhanced maternal nutrition 

NUTRITION PRACTICE OF THE PREGNANT MOTHERS 

Question  Percentage of 

correct 

answers 

1.Alcohol consumption during pregnancy  100% 

2.Smoking during pregnancy  100% 

3.Daily use of iron supplementation  33% 

4.Consumption of animal products at least once a day  41% 

5.Consumption of dark green leafy vegetable at least once 

a day   

76% 

6.More food consumed during pregnancy as compared to 

before getting pregnant 

97% 

7.Daily breakfast consumption  82% 

8.Daily lunch consumption  100% 

9.Daily dinner consumption  92% 

10.Add citrus fruits to dark green leafy vegetables  72% 

11.Reason for adding citrus fruit to dark green leafy 

vegetables 

88% 

12.Coffee/tea consumption during pregnancy  34% 

13.Timing of coffee/tea consumption during pregnancy  52% 

Mean count 7.67 

 

  

e. Correlational Analysis  

RELATIONSHIP OF DEMOGRAPHIC FACTORS AGAINST KNOWLEDGE 

,NUTRITION PRACTICE AND ATTITDES  

Correlations Knowledge Nutrition 

Practice 

Attitude 

Age group 0.041 0.087 -0.033 

 (0.686) (0.390) (0.747) 

Maternal occupation 0.020 0.005 -0.010 

 (0.842) (0.962) (0.919) 

Husband occupation -0.100 -0.037 0.135 

 (0.320) (0.715) (0.179) 

Maternal education -0.085 -0.113** -0.170** 

 (0.399) (0.264) (0.090) 

Husband education -0.138 0.087 -0.069 

 (0.170) (0.392) (0.498) 

Number of births -0.002 -0.089 0.085 

 (0.981) (0.381) (0.400) 

Monthly income 0.062 0.073 -0.010 

 (0.539) (0.470) (0.923) 

**Correlation is significant at the 0.05 level (2-tailed). 

 

The significant correlations between maternal education 
and nutrition practices (-0.113) and attitudes (-0.170) are 
denoted by ** and signify their meaningful impact on 
shaping these aspects. Other correlations indicated weak 
associations without statistical significance. These findings 
underscore the pivotal role of maternal education in 
influencing nutritional behaviors and attitudes, highlighting 
its significance in promoting healthier practices during 
pregnancy[10]. 

V. CONCLUSION 

In conclusion, this study delved into the knowledge, 
attitudes, and practices of pregnant mothers regarding 
maternal nutrition within the Udubaddawa Divisional 
Secretariat, Kurunegala, Sri Lanka. Employing a mixed-
method approach, the research uncovered a diverse 
demographic profile among participants, offering context 
for understanding their perspectives. Notably, the study 
revealed varying levels of nutritional knowledge among 
pregnant mothers, with some areas well understood while 



 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

114 

 

others showed room for improvement. Attitudes towards 
nutrition exhibited a mix of positive inclinations and 
uncertainties, shaping dietary behaviors. While certain 
practices, such as awareness about the risks of alcohol and 
smoking during pregnancy, were commendable, 
opportunities for enhancement were identified, especially in 
aspects like daily iron supplementation and animal product 
consumption. Correlational analysis highlighted the 
influential role of maternal education in shaping both 
attitudes and practices, underscoring the significance of 
education in promoting healthier behaviors during 
pregnancy. 

Overall, the study emphasized the need for targeted 
educational interventions to bolster maternal nutrition 
understanding and practices. By addressing specific areas of 
knowledge and behavior, particularly among those with 
lower education levels, the potential to enhance maternal 
and infant health outcomes becomes evident. The findings  

underscore the importance of a holistic approach to maternal 
care, integrating knowledge dissemination, attitude 
refinement, and practice improvement. Ultimately, these 
insights contribute to the broader goal of advancing 
maternal and child health in the Udubaddawa Divisional 
Secretariat, Kurunegala, Sri Lanka. 

VI. FURTHER RESERCAH AND 

RECOMMENDATIONS 

To build upon the insights gained from this study, 
several avenues for further research and recommendations 
emerge. Firstly, a longitudinal study could provide a 
comprehensive understanding of the long-term impact of 
improved maternal nutrition knowledge and practices on 
maternal and infant health outcomes. Efforts could focus on 
designing and implementing targeted nutrition education 
interventions, leveraging healthcare providers' roles, and 
creating accessible digital education platforms. 
Investigating the interplay of socioeconomic factors and 
partner engagement in influencing maternal nutrition 
practices would provide a holistic view. Comparing findings 

across regions would broaden perspectives on influencing 
factors. 

Collaborating with policymakers to translate research 
into impactful policies can lead to sustainable 
improvements in maternal and child health outcomes. In 
essence, by exploring these directions, we can refine 
interventions, enhance maternal nutrition, and contribute to 
healthier communities. 
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Abstract—Potato, known for the superior food crop in 

Nepal, has been affected by microorganisms like the fungus 

Alternaria and the oomycete Phytophthora, casing early 

blight and late blight, profound diseases of potato leaf. To 

overcome the traditional disease detection technique in the 

leaves of potato, an accelerated approach is needed. The 

proposed paper focuses on identifying disease in potato leaves 

using SVM and XG-Boost classifiers. A balanced dataset of 

1500 leaf images of potatoes are used in this study to classify 

three different classes, namely early blight, late blight and 

healthy leaves. The performance achieved using the SVM 

classifier and XG-Boost classifier are 0.9933 and 0.9866 

respectively. 

Keywords—image classification, potato disease detection, 
svm, xg-boost 

I. INTRODUCTION  

Potato, the major vegetable crop, is widely known as 
the  superior staple food crop in the agricultural country, 
Nepal.  Potato occupies fifth, fourth and first in area 
coverage, total  production and productivity respectively. 
Potato contributes  its role in cash generation and food 
production unit areas for  smallholder farmers. [1] 

Since days in the past years and continuing in the present 
too,  farmers follow the same traditional mechanism to 
detect the  diseases in the crops, through their naked eyes. 
Thus, a  traditional mechanism makes one decide if the crop 
is healthy  or not. If not, he has to decide the disease through 
visual  inspection and makes them confused about which 
preventive  measures to adopt. Detailed knowledge and 
study about the  diseases of crops and a lot of expertise is 
required for the  prediction of the actual disease detection. 
During the visual  inspection of the leaves, diseases may 
appear almost similar  to farmers', often leaving farmers full 
of doubts and  confusion. When one makes false predictions 
and the wrong  type and inaccurate quantity of fertilizers are 
applied, adverse  effects can be seen in the crops, thus 
leading to an unfavorable  situation for both the plant and 
ferment. 

The presence of infections caused by various 
microorganisms  in potato leaves is a critical aspect of plant 
pathology and  agricultural research. Understanding the 
types of  microorganisms involved, their pathogenic 
mechanisms, and  their impact on potato plants is essential 
for efficient disease  management and sustainable crop 
production. Early and late  blight are two profound diseases 
found in potatoes which  belong to the Solanaceae family. 
While the early blight is  caused by the fungus Alternaria 
Solani, which thrives  relatively in warmer temperatures, 
late blight is caused by the  oomycete Phytophthora 
Infestans, which flourishes relatively  in cooler 
temperatures. 

Traditional mechanisms for classifying diseases on the 
leaves  of potatoes have often been time-consuming, labor-
intensive,  and reliant on human resources to manually 
classify the  potato leaves. Consequently, there’s an utmost 
requirement  for a more accelerated and efficient approach 
required in the  potato leaf disease detection system. Thus, 
this paper targets  a computerized detection system of potato 
leaves through machine learning and computer vision. 

The patterns that are present on the leaves will be 
identified  using different image processing techniques. The 
acquired patterns are compared to the patterns 
corresponding to  different diseases and thus, which 
influence the precise  identification of different diseases 
among various classes, or  obtaining a particular pattern 
corresponding to a disease  which creates an impact on the 
identification of various  diseases. Thus, the obtained 
features or patterns will be compared with the historical 
data, and we are able to classify  the disease, which can be 
done by various machine learning  methodologies. So, the 
symbiosis of machine learning and  image processing is 
very efficient in the detection and  classification of 
diseases.  

This paper is structured into 4 sections. Section 1 
introduces potato diseases and the importance of early 
identification of  diseases. Section 2 demonstrates literature 
review, Section 3 depicts Materials and Method, Section 4 
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depicts Results and  Discussion and followed by Section 5 
which concludes the  paper.  

 

II. LITERATURE REVIEW 

Different researchers have presented their views from 
the  detailed study regarding the Potato disease detection 
based on  leaves. 

Anushka Bangal, Neha Pande, Dhiraj Pagar, Neha 
Pande conducted Potato Leaf disease detection and 
classification  using the deep learning approach, CNN to 
classify potato  leaves among early blight, late blight and 
healthy leaves. An  1150 image dataset having 500 leaves 
belonging to each class  was used in this paper and thus 
91.41% validation accuracy  was achieved. [2] 

Dr. S. Satheesh and Dr. P. Ashok Babu conducted leaf 
disease  detection using SVM, XG-Boost and Texture XG-
Boost  Classifier on the leaves of Bell Pepper, Potato and 
Tomato.  Concerning potatoes, the performance of the 
potato leaves  from the Plant Village Dataset using the SVM 
classifier was  0.812, the XG-Boost classifier was 0.849. [3] 

Rahul Sharma, Amar Singh, Vishnu Sharma presented a 
CNN  model that used a 1500 image dataset having 500 
leaves  belonging to each class and was used in their 
research. The  CNN models automatically learn the features 
from the raw  images and are able to classify the images 
with 94.4%  accuracy. [4]  

Amar Singh, Rahul Sharma, Mehedi Masud, Kavita, 
N.Z  Jhanjhi, Sahil Verma and Emed Sami Jaha conducted 
Rice  and Potato leaf diseases using classifiers CNN, SVM, 
KNN,  Decision Tree and Random Forest. An accuracy of 
97.66%  was achieved using the deep learning-based CNN 
model to  detect the disease of potato based on the leaf. The 
deep  learning-based CNN model was able to detect potato 
leaf  disease with an accuracy of 97.66%. 1500 images of 
infected  and healthy leaves of potato crops were used. [5] 

Thus, the proposed research paper has better 
performance  than the related works which are mentioned in 
Section 2. Our  proposed paper has got a better performance 
level in  comparison to Paper 1, which uses the CNN model 
with 1150  dataset collection. Our proposed methodology 
achieved a better performance level with both SVM and 
XG-boost classifiers than Paper 2, which also used SVM 
and XGboost classifiers. The proposed research paper got 
better performance in comparison to Paper 3 using the same 
dataset. Since Paper 3 used CNN methodology, which is a 
heavy deep learning model, we got better performance 
compared to Paper 4 using the SVM classifier. One 
contribution of the proposed paper to Paper 4 is improved 
performance by optimization of the hyper-parameters. 

III. MATERIALS AND METHOD 

This section of the paper represents the proposed 
methodology for detecting and classifying the profound 
diseases in the leaves of the potato. The methodology of the 
proposed research paper framework is depicted in the bloc 
diagram below. 

 

Fig.1. Methodology of proposed paper 

a. Dataset Collection 

Acquisition of the data from Plant Village Dataset [6] 
was  done in the first phase of the methodology. This 
dataset  consists of 1500 images, which are divided into 
three distinct  classes, specifically late blight, healthy and 
early blight.  Detailed information about the dataset used is 
depicted in the  following table:  

TABLEI. DATASET 

Categories Total 

Data 

Early Blight 500 

Late Blight 500 

Healthy 500 

 

Each image of different categories of the dataset is as 
follows: 

 

 

Fig.2. Potato leaves [7] 



 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

117 

 

Labels a, b and c in the above figure depict healthy 
leaf,  early blight leaf and late blight leaf of potato 
respectively. 

  

b. Preprocessing Data 

Preprocessing phase, a vital step in the methodology, 
targets image denoising, image enhancement and 
maintenance of the images at a standard size, so that a better 
result can be achieved. Prefetching of the images is done so 
that it reduces the computational time. Different images 
from the dataset are resized into dimensions with size (256, 
256). 

c. Feature Extraction 

A process where high-dimensional and raw data 
is transfigured into a meaningful illustration, in which 
the essential patterns and characteristics of the data are 
captured, is called feature extraction. The features, which 
are the  transformed representation, are used as the input to 
machine  learning algorithms for classification. For the 
feature  extraction process, Visual Geometry Group-16 
(VGG-16)  [8], a deep CNN architecture is used. VGG-16 
consists of 13  convolutional layers and 3 fully connected 
layers, which  sums up 16 layers in total. The fully 
connected layers can be  removed, and the convolutional 
layers are used for the  extraction of features. Low-level 
features like colors, edges  and textures are extracted from 
the first few layers of the  convolutional layer while the 
complex patterns are  recognized from the deeper layers of 
the convolutional layer.  Max-pooling layers are used in 
between some convolutional  layers which are used to retain 
the key insights within the  area. 

d. Classification 

This phase of the research methodology is all 
about  classifying the data into one of the three classes, 
specifically  early blight, healthy and late blight. Two 
classifiers were  used in this paper, namely Support Vector 
Machine [6] and  XG-Boost [9]. 

Support Vector Machine, one of the supervised machine 
learning techniques which performs even better with 
smaller datasets and is also capable of inferring the output 
label. A  hyperplane maximizing the margins is output by 
SVM. The  kernel method is employed by SVM for the 
purpose of  classification of non-linear data. y = mx + c is 
the standard equation of the separator hyperplane is given 

by . 

Maximization of the classification distance  is aimed 
by SVM and thus can be achieved by the minimization of  

 with the constraint { }. Training and 

Validation accuracy were evaluated with respect to 
parameters kernel, C and random_state. [10] 

In the evaluation process, the difference in training 
accuracy and validation accuracy is minimal as the kernel is 
set to sigmoid and C is set to 3.0. Thus, C = 3.0, kernel = 
sigmoid and the default random_state are chosen for 
evaluation of the performance of SVM. 

An ensemble learning algorithm, XG-Boost, is used for 
purposes like classification and regression. XG-Boost is 

based on the gradient boosting framework. A collection of 
weak learners is decision trees and is built in a sequential 
manner in which the errors made by previous learners are 
corrected by each new learner. The predictions of multiple 
weak learners are often combined to form a robust learner. 

 

Fig.3. Framework of XG-boost [11] 

The representation of the output final prediction is 
depicted below: 

 

where, training set and their corresponding class labels 
are represented by and  respectively. 

is the leaf score for the kth tree and the set of all 
regression trees are represented by  and  respectively. 
[12] 

The ability to handle large datasets effectively and 
missing data is one of the crucial elements of using XG-
Boost. A  number of hyperparameters in XG-Boost can be 
tuned to  improve the performance level of the model. 
Parameters like  n_estimators and learning_rate are set to 
250 and 0.1  respectively. Different values of the parameter 
tree_method,  namely ‘gpu_hist’, ‘hist’, ‘approx’, were also 
implemented  [13]. 

But the performance of the XG-Boost classifier in this 
study was better with learning_rate and n_estimators than 
in addition to tree_hist.  

IV. RESULTS AND DISCUSSION 

Profound classifiers like SVM and XG-boost were used 
in this proposed study for the classification of potato leaf 
disease detection. Two of the emerging classifiers, SVM 
and XG Boost, were used to detect one of the three classes: 
Early  blight, Late blight and Healthy. For evaluating 
SVM  classification, parameters like C, kernel and 
random_state  were used, whereas for XG-boost 
classification, n_estimators  and learning rate were used. 

The performance achieved to detect the disease on 
potato  leaves of SVM is 0.9933 and that of XG-Boost is 
0.9866. Evaluation of the classifiers using evaluation 
metrics like Accuracy, Precision, Recall and F1-score is 
depicted in the table below: 

 

 

 



 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

118 

 

TABLE II.PERFORMANCE OF THE CLASSIFIERS  

 Classifiers  Accuracy  Precision   

 

Recall  

F1-Score 

SVM  0.9933  0.9934  0.9933  0.9933 

XG-Boost  0.9866  0.9867  0.9866  0.9866 

 

SVM achieved better results with smaller datasets due 
to the  different kernel functions and different values of 
the  parameter C. Due to which, the computational time 
is  reduced, thus achieving a better performance level. 

The performance achieved can also be evaluated using a 
confusion matrix. The prediction summary which is 
represented in a matrix form is called a confusion matrix. 
Through a confused matrix, the total number of correct and 
incorrect predictions per class is depicted. Figure 4 and 
Figure 5 depict the confused matrix of the SVM classifier 
and XG boost classifier applied for predicting potato lead 
diseases. 

True   

Labels 
Potato   

Late   

Blight 

100  0  0 

Potato   

Healthy 
0  100  0 

Potato   

Early   

Blight 

0  2  98 

 Potato   

Late   

Blight 

Potato   

Healthy 
Potato   

Early   

Blight 
Predicted Labels 

Fig 4. Confusion Matrix obtained using SVM classifier 

 

True   

Labels 
Potato   

Late   

Blight 

100  0  0 

Potato   

Healthy 
2  97  1 

Potato   

Early   

Blight 

0  1  99 

 Potato   

Late   

Blight 

Potato   

Healthy 
Potato   

Early   

Blight 
Predicted Labels 

Fig. 5. Confusion Matrix obtained using XG-Boost 
classifier 

True Positives (TP) are the diagonal values of the 
confused matrix. The values in the corresponding row items 
are added, ignoring the true positive values, to obtain false 
negatives. 2 % of misclassified data over the three classes 
has been observed in the confusion matrix of SVM while 
4% of misclassified data over the classes has been observed 
in the confusion matrix of XG-Boost. 

 

V. CONCLUSIONS AND FUTURE SCOPE 

This paper is concerned with the detection of diseases 
on potatoes based on their leaves. 1500 data from the Plant 
Village Dataset were used in this machine learning 
approach. Two of the emerging classifiers, SVM and XG-
Boost, were used to detect one of the three classes: late 
blight, healthy and early blight. The performance achieved 
to detect the disease  on the leaves of potatoes using 
classifiers SVM and XG Boost are 0.9933 and 0.9866 
respectively. 

Integrating mobile applications with this machine 
learning approach is one of the improvements to be made in 
the future so that farmers can easily detect if the potato is 
healthy or not with their handy mobile devices. Adding 
more datasets to  optimize the performance and accuracy of 
the machine  learning approach is also one of the 
improvements to be made  in the future. 
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Abstract— Approximately one-third of all fruit is lost 

during the agricultural and post-harvest phases before it 

reaches consumers. This research focused on addressing the 

issue of spoilage, especially in the case of highly perishable 

fruits like passion fruit, which have a limited shelf life due to 

dehydration and microbial growth. This limitation hampers 

their storage, transportation, and marketability. The study 

aimed to evaluate the impact of a protective coating on the 

shelf life and overall quality of passion fruit (Passiflora edulis) 

during storage. The investigation monitored chemical changes 

associated with weight loss, decay, and ripening over a four-

week period under ambient conditions (20-25°C and 70-85% 

Relative Humidity). The results revealed that passion fruit 

treated with a 3% CMC coating solution exhibited a 

significant reduction in weight loss, shrinkage index, and an 

extension of shelf life by 15 days. These findings demonstrate 

the effectiveness of the CMC coating solution in preventing 

oxidation, reducing water loss, and delaying the ripening of 

passion fruit. This research underscores the importance of 

passion fruit preservation, highlighting its potential for 

enhanced quality and economic benefits. 

1  Keywords—Passion fruit, Carboxymethyl cellulose, 
coating, shelf life, quality 

I. INTRODUCTION  

Passiflora edulis, commonly known as passion fruit, has 

gained significant recognition in modern society thanks to 

its well-documented medicinal properties, impressive 

nutritional profile, and associated health benefits, which 

include cancer prevention, blood pressure control, and the 

management of hyperlipidemia [1]. In addition to its health 

advantages, passion fruit's delightful flavor has led to a 

substantial increase in demand for both fresh and processed 

passion fruit products in domestic and international 

markets over the past few years. This fruit is cultivated in 
various countries, including Australia, New Zealand, 

Kenya, South Africa, South America, Hawaii, India, and 

Sri Lanka [2]. Presently, South America stands as the 

world's leading producer of passion fruit, with a global 

annual production of approximately 0.8 million metric 

tons[3]. 

In recent times, an increasing number of individuals in Sri 

Lanka are drawn to passion fruit cultivation due to the 

region's favorable climate conditions, temperature, and the 

appealing market demand for this fruit. Sri Lanka features 

two distinct varieties of passion fruit [4]. One variety is 
yellowish (Passiflora edulis flavicarpa), while the other is 

purplish (Passiflora edulis). Especially, the yellowish 

passion fruit variety, which possesses a tangier flavor, is 

widely cultivated in Sri Lanka. Passion fruit cultivation is 

particularly popular in districts such as Kalutara, Gampaha, 

Ratnapura, and Kurunegala. Sri Lanka's annual passion 

fruit production averages around 500 metric tons [1]. 

Although passion fruit is highly sought after, its tropical 

characteristics pose challenges for its commercialization as 

a fresh product. These challenges include issues like fruit 

quality degradation, reduced market appeal, moisture loss, 

diminished fruit size, cell wall deterioration, a wilted 
appearance, and eventual senescence [5]. Both 

domestically sold and exported passion fruit face a 

significant issue where their unsightly appearance renders 

them unmarketable. Consequently, there is a pressing 

demand for preservation methods for passion fruit  [6]. 

Under typical tropical conditions, passion fruit experiences 

rapid moisture loss, leading to excessive shriveling, a 

reduction in fruit size, cell wall deterioration, a withered 

appearance, and eventual senescence. In some cases, the 

pulp can undergo fermentation within just 7-10 days of 

harvest [7]. Given that passion fruit is often an impulse 
purchase, its shriveled appearance can discourage potential 

customers from buying it. However, by storing it at 

temperatures between 6.5°C and 7.0°C and maintaining a 

relative humidity of 85%-90%, the marketable shelf life of 

passion fruit can be extended to 4 to 5 weeks. Lower 

temperatures may lead to disorders and make the fruit more 

susceptible to fungal attacks, while higher temperatures can 

result in increased moisture loss and susceptibility to fungal 

infestation [8]. 

Shriveling represents a significant physiological issue 

affecting both passion fruit sold domestically and those 

intended for export. This condition makes the fruit 
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unsuitable for sale due to its unattractive appearance. 

Consequently, there is a critical need for preservation 

methods to prolong the shelf life of passion fruit [9]. 

Coatings serve various essential functions, including acting 

as a protective barrier to minimize product interaction with 
the environment. Additionally, they can alter the food's 

functional characteristics and aid in managing surface 

moisture to prevent clumping, adhesion, or disintegration 

[10]. These coatings establish a modified atmosphere 

around the product, preserving its freshness by reducing 

gas exchange (CO2 and O2) and forming a semi-permeable 

membrane around the fruit. This helps minimize alterations 

during the fruit's maturation or ripening processs [6]. 

CMC (Carboxymethyl cellulose), stands as a vital 

derivative in fruit coating applications. Coatings composed 

of CMC have found use in enhancing fruits and vegetables 
by creating barriers to oxygen, oil, or moisture transfer, as 

well as improving batter adhesion[11]. CMC is the 

predominant choice for fruit coatings, contributing to the 

retention of the fruits' original firmness and crispness. 

Furthermore, it aids in preserving the essential flavor 

components of various fresh fruits and vegetables while 

also curbing oxygen intake without elevating carbon 

dioxide levels within the coated environment [12]. 

The general objective of the study is to reduce dehydration 

and oxidation as well as the resulting undesirable changes 

in external appearance & also to preserve freshness and 

maintain quality standards often associated with 
appearances that consumers have come to expect and 

further investigated the CMC and thus the quality 

maintenance of passion fruit during storage and ascertain 

protect the shrinkage level and extend the shelf life. 

II. MATERIAL AND METHOD 

      According to the maturity index,[13]. (Figure 1) 

passion fruits at the time of maturation were used for this 

study. 

 

 

Fig 1: Lateral and transverse sections of both purple and yellow passion 

fruits at various developmental stages.  

After harvested passion fruits study was conducted in the 

laboratory. The selcted Passion fruits were washed and 

cleaned well. 

Solution preparation: Make the solution with different 

precentages (1%,3%,5%).Then the best one was selected 

considering the thickness.The required amount of CMC 

was measured (3g) and the solution was prepared(CMC 3% 

solution).The prepared solution was mixed well under 1000 

rpm. 

a. Passion Fruits storage Qulity   

          To assess the storage quality of passion fruits, a dip-

coating method was employed for applying the fruit 

coating. The gathered passion fruits were initially rinsed 

with tap water and subsequently divided randomly into two 

groups, each include five fruits for replication. One of these 
groups withstand a soaking process in the coating solution 

for five minutes and was then allowed to air dry (referred 

to as the "coated group"). The second group, serving as the 

control, received no treatment. Following the drying 

process, both groups were stored at room temperature (20-

25°C, 70-85% relative humidity) and subjected to daily 

evaluations over a 25-day period..   

 

 

 

 

                                                                                                                  

 
 

 

 
 

 

                       Fig 2. Coating apply procedure for passion fruit. 

 

b.  The Weight loss  

       Each day, the weight of both the control sample 

(without coating) and the coated sample of passion fruit 

was measured and recorded using an electronic balance. 

The weight loss was then determined using the following 

formula. 
 

weight loss (%) = (Wo -Wt ) / Wt x 100% 

 

where:   Wo - Initial weight 

              Wt - tested day weight respectively. 

 

c.  The Shrinkage index 

      The shrinkage index was evaluated by 0 points: no 

shrinkage;  0-1:  0%-10% shrinkage; 1-2: 10% - 20% 

shrinkage; 2-3: 20%-30% shrinkage; 3-4: 30%-40% 

shrinkage; 4-5: 40%-50% shrinkage; 5-6: 50%-60% 

shrinkage; 6-7: 60%-70% shrinkage; 7-8: 70%-80% 

shrinkage; 8–9: more than 80% shrinkage, respectively.  

 

The calculation for the shrinkage index is as follows. 

Shrinkage index =   Σ S × n / N 
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III. RESULTS AND DISCUSSION 

         In the studies conducted, the applied coating acts as a 

barrier to external agents on passion fruit. (fig.3). Thus, the 

basic objectives of the study are fulfilled. 

 

 

 

 

 

 

 

 
             

 

 

 

 

 

 

 

 

 

 

   

 

    Fig 3. Experimental process and mechanism diagram. 

a. Assessing the Storage Quality of Passion Fruits  

       The coating was prepared and applied to passion fruit 
using the dip-coating method. The evaluation focused on 

the coating's ability to maintain the fruit's freshness and 

minimize shrinkage. Figure 4 illustrates the visible 

differences in both untreated and coated passion fruit over 

time when stored at room temperature. Specifically, after 

five days from harvest, the uncoated fruits began to exhibit 

signs of shriveling, indicating the progression of changes 

with time. 

 
 

 

 

 

 

 

 

 
 

 Fig 4. images captured  of 25 days depicting the changes in both uncoated 

and coated passion fruits during storage. 

 

External discoloration and dehydration significantly impact 

the visual appeal and color of passion fruit. In contrast, the 

coated fruits demonstrated effective control over external 

appearance changes, even as early as the 10th day, and 

maintained a consistent appearance at the 15th and 20th day 

marks. This outcome enhance the efficacy of the CMC 

coating in prolonging the freshness of passion fruit by 
preserving its quality for an extended duration. Harvested 

passion fruit exhibits high respiration rates and permeable 

post-harvest, resulting in ongoing nutrient consumption 

and dehydration, leading to weight loss and a short shelf 

life. To investigate this, the fruits were initially stored at 

room temperature for 25 days, and the difference between 

uncoated and coated fruits were observed and compared. 

The CMC coating exerts an influence on the permeability 

of carbon dioxide, oxygen, and water vapor in passion fruit, 

effectively reducing evaporation. Furthermore, it regulates 

the water loss through the pores on the fruit's skin, which 

helps maintain internal pressure and mitigate weight 
loss[14].  

The shrinkage index serves as a crucial indicator for 

assessing passion fruit quality, affecting its appearance and 

hastening the aging process. As illustrated in Figure 4, 

when comparing coated and non-coated passion fruit, it 

becomes evident that uncoated passion fruit displays a 

higher tendency for shrinkage. Table 1 illustrates the 

progression of the shrinkage index during storage. In the 

control group, there was a substantial increase in the 

shrinkage index from the 4th day (4th day - 0.48, 5th day - 

0.82, 6th day - 1.08, 7th day - 2.80, 9th day - 3.55, 12th day 
- 4.43, 14th day - 5.00, 16th day - 5.9, 18th day - 6.5, 20th 

day - 7.0, 22nd day - 7.42, 24th day - 8.3), reaching 8.50 on 

the 25th day, which corresponds to approximately 85% of 

the fruit's surface exhibiting signs of shriveling (Table 1).In 

contrast, the coated group showed a shrinkage index of 5.3 

on the 25th day, indicating that only 52.90% of the surface 

area significantly had shrunk due to the coating. This result 

was lower than that of the control group. These findings 

emphasize the effectiveness of CMC coating in preserving 

passion fruit quality and extending its shelf life. The CMC 

coatings can effectively delay the aging process, potentially 

prolonging the fruit's shelf life by postponing anaerobic 
respiration and fruit metabolism. This enhancement 

contributes to increasing the appeal of passion fruit to 

consumers. 

 
Table 1 

Shrinkage of passion fruit in both the Control and Coated groups throughout the 

storage period.  

Days  Control  Coated  

 Shrinkage(%)  Shrinkage index  Shrinkage(%) Shrinkage index  

1     0.00              0.00                                    0.0                        0.00  

2     0.00              0.00                                  0.00                   0.00  

3     1.28              0.15                                  0.00                       0.00  

4     4.48              0.48                                   2.00                       0.20  

5     8.78              0.82                                  3.00                  0.3 0 

6   10.72                    1.08                                   3.00                       0.30 

7   19.00              2.80                                 10.10                       1.10  

8   33.00              3.30                  11.00                       1.10  

9   35.50                       3.55                                 13.00                       1.30               

10   43.38                       4.34                                 14.00                       1.40  

11 43.80              4.38                                 14.80                       1.50  

12 44.29              4.43                                15.00                      1.50  

13 45.10              4.51                15.80                      1.58  

14 50.00              5.00                16.20                      1.62  

15 56.70                       5.67               20.00                      2.00  

16 58.50                       5.90                                  21.50                      2.15 

17 60.00              6.00                    22.80                     2.23  

18 65.00              6.50                                 25.00                     2.50  

19 68.00              6.80                                 28.00                     2.80  

20 70.00              7.00                                 32.60                     3.30  

21 72.00              7.20                                 35.90                     3.60  

22 74.20              7.42                                 38.00                     3.80  
  22                   76.00                         7.60                                      40.00                       4.00  

   23                   80.00                          8.00                                      45.00                      4.50  

   24                   82.50                          8.30                                      50.00                      5.00  

   25                   85.00                          8.50                                      52.90                      5.30 
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IV. CONCLUSION  

       In this research, a 3% CMC coating solution emerged 

as the most effective method for prolonging the post-

harvest shelf life of passion fruit, reducing the loss of fresh 

matter, minimizing shrinkage, and preserving the fruit's 

edibility over an extended period. 

The dip-coating process, the application of this coating on 

passion fruit surfaces significantly delays both weight loss 

and softening of the fruit. Furthermore, passion fruits 

treated with these active ingredients, as compared to 

untreated ones, can be stored at room temperature for up to 

15 days with minimal to no noticeable changes. While these 
outcomes remain at the laboratory experimentation stage, 

the simplicity of preparation, ease of application, and eco-

friendliness of this coating make it a promising candidate 

for real-world applications in fruit preservation. 
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Abstract – Solid baby foods are defined as weaning food, 

which is first introduced at the age of 6 months with 

breastfeeding. In Sri Lanka, it is called “Beribatha” which is 

enriched with the required nutrients for the baby. However, 

modern mothers often struggle with time limitations due to 

work commitments, and the scarcity of 100% organic in 

reasonable price options further complicates the situation. 

Therefore the new solid baby food product was introduced to 

the market enriched in natural nutrients, produced by 100% 

organic ingredients at an affordable price. Raw materials 

were selected concerning nutritional value, availability, 

sensory quality, function, and ability to process under 

minimal processing conditions. Four types of samples were 

formulated by considering health guidelines and nutritional 

composition. The sensory characteristics were evaluated 

separately using 35 untrained panelists and the best formula 

(354) was selected. The proximate composition of the selected 

formula (354) contained 3.3 ± 0.01 % moisture, 8.86 ± 0.05 % 

crude protein, 2.52 ± 0.02 % Total fat, and 1.45 ± 0.01 % of 

Ash. A comprehensive shelf life analysis was conducted, 

revealing that sensory attributes and microbiological counts 

remained within acceptable levels over a three-month storage 

period within the laminated metalized wrapper packaging 

(Material: BOPP 25 Micron + Met CPP 20 Micron). In 

conclusion, the developed natural nutrient-enriched organic 

solid baby food exhibits great potential for creating highly 

consumer accepted infant-based products and it can be 

introduced as a main meal for babies. 

Keywords – solid baby food, organic, nutrient enriched, 

weaning food 

I. INTRODUCTION 

Proper nutrient intake from the early stages of 

infancy is important for the optimal growth and 

development of a baby. Solid baby foods are defined as 

weaning, which is first introduced at the age of 6 months 

with breastfeeding (WHO, 2021). Introducing solid foods at 

the age of 6 months is the current recommendation of WHO 

and earlier it was 4 to 6 months according to WHO (WHO, 

2021 & WHO, 2011). In Sri Lanka it is called “Beribatha” 
which is enriched with the required nutrients for the baby. 

Beribatha is considered one of the most highly-consuming 

preparations of baby food products and it is one type of high 

nutrient product. The quality of baby food depends on many 

factors such as ingredients used for Beribatha preparation, 

nutrient content of ingredients, and process conditions. 

Introducing a mix of ingredients to the babies’ food is 

important to fulfill the increasing nutritional demand of 

babies with their age and body weight. Nowadays, it is 
difficult to find 100% organic foods in the market. 

According to USDA, organic crops are defined as fresh 

produce, which is grown on soil without adding any 

synthetic fertilizer or pesticide. Farm animals who are raised 

for meat products should be given natural conditions, fed 

100% organic feed, and should not be given antibiotics or 

hormones (USDA,2019) At present, people have a very 

busy lifestyle as both men, and women work in most 

families, and some mothers lack knowledge in making baby 

foods. Therefore, they always look for convenient meals in 

preparation. When convenience is taken as the priority, 
preparation time becomes a very important factor. When 

considering the normal Beribatha making process it takes 

more than one hour to complete. So that most of them do 

not tend to make Beribatha at home. Therefore, to protect 

the nutrients in the raw ingredients, in urban communities, 

the time devoted to cooking has been shortened by the 

introduction of increasingly popular "convenience" foods 

such as solid ready to cook mixes, where most of the work 

has already been done. It is not simple to replace 100% of 

functions in Beribatha by using dehydrated ingredients. The 

functions of the egg, fish, and meat in Beribatha help to gain 
nutrients for the baby. The newly introduced solid baby food 

only contains dehydrated plant materials and meat, egg, or 

fish can be added when preparing the product. The general 

objective to develop a natural nutrientenriched organic solid 

baby food (Beribatha) for the infants and specific Objectives 

are to produce organic raw materials for the solid baby food, 

to determine the best combination of ingredients to develop 

the natural nutrient-enriched organic solid baby food and to 

select the best formulation for the natural nutrient solid baby 

food. 

 

II. LITERATURE REVIEW  

The guidelines outlined by the GMOA emphasize 

exclusive breastfeeding from birth until 6 months of age, 

followed by the introduction of complementary foods at 6 

months (180 days) while continuing breastfeeding. Findings 

from the 2010 National Nutrition and Food Security survey 

(Jayatissa and Hossaine, 2010) revealed that 0.5% of 

households faced "severe food insecurity," 11.8% 

experienced "moderate food insecurity," and 87.6% were 

mailto:lakmini.n.weerakkody@gmail.com


 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

124 

 

classified as "food secure" according to the World Food 

Program’s criteria. Common household consumption 

patterns indicated widespread use of cereals, roots, tubers, 

sugar, and coconut. While 78% consumed fish or meat, 

there were notable disparities based on economic status. The 
consumption of eggs stood at 35% (IYCF, 2017). The 

Codex Alimentarius Commission has established 

Recommended International Standards for infant formula 

(CAC/RS 72-1976), canned baby foods (CAC/RS 73-1976), 

and cereal-based foods for infants and children (CAC/RS 

74- 1976). In addition, the Commission has issued a 

Recommended International Code of Hygienic Practice for 

Food for Infants and Children (CAC/RCP 21-1979).  

 

 

III. METHODOLOGY  

 
Survey on Consumer Perception The initial phase 

of this study involved assessing consumer perspectives on 

ready-to-cook solid baby food product (Beribatha) through 
a questionnaire. The target demographic for this evaluation 

was mothers with infants aged 0-36 months. This 

assessment aimed to gather insights into the market viability 

of these products in the context of solid baby food 

development.  
Comparative market analysis An analysis of 

existing baby products in the market was conducted, 

focusing on key label information such as the intended 

target group, ingredients, product weight, pricing, and any 
special information provided on the labels. In this 

comparative analysis, five prominent products against our 

newly developed organic solid baby food, "Beribatha” were 

evaluated.  

 

Raw material selection and preparation According 

to the health guidelines and WHO guidelines, raw materials 

were selected to consider the nutritional value, availability, 

sensory quality, function, and ability to process under 

minimal processing conditions. The most important thing is 

that the product is 100% organic. The raw materials were 

taken from selected organic farmers. For the preparation of 
solid baby food, Suwadel rice, Dhal, chickpea, Spinach, 

Carrot, Pumpkin, Potato, and Gotukola leaves were selected 

to achieve the nutritional requirements. According to the 

GMP (Good Manufacturing Practices) guidelines, all the 

processing practices were conducted. The dehydrated raw 

materials were taken to generate the formulas.  

 

Sample formulation The solid baby food formula 

was generated considering health guidelines given by the 

health ministry and general practice of Beribatha 

preparation method. Different ratios of ingredients were 
formulated and sample trials were conducted.  

 

 

 

 

 

TABLE 1: COMPOSITIONAL VARIATION OF THE VARIABLE INGREDIENTS 

OF SOLID BABY FOOD  

Variable 

Ingredients 

Sample_0

1 

(123) 

Sample_02 

(234) 

Sample_03 

(345) 

Sample_04 

(456) 

Suwadel Rice 96.6% 96.8% 97.0% 97.5% 

Carrot 0.8% 0.7% 0.7% 0.9% 

Pumpkin 1.0% 0.6% 0.7% 0.4% 

Dhal 0.5% 0.5% 0.5% 0.3% 

Potato 0.4% 0.4% 0.4% 0.3% 

Chickpea 0.3% 0.3% 0.3% 0.2% 

Spinach 0.2% 0.3% 0.2% 0.2% 

Gotukola 0.2% 0.4% 0.2% 0.2% 

Formulated ingredients were mixed well and 

prepared for sample trials. The mixture with water is cooked 

for 40 minutes while it makes a thick mixture. The cooked 

product samples were taken for the sensory evaluation to 

select the best formula.  

Sensory evaluation Sensory evaluation was 

conducted to evaluate odour, colour, mouth Feel, taste, and 

overall acceptability of the developed solid baby food 

samples. The samples were prepared in uniform sizes. 
Thirty-five untrained panel members were selected from 

mothers who have babies 6 to 18 months from Narammala, 

Avissawella, and Bandaragama areas. The samples were 

evaluated based on a five point hedonic scale. Sensory data 

were analyzed using IBM SPSS Statistics 21 software with 

a 95% confidence interval under the Friedman test. 

Selecting suitable packing material The suitable 

packing material for the developed product selected 

concerning moisture resistance, light protection, and air 

barrier properties. The product was first enclosed with a 

laminated metalized wrapper and a cardboard box was used 
as the secondary packing material. Packing material 

combination was BOPP 25 Micron + Met CPP 20 Micron.  

Proximate analysis For the proximate analysis total 

Ash content (AOAC 17th edn official method 923.03 ), 

Crude fat content (Using Soxhlet apparatus : AOAC, 

922.06), Crude Protein content (Using Kjeldhal apparatus: 

AOAC 1984b) and total moisture content (AOAC, 2000) of 

the final sample mixture was analyzed.  

Shelf life analysis To determine the shelf life of the 

final product, the peroxide value and the microbiological 

analysis including Yeast and mold count (ISO 21527:2008), 

Presumptive coliform (ISO 4833:2006), and Aerobic plate 
count (ISO 4833) were analyzed over a 3-month storage 

duration.  

Product price calculation Costing techniques and 

cost analysis theories used for calculating the price of the 

final Product price. When deciding the product price, the 

total cost of materials, labor, depreciation values, electrical, 

water, bills, and other overheads were considered. After that 

the profit percentage to the product and margin of the 
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marketer/ seller were added to get the final retail price of the 

product. 

V. RESULTS AND DISCUSSION 

  
Results of Consumer Perception Survey The 

sampled participants consisted of mothers with babies aged 

0 to 36 months. It was observed that 71% of these mothers 

encountered challenges while feeding their infants. 

Conversely, approximately 21% of mothers found baby 

feeding to be effortless. Impressions about Beribatha's 

impact on babies varied, with 56% of mothers confirming 
their babies' satisfaction with the product, while others 

indicated dissatisfaction. Precisely, 12% of mothers found 

preparing Beribatha at home to be highly manageable, 

whereas 17% reported facing difficulties. Meanwhile, 44% 

held a neutral perspective. The survey findings underscore 

a prevailing inclination among mothers to take the initiative 

in preparing Beribatha 3 for their infants and 73% of 

mothers expressed their willingness to explore novel 

approaches to Beribatha preparation.  

Comparative market analysis The comparative 

market analysis of baby food products available in the local 

market and properties were compared with the developed 
product. All the marketed products are cereal-based foods 

and can be given as an additional meal to babies, but there 

is no replacement for the main meal. Unlike the existing 

products, "Beri batha" stands as a feasible replacement for a 

primary meal.  

Sensory evaluation Formulated ingredients were 

mixed well and prepared for sample trials. According to the 

results of sensory evaluation, Sample 4 (formula;456) was 

the least consumer-preferred sample in all the sensory 

attributes. Sample 3 (formula;354) can be considered as the 

most consumer-preferred sample concerning all the sensory 
parameters.  

 
Figure 1: Formulated sample mixtures for the sample  

 

 
Figure 2 : Descriptive rating chart for sensory evaluation for selection of 

the best formula for the Solid baby food 
 

Proximate and Shelf-life evaluation According to 

the results of proximate analysis, the 100 g of the final 

product contained contained 3.3 ± 0.01 % moisture, 8.86 ± 

0.05 % crude protein, 2.52 ± 0.02 % Total fat, and 1.45 ± 

0.01 % of Ash.  
Microbiological analysis within three months 

revealed that Aerobic plate count(1.9*102cfu/g), yeast and 

mold count (<102 cfu/g), and presumptive coliform count 

(not detected) were within the acceptable limits, and the 

peroxide value was negligible within the storage period. 

After 3 months the sensory attributes of the packaged 

product (packaged in a laminated metalized wrapper) were 

evaluated. According to the observation, no changes were 

shown with previous samples.  

Furthermore, in terms of pricing, our newly 

developed product can be made available at Rs. 490.00 in 

the retail market. This offering includes 10 servings, with 
each cup containing 20 grams. Consequently, the cost per 

cup equates to Rs. 49.00. 

 

V. CONCLUSION  
A natural nutrient-enriched organic solid baby 

food (Beribatha) was successfully developed using 

dehydrated suwadel rice, Carrot, Pumpkin, Dal, Potato, 

Chick Pea, Spinach and Gotukola concerning nutritional 

value, availability, sensory quality, function, and ability to 

process under minimal processing conditions. Four types of 

samples were formulated by considering health guidelines 

and nutritional composition and Sample 3 (formula;354) 

was selected as the most consumer-preferred sample 

concerning all the sensory parameters.  

The selected formula exhibited a proximate 

composition including 3.3 ± 0.01 % moisture, 8.86 ± 0.05 
% crude protein, 2.52 ± 0.02 % Total fat, and 1.45 ± 0.01 % 

of Ash. A comprehensive shelf-life analysis was conducted, 

revealing that sensory attributes and microbiological counts 

remained within acceptable levels over a three-month 

storage period.  

Recommend to introducing the high-quality and 

costeffective natural nutrient-enriched organic solid baby 

food product, "Beribatha," to the market as a primary meal 

option for infants aged 6-18 months. 

 



 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

126 

 

REFERENCES  

[1] AACC (1995). Approved Methods of the American Association of 

Cereal Chemists, 9th edn. Methods 44-15A, 46-12, 08-01, 30-20. St 

Paul, MN: AACC, In, 1995  

[2] AOAC (1980) Official Methods of Analysis, 13th Edn. Association of 

Official Analytical Chemists, Washington, DC, 1980. 

 [3] Commercial foods for infants and young children in the WHO 

European Region A study of the availability, composition and 
marketing of baby foods in four European countries; Available from 

https://apps.who.int/iris/handle/10665/346581; 28/08/20211  

[4] Family Health Bureau, Ministry of Health, Nutrition & Indigenous 
Medicine, National Strategy for Infant and Young Child Feeding Sri 

Lanka (2015 - 2020), Available from: https://fhb.health.gov.lk/  

[5] Feeding your baby: 6–12 months; Available from; 
https://www.unicef.org/parenting/food-nutrition/feeding-your-

baby6-12-months; (28/08/2021)  

[6] Gichau, A.W., Okoth, J.K., Makokha, A. and Wanjala, G.W., 2019. 
Use of peroxide value and moisture content as a measure of quality 

for amaranth-sorghum grains-based complementary food. Nutr Food 

Technol, 5, pp.1-5, 2019.  

[7] GMOA, 2013,Complementary feeding 6-12 months, Available from; 

Available from:http://www.healthysrilanka.lk/healthy-

eating/agerelated-guide/complementaryfeeding, 2013.  

[8] 
https://medicine.kln.ac.lk/depts/publichealth/Fixed_Learning/Nutrit

ion. Jayatissa R., Department of Nutrition, Medical Research 

Institute. 2011 

[9] Improving the nutritional quality of commercial foods for infants and 

young children of commercial foods for infants and young children 
in the WHO European Region; available from; 

https://www.euro.who.int/en/health-topics/disease prevention/ 
nutrition/ publications/ 2019/ improving-the-nutritional-quality-

ofcommercial foods for-infants-and-young-children-in-the-

whoeuropean-region-2019; 28/08/2021  

[10] Infant and young child feeding practices in Sri Lanka: A desk review 

and IYCF Practices in Sri Lanka; 2006 – 2017 Sample 1 Sample 2 

Sample 3 Sample 4 4  

[11] Infant and young child feeding. Available from; 

https://www.who.int/news-room/factsheets/detail/infant-and-

youngchild-feeding;(28/08/2021)  

[12] Infant and Young; Child Feeding Guidelines for Sri Lanka, Faculty 

of Medicine,University of Kelaniya, Available from:  

[13] Infant and Young; Child Feeding Guidelines for Sri Lanka; Faculty 
of Medicine, University of Kelaniya; available from; 

https://medicine.kln.ac.lk/depts/publichealth/FixedLearning/Nutriti
on/Guidelines%20 

on%20Infant%20and%20Young%20Child%20Feeding.pdf; 

28/08/2021  

[14] Kandel, R.F. and Branch, L., 1983. Legislation on Foods for Infants 

and Small Children. FAO.  

[15] Kuo, A.A., Inkelas, M., Slusser, W.M., Maidenberg, M. and Halfon, 
N., 2011. Introduction of solid food to young infants. Maternal and 

Child Health Journal, 15(8), pp.1185-1194.  

[16] Maslin, K. and Venter, C., 2017. Nutritional aspects of commercially 
prepared infant foods in developed countries: a narrative review. 

Nutrition research reviews, 30(1), pp.138-148.  

[17] Nasirpour, A., Scher, J. and Desobry, S., 2006. Baby foods: 
formulations and interactions (a review). Critical Reviews in Food 

Science and Nutrition, 46(8), pp.665- 681.  

[18] National Strategy for Infant and Young Child Feeding Sri Lanka; 

Family Health Bureau, Ministry of Health, Nutrition & Indigenous 

Medicine; 2015 - 2020)  

[19] Nutritional aspects of commercially prepared infant foods in 

developed countries; Maslin and Venter; 2017  

[20] SLS 1036:2011 Sri Lanka Standard Specification for Processed 

Cereal Based Products for Infants and Young Children  

[21] Thushara, P.A.N., Godakumbura, P.I. and Prashantha, M.A.B., 2019. 

Importance, health benefits and bioactivities of Sri Lankan 
traditional rice (Oryza sativa L.) varieties: A review. University of 

Sri Jayewardenepura, 2019  

[22] Twabi, H.S., Manda, S.O. and Small, D.S., 2021. Evaluating the 
effect of appropriate complementary feeding practices on child 

growth in Malawi using cross-sectional data: an application of 

propensity score matching. Frontiers in Nutrition, 8, p.714232, 2021  

[23] World Health Organization, 2017. Guidance on ending the 

inappropriate promotion of foods for infants and young children: 

implementation manual.  

[24] World Health Organization. (2021). Infant and young child feeding. 
Available from; https://www.who.int/news-room/fact- 

sheets/detail/infant-and-young-child-feeding;(27/08/2021)69

 

 

 

 

 

 

 

 

 

 

 



 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

127 

 

Development and Sensory Quality Evaluation of 

Rice Bran Oil Incorporated Ice Cream as a 

Functional Food

I.G.V.V Gilsinghe  
Department of Agriculture and Food 

Technology 

University of Vocational Technology 
Ratmalana, Sri Lanka 
fpt18b113@uovt.ac.lk 

 
J.A.E.C Jayawardena 

Department of Agriculture and Food 
Technology 

University of Vocational Technology 

Ratmalana, Sri Lanka 
erandya.jayawardena.uovt.ac.lk 

Malkanthi Thenabadu  
Department of Agriculture and Food 

Technology 
University of Vocational Technology 

Ratmalana, Sri Lanka 

mal.thenabadu@gmail.com

 

 

Abstract— this study is focused on the development of a 

functional ice cream infused with Rice Bran Oil (RBO). Rice 

Bran Oil possesses attributes of being odorless, light, and pale 

yellow, accompanied by a subtle nutty essence. Renowned for 

its health-enhancing qualities, Rice Bran Oil is commonly 

referred to as "heart oil" or "healthy oil" due to its well-

balanced fatty acid composition, antioxidant content, and 

bioactive phytochemical constituents. This recognition stems 

from its capacity to confer physiological benefits, thus 

positioning Rice Bran Oil as a functional food source.The ice 

cream formulations created encompassed distinct ratios of 

ingredients: 50% RBO and 50% Milk Fat (designated as S1), 

75% RBO and 25% Milk Fat (S2), and 100% RBO (S3), in 

addition to a control sample. Following sensory evaluations 

conducted by an untrained panel comprising 30 individuals, 

the ice cream variant featuring 100% RBO (S3) garnered the 

highest preference. Consequently, this chosen formulation 

was subjected to a comparative analysis against the control 

sample, encompassing assessments of proximate composition, 

physical attributes, and physiochemical characteristics.The 

ice cream variant integrated with 100% RBO displayed a 

Crude Protein content of 0.83±0.2% and a Crude Fat content 

of 11.5±0.5%. Microbiological investigations indicated that 

parameters such as Total Plate Count, Yeast, and Mold 

Count, as well as the presence of Coliform bacteria, remained 

well below the permissible thresholds stipulated by the Sri 

Lanka Standards (SLS). 

Keywords—Rice(Oryza sativa), Rice bran, RBO (Rice 

Bran Oil), Ice cream, Functional food 

I INTRODUCTION  

Ice cream is a sweetened frozen dairy product preferred 
as a snack or dessert made of milk and milk products[1]. 
The number of studies regarding ice cream's 
functionalization has expanded since people enjoy it 
enthusiastically and has a convenient structure[2].  

Rice (Oryza sativa) is the most important staple food for 
a large part of the world's human population[3]. especially 
in East and South Asia, the Middle East, Latin America, and 
the West Indies. For more than half of the global population, 
particularly in East and South Asia, the Middle East, Latin 
America, and the West Indies, rice (Oryza sativa) is the most 
important staple food. It is grown in at least 114 countries 
with a global production of  

 

 

 

645 million tons; the share of Asian farmers is about 
90% of the total produce[4].  

The bran (8–10%) and husk (20%) are separated from 
rice during the milling process, releasing the 70% starchy 
endosperm [5].  

Among the many byproducts produced during the 
cultivation of rice, rice bran gets special attention. Because 
rice bran includes a variety of macronutrients (proteins, 
lipids, and carbohydrates) along with dietary fibers and the 
bioactive component. RBO is incredibly nutrient-dense[6]. 
And rice bran contains carbohydrates (34–62%), lipids (15–
20%), protein (11–15%), crude fiber (7–11%) and ash (7–
10%). The variety of rice, the environment, and the 
techniques of processing all affect the composition of rice 
bran[7]. Due to the increasing worldwide need to provide a 
food supply and based on its composition, rice bran is 
considered an inexpensive high-quality lipid and protein 
source for human consumption[8].  

Rice Bran Oil (RBO) can be extracted from rice bran. 
Considering the oil yield (12%– 18%) and practical refining 
yield (50%– 70%), RBO is a very precious oil. RBO oil has 
a slight nutty taste and is odorless and somewhat pale yellow 
in color[9]. However, the highly active enzyme system 
found in rice bran is made up of lipoxygenase, peroxidase, 
and, most importantly, lipase, which is either produced 
naturally in the bran or as a consequence of microbial 
activity and activated during grinding. If no stabilizing 
treatment is done, the bran will decompose naturally and 
become unsuitable for human consumption in about 6 
hours[8].  

The main barrier to rice bran's use as a food component 
is its instability during storage [4]. Therefore, 
stabilization—an enzyme deactivation process—is 
frequently used to increase rice bran's shelf life so that we 
can reintroduce it into our diets[3]. Bran may be a great 
source of protein, calories, vital fatty acids, and minerals 
including tocopherols and ferulic acid derivatives if it has 
stabilized adequately. The most common stabilizing 
techniques are thermal and chemical treatments.[10]. 
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TABLE 1: FEW METHODS OF RICE BRAN OIL STABILIZATION [10]. 

Domestic heating 

methods 
Heating 

conditions 
Instruments 

Hot air heating 150 ±2 °C, 10 min Domestic hot air 

oven (TRIMOND, 

BO-300D-HT, China) 
Roasting 150±2 °C, 10 min Domestic cooking 

Pan with a diameter of 

60 cm 
Steaming 130±2 °C, 60 min Domestic cooking 

steamer with a diameter 

of 60 cm 
Microwave heating 150±2 °C, 3 min 

Power 800 w, 

frequency 2450 

MHz 

Domestic microwave 

oven (Re218H, Sharp, 

Japan) 

 
Hexane was once the solvent of choice for extracting 

oils. However, hexane has a significant potential for 
flammability and toxicity, and when improperly collected, 
it may potentially pollute the environment. Consequently, a 
lot of research has gone into developing substitute solvents. 
These are the short-chain alcohols, and ethanol and 
isopropanol in particular are very promising because they 
can be produced from biorenewable sources, have lower 
toxicity and higher operational safety, can be used to extract 
high-quality oil, and enhance the defatted meal's functional 
and sensory characteristics[8]. 

RBO has a fatty acid composition that is around 0.6 
(SFA): 1.1 (MUFA): 1 (PUFA) for saturated (SFA), 
monounsaturated (MUFA), and polyunsaturated (PUFA) 
fatty acids. In RBO, palmitic acid makes up the majority of 
SFA (17.0%–21.5%), whereas myristic and stearic acid are 
just trace amounts. With around 40% of the total, oleic acid 
is the primary MUFA, and with about 35%, linoleic acid, an 
ω-6 PUFA, is the primary PUFA. There is very little ω-3 
PUFA linolenic acid present[11]. And Rice bran oil (RBO) 
has a high concentration of oryzanol, phytosterols, 
tocopherols, tocotrienols, and other nutrients (proteins, fats, 
carbohydrates)[6] [12]. Rice bran includes significant 
amounts of phytosterols, sterolins, and gamma-oryzanol, an 
antioxidant that may have immune-stiffening 
properties[13]. It has been shown to modulate cholesterol, 
hypertension, hyperglycemia, insomnia, and other chronic 
conditions in a good way. RBO's special properties have 
made it valuable in a variety of fields, including food, 
pharmaceutics, cosmetics, industries, etc. Many people 
throughout the world are currently interested in expanding 
the uses of RBO[14].  

Since around a century ago, RBO gained popularity in 
Japan as it is considered a “healthy oil” and is one of the 
most used vegetable oils in this country. India has also a 
long tradition of using RBO and, nowadays, the reputation 
and sale of RBO is rapidly increasing in China, Korea, 
Thailand, and Vietnam as well[11]. Its calculated as 7% 
bran obtained from paddy production in 2017 (FAO, 2017) 
and 20% oil from bran.  

 

TABLE 2: RICE BRAN OIL PRODUCTION, SUPPLY, AND USES IN 2013 

(FAOSTAT, 2013) AND MAXIMUM POTENTIAL FOR RBO 

PRODUCTION)[15][11]. 

Country RBO production 

(KT) 
Maximum potential 

for RBO production 

(KT)a 
Sri Lanka 9 35 

Consumers are interested in RBO because of its biological 

properties, nutritional composition, and health benefits, and 

they hope to see more of it in the future. Many applications, 

both food and non-food, have grown to rely on the RBO 

components. Those are, Cooking oil, bakery items, milk, 

milk-related items, meat products and meat, Emulsifiers, 

and structured lipids (SLs)[16].  

II OBJECTIVES 

The principal objective of this study was to develop an ice      
cream infused with rice bran oil, subsequently assessing its       
sensory attributes to develop it into a functional food 
product.  

  III MATERIALS AND METHODOLOGY 

Materials 
Rice bran oil mechanically extracted from rice bran by 

using a mechanical extractor.Ice cream processed by using 
homogenizer and Ice cream Machine.Ice cream Nutrition 
analysis carried out by using Kjeldhal machine, Soxhelt 
extractor.Physiochemical characteristics of ice cream were 
carried out by using pH meter, Acid base titration and Flow 
time determination.Microbiology analysis was carried out 
by using autoclave, laminar floor, incubator, vortex mixture 
and colonies counter.  

Methodology 

Selection of raw materials  

 

Rice bran of Oryza Sativa - Bg 370 variety used to extract 

the Rice Bran Oil.  
Extraction of rice bran oil 

Rice bran oil extracted from rice bran of Oryza Sativa - Bg 

370 by using a mechanical oil extractor.   

Preparation of ice cream incorporating rbo 

Different compositions of Rice bran oil used to make ice 

cream are shown below. 
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Ice cream fat percentage takes as 12%. Four samples were 

prepared and named as S1, S2, S3, and Control Sample. 

 

 

 
TABLE 3: COMPOSITIONAL VARIATION OF THE PREPARED    SAMPLES 

 
List of 

Ingredients 

Amount (500ml of Ice cream mixture) 

Sample 01 

(316) 

Sample 

02 

(423) 

Sample 

03 

(543) 

Control 

Sample 

(234) 

Milk (ml) 310 310 310 310 

Sugar (g) 120 120 120 120 

Rice Bran Oil 

(g) 

30 45 60 0 

Milk Fat (ml) 30 15 0 60 

Stabilizers 

(Cremodan)  

(g) 

8 8 8 8 

Vanilla (ml) 2 2 2 2 

 

TABLE 4: Raw Material Composition as a Percentage 

Raw material Percentage (%) 

Milk 62  

Fat 12 

Sugar  24 

Stabilizers  1.6 

Vanilla 0.4 

 

 

Processing of Ice cream 

 
 

Sensory evaluation of RBO incorporated Ice cream 

 
Sensory evaluation was carried out by using sets of 

samples, with variations in the ingredient’s composition 

and type of the ingredients (Sample 01, Sample 02, Sample 

03 and Control Sample).5 point Hedonic scale test followed 

for sensory in term of appearance, Odor, Color, Taste, 

Mouth feel, after taste and Overall acceptability.  

In this step, the best treatment from each test will be 

identified from a sensory panel which consists of 30 

untrained panelists by using 5 point hedonic scales. The 

results were assessed statistically with respect to each 

sensory stimulus individually. Then the combination that 
gives the best sensory properties was compared with the 

control sample and selected. 

 

Proximate analysis of Ice cream 

The proximate composition of the selected Ice Cream 

sample was analyzed for crude protein and crude fat using 

approved methods of 925.10, 978.04, and 923.03 of the 

Association of Official Analytical Chemists (AOAC, 

2005). Fat content was determined by using Soxhlet 

apparatus (SER 148, VelpScientifica-Italy,) using 

petroleum ether as solvent extractor, further followed by 
evaporation till a constant weight at 103 0C for 30 minutes 

in the hot air oven. (YCO-010, Gemmy 888, Thaivan). 

Protein content (N (%) × 6.25) was estimated by the 

Kjeldahl method (AOAC, 978.04) using a Keldhal digester 

unit (UDK 139, Velp Scientifica, Italy) and distillation unit 

(UDK 139, VelpScientifica, Italy). The sample was titrated 

against 0.2N HCl solutions with the presence of methyl 

blue and methyl red indicator and the endpoint was 

recorded.  

Physiochemical characteristics 

Titratable Acidity  

Titratable acidity was determined by titrating an ice cream 

sample and distilled water (2:8) mixture with 0.1N NaOH 

using a 0.1% Phenolphthalein indicator until a shade of 

pink color endpoint was observed, the titratable acidity was 

finally calculated using the acid factor of lactic acid for 

each ice cream sample (AOAC,2005).  

pH value 

The pH was measured after calibration of the pH meter 

(sensIONTM+PH3, HACH, USA) with standardized pH 

buffer solutions 4.0, 7.0, and 10.0 before the measurement. 

Microbial analysis of ice cream 

A microbial study of the RBO-incorporated Ice Cream was 

carried out by determining Total Plate Count, Yeast and 

mold count, and Coliforms.  

IV RESULTS 

Sensory Analysis Results 
 

The best ingredient mix was selected through a sensory 

evaluation by using 30 untrained panelists from the 

Department of Agriculture and Food Technology of the 

University of Vocational Technology - Ratmalana.  
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Figure 3: Descriptive rating chart for sensory evaluation for selection of 

the best formula for the RBO ice cream 

As figure shows the sensory evaluation of RBO 

Incorporated ice cream. The incorporation of 100% rice 

bran oil (RBO) into the ice cream had a positive effect 

compared with the control sample on the sensory properties 

of Ice cream. Sensory analysis data highlighted that the 

inclusion of the S3 sample resulted in a higher ranking for 
sensory attributes compared to both Sample 01 and Sample 

02. 

Proximate Analysis Results  
 

TABLE 5: The fat and protein content of RBO incorporated 
ice cream and Control Sample. 

Properties Amount (g/100g wet basis) 

100% Rice bran oil  

incorporated Ice Cream Sample 
 Control 

Sample 

Protein (%) 0.83±0.2 1.00±0.2 

Fat (%) 11.5±0.5 12±0.5 

 

Microbiology Analysis Results  
 

TABLE 6 : Microbiology analysis results 

# Sample 

Description 
TPC 

(CFU/g) 
Yeast 

(CFU/g) 
Mold 

(CFU/g) 
1 100% 

RBO 

incorporated 

Ice cream 

˂10 ˂10 ˂10 

2 Control 

Sample 
˂10 ˂10 ˂10 

# Sample 

Description 
Coliform 

1 100% 

RBO incorporated Ice cream 
Negative 

2 Control Sample Negative 

 

 
Figure 4: Physical appearance of RBO incorporated ice cream and 

control sample ice cream 

VI. DISCUSSION 

As the figure shows the sensory evaluation of RBO-
Incorporated ice cream, 100% RBO-incorporated Ice cream 
(S3 Sample; 543) had a positive effect on the sensory 
properties of Ice cream. Sensory data revealed that the 
incorporation of 100% RBO-incorporated Ice cream (S3 
sample; 543) leads to a higher rank of all the sensory 
attributes than other treatments. Physical appearance, odor, 
color, and mouthfeel were the same in both samples 
(Control sample and 100% RBO incorporated ice cream). 
The taste and aftertaste of the 100% RBO-incorporated 
sample were a little bit different than the control sample and 
the taste of the 100% RBO-incorporated sample had a mild 
nutty flavor. According to the proximate analysis Protein 
content of the 100% RBO incorporated sample was 0.83% 
±0.2 and the control sample protein percentage was 1.00% 
±0.2.The fat percentage of the 100% RBO-incorporate 
sample was 11.5% ±0.5.Incorporating 100% rice bran oil 
(RBO) was a challenge due to its liquid form. The process 
of integrating RBO into the ice cream mixture required a 
longer homogenization period than that of the control 
sample ice cream mixture.The titratable Acidity of the 
100% RBO-incorporate sample was 0.14 % ±0.01 and the 
Titratable Acidity of the Control sample was 0.17 % 
±0.01.pH of 100% RBO-incorporate sample was 6.2±0.2 
and pH of Control sample was 6.4±0.2.The flow rate of the 
100% RBO-incorporate sample was 51±5 and the Control 
sample was 55±5. The flow rate of the 100% sample little 
bit lower than the Control sample.TPC, Yeast, and Mold 
counts of both samples were less than 10 CFU/g and 
Coliform was negative in both samples.The panelist 
suggested incorporating different flavors and colors into 
rice bran oil incorporated Ice cream. 

VII. CONCLUSION 

Rice bran oil is an underutilized oil in Sri Lanka. RBO uses 

for many food applications in some Asian Japan, India, 

China etc. In Japan RBO consider “Hearth oil” “Healthy 

oil” Due to unique health benefits of RBO. Rice bran oil is 

a rich source of nutrients and bioactive compounds which 

are associated with many health benefits. Essential oil, 

dietary fiber, tocopherol, tocotrienols, and γ-oryzanol are 

some important nutrients in rice bran with proven health 

benefits. RBO Associated with several beneficial 
modulating effects on hypertension, insomnia, cholesterol, 

hyperglycemia etc.  

The study offers a new perspective on the use of Rice Bran 

Oil incorporated ice cream as a functional food. Sensory 
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evaluation results showed that different ratios could be used 

in Rice Bran Oil. And 100% RBO incorporated Ice cream 

was considered the most organoleptic ally acceptable by the 

untrained panelists. 

Rice bran oil can be successfully used as an alternative for 
milk fat and vegetable fat. Research regarding functional 

foods and nutraceuticals must include rice bran and rice 

bran oil as a major source of bioactive compounds for the 

development of functional foods. And we should go for this 

kind of oils to make life healthier. 
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Abstract -The global environmental crisis has heightened 

the need for sustainable alternatives in various industries, 

especially in agriculture and horticulture. In the plant 

cultivation field, traditional plastic nursery containers 

contribute to plastic waste accumulation and environmental 

degradation, and biodegradable nursery containers have 

gained significant attention as a sustainable solution. Through 

a comprehensive literature review, this study investigates the 

environmental impact, performance, and cost-effectiveness 

that biodegradable nursery containers offer. Plastic waste is a 

challenge for sustainable development because large 

quantities of fossil fuel are used to manufacture plastic 

containers, which take around 500 years to decompose and 

increase other environmental issues. Not only that, in Sri 

Lanka, regarding solid waste disposable, 54.50% of short-

term biodegradable waste and 5.90% of long-term 

biodegradable waste is created as a result of activities in 

homes and industries and cause large-scale land and water 

pollution. Meanwhile, waste is a big problem in 

environmental pollution. Therefore, biodegradable waste 

needs to be managed as a success for a sustainable 

environment, it can be made into plantable or compostable 

containers made from organic materials including livestock 

manure, postharvest agricultural waste, and agro-industrial 

residues that break down naturally over time, leaving no 

harmful residues. Thereof, the development of biodegradable 

nursery containers made from agricultural waste can reduce 

farm costs, reduce environmental contamination, and let the 

roots develop more naturally in the growing media, either 

outdoors into the ground in an open field or indoors as an eco-

friendly solution for plant growth.  

Keywords: biodegradable, nursery container, sustainability, 

plastic waste, environmental impact  

 

I. INTRODUCTION 

 
Nursery containers play a vital role in suitable 

agriculture by facilitating the growth and establishment of 
seedlings and young plants. Also, many horticultural and 
agricultural crops are generally cropped in individual 
biodegradable or non-biodegradable containers in nurseries 
[1] before transplantation under controlled environmental 
conditions for very successful cropping [2]. Plastic is the 

most commonly used material for containers in nurseries 
including over 750 million kilograms of petroleum plastic 
per year. Large quantities of fossil fuel are used to 
manufacture plastic pots, which take around 500 years to 
decompose [3,4] which are not biodegradable, difficulties 
associated with the disposal of synthetic plastics. Not only 
that, recycling of nursery containers limited because of a 
lack of infrastructure, ultraviolet degradation, and poor resin 
quality. As a result most containers are deposited in landfills 
[5,6] and pose long-term risks of groundwater and soil 
contamination [7]. Therefore, non-biodegradable waste is 
creating lots of problems in the environment, and its 
disposal becoming a great difficulty in municipalities [8,9] 
including regulatory requirements for environmental 
clearance [10].  

On the other hand, municipal solid waste management 
is an important problem in the world [11]  as well as in Sri 
Lanka [12]. In Sri Lanka’s solid waste management, 
54.50% of short-term biodegradable waste and 5.90% of 
long-term biodegradable waste are the result of activities in 
homes and industries. However, results of municipal, 
industrial, and agricultural solid waste and biomass deposits 
cause large-scale land and water pollution. The effects of 
landfills and incineration are significant because of their 
potential for greenhouse gas emissions including methane, 
carbon dioxide [13]. Therefore, biodegradable waste needs 
to be managed as a success for sustainable agriculture as 
well as for a sustainable environment [14]. Therefore, this 
study summarized the biodegradable waste that proved it 
could be developed into nursery containers to promote 
environmental sustainability. 

According to those, biodegradable containers are an 
alternative to plastic containers as a way to improve 
sustainability [15,16] as well as a solution to the creation of 
large amounts of plastic waste [17]. Further, bio-degradable 
containers have important factors such as strongly affecting 
plant growth [18], water-permeable containers within 
shorter irrigation intervals, most susceptible to the growth 
of algae and fungi, ability to plant them without removing 
the container [19], economically feasible, and also reducing 
dependence on fossil fuels and reduce emissions of 
greenhouse gas [6] . Therefore, the use of biodegradable 
nursery containers made from biodegradable waste can 
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reduce farm cost, reduce environmental contamination and 
let the roots develop more naturally in the growing media, 
either outdoors into the ground in open field, or indoors.  

II. LITERATURE REVIEW  

Solid wastes in agriculture 

Agricultural wastes, which can be defined as a 
byproduct of farming activities, represent a significant 
challenge and opportunity for sustainable resource 
management. They are the residues from the growing and 
processing of raw agricultural products, including fruits, 
vegetables, crops, meat, poultry, and dairy products [20,21]. 
Also, agricultural wastes are the non-product outputs of the 
production and processing of agricultural products that may 
contain material. Basically, there are three types of 
agricultural waste which livestock manure, on which the 
agricultural land is generally devoted to farm animals like 
cattle, pig and poultry, then postharvest agricultural waste,  
which is the primary agricultural waste of husks, straw, and 
stalks of plant crops after harvest and finally agro-industrial 
residues, which are secondary residuals produced after 
processing agricultural crops. Also, the composition of 
agricultural waste depends on the system and type of 
activities and can be in the form of solids, liquids, or slurries 
[22,23].  

 

Based on postharvest and industrial processing waste, 
cereal production and processing are one of the most 
important sectors of the food and agriculture industries in 
Sri Lanka [25], including annual rice production of 2.45 
million MT [26] and annual maize production of around 
35,000 T [27,28]. Rice husk as well as maize husk and cob 
are some of the plant residues that are generated in large 
quantities in processing industry [29], which contain high 
values of cellulose, hemicellulose, lignin, and ash [19,30].  

 

According to livestock waste, manure can also be used 
worldwide, not only as a source of plant nutrients but also 
as fertilizer for soil [31,7]. Further animal manure consists 
of predominantly urine and feces, although it may contain 
bedding materials, dropped feed, scurf, and other farming 
wastes [32]. Also, as a source of organic matter, livestock 
waste improves the soil quality, especially in organic and 
sustainable agriculture [33]. Cow manure has useful 
nutrients that are an effective agronomic fertilizer that can 
also improve soil health. It contains the primary 
macronutrients nitrogen, phosphorus, and potassium, as 
well as secondary macronutrients and several 
micronutrients [34]. Also, cow manure is used as a soil 
amendment in agricultural systems that improve the soil 
structure, fertility, increase the soil organic matter, and help 
restore depleted organic matter in degraded areas [35,24]. 

 

Plastic waste 

Plastic waste has become a pressing global 
environmental issue, posing significant threats to 
ecosystems, human health, and the overall well-being of the 
planet. Nerveless, plastics are the most appealing material 
used for a wide variety of applications, and more than 400 

million tons of plastic are produced every year in the world 
[13] because of their low price, strong endurance, ease of 
production, low density, and aesthetic look. In Sri Lanka, 
plastic generation has become a really big issue, with total 
plastic waste generated at 938 metric tons per day [36]. As 
a result of that huge disposal, which is generated in 
thousands of areas and  impacts the lives of both humans 
and the environment, the disposal is  badly affected, making 
it a big catastrophe in the country because it is not 
biodegradable, and remains in the environment once 
disposed of [36]. Due to their unique properties, plastics can 
hardly be substituted by other materials and, their collection 
and recycling is the only way to avoid environmental 
pollution.  

 

However, plastic waste recycling is a method of 
reducing the quantity of net discards, and plastic recycling 
also offers the potential to generate demonstrable savings in 
fossil fuel consumption, both because the recycled plastic 
can supplement. Also, plastic pollution is a global problem 
because it can alter habitats and natural processes, reducing 
ecosystems’ ability to adapt to climate change and directly 
affecting millions of people’s livelihoods, food production 
capabilities, and social well-being [37,38]. Further, the 
environmental, social, economic, and health risks of plastics 
need to be assessed alongside other environmental stressors 
like climate change, ecosystem degradation, and resource 
use. Therefore, as citizens of Sri Lanka, it is then responsible 
for all of us to be aware of the impact and the issues that 
occurred due to the plastic waste and minimize them 
efficiently [39,13]. 

Potential of agricultural waste as biodegradable nursery 
containers 

Biodegradable containers are environmentally friendly 
options for plastic containers for nursery and greenhouse 
activities that are based on renewable and natural materials 
derived from waste or by-products of industrial processes 
[40]. Basically, biodegradable containers can be classified 
into two main categories according to their form of use: 
plantable and compostable containers [1].  

Plantable containers can be buried altogether, made by 
peat, coir, cow manure, or straw, with young plants or 
seedlings directly into the ground, making the transplanting 
process much faster and easier field clean-up  as there is no 
container disposal. Therefore, the use of plantable 
containers can reduce farm work effort, cost, and 
environmental contamination. Plantable containers can also 
be used to let the roots develop more naturally in the 
growing medium, either outdoors into the ground in an open 
field or indoors in larger containers in greenhouse farming, 
where root spiraling and binding issues can be avoided. 
Plantable containers go through the biodegradation process; 
once planted in the ground, they transform to produce 
biomass and inorganic products [41].  

 

Compostable containers are also used, in which plants must 

be removed at the moment of transplant and the containers 

must compost separately, either in the backyard or using 

industrial facilities [42]. Although compostable containers 
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are not degraded quickly or completely when they are 

placed into soil, long-term containers lasting approximately 

1 year are made of materials including rice hulls, bio-

plastics, cardboard or wood fibers, wheat, soy, and poultry 

feathers since they are not quickly degraded. Compostable 
materials are different from those that require industrial 

composting facilities to break down completely. According 

to that, the breakdown of industrially compostable 

containers requires specific conditions of temperature, 

moisture, pH, aeration, and microbial populations, which 

are not found in a conventional compost pile [1,40].  

 

Materials for biodegradable containers 

A wide variety of materials from renewable and natural 

sources are used to develop biodegradable containers 

[2,5,6,7,8] from waste or by-products of industrial 

processes (Table 1).  

 

TABLE 1. DIFFERENT BIODEGRADABLE MATERIALS AND THEIR 

APPLICATIONS 

Material Application 

Rice and wheat hull 

fiber 

Good water and air exchange 

between roots and surroundings, 

shade or lighting, irrigation 

frequency and containing 35% 

cellulose, 25% hemicelluloses, 20% 
lignin, 17% ash and 3% wax  

Lignocellullosic 

residues 

To provide the required resistance 

and consolidate the structure and its 

porous nature favors water inlet and 

accumulation 

Corn husk Contained high values of cellulose, 

hemicellulose, lignin and ash 

water and carbon dioxide are 

generated without releasing toxic 

compounds 

Coconut coir Contains the high lignin and 

cellulose content, provides a 

favorable balance between air and 

water, similar to peat, higher re-
wetting capacity, higher pH, lower 

cation exchange capacity (CEC)  

Leather industry 

wastes 

Provide its high nitrogen content 

Sunflower cake 

from oil extraction 

residues 

Rich in proteins that form a dense 

network, offering thermoplastic 

properties 

Banana peels Fibrous character helped to good 

candidate to be combined with other 

natural materials to obtain bio 

containers 

Bio plastics  

 

Can be easily degraded by 

microorganism, producing biomass 

and carbon dioxide and water 

Cow manure Improve soil health which contains 
the primary macronutrients as 

nitrogen, phosphorus and 

potassium, secondary 

macronutrients and several 

micronutrients, soil amendment in 

agricultural systems, improving soil 

structure, fertility and increasing 

soil organic matter 

Poultry feathers Given by the additional nitrogen (N) 

that enables plants growth, both in 
uniform and non-uniform irrigation 

and fertilization 

 

Importance of biodegradable nursery containers  

The importance of biodegradable nursery containers lies 
in their significant environmental benefits and their positive 
impact on sustainable gardening and reforestation practices 
and the implementation of effective waste management 
practices and solutions will contribute to the preservation of 
our environment and provide tangible benefits to the farm 
[4]. Therefore, biodegradable containers are an alternative 
to plastic containers as a way to improve the sustainability 
of current production systems [15,16] and as a solution to 
the generation of large amounts of waste plastic greenhouse 
containers [17]. Further bio-degradable containers have 
important factors such as strongly affecting plant growth 
[18], being water permeable and requiring shorter irrigation 
intervals and a significantly greater volume of total 
irrigation to produce a crop, being most susceptible to the 
growth of algae and fungi, [19], being economically 
feasible, being economically feasible, and also reducing 
dependence on fossil fuels and greenhouse gases [6] . 
Therefore, the use of biodegradable nursery containers 
made from agricultural waste can reduce farm costs, reduce 
environmental contamination. 

 
II. CONCLUSION  

Biodegradable nursery containers offer a sustainable 
and environmentally friendly solution for the gardening and 
horticultural industries. They can be made as plantable or 
compostable containers from biodegradable waste derived 
from biological sources, one of which is agricultural waste. 
Agricultural wastes are the products of the growing and 
processing of raw agricultural products, including fruits, 
vegetables, crops, meat, poultry, and dairy products. They 
can be divided into three categories as livestock manure, 
postharvest agricultural waste, and agro-industrial residues. 
Thereof, the development of biodegradable nursery 
containers made from agricultural waste can reduce farm 
costs, reduce environmental contamination, and let the roots 
develop more naturally in the growing media, either 
outdoors into the ground in an open field or indoors. This 
not only provides a convenient option for growers but also 
contributes to the conservation of natural resources and the 
overall health of our planet. By choosing biodegradable 
containers, we can support a more sustainable and greener 
approach to gardening and agriculture. 
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Abstract-Clavibacter michiganensis subsp. michiganensis 

is a causal agent of bacterial canker in tomato. It is a serious 

concern which drastically decrease, yield and quality of 

tomato production. Drawing on a comprehensive review of 

relevant literature, this study analyzed the, identification of 

tomato canker, symptoms, phytosanitory risk, seed 

contamination and pathogen transmission and preventive 

measures. Canker disease can be affected to the plant part or 

entire plant due to the scab or bird’s eye spots appear on 

fruits, plant leaves necrosis areas, yellowed or dead, steam 

discoloration and whole plant dead. This disease can spread 

by practices from transplant production, water splash by 

rain, overhead irrigation, chemical sprays, and machinery 

movement, by working people and from wet field. 

Accordingly, tomato canker, a devastating disease affecting 

tomato crops globally, poses a significant threat to 

agricultural production and food security. The effective 

control measures can be applied including the deployment of 

resistant cultivars, improved cultural practices and 

biosecurity protocols and contributes to safeguarding tomato 

production and enhancing global food supply chains in the 

face of emerging plant pathogens. This study shed light on the 

identification of the pathogen causing tomato canker 

symptoms, nursery management and cultivation emphasizing 

the practical insights for maintaining healthy tomato 

cultivation systems while minimizing the impact to avoid the 

inadvertent plant pathogens spread.  

 

Keywords: tomato canker, phytosanitary requirements, 

pathogen transmission, disease management  

 

I. INTRODUCTION 

 
Bacterial canker of tomato, caused by Clavibacter 

michiganensis subsp. michiganensis (Cmm) is a vital issue 
for tomato cultivators. It is a most serious bacterial disease 
of tomato as it can drastically decrease yield and quality of 
tomato fruit, thus loss of the production in greenhouses as 
well as open field production [1]. Usually between 10 2 and 
10 4 Colony Forming Unit (CFU) per seed are infected of 
the quantity of bacteria in averages [2]. 

As a result of tomato canker disease caused which plant 
part or entire plant can be affected due to the pathogen can 
happen scab or bird’s eye spots appear on fruits, plant leaves 
show necrosis areas, yellow or dead areas, plant stems 

appear as woody steam, die back, discoloration and at the 
end fully plant can happen dead [3,4]. This disease generally 
transmitted from one to another seedling or plants from 
different practices of transplant production, try and stake of 
trellis tomatoes, sucker in greenhouses [2], water splash by 
rain, overhead irrigation or chemical sprays, machinery 
movement, by working people and from the wet field [4]. 
Although population of the canker bacteria decrease fleetly 
from putrid crop residue in the soil, and initiate the 
conditions in the following and planting season [5]. Further, 
the seed quality in infected tomato seeds is generally hard to 
identify from healthy seeds and infected seeds as well as the 
antedating seedling stage also appears normal [4].  

 

   

 
 

Figure 1:. Appearance of tomato canker disease on fruit, and leaves 

 
Considering the above facts, present study was 

conducted to identify the tomato canker disease, symptoms, 
phytosanitory risk, seed contamination and pathogen 
transmission and preventive measures. This study 
contributes to advancement of knowledge in plant 
pathology and offers practical insights to maintain healthy 
tomato fields while minimizing the impact to avoid the 
inadvertent transmit of plant pathogens.  
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A. Identification of tomato canker bacterium 

 
Bacterial disease of tomato canker caused by Cmm [8], 

is a gram positive, an aerobic, non-motile and curved rod 
bacterium [9,10]. However, this bacterium quite widely 
distributed in the EPPO region [4]. The pathogen can be 
present both on the seed outside as well as seed inside of 
seed coat [11] and also it can happen survive on the seed 
coat for up to five years [12]. As the same this pathogen is 
survived up to 3-4 weeks periods in soil and 24 months in 
infected plant debris. Usually symptoms of Clavibacter are 
depending on the production place, plant of the infection 
time, and planting practices, etc. [13]. Different culture 
methods [14] can be followed [15], to identify of Cmm, 
which found fluidal, yellow colored colonies shown on 
nutrient agar medium, [16]. Also Yeast Extract-Dextrose 
Calcium Carbonate medium is used to culture of 
Clavibacters as non-selective media [17]. Color and clarity 
of prepared medium is light yellow colored opalescent gel 
with white precipitate. Cultural characteristics can be 
observed after an incubation at 25-300C for 48-72 hours 
[18,19]. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Appearance of Clavibacter michiganensis subsp. 
michiganensis isolate on YDC medium three days after 

plating 

Source: [7] 

 

B. Identification of canker symptoms  

 

As a result of Tomato Canker Disease (TCD) plant part or 

entire plant can be infected due to the TCD and appear scab 

or pitting as bird’s eye spots appear on fruits by minimizing 

its economic value [20]. Characteristic of birds-eye spot 

develop on infected tomato fruits and consist of small, dark 

cankers with white halos. Disease development, happen 

unilateral wilting of leaves during the early stages [3,4]. 

Foliar symptoms sometime show small, white, fester- 

suchlike spots. Plant leaves shown necrosis areas, yellow 

or dead areas and interveinal chlorosis which marginal 

necrosis consist of yellow-to-brown regions [21,6]. 
In plant stems canker appear as woody steam, die back, 

discoloration and infected vascular stem tissues appear as 

mealy appearance of vascular parenchyma. Not only that 

affected stems can observed a pale yellow-to-reddish 

brown abrasion of the vascular tissue, and dividing stem 

into two pieces lengthwise. 

Infected leaves appear as interveinal, pale green, water-

soaked areas which snappily turned yellow-brown to 

necrotic, resembling sunburn. Finally, the fully plant can be 

happened die during the last stage of canker infection [6,7].  

C. Phytosanitory risk of Cmm 

 
Tomato canker is a potentially serious complaint of 

tomato that can do in marketable plantings and domestic 
auditoriums [1].  Canker disease is capable of transmitting 
rapidly, resulting in devastating losses where with high 
disease severity. In the fields as well as greenhouses consist 
of less than 1% of infected seeds caused 60-70% crop 
loss[21,6]. Therefore, it is a destructive disease for tomato 
cultivation to cause major economic lose in worldwide 
tomato production. Based on that canker pathogen should 
be conducted of moderate phytosanitary risk due to its 
worldwide distribution as well as the availability of seed 
treatments to decrease seed borne inoculum [21,4]. The 
worldwide dissemination of pathogen is transmitted by 
contaminated seed lots, in which one infected seed in 10,000 
is capable of initiating an epidemic. Although, currently 
there are no resistant cultivars and there are few of effective 
chemical controls. Thus, sanitary practices are important for 
disease control [22].  

D. Seed contamination and pathogen transmission 

 
Bacterial canker of tomato transmission happened to 

other seedling and plants with the practices of transplant 
production, try and stake of trellis tomatoes, water splash by 
rain, overhead irrigation or chemical sprays [2]. As s result 
of canker bacteria transmission, population decline rapidly 
of crop decomposing in the soil [5]. Tomato canker disease 
originates from contaminated seed and it is an ecological 
phenomenon, comprising changes in the currently 
substrates and production of volatile compounds due to the 
contamination of microbes in the seed lot. Contamination 
can be happed under four categories which are biological 
like dust, the air, human body and pests, physical like soil, 
chemical and cross contamination the common reasons are 
improper storage, handling and preparation, poor personal 
hygiene practices, improper sanitized utensils as well as the 
contamination by flies, cockroaches, insects and pests. Seed 
contamination can be identified from seed inspection of the 
consignment or based on laboratory analysis based on both 
size of the seed lot and an individual seed [23].   

 

E. Preventive measures to avoid the contamination 

  

Tomato Canker is a bacterial disease and it can severely 
damage to tomato crops. It causes to yield loss and fruit 
quality reduction. So in the current situation, indexation of 
tomato seeds for the canker pathogen is an important step to 
disease control [24] and use of pathogen-free seeds or 
sterilized seeds [25]. To avoid the contamination of tomato 
canker disease, need to encourage strict phytosanitary 
regulations and fulfill the guidelines for importing and 
transporting tomato plants, seeds, and other related 
materials [26]. These regulations should include 
inspections, certifications, and treatments to ensure that the 
imported materials are disease-free. Also should implement 
a quarantine period for imported tomato plants and seeds in 
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designated areas or greenhouses to prevent potential 
contamination of local crops. Regularly monitor the isolated 
plants for any signs of disease and should take immediate 
action if symptoms appear [27]. Further public awareness 
should be done that need to educate importers, growers, 
distributors, and other stakeholders about the risks of tomato 
canker and the importance of adhering to phytosanitary 
measures as well as encouraging them to report any 
suspicious symptoms promptly [28,29]. 

 

II. CONCLUSION 

 
The identification of the tomato canker pathogen is very 

important and the implementation of sustainable disease 
management practices provide a holistic approach to 
safeguarding tomato crops. This study contributes to the 
advancement of knowledge in plant pathology and offers 
practical insights for maintaining healthy tomato cultivation 
systems while minimizing the impact.  
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Abstract— This review aims to explore the production methods, 

nutritional properties, applications, and prospects for the future 

of Single Cell Protein. The review will provide an in-depth 

understanding of SCP production methods, highlight its 

nutritional properties, examine its various applications, and 

discuss potential future directions for research and development 

in the field. Single-cell protein (SCP) has gained significant 

attention as a promising alternative protein source due to its 

efficient production methods, favorable nutritional properties, 

diverse applications, and potential contributions to addressing 

global food security challenges. This comprehensive review aims 

to provide an in-depth analysis of SCP, covering its production 

methods, nutritional composition, applications in various 

sectors, and future perspectives. The review synthesizes existing 

literature and highlights key SCP research and development 

advancements. 
 

Keywords— Single cell protein, SCP, Submerged 

fermentation, Semi-solid-state fermentation 

I. INTRODUCTION  

Single Cell Protein (SCP) plays a vital role in addressing 
protein scarcity and utilizing waste sources, offering a 

sustainable solution to meet nutritional needs, reduce 

environmental impact, foster food security, and create 

economic opportunities in the biotechnology sector[1] [2].  

 

The review will provide an in-depth understanding of SCP 

production methods, highlight its nutritional properties, 

examine its various applications, and discuss potential future 

directions for research and development in the field. 

 

The escalating global population has led to a significant 
protein shortage, making SCP an unconventional protein 

source with the potential to address this challenge. SCP, 

derived from microbial cell culture, encompasses 

[3]deceased or desiccated microbial cells or proteins isolated 

from various microorganisms grown on diverse carbon 

substrates[1]. By utilizing microbial fermentation techniques, 

SCP can be produced from waste sources, minimizing 

associated environmental consequences[4] [5]. Single Cell 

Protein (SCP) plays a vital role in Sri Lanka, addressing 
protein scarcity and utilizing waste sources[6]. It offers a 

sustainable solution to meet nutritional needs while reducing 

environmental impact, fostering food security, and creating 

economic opportunities in the biotechnology sector[7]. 

 

The escalating global population has given rise to a 

significant protein shortage, posing a critical challenge. In 

response, Single Cell Protein (SCP) emerges as an 

unconventional protein source with the potential to address 

nutritional demands[8]. In the realm of pure microbial cell 

culture, SCP encompasses deceased, desiccated microbial 

cells or the entirety of proteins derived from yeast, bacteria, 
filamentous fungi, and algae cultivated on diverse carbon 

substrates. By harnessing microbial fermentation techniques, 

SCP can be derived from an array of waste sources, thereby 

mitigating associated adverse environmental 

consequences[9, 10]. 

II. BACKGROUND 

Single-cell protein encompasses unprocessed or processed 

protein [11] derived from pure microbial cultures, dried cell 

biomass, or deceased cells [12] [13]. Algae, fungi, yeast, and 

bacteria, among microorganisms, contain a significant 

amount of protein in their biomass Low-cost materials such 
as agricultural residue, wood shavings, sawdust, maize cobs, 

and even human and animal waste can be employed for the 

production of single-cell protein (SCP) [12, 14]. 

Microorganisms are desirable protein sources due to their 

rapid growth rates compared to higher plants[5] [15]. 

Microbes have been historically used as protein sources in 

traditional foods and feeds, contributing to their nutritional 

qualities[16]. While petroleum is frequently employed as the 

primary carbon source for single-cell protein (SCP) 

production, viable substitutes comprise bagasse, citrus 



 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

141 

 

byproducts, sulfite waste liquor, molasses, animal manure, 

whey, starch, sewage, and agricultural leftovers[17] [18]. 

 

Various types of microorganisms are employed in the 

synthesis of single-cell protein (SCP), including bacteria like 
Cellulomonas and Alcaligenes, algae such as Spirulina and 

Chlorella, molds like Trichoderma, Fusarium, and Rhizopus, 

and yeast strains including Candida and Saccharomyces[19] 

[11]. Yeast proves to be a favorable choice for the production 

of single-cell protein (SCP) due to its excellent nutritional 

value, elevated lysine content, substantial size, which 

facilitates easier harvesting, and its capability to thrive in 

environments with low pH levels [11, 20]. Moreover, due to 

their extensive history of usage in conventional fermentation, 

yeast, and fungi are the microorganisms that are most often 

approved and used for the synthesis of SCP[21]. 

 
Additionally, yeast has its own drawbacks, such as slower 

growth rates (2–5 h) than bacteria, reduced protein (45–65%), 

and lower methionine concentrations[22] [23]. Methionine 

can be added to the finished product to make up for yeast 

having less methionine than bacteria[24] [25] 

 

Microbial protein, often referred to as SCP (Single-Cell 

Protein), has garnered widespread acclaim for several 

reasons. These include its substantial protein content, which 

ranges from approximately 60-82% of dry cell weight, 

remarkable substrate conversion efficiency, elevated 
productivity due to the rapid growth of microorganisms, and 

its independence from seasonal or climate-related 

factors[26].  

While microorganisms can be harnessed in the creation of 

single-cell protein (SCP), SCP itself does not necessitate a 

wide array of fundamental ingredients. Specific vital amino 

acids, like lysine and methionine, which are limited in many 

plant and animal diets, are plentiful within SCP[27, 28]. 

 

Single-cell protein encompasses protein in its raw, purified, 

or consumable form, derived from pure microbial cultures, 

deceased, or desiccated cell biomass[15, 29]. These 
microorganisms, including algae, fungi, yeast, and bacteria, 

possess biomass with exceptionally high protein content, and 

they can serve as protein supplements for both human and 

animal consumption[1]. Affordable materials like 

agricultural remnants, such as wood shavings, sawdust, 

maize cobs, and even human and animal waste, can be 

employed to cultivate these bacteria [30]. 

 

Microorganisms are highly favored as sources of high-protein 

crops due to their rapid growth compared to larger plants[18]; 

while only one or two grain crops can typically be grown in 
a year, yeasts or molds can be harvested weekly, and bacteria 

can be collected daily. The use of microbes as a protein 

source for human and animal nutrition is not a recent 

development. Traditional foods and feeds like cheese, 

sauerkraut, miso, and silage have long contained significant 

microbe content, contributing to their nutritional value[19, 

31].Petroleum is the primary carbon source used in the 

manufacturing of SCP [37]. It has been used in several 

businesses all around the world [19].  

 

Additional potential materials for the production of single-

cell protein (SCP) encompass bagasse, citrus byproducts, 

sulfite waste liquor from pulp and paper processing, 

molasses, animal waste, whey, starch, sewage, and 
agricultural leftovers [2]15] [38]. 

 

With the arising of novel technologies, most of the impossible 

artefact become more possible. One of the novel technologies 

carry single cell protein concept which is really advanced and 

facilitate to people to fulfill their needs. This review depicts 

about the advancement of the single cell protein concept and 

the pros & cons in the technology and the other impacts and 

aspects in details. [35][44]  

 

The escalating global population has given rise to a 

significant protein shortage, posing a critical challenge. In 
response, Single Cell Protein (SCP) emerges as an 

unconventional protein source with the potential to address 

nutritional demands. In the realm of pure microbial cell 

culture, SCP encompasses deceased, desiccated microbial 

cells or the entirety of proteins derived from yeast, bacteria, 

filamentous fungi, and algae cultivated on diverse carbon 

substrates [1]. By harnessing microbial fermentation 

techniques, SCP can be derived from an array of waste 

sources, thereby mitigating associated adverse environmental 

consequences [9] [1] [31] [14]. 

III. OBJECTIVES OF THE STUDY 

This review aims to explore the production methods, 

nutritional properties, applications, and prospects for the 

future of Single Cell Protein. With the emergence of novel 

technologies, SCP has become an advanced solution that 

facilitates meeting people's nutritional needs. The review will 

provide an in-depth understanding of SCP production 

methods, highlight its nutritional properties, examine its 

various applications, and discuss potential future directions 

for research and development in the field. 

IV. METHODS 

Databases and Search Strategy 

The search criteria for the article included the exact phrase 
"Single Cell Protein" in the title, abstract, and keywords. In 

SCOPUS database. Only articles in the final publication stage 

were considered, and the publication years were limited to 

2000-2022 to gather relevant and up-to-date information.  

 

The search was restricted to articles and reviews, ensuring 

comprehensive coverage of the topic. English-language 

articles were included for accessibility and understanding. 

The search specifically targeted journal articles, as they 

provide scholarly and in-depth information. By applying 

these criteria, the resulting articles would focus on the topic 
of Single Cell Protein, encompass a wide range of years, and 

provide insights into production methods, nutritional 

properties, applications, and future perspectives.  This initial 

search criteria resulted in more than 500 research articles, 

which were later reduced to 82 by considering the single cell 

protein applications in food Industry. The studies under 

consideration underwent initial evaluation based on their 
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titles and abstracts. Subsequently, a thorough examination of 

the full texts was carried out to pinpoint studies aligning with 

the primary themes of the review. 

V.  RESULTS AND DISCUSSION 

Trends in Publication  
The trend in research publications related to Single Cell 

Protein (SCP) has shown a significant upward trajectory over 

the years, signifying a growing interest in the subject. The 

number of SCP publications experienced a gradual increase 

from 2000 to 2008, with varying annual output levels. 

However, starting from 2010, there was a substantial surge in 

publications, with a consistent rise in the number of articles 

each year [50][50].  

 

The years 2020 and 2021 were particularly remarkable, 

witnessing a substantial increase in SCP publications, with 83 

and 93 articles, respectively. This upward trend continued 
into 2022, with 139 publications, underscoring the increasing 

recognition and importance of SCP as a prominent research 

focus in recent years [53]. 

 

Figure 1: Publication trend over the years of 2000-2022 on CSP 

 

 

Figure 2: Disciplines on CSP research 

 

Disciplines of SCP research 

 

The initial search results indicate a diverse range of 

publications in SCP Biochemistry, Genetics, and Molecular 

Biology have the highest number of publications, followed 

by Agricultural and Biological Sciences, Environmental 

Science, and Chemical Engineering. This suggests a strong 

focus on biological and environmental aspects of Single Cell 

Protein (SCP) research. Other disciplines, such as 

Immunology and Microbiology, Engineering, Energy, and  

Chemistry, also contribute significantly. However, it is worth 

noting that SCP research has a smaller presence in disciplines 

like Economics, Decision Sciences, and Business, 
Management, and Accounting. These results highlight the 

interdisciplinary nature of SCP research and the importance 

of collaboration between different fields for a comprehensive 

understanding and application of SCP 

 

Figure 3: SCP research summarize 

 

Historical Perspective on Single-Cell Protein  

When traditional meals were scarce during the war, SCP 

production was first pioneered. During World War I, 

Germany significantly increased its production of 

Saccharomyces cerevisiae using molasses to substitute for up 
to 60% of imported protein. A substantial production of 

Candida utilis (formerly referred to as Torula yeast or 

Torulopsis utilis) using sulfite liquor from paper industry 

waste took place once more during World War II. Following 

the war, additional facilities were established in both the 

United States and Europe, primarily for the production of C. 

utilis [4][5]. 

 

The resurgence of interest in Single Cell Protein (SCP) is 

driven by the rapid growth of industry and improving living 

standards. This renewed interest aims to bridge the widening 

gap between global food production and the burgeoning 
population, especially in developing countries. During the 

1960s and 1970s, numerous SCP production facilities were 

established in countries such as the UK, France, Italy, the 

USSR, Japan, and Taiwan[32]. 

 

When various petroleum firms proved the creation of SCP 

from hydrocarbons in the 1950s and 1960s, it represented a 

significant scientific advance. As a result of extensive 

research efforts in the 1970s, petroleum-derived methanol 

and ethanol were used as practical substrates.[36][38] 

 
The use of renewable sources, mostly food and agricultural 

by products like molasses and whey, or industrial wastes rich 

in starch, cellulose, and hemicellulose, has gained attention 

again, however, as a result of concerns about substrate safety 

and the rise in petroleum prices. In the 1980s, the major SCP 
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initiatives using petroleum derivatives as substrates were 

shelved[32]. 

Types of Single-Cell Protein 

Bacterial sources 
Bacteria have a relatively low generation period because their 

cell masses grow swiftly in just 20 to 120 minutes. They can 

also grow on a variety of basic materials, including sugars 

and starches, which are edible substrates. Waste organic 

material and petrochemicals, such as ethanol, methanol, and 

nitrogen, are excellent breeding grounds for bacteria.  

 

They can also proliferate in naturally occurring water that has 
been supplied with minerals and nutrients to make up for any 

nutrient deficiencies necessary for their growth. An 

advantageous element in animal feed comprises certain 

bacteria like Methylophilus spp., characterized by an 

exceptionally rapid generation time of approximately 2 

hours. Moreover, their protein quality surpasses that of any 

yeast or fungus from a chemical perspective.  

 

Many bacterial varieties, such as Brevibacterium, 

Methylophilus methylitropous, Bacillus megaterium, 

Acinetobacter calcoaceticus, Acromobacter delvaevate, 
Aeromonas hydrophila, and Cellulomonas spp., are found 

and possess the potential to generate substantial quantities of 

single-cell protein [33]. 

 

 

Algal sources 

For human and animal use, certain varieties of microalgae are 

grown because they often provide healthy protein levels of up 

to 70%. They are valuable sources of lipids, notably omega-

3 fatty acids, mineral salts, vitamins, and chlorophyll, 

alongside their protein content. However, their nucleic acid 

concentration, ranging from 3% to 8%, is relatively low[23]. 

 

In the vicinity of Texcoco, several Mexican and African 
people gathered an algae species known as spirulina. To 

make it suitable for human consumption, it was subjected to 

a drying process. In various regions worldwide, biomass from 

different species like Chlorella and Senedessmus has also 

been utilized as a food source[13, 15]. Their extensive use as 

a component in animal feed globally can be attributed to their 

high protein content, rapid growth, ease of cultivation, and 

efficient utilization of solar energy. An excellent antioxidant 

is green algae[33]. 

Fungal sources 

An array of fungal species is employed in the production of 

single-cell proteins (SCPs). Thanks to their chemical 

composition and amino acid profile, protein derived from 

specific fungal species is preferred over protein from 

alternative sources. When cultivated primarily for SCP 

production, fungi can contain protein levels ranging from 

30% to 50%[13].  
 

Their amino acid composition aligns with the standards set 

by the FAO. Their protein content is abundant in lysine and 

threonine but lacks in cysteine and methionine, which are 

sulfur-containing amino acids primarily found in plant-based 

sources. Nevertheless, the fungus K. fragilis demonstrates the 

capacity to synthesize sulfur-containing amino acids when it 

thrives on whey[15, 23].  

 
The single-cell protein produced by fungi may also contain 

various nutrients apart from protein alone. These nutrients 

include riboflavin, niacin, thiamine, biotin, pantothenic acid, 

choline, pyridoxine, glutathione, p-amino benzoic acid, 

streptogenin, and folic acid, predominantly from the vitamin 

B-complex. Nevertheless, consumption of mycoprotein 

derived from Fusarium venenatum resulted in a reduction in 

insulin and blood glucose levels. In contrast to algae, fungi 

have a relatively higher nucleic acid content, ranging from 

7% to 10% [33]. 

Production process of SCP 

Technically speaking, single-cell protein (SCP) refers to the 

generation of microbial cell mass through the cultivation of 

microorganisms on readily available agricultural and 

industrial residues. Microbial biomass is produced through 

either submerged or solid-state fermentation methods. After 

the fermentation process, the biomass is harvested and can 
undergo procedures such as washing, cell disruption, protein 

extraction, and purification[34]. 

 

The extensive and substantial advancement of SCP 

techniques has greatly contributed to the progress of 

contemporary biotechnology [35] various fields such as 

microbiology, biochemistry, genetics, chemical and process 

engineering, food technology, agriculture, animal nutrition, 

ecology, toxicology, medicine, veterinary science, and 

economics have been employed in the exploration and 

enhancement of SCP procedures[15].  

 
As single-cell protein (SCP) processes progress, they lead to 

the development of novel technological solutions that benefit 

related fields like wastewater treatment, alcohol production, 

enzyme technology, and nutritional science. Achieving cost 

reduction and quality enhancement through fermentation, 

downstream processing, and the refinement of producer 

organisms, facilitated by conventional applied genetics and 

recombinant DNA technologies, will play a pivotal role in 

shaping the future of SCP[9]. 

 

Single-cell proteins find applications in animal nutrition, 
such as enhancing the diets of calves, poultry, pigs, and fish, 

as well as enhancing the nutritional content of baked 

products. Additionally, they are incorporated into dietary 

formulations, soups, pre-packaged meals, foam stabilizers, 

paper manufacturing, leather processing, and various other 

industrial applications[36]. 

 

Single-cell protein is generated through a fermentation 

process. This involves the cultivation of selected 

microorganism strains on suitable raw materials in a 

specialized cultivation procedure aimed at scaling up the 

culture and cell mass, followed by cell separation. The 
process begins with microbial screening, in which potential 

production strains are identified from samples of soil, water, 
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air, or from swabs of inorganic or biological materials. These 

strains are subsequently enhanced through genetic methods 

like selection and mutation[23]. 

 

Next, an analysis of all metabolic routes and cellular 
structures is conducted, and the optimal strains are identified 

along with the technical cultivation conditions. Furthermore, 

process engineering and equipment technology are employed 

to enhance the technical efficiency of the process in 

preparation for large-scale application. Economic 

considerations, including cost and energy factors, come into 

play at this stage[11]. 

 

In the production of SCP, environmental considerations and 

safety standards are carefully considered for both the 

manufacturing process and the end product. Ultimately, 

safety and intellectual property protection raise legal and 
regulatory concerns, including operational licenses, product 

approvals for specific applications, and the legal 

safeguarding of novel processes and microbial strains[36]. 

 

As nearly all microorganisms have the capability to 

metabolize glucose, as well as a range of hexose and pentose 

sugars, along with disaccharides, these substances serve as 

the conventional source materials[5]. The cost-effectiveness 

of the production of microbial biomass is questioned because 

these materials are also used in other sectors of industry at 

high prices. The design and strategy of SCP procedures have 
been influenced by the selection of substrates that are 

typically in abundance[20]. 

Cultivation methods 

Single cell protein production occurs through a fermentation 

process involving carefully chosen strains of 

microorganisms. These strains are propagated on appropriate 
raw materials in a technical cultivation process designed to 

foster culture growth and cell mass expansion, which is 

subsequently followed by separation procedures[37-39]. The 

process initiation involves microbial screening, wherein 

viable production strains are sourced from samples of soil, 

water, air, or collected from swabs of inorganic or biological 

materials. These strains are then refined through techniques 

such as selection, mutation, or other genetic methods for 

optimization[7].  

 

Next, the cultivation conditions for the optimized strains are 
established, and a thorough analysis of all metabolic 

pathways and cell structures is conducted. Additionally, 

process engineering and equipment technology are employed 

to refine the technical efficiency of the production process for 

large-scale application. This is the stage where economic 

considerations, including energy and cost factors, become 

significant[35, 40]. 

 

 Considerations for safety standards and environmental 

conservation are integral to the SCP production, covering 

both the production process and the end product. 

Additionally, the pursuit of safety and the protection of 
innovations introduce legal and regulatory considerations, 

such as the issuance of operational licenses, approvals for 

specific product applications, and legal measures to protect 

novel processes and microbial strains[41]. 

 

Submerged fermentation 

In a submerged process, the fermentation substrate always 

remains in a liquid state, containing the necessary nutrients 
for growth. The fermenter, housing the substrate, operates 

continuously, and the resulting biomass is continually 

harvested through various techniques. Subsequently, the 

product undergoes filtration or centrifugation before the 

drying process.  

 

Aeration plays a vital role in cultivation to dissipate the heat 

generated during the process, which is managed using 

cooling devices. Different methods are employed to harvest 

microbial biomass. Single-cell organisms like yeast and 

bacteria are separated through centrifugation, while 

filamentous fungi are isolated via filtration. It is imperative 
to recover as much water as possible before the final drying 

stage, which is carried out under sterile and sanitary 

conditions[41].  

 

    Semi solid state fermentation 

Semisolid fermentation uses more solid substrates, such as 

cassava waste, and does not clean the substrate before use. 

Fermentations in submerged cultures have higher startup 

costs and higher operating expenses[23]. 

 

In a multiphase system, effective stirring and mixing are 

essential, as it facilitates the transfer of oxygen from gas 
bubbles to the microorganisms within the liquid phase and 

enables the transfer of heat from the liquid phase to the 

surrounding environment during the cultivation process. 

 

The U-loop fermentor is a specialized bioreactor designed for 

studying the transfer of mass and energy phenomena[42]. The 

fundamental steps in single-cell protein production 

encompass the preparation of a suitable medium with the 

appropriate carbon source, the prevention of contamination 

in both the medium and the fermentor, the cultivation of 

microorganisms with desired characteristics, and the 

subsequent separation and processing of the synthesized 
biomass[43, 44]. Carbon sources can include N-alkenes, 

gaseous hydrocarbons, methanol, ethanol, as well as 

renewable sources like carbon oxide molasses, 

polysaccharides, brewer's effluents, and other solid 

materials[29, 41]. 

Solid state fermentation 

Solid-state fermentation (SSF) has been a significant focal 

point in extensive research endeavors, yielding a plethora of 

publications that explore a wide array of aspects. These facets 

encompass innovative bioreactor designs, precise process 

parameters, and a diverse range of microorganisms harnessed 

to produce an impressive spectrum of value-added products. 

Notable outputs from SSF include Single Cell Protein (SCP), 

animal feeds, enzymes, ethanol, organic acids, B-complex 

vitamins, pigments, and flavors [6, 13]. 
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The SSF process begins by placing a solid culture substrate, 

such as rice or wheat bran, onto flatbeds, followed by the 

introduction of microorganisms to initiate the transformative 

journey. This concoction is then carefully housed within a 

controlled temperature environment, where it undergoes a 
metamorphic transformation over several days. 

 

In stark contrast, liquid-state fermentation unfolds within 

tanks, often of considerable size, stretching from 1,001 to 

2,500 square meters (10,770 to 26,910 square feet) in 

industrial-scale applications. This mode of cultivation is 

tailor-made for nurturing unicellular organisms like bacteria 

and yeasts [17]. 

 

Crucially, sustaining a continuous supply of oxygen to the 

microbes is imperative to realize liquid aerobic fermentation. 

This vital oxygenation is frequently achieved through the 
agitation of the fermentation medium. Moreover, meticulous 

control over a spectrum of variables, including nutrient 

levels, soluble oxygen, pH, ionic strength, and temperature, 

is indispensable for precise management of the synthesis of 

the desired metabolites [41]. 

Criteria for the selection of microorganism 

To achieve substantial output in terms of biomass weight 

produced within a specific timeframe, it becomes necessary 

to employ rapidly replicating microorganisms. However, this 

heightened productivity leads to increased RNA production 

within the cells, which is undesirable due to its negative 

impact on the final product's nutritional value [38] [39]. In 

this context, a crucial parameter is the biomass yield 

coefficient, which quantifies the total weight of newly 

generated cells per unit of substrate consumed [47]. 

 

Especially when dealing with expensive substrates, this 
condition proves immensely beneficial. Slower growth rates 

result in higher substrate consumption and reduced output, 

ultimately compromising the yield coefficient [33]. 

 

Microorganisms exhibit varying levels of heat shock 

tolerance, which can confer resilience to a range of challenges 

when different microbial species are subjected to heat shock. 

This acquired stress resistance, though potentially 

detrimental under normal circumstances, is a notable trait 

possessed by these cells. Stress tolerance can be developed 

through various treatments, such as exposure to chemicals or 
heat [32]. 

 

The use of these treatments also triggers the production of a 

distinct class of proteins known as heat shock proteins. 

Whether aerobic or anaerobic, cells experience oxidative 

stress after a brief 30-minute heat shock at 37°C [33]. The 

lipid composition of cell membranes plays a critical role in 

determining their sensitivity to both oxidative and thermal 

stress. Each organism possesses a unique capacity to adapt to 

temperature fluctuations during exothermic fermentation 

processes [39] [40]. 

 
This adaptive capacity also reduces the reliance on precise 

cooling or heating measures. If a microorganism can thrive 

within a specific temperature range, it obviates the need for 

meticulous temperature control. A broader spectrum of 

temperature tolerance among microorganisms lessens the 

requirement for stringent temperature regulation during 

fermentation processes [33]. 
 

Throughout the fermentation process, the pH levels within 

the growth medium tend to fluctuate. Typically, a buffer is 

introduced into the media, along with a pH control system in 

the fermenter. However, the capacity of microorganisms to 

thrive within a wide pH range can eliminate the need for pH 

regulation. It's worth noting that fungi tend to flourish at 

lower pH levels compared to bacteria [38]. 

Consequently, by maintaining a lower pH in the culture 

medium during cultivation, bacterial growth can be inhibited. 

This, in turn, can lead to reduced expenses associated with 

sterilization and aseptic precautions, thus providing cost-
effective methods [33] [46].  

Nutritional Value of Single-Cell Protein  

The nutritional value of SCP, determined by its composition 

of amino acids, vitamins, and nucleic acids, has both positive 

and negative implications [40]. On the negative side, it can 
include characteristics such as a rigid cell wall, high nucleic 

acid concentration, allergenicity, and gastrointestinal effects. 

However, these negative aspects can be mitigated through 

specific processing techniques [22] [41].  

 

Additionally, the slow utilization of SCP necessitates careful 

consideration of potential toxicological effects and 

carcinogenicity. On the positive side, SCP boasts a high 

protein content along with ample enzymes, minerals, and 

vitamins [12]. 

 

The protein content in SCP is notably high. For instance, 
dried cells of Pseudomonas sp. cultivated on standard 

petroleum-based liquid paraffin contain 69% protein, while 

algae typically contain around 40% protein [18]. The choice 

of raw materials used as a carbon source and the 

microorganisms cultivated on the media directly influence 

the protein composition of SCP. Bacterial proteins, in 

general, contain all the essential amino acids. The average 

protein content of bacteria, yeast, fungi, and algae varies [45] 

[28]. 

 

Microorganisms such as bacteria and yeast exhibit rapid 
growth, with doubling times usually ranging from five to 

fifteen minutes, whereas molds and algae take between two 

and four hours to double. This rapid growth rate holds 

promise for addressing food scarcity challenges in the 

modern era [49].The amino acid composition of bacterial 

protein bears resemblance to that of fish protein. In contrast, 

fungal protein, while slightly lower than yeast protein, is 

essentially on par with soy protein. It's worth noting that 

Single Cell Protein (SCP) lacks sulfur-containing amino 

acids like cystine, cysteine, and methionine. Therefore, even 

though SCP is rich in lysine, vitamins, and various other 

amino acids, a diet primarily composed of SCP may require 
supplementary cysteine and methionine to fulfill nutritional 

needs [51]. 
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When it comes to vitamins, most of the vitamins found in 

bacteria belong to the B group. Algae, on the other hand, tend 

to be particularly rich in vitamin A, with vitamin B12 

primarily sourced from bacteria. Some common vitamins 
present in SCP include thiamine, riboflavin, niacin, 

pyridoxine, pantothenic acid, choline, folic acid, inositol, 

biotin, B12, and P-aminobenzoic acid [45]. 

Applications of Single-Cell Protein  

SCP has a wide array of applications in both animal feed and 

the food industry. In the food sector, it serves multiple 
functions, including acting as a meat substitute, enhancing 

texture, flavor, serving as a carrier of vitamins, functioning as 

an emulsifier, and elevating the nutritional value of food 

products [10, 11, 22, 23]. 

 

The production of SCP employs various microorganisms and 

substrates, encompassing agro-industrial residues, diverse 

fruit waste materials, cellulosic biomass, molasses, corn 

starch, dextrose, sucrose, soybean meal, brewery residues, 

industrial wastewater, biogas, ethanol, and CO2. Among 

these, substrates rich in sugars are the most commonly used 
for SCP production [24]. 

 

For example, a study successfully produced single-cell 

protein from the abundant marine weed Turbinaria sp. using 

a naturally occurring yeast in a mixed culture with palmyrah 

toddy under optimized conditions [11][50]. 

 

In 2019, Sri Lanka contributed approximately 0.11% of the 

world's fruit production, producing around 0.97 metric tons 

(MT) of fruits. Commonly consumed fruits in the region 

include banana, papaya, mango, and pineapple, with 

consumption steadily increasing over the past decade [9, 8, 
11]. Fruit peels constitute a significant by-product, 

accounting for nearly 30% of the total fruit weight. These 

peels are rich in simple sugars like sucrose, glucose, and 

fructose, as well as a substantial amount of minerals and 

nitrogen content [31][42][50]. 

 

Therefore, fruit peels serve as valuable sources of carbon and 

energy for microbial growth, making them a viable and cost-

effective alternative for SCP production. Given that the cost-

effectiveness of SCP production is closely linked to substrate 

costs, utilizing waste materials from various fruits proves to 
be an economically sound choice [35][25]. 

VI. CONCLUSION  

 
The envisioned potential of Single Cell Protein (SCP) as a 

substantial protein source for food has remained unrealized 

due to a complex interplay of economic, political, and 

technological factors. In industrialized nations, SCP hasn't 

taken center stage because these regions have witnessed a 

surge in the availability of high-quality protein, thanks to 

advances in agriculture spanning the last four decades. 

 

However, the narrative takes a distinct turn in regions 
characterized by tropical climates. In these areas, SCP could 

play a pivotal role as a valuable food supplement. Traditional 

dietary staples in such regions often lack protein content 

while being rich in carbohydrates. This protein deficiency, 

persisting over time, has contributed to a host of physical and 

mental health issues, causing a deteriorating impact. 
 

Challenges extend beyond the nutritional aspect. In some 

parts of Africa and the Middle East, the land's inherent 

limitations pose a formidable hurdle in achieving food 

security, regardless of the protein content in the available 

resources. It underscores the intricate web of factors that 

dictate the feasibility and significance of SCP in addressing 

food and nutrition challenges, with economics, politics, and 

technology shaping the landscape in various ways. 

 

Consequently, the production of SCP would be profitable in 

both tropical and arid locations, but the countries the worried 
party cannot afford the first capital expenditure. Additionally, 

they lack the technical know-how and support resources 

needed to continue production once it has been created. Due 

to financial reasons, SCP hasn't been a success even as a feed 

additive. 

 

The global expansion of large-scale Single Cell Protein (SCP) 

processes stands as a pivotal chapter in the unfolding 

narrative of contemporary biotechnology. The dynamic 

evolution of SCP has been nothing short of a 

multidisciplinary marvel, drawing wisdom and inspiration 
from an eclectic ensemble of scientific realms. This 

encompassing embrace spans microbiology, biochemistry, 

genetics, chemical and process engineering, food technology, 

agriculture, animal nutrition, ecology, toxicology, medicine, 

veterinary science, and economics. In the process, SCP has 

not only redefined the contours of biotechnology but has also 

cast a far-reaching influence on various satellite fields, 

casting innovation's glow on areas as diverse as wastewater 

treatment, alcohol production, enzyme technology, and the 

ever-evolving science of nutrition. 

 

As we peer into the future, the trajectory of SCP rests 
squarely on two formidable pillars: cost efficiency and the 

relentless pursuit of elevated quality benchmarks. To embark 

on this journey, a strategic focus on feedstock-related 

dimensions becomes paramount. Herein lies the dual 

challenge of curbing feedstock expenditures while 

concurrently elevating the quality of the resources deployed. 

Achieving cost reductions demands a nuanced orchestration 

of variables, encompassing everything from optimizing 

feedstock costs to refining fermentation techniques and 

enhancing the efficiency of downstream processing. 

Simultaneously, advancements in producer organisms, 
blending the traditional foundations of applied genetics with 

the cutting-edge tapestry of recombinant DNA technologies, 

promise to be avenues of paramount significance. 

 

Nevertheless, it's imperative to note that the primary barriers 

confronting the acceptance of SCP products for human 

consumption are more deeply rooted in the fabric of societal 

norms and cultural sensibilities than in the realm of 

technological hurdles. Thus, the path ahead suggests that 
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microbial biomass will predominantly embrace its role as a 

valuable supplement within the ambit of animal feed 

applications. This pivotal role casts SCP as an indispensable 

force, poised to meet the multifaceted demands of the ever-

evolving future. 
 

Further research and development endeavors are aimed at 

promoting the use of microbial biomass as single-cell protein 

or as a dietary supplement, particularly in developing nations. 
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Abstract- Numerous potential uses for 3D printing in the food 

sector include raising the products' tastiness, variety, 

personalization, healthfulness, wholeness, longevity, and 

general well-being. The unique nutritional needs of each 

person may be met with the help of this remarkable additive 

manufacturing technology. The technology's distinguishing 

feature is a manner of material deposition that builds up 

layers sequentially from a template file. Extrusion-based food 

printing, binder jetting, inkjet printing, and selective 

sintering printing are four primary technologies in this field.  

To create a really unique layout while utilizing these 

technologies, there are a few key considerations. The structure 

of the food material, printing resolution, and precision were 

all impacted by this; these are briefly covered in the study. 

Due to the multiple ways, it enhances company operations, 

including quicker production times, streamlined supply 

chains, and a wider range of usable ingredients, additive 

manufacturing is seen as a cutting-edge element of the food 

industry of the future. Therefore, before 3D printing in the 

food industry is used more extensively, there are a few 

obstacles that must be overcome.  

Keywords— Three-dimensional Food Printing, Extrusion, 
Binder Jetting, Inkjet, Selective Laser Sinter 

I. INTRODUCTION 

During the 1980s, the technology of additive 

manufacturing, often referred to as three-dimensional (3D) 

printing, emerged and found widespread applications 

across a multitude of industries. [42,29] Solid free-form 

fabrication, also known as additive manufacturing, was 

pioneered in the food industry by Cornell University 

researchers who introduced an extrusion-based printer. 3D 

printing is distinguished and defined by a mode of layer-

by-layer material deposition based on a predefined file 
format. [26,28]  

 

The utilization of 3D printing technology in the food 

industry holds the promise of numerous exciting 

advantages, including personalized food designs, tailored 

digital nutrition, improved supply chain efficiency, and the 

diversification of food sources and distribution. Because of 

this technology, Thanks to this technology, everyday  

 

designs that would be unfeasible using manual labor or 

traditional molds. This innovation relies on predefined data 
files that encompass the culinary expertise and artistic 

talents of chefs, nutrition specialists, and food designers 

[37]. Moreover, 3D food printing offers the potential for 

digitizing and customizing an individual's nutritional and 

energy requirements based on their unique physical 
condition, demands, and dietary preferences [37,32,42]. 

 

The reach of conventional food distribution networks 

stands to be extended through the adoption of 3D food 

printing. With the widespread adoption of this method, 

production can be decentralized to areas with reduced 

transportation expenses and shorter delivery times, all 

without increasing overall transportation volumes [22]. 

Advancements in food printing technology are also set to 

introduce novel applications for insects, high-fiber plant-

based materials, and plant- and animal-based by-products 

within the food industry [22,25]. 
 

II. METHODS 

 

Databases and Search Strategy 

 

The search criteria for the article included the exact phrase 

"3D food printing, three-dimensional food printing and 

additive manufacturing" in the title, abstract, and 

keywords. Only articles in the final publication stage were 

considered, and the publication years were limited to 2000-

2022 to gather relevant and up-to-date information.  
 

The search was restricted to articles and reviews, ensuring 

comprehensive coverage of the topic. English-language 

articles were included for accessibility and understanding. 

The search specifically targeted journal articles, as they 

provide scholarly and in-depth information. By applying 

these criteria, the resulting articles would focus on the topic 

encompassing a wide range of years, and provide insights 

into production methods, applications, and future 

perspectives.   The studies under consideration underwent 

initial evaluation based on their titles and abstracts. 

Subsequently, a thorough examination of the full texts was 
carried out to pinpoint studies aligning with the primary 

themes of the review 

 

III. CONTEXT AND IMPORTANCE OF 3D 

FOOD PRINTING 

 

Recently, additive manufacturing (AM) or 3D printing has 

received increasing attention in the food industry. Because 

it allows for individualized nutrition plans, novel culinary 

creations, shorter production times, fewer steps in the 

supply chain, and a wider variety of raw ingredients. [22] 
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 Now more than ever, people all around the globe are on the 

lookout for fresh concepts with which to advance science 

and technology for the sake of a better tomorrow. Emerging 

technologies play a crucial role in this context, allowing us 

to envision infinite outcomes. The emergence of these 
technologies would elicit both positive and negative server 

reactions. But now is the time to think about how food 

science and technology may be improved in the future of 

your dreams. [37,22] 

 

IV. OBJECTIVES OF THE REVIEW PAPER 

 

The demand for new technology is growing, and 3D 

printing is a well-potent sector for quick innovation and 

development. The future trends and 3D printing methods 

for food are covered in this paper. In recent times, 3D 
printing has been harnessed for crafting meals tailored to 

the specific needs of various groups, including military 

personnel, astronauts, seniors, and dessert enthusiasts. 

Achieving precise and accurate food printing is imperative 

to realize the intended designs flawlessly, and this article is 

dedicated to collating and dissecting the information 

necessary for accomplishing this feat [35]. Furthermore, 

the article provides an extensive examination of 3D 

printing's applications across diverse domains within the 

food industry, along with offering recommendations and a 

critical assessment of the ongoing trends and challenges 

associated with the realm of 3D food printing [22,37]. 
 

V. 3D FOOD PRINTING TECHNIQUES 

 

In the realm of the food industry, commonly accessible 3D 

printing methods can be categorized into four main types: 

extrusion-based printing, selective sintering printing (SLS), 

binder jetting, and inkjet printing [22]. 

 

i. Extrusion-Based Printing 

 

Originally explored under the name of fused deposition 
modeling for manufacturing plastic products, extrusion-

based printing involves the continuous extrusion of a 

melted food feed (often resembling a paste-like slurry or 

gravy) through a moving nozzle. This molten material is 

deposited layer by layer onto a cooling surface during the 

food printing process. Depending on the temperature 

employed during deposition, extrusion-based printing falls 

into two categories: melting extrusion-based printing and 

soft materials extrusion-based printing [21]. 

 

Melting extrusion-based printing has gained wide 
application in crafting customized 3D chocolate products 

[13]. In this process, melted semisolid food polymer is 

extruded from a mobile printhead and swiftly solidifies, 

adhering to previous layers almost immediately after 

extrusion to faithfully capture the desired design's texture 

[22]. 

 

 

 

 

2. Inkjet Printing 

 

This method dispenses a stream of droplets from either a 

thermal or piezoelectric printhead onto specific regions of 

a food surface. It is commonly used for adding decorative 
imagery to food items like cookies, cakes, and pizza [29]. 

Two types of inkjet printing techniques have been 

developed: continuous jet printing, where ink is rapidly 

ejected through a piezoelectric crystal vibrating at a 

constant frequency and direction, and drop-on-demand 

printing, where ink is expelled from printheads under 

controlled pressure, often involving the addition of 

conductive agents and materials to achieve the desired ink 

flow [17,16,21]. 

 

2. Binder Jetting 
 

Binder jetting, an additive manufacturing technology, 

constructs models by selectively binding layers of 

powdered food materials with a liquid binder. Each layer of 

powder is evenly distributed across the fabrication 

platform, and a liquid binder is sprayed to bind two 

consecutive powder layers [37,28]. In this process, small 

droplets of binder, typically with diameters less than 

100 μm, are sequentially deposited onto the powder bed 

surface, following a drop-on-demand print head's raster 

scanning pattern [29]. The binder fuses the current cross-

sections to previously and subsequently fused ones, 
enabling the creation of intricate and complex structures. 

Throughout the fabrication process, the unfused powder 

contributes to the fused parts, and the unbound powder is 

eventually removed and recycled for future use [30,29]. 

Binder jetting technology also possesses the capability to 

produce colorful 3D edible objects by varying binder 

composition [29]. 

 

3. Selective Laser Sintering (SLS) 

 

SLS is a technology that employs a high-powered laser to 
selectively fuse powder particles together layer by layer, 

culminating in a 3D structure [21]. The laser scans cross-

sections on each layer's surface, selectively fusing the 

powder. After scanning each cross-section, the powder bed 

is lowered, and a fresh layer of powder is spread and 

created on top. This process repeats until the desired 

structural design is complete [38]. Ultimately, the unfused 

powder is removed and can be reclaimed for subsequent 

printing modes [22,4]. While SLS is widely used in metal 

and ceramic industrial manufacturing, its application in the 

food sector faces challenges, including the identification of 
suitable powdered materials that can fuse without 

decomposing and the creation of various edible objects 

using a wide range of food materials [4,21]. 

 

VI. SUBSTANCES SUITABLE FOR 3D 

PRINTING IN THE CONTEXT OF FOOD 

 

According to Lipton, Arnold et al. (2010) [24, 20], 

extrusion-based printing finds application in printing on 

soft materials like flour doughs, mashed or blended 
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potatoes, sweet potatoes, cheese, and meat paste. It is 

commonly employed for surface decorations or filling 

images.  

 

Achieving precision and excellence in 3D printing for the 
creation of visually stunning objects involves considering 

various factors [22, 21, 24, 6, 7]. These factors include the 

extrusion mechanism and method, material characteristics 

(such as glass transition temperature, melting point, and 

rheological parameters), processing variables (extrusion 

speed, nozzle diameter, and nozzle height), and finishing 

touches (such as decorations, additional material 

installation, and moldings). 

 

To improve the quality of surface images, edible liquids 

like sugar, honey, and concentrated fruit juices are utilized 
on food surfaces through the application of an inkjet printer 

[20, 21, 28]. 

The viscosity and rheological properties of edible ink [8] 

play a pivotal role in achieving flawless and accurate 

printing. Lower viscosity edible inks are more suitable for 

expulsion through tiny printhead orifices [34, 5, 6]. The 

viscosity range for appropriate inks in continuous jets is 

relatively narrow. Temperature manipulation can also 

impact ink jetting by altering rheological characteristics 

and surface energy [32, 33]. Lower temperatures reduce 

surface energy, minimizing ink spreading. The ink's 

composition influences the temperature required to achieve 
the correct viscosity, which is essential for optimal 

flowability [33, 41]. 

 

The quality and resolution of the final image are 

significantly influenced by the compatibility between the 

printed food and the substrate surfaces. Surface chemistry 

and ink-substrate interaction affect the interaction features 

after ink droplets are jetted onto the surface [34]. 

Sometimes, enhancing substrate surface compatibility may 

be necessary by applying a binder film or another 

compatibility-enhancing layer before printing to achieve 
high-quality results [33, 34, 41]. 

 

Understanding the properties of powdered material and 

binder is essential for successful fabrication. The binder 

should possess specific characteristics, including viscosity, 

surface tension, ink density, and more, to prevent nozzle 

spreading [27]. Binder concentration is a critical factor for 

achieving the necessary dimensional accuracy in part 

manufacturing [27]. The flowability of the powder is 

crucial for the binding process, with binder jetting working 

best with free-flowing powders that have good packing and 
spreading capabilities [27, 28]. 

 

The choice of powder material is vital, with non-sticky, low 

tendency-to-aggregate materials being preferable [28]. For 

complex morphologies, selective sintering of sugars and 

sugar-rich powders can be employed, enabling the rapid 

creation of intricate food items without additional 

processing [27]. It's advisable to use sugar products with a 

relatively low melting point [2]. Ideal edible powder for 

SLS should be free-flowing and pourable without 

noticeable clumping [38]. To achieve desired outcomes, 

processing variables such as laser type, laser diameter, laser 

strength, and scanning speed should be programmable [18]. 

 

Material properties, including particle size, flowability, 
bulk density, and wettability, directly affect the printing 

precision and accuracy in SLS [9, 8]. The interaction 

between the laser beam and powdered materials is critical, 

with the strength of this interaction dependent on the laser 

type, laser energy density, air temperature, and layer 

thickness, all impacting material fusion [9, 35]. While 

increased heat and speed boost production rates, they can 

compromise precision and resolution, and a larger laser 

spot diameter can make structures less prone to breakage 

[21, 22]. 

 
V. ADVANCEMENTS IN 3D FOOD 

PRINTING 

 

Because chefs and other decorators find it quite difficult to 

generate such distinctive and multipurpose shapes, the 

constructions made utilizing these techniques are quite 

complex. [22] Food printers will support and encourage the 

adoption of an engineer-to-order strategy with a short lead 

time in the food manufacturing supply chain. [35,32] It is 

more cost-effective to place production facilities close to 

the final consumers so that the customized food supply 

chain may be reconfigured, allowing items to be delivered 
to clients with shorter lead times, acceptable prices, and 

convenience while using fewer resources. [21,25] 

 

The prevention of diseases has been connected to 

individualized dietary recommendations for a person's 

nutritional needs. [30,22] Eating foods that are nutrient-

dense is crucial for maintaining a healthy lifestyle, 

especially for people who suffer from deficiencies and 

malnutrition. According to the recommended amounts that 

individuals should take, 3D-printed food can give the 

control needed to add the right quantity of required protein, 
sugar, vitamins, and minerals to the foods [31,32] 

 

Due to a number of factors, the US Army has shown a 

particularly keen interest in the use of 3D food printing in 

military nutrition. [30] On the battlefield, this technology 

enables the following: 1) the production of meals on 

demand; 2) meals that can be personalized and customized 

depending on each soldier's nutritional needs; and 3) the 

extension of the shelf life of food products by storing them 

as raw materials rather than finished goods.  [15]  

 
To diversify meal options and cater to the nutritional needs 

of soldiers, the U.S. Army has ventured into the realm of 

ultrasonic agglomeration, a technique that bonds particles 

together using ultrasonic waves [21,22]. 

 

In the context of extended space missions, maintaining 

crew health and meeting nutritional requirements is of 

paramount importance [36,21]. Traditional packaged foods 

tend to degrade over time, prompting NASA to explore 
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ways to meet nutritional needs and extend the shelf life to 

five years for prolonged voyages [36]. 

The challenge of cooling requirements in spacecraft 

consumes substantial resources, as noted by Lin in 2015 

[19] and Davide and Xavier in 2015 [3]. Tastier 3D-printed 
foods, featuring ingredients like peas, mashed potatoes, and 

broccoli, have been successfully introduced to the market, 

particularly catering to the elderly and those with chewing 

and swallowing difficulties [40]. 

In the domain of 3D food printing, a melting extrusion-

based printer has been developed by Natural, specifically 

designed for chocolate printing and surface decoration [7]. 

In the American market, extrusion-based printing has been 

employed to produce various items, including cake 

toppings, processed cheese, and sugar cookies [20]. SLS 

technology, utilizing sugar or sugar-rich granules, has been 
harnessed to create intricate structures that conventional 

methods cannot replicate [10]. The Liu and Zhang project 

in 2017 achieved remarkable success in crafting a variety 

of complex structures using sugar powders and SLS [21]. 

 

A significant breakthrough in consumable structure 

manufacturing has been ushered in through binder jetting 

technology [22]. Researchers at 3D Systems have devised 

binders for the creation of a wide array of colorful and 

flavorful edible objects, ranging from intricate sculptural 

cakes to salad dressings with distinct flavors and uniquely 

shaped designs [14]. Inkjet printing, owing to its capacity 
to handle low-viscosity materials, is primarily employed 

for surface filling and image decoration, such as 

embellishing cakes and cookies [24]. Haldar and Patil in 

2021 developed an edible medium capable of printing high-

resolution images on edible substrates like cookies and 

cakes, ensuring their safety for consumption [12]. 

 

VI. HURDLES IN THE FIELD OF 3D FOOD 

PRINTING 

 

Consideration of the physical and geometric limitations of 
printing materials is a critical aspect when designing a 3D 

model for food production. This introduces significant 

complexity to the design process, which is currently 

lacking suitable software solutions. The vast diversity of 

food components further complicates the development of 

tailored software for the food industry [10]. 

In comparison to traditional cooking methods, 3D printing 

imposes constraints on the range of food items that can be 

generated. The fragility of printed food structures and their 

often-unfavorable textures arise from the fact that food 

ingredients are typically much softer than the weakest 
plastics used in 3D printing [42,36]. 

 

Presently, much of the research relies on trial-and-error 

methods to address this challenge. However, scientists are 

actively working on innovative techniques aimed at 

predicting the behavior of various materials during the 

printing process. This predictive capability would 

significantly narrow the gap. These techniques involve a 

deep understanding of materials and their behavior 

concerning printing stability [43] 

Due to the risk of cross-contamination when printing food 

in 3D, safety issues are crucial, and sophisticated, and 

should be closely monitored. Throughout the entire course 

that the food material takes through the printer, a food 

printer must ensure and facilitate the safety and sanitation 
of the interior. owing to the potential for food to become 

stopped somewhere along the way, bacterial buildup, cross-

contamination, and security issues. [1213] 

Both microbial stability and the risk of cross-contamination 

represent critical factors that profoundly impact the quality 

of printed food. These considerations must be integrated 

into the design of the printer and carefully managed during 

the printing process [8,9]. It's worth noting that high-

quality printers often employ materials like stainless steel 

and BPA-free components, which can help mitigate 

concerns about materials coming into contact with the food 
[7,8]. 

Researchers have been actively working towards 

integrating 3D food printing into the food industry [22]. 

However, challenges related to the production of colorful, 

multi-flavored, multi-textured items, as well as ensuring 

printing accuracy, precision, and overall process efficiency, 

present hurdles that have limited the widespread adoption 

of this technology within the food industry [8,10]. 

 

VII. FUTURE PERSPECTIVES 

 

Robotics and automation can be used with 3D printing 
technology to secure the profitability of diverse food and 

other sectors. [22] As a fast-evolving idea to use and access 

resources instantaneously, apps utilizing artificial 

intelligence (AI) would elevate these techniques to an 

advanced level. [10] Artificial intelligence and machine 

learning applications are one of the primary considerations 

currently. [21,37,42] 

The "lotus effect" in nanotechnology can be integrated with 

food products that are not sticky or cling to hands or 

wrappings. This can be used as a technique to reuse lunch 

trays and wrapping boxes. Leveraging nanotechnology in 
the realm of 3D food printing opens up new avenues for 

innovation. This integration has the potential to reduce the 

impact on sustainability, the environment, and the 

accumulation of waste [21,22,23]. 

 

VIII. CONCLUSION 

 

Three-dimensional printing technology holds the promise 

of ushering in a new era of sustainable food technology, 

enabling the creation of unique structures and products. 

This emerging technology stands to have a profound impact 
on both the future of the food industry and the lives of 

individuals, driven by its numerous technological 

advantages. 

 

Exploring this technology further, it becomes evident that 

there is considerable potential in optimizing pre- and post-

processing procedures. Additionally, three-dimensional 

printing can be harnessed for the development and 

refinement of functional foods, unlocking innovative 

possibilities for customized nutrition and dietary solutions. 
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Furthermore, a key aspect to consider is the potential for 

reduced maintenance costs associated with these printers, 

making them more accessible and economically viable. 

A particularly exciting prospect lies in the hands of industry 

professionals who could potentially pioneer the creation of 
cost-effective, high-quality printers. Such advancements 

would democratize the field of food printing, allowing a 

broader range of individuals to engage successfully in this 

innovative sector. As a result, the transformative impact of 

three-dimensional food printing could extend its reach to a 

more extensive and diverse audience, amplifying its 

potential benefits for both the food industry and consumers 

alike. 
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Abstract— In the modern world, busy lifestyles often lead to 

consuming fast foods, which can increase the risk of chronic 

health conditions and metabolic syndrome. To minimize these 

risks, individuals can prepare meals at home, gaining control 

over the cooking process. Rice cookers can be time-consuming. 

Though it may not seem significant in isolation, such tasks can 

become burdensome amidst a busy lifestyle. A new solution aims 

to streamline the rice cooking process, making it efficient, user-

friendly, and time-saving. The cooker can cook various grains 

and is compact, requiring less space than traditional cookers. 

This space-saving design enhances its practicality and 

convenience, allowing busy individuals to enjoy home-cooked 

rice without the laborious efforts. This innovative solution 

envisions a future where rice cooking is a breeze, enriching lives 

and catering to the demands of modern-day living.  

Keywords—Rice-Grain Cooker, Smart Kitchen Appliance 

I. INTRODUCTION   

In the modern world, all of us are busy with day-to-day 
activities, leaving little time for meal preparation at home. As 
a result, many individuals opt to have their meals at restaurants 
or consume fast food. Insufficient time to prepare nutritious 
meals can increase the risk of developing chronic health 
conditions [1]. Frequent consumption of fast food or quick 
service restaurant meals has been associated with negative 
health outcomes and adverse effects on body weight. Studies 
have shown that individuals who eat at fast food restaurants 
regularly perceive their health status to be poorer and have a 
higher body mass index (BMI) [2]. Additionally, the intake of 
fast foods on two or more occasions per week has been linked 
to an increased risk of insulin resistance, a condition that can 
lead to type 2 diabetes [3]. Moreover, higher consumption of 
fast foods has been linked to an increased risk of metabolic 
syndrome, a cluster of conditions that includes high blood 
pressure, high blood sugar, excess body fat, and abnormal 
cholesterol levels [4]. Individuals with a higher intake of fast 
foods also tend to exhibit greater insulin resistance, as 
indicated by insulin resistance index measurements [4]. 
Specific fast-food items, such as hamburgers and fried 
chicken, have also been associated with detrimental health 
effects. A study revealed that individuals consuming such 

items two or more times per week had a 1.40 times higher 
incidence rate of type 2 diabetes compared to those who did 
not destroy them [5]. Furthermore, the accessibility to fast 
food services have been implicated in health outcomes. A 
higher level of accessibility to fast-food establishments has 
been associated with an increased risk of mortality and acute 
coronary hospitalizations [6]. Moreover, consuming fast food 
at least twice a week has been shown to increase the risk of 
developing type 2 diabetes and mortality from coronary heart 
disease [2]. Lastly, the specific consumption of French fries 
has been found to have negative health implications. An 
increased intake of French fries has been associated with a 
21% higher risk of developing diabetes [3]. 

In conclusion, these findings highlight the importance of 
reducing frequent fast-food consumption as part of a healthy 
diet to mitigate the risk of various chronic health conditions 
and promote overall well-being. To minimize the associated 
health risks, one of the most effective solutions is to prepare 
meals at home. By cooking meals at home, individuals gain 
greater control over the cooking process, from selecting 
ingredients to determining portion sizes and cooking methods. 
This level of control empowers individuals to make healthier 
food choices that align with their dietary preferences and 
nutritional needs. Although leftovers from curries can be 
conveniently stored in the refrigerator and reheated for later 
use, However, regarding rice, the reheating process is not as 
straightforward. While rice cookers facilitate rice cooking, 
preparing and washing the rice can be time-consuming. 
Though it may not seem significant in isolation, such tasks can 
become burdensome amidst a busy lifestyle. 

Setiawan et al. [6] introduced a concept for an automated 
rice cooker using a 3D model, but they did not physically 
develop the system. On the other hand, H.-Q. Zhao and H. 
Zhao [1] and Rahman et al. [2] successfully developed 
physically automated rice cookers; however, their devices 
were specifically designed for cooking rice only. In light of 
this, we are embarking on a pioneering initiative to design a 
fully automated rice and grain cooker that can be operated 
smoothly through a mobile phone application. The aim is to 
streamline the rice cooking process, making it efficient, user-
friendly, and time-saving. By enabling users to operate the 
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cooker remotely with just a few taps on their smartphones, we 
seek to alleviate the hassle of traditional rice preparation, 
empowering individuals to enjoy freshly cooked rice 
conveniently and without unnecessary time investments. In 
contrast, our proposed cooker offers versatility by being 
capable of cooking various grains besides rice. Moreover, one 
significant advantage of our system is its compact size, which 
requires significantly less space compared to the cookers 
mentioned above. This space-saving design enhances its 
practicality and convenience in different kitchen settings 
without compromising functionality or performance. Our 
innovative solution enhances comfort, allowing busy 
individuals to savor the goodness of home-cooked rice 
without laborious efforts. Through seamless automation, we 
envision a future where rice cooking is a breeze, enriching 
lives and catering to the demands of modern-day living. 

II. HARDWARE DESIGN  OF THE 

PROTOTYPE  

3D model of the proposed rice-grain cooker is shown in 

figure 1. 

 
Fig. 1. 3D model of the proposed rice-grain cooker 

The proposed system consists of three DC servo motors, 
helical screws, and three distinct compartments: the storage 
compartment, the washing compartment, and the cooking 
compartment. Additionally, the system includes a water inlet, 
a water outlet, and a controlling unit for seamless operation. 
For the prototype version, we have chosen Perspex as the 
material to design the storage and washing compartments. 

Fig. 2 Prototype design 

The storage compartment is designed with three separate 
cabins, allowing for the simultaneous storage of three different 
types of grains. This design feature offers a significant 
advantage as users can conveniently select the grain type and 

quantity they desire. Once the user confirms their selection 
using the app, the corresponding helical screw is activated, 
initiating the rotation to feed the seeds into the washing 
compartment for further processing. The amount of grain fed 
is determined by the number of turns in the system. To 
facilitate feeding and draining water to the washing 
compartment, solenoids are employed. 

 

Fig. 3. User interface 

The interface for the system is hosted on a local WiFi 
network, allowing the operator to select the type of meal 
conveniently and the desired quantity through the user-
friendly interface. Upon selecting the meal plan, the online 
platform transmits the data to the controller, which is then 
stored in the memory location for reference. Once the cooking 
process is completed, the system sends an alert to the operator, 
indicating the successful completion of the task. To develop 
the printed circuit board (PCB) for this system, the team opted 
for the Easy EDA tool. Initially, a multi-layer PCB was 
planned for the system; however, due to challenges in 
procuring components from China amid the prevailing 
situation in the country, the team revised the design to a single-
layer PCB and successfully developed it locally. 

 

 

 

 

 

 

 

 

Fig. 4. PCB design 

TABLE I.  COMPONENTS OF THE CONTROLLER BOARD 

No Description 

1 Solid state relays  

2 Thermocouple module 

3 Battery charger 

4 OLED Connection 

5 
Power supply with smoothing & 

regulating 

6 Heater connection 

7 Solenoid connections 

DC Gear 
Motors Storage 

Compartment 

Water 

Inlet 

Water 

Outlet 

Controlling Unit 
Cooking 

Compartment 

Washing 

Compartment 
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III.  ARCHITECTURE OF THE SYSTEM  

The storage compartment houses three essential grains for 
cooking, namely rice, chickpeas, and mung beans.  

Fig. 6. Available grains 

In the Washing compartment, the grains can be washed at 
any desired time, as per the user's request, and are connected 
to the water supply for this purpose. Meanwhile, in the 
cooking compartment, users can customize the amount of salt 
added to suit their taste preferences, and they also have the 
option to select the water level for the cooking process. 

To ensure seamless functioning, these three processes are 
efficiently controlled using signals from various sensors and 
commands from a dedicated mobile application.  

The implemented sensors continuously monitor the water 

availability in the tap line, check the availability of grains in 
the storage compartment, detect overheating, and assess Wi-
Fi connectivity status. Furthermore, the system incorporates a 
fail-safe mode and an emergency stop feature for enhanced 
safety and user control. The ESP8266 microcontroller unit 
(MCU) serves as the central controller for the rice grain 
cooker system. The system incorporates the LM32 sensor 
module, which collects temperature readings. For user 
interface and interaction, a touchpad and display are integrated 
to provide a graphical user interface (GUI). Motors are 
employed to control conveyors and rotors, ensuring the 
precise and efficient functioning of the rice grain cooker. 
Furthermore, an Android application has been developed to 
enhance the system's usability. The app allows users to 
remotely access and operate the rice grain  cooker via the 
internet, providing convenience and flexibility in controlling 
the cooking process from any location.  

 

Rice Chickpeas 

Water 

Salt 

Storage Compartment 

Water 

Mung Beans 

Washing Compartment 

Cooking Compartment 

Main Controller 

GUI IOT Cloud 

 Fig. 5. System architecture 
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By leveraging the capabilities of the ESP8266 MCU and 
integrating sensor modules, mechanical components, and a 
user-friendly interface, the rice grain cooker system achieves 
an efficient and user-centric design. The Android app's 
internet connectivity enables seamless remote control, 
empowering users to easily manage and monitor the cooking 
process without the need for direct physical interaction with 
the appliance. 

IV. OVERALL OPERATION OF SYSTEM 

The operation of the fully automated rice and grain cooker 
begins with the user powering up the appliance and initiating 
the process by providing the command to start. If the user has 
specified the type and amount of grain to be cooked through 
their mobile app, the machine receives this data and 
configures the basic settings accordingly. The feeding screw 
is then set in motion to measure the required amount of grain 
accurately. Once the measurement is complete, the washing 
blade is activated to cleanse the grain thoroughly. The 
washing process involves three cycles, and the excess water is 
efficiently drained through the drain solenoid port. 
Subsequently, the washed rice or grain is carefully filled into 

the cooker through the filling port, with fresh water added for 
cooking. The washing blade is then deactivated, and the 
microcontroller switches on the heater to initiate the cooking 
process. The cooker's temperature is closely monitored using 
a thermocouple to ensure precise cooking conditions. 
Depending on the measured temperature, the microcontroller 
takes appropriate actions: if the temperature surpasses the 
desired value, the heater is turned off; if it falls within the 
selected range, the user is informed about the cooking 
progress. Finally, upon successful completion of the cooking 
process, the automated rice and grain cooker reaches its end 
state, ready to serve deliciously cooked grains. 

V. CONCLUTION  

Encouraging individuals to reduce their fast food 
consumption is essential for mitigating the risk of developing 
chronic health conditions.. One effective strategy to promote 
healthier eating habits is by making cooking at home more 
convenient and time-efficient. In response to this need, an 
automated rice and grain cooker has been developed, aimed at 
significantly reducing the time and effort required to prepare 
rice and grains. 
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Fig. 8. System flow chart 
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The automated cooker comprises three compartments 

designed to facilitate the washing and cooking process 
seamlessly. The system can be conveniently operated 
remotely using a smartphone, enabling users to select the type 
of grains stored in the storage cabins and initiate the washing 
and cooking procedures, all at their fingertips. By employing 
the smartphone app, individuals can effortlessly control the 
entire process with just a few button touches. 

The convenience and time-saving features of this 
automated cooker allow users to start cooking rice or grains 
remotely, even before arriving home. This not only 
streamlines the cooking process but also encourages people to 
opt for homemade meals over fast food options. By making 
home-cooked meals more accessible and appealing, 
individuals are more likely to embrace healthier eating habits, 
contributing to better overall health and well-being. 
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Abstract— The importance of foundry coating to improve the 

surface quality of castings cannot be simplified. Surface finish 

is one of the most desired characteristics of a product surface. 

In this study, the impact of coating on surface finish was 

investigated by using different kinds of coating samples and 

evaluating whether coating gives effect to product surface 

finish. The experiment was conducted for four different 

compositions, and sand-casting process was used as the 

process to manufacture the final product. The surface quality 

of the cast components was assessed by measuring the surface 

roughness, with the use “surf test instrument”. The average 

reading of each sample was computed as a Roughness 

Average (RA) value. In this study, four components were cast 

using the same pattern, and the chosen “special additive” was 

the variable of chosen mould coating formulation. The 

common ingredients of the formulation are miniran powder, 

fire clay, kaolin and water. Special additives for the four 

products were coal powder, dextrin, furan resin and furnace 

oil. The comparison of surface quality was made among the 

four cast components. From the findings, it was shown that 

product surface covered with coal powder coating has the best 

surface finish.   

Keywords— Mould Coating; Sand Casting; Special Additives; 

Surface Roughness. 

 

I. INTRODUCTION  

Melt casting is one of the main methods of production 
of metallic components. Among casting processes, sand 
casting plays a major role due to lower cost involvement and 
possibility of lower production runs. Additionally, most of 
the metals can be sand cast. Cast iron, aluminium, cast steel 
and brass are the metals, widely shaped with the process. 
This process is mainly suitable for parts that don't require a 
high degree of dimensional accuracy. 

Among these merrits, one major drawback of sand 

casting is poor surface finish.  The quality of casting surface 

mainly depends on the quality of the mould surface. Silica 

sand is the main constituent (more than 95%) contained in 

the moulding sand composition, improvement of mould 

surface quality depends mainly upon applying a proper 

mould coating. In addition to the provision of aesthetic 

appearance, improvement of corrosion resistance, wear 

residence, and provision of thermal barrier are among the 

other expectations from a proper mould coating. 

To realise the behaviour of coatings with refractory 
materials, characteristics of  coatings need to be  known. 

The general parameters that characterise foundry coatings 
are specific gravity, viscosity, solid content, coating 
thickness, colloidal stability, wettability and surface 
tension, coating permeability and coating penetration depth 
etc.[8]. 

Generally, a refractory coating needs to possess the 
qualities of good adhesion to the substrate, enough 
refractory properties, be permeable to reduce air 
entrapment, fast drying power, no tendency to crack or 
blister on drying and high covering power etc.[8]. 

For a mould coating to possess the required qualities, the 
coating needs to  consist of the following components. 

- Refractory filler 

- Binder agents  

- Suspension agents  

- Liquid carrier 

- Special Additives [1]. 

A. Refractory Mineral 

Refractory minerals possess very high melting 

temperatures, and therefore, for fusing, they need to be 

heated to high temperatures. Their processing also takes 

place at high temperatures, and they are intended to be used 

in high-temperature environments. In coating composition, 

refractory materials are dispersed in the binder and it 

determines the shape of the coating film. Due to the 

presence of a refractory material, density, hardness and 

viscosity increase, while permeability reduces. The other 

characteristics that a mould coating should exhibit include, 

suitable particle shape, particle size (PS) and particle size 
distribution (PSD), chemically inertness, consistency in 

cleanliness and pH, free from volatile elements, be 

compatible with the chemical binders and not wetted by 

molten metal. Apart from these, a mineral substance’s 

particle size, particle size distribution and particle shape are 

important parameters that indicate its performance in a 

coating. The efficiency of a coating is determined by its 

refractory material.  It may be either a single material or a 

blend of materials. Approximately,   50% to 70% of a 

coating is made with its refractory material. These 

refractory materials include silica, coke, graphite, zircon 

flour, anthracite, talc, clays, mica, chromite, alumina 
Plumbago etc. [1,8]. 
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B. Binding Agent 

The purpose of the binder is to hold the refractory 

mineral particles together and to the sand mould surface 

also. The available variety of binders in coating mixes 

include natural binders such as starches and wood-derived 

resins also. A properly functioning binder needs to possess 

acceptable film hardness, and enough flexibility to allow 

sand expansion, and it does not cause porosity in the casting 

due to gases. As the particle size of the refractory decreases, 

the amount of binder required increases. Generally, the 

binder needs up to 1 to 5% of the coating. It is worth 
determining the minimum amount of the binding agent, 

since too little amount may cause poor adhesion, while the 

excess amount may result in a brittle coating that may crack 

and spill off before casting. Furthermore, organic binders 

usually evolve gas upon heating. Thus, if the local 

concentration of the binder in certain points of the mould 

surface is higher, it may cause a higher concentration of 

gas/es, locally. Thus, such defects as lapping and porosity 

may result. It is worthy to mention that, most of the organic 

binders that are used in water suspensions are subjected to 

biological degradation. However, such reactions don’t 
occur with spirit-based mould coatings. Spirit-based 

suspensions need natural or synthetic resins. These include 

phenol formaldehyde, urea formaldehyde, phenol, novolac, 

furan and natural wood resins etc. [1,8]. 

 
A. Suspending Agent 

The main purpose of suspending agents is to hold the 
refractory mineral particles in a suspension. And enable the 
coating to maintain its required viscosity. Clays, polymers 
and gums are the commonly used suspending agents. They 
increase the easiness of remixing when the coating is 
applied by dipping, brushing, swabbing or spraying. These 
agents prevent mineral particles from separating for a long 
period in storage. They control the flow characteristics of 
the coating also. A suspension agent makes up between 1% 
and 5% of the coating [1,8].   

B. Liquid Carrier 

The medium that contains the coating constituents is a 
liquid career, and it acts as the vehicle that transports the 
mineral materials onto the sand mould surface.  Therefore, 
these coatings are usually suspensions of refractories in a 
liquid carrier. Approximately, 20 to 40% of a coating is 
made up of the liquid carrier. There are many factors to be 
considered in selecting a carrier, and some of them include 
compatibility of the carrier with refractory and/or sand 
binder, method of drying, flammability and other 
characteristics during burning, toxicity odour, application, 
labour and floor space [1,8].  

After applying, the coating is required to be dried well 
and to prevent forming gas when it comes into contact with 
hot liquid metal. When the liquid carrier is removed by 
combustion or evaporation, the sand surface is covered with 
a protective layer. This layer needs to prevent or minimize 
the penetration of molten metal into the sand, preventing or 
reducing the burning and erosion of sand. The most widely 
used carrier types are aqueous-based and organic solvent-
based types. Aqueous carriers are the best in considering 

toxicity, non-flammability, and from an environmental 
point of view. It doesn’t have a flash point also.  However, 
it needs to be heated for drying. Compared to organic 
solvent-based coatings, their tendency to form casting 
defects such as ‘runs’ and ‘tears’ is higher. The potential of 
aqueous coatings for breakage of cores is also higher. In 
contrast to the aqueous-based type, organic solvent-based 
coating possesses fast drying, they are especially 
recommended to be used on large surfaces of moulds and 
cores. Due to toxicity and flammability, usage of this 
category of coatings is threatened by environmental 
protection agencies [1,8]. 

C.   Special Additives: 

These additives are used to enhance properties of the 
coating such as refractoriness, dry strength, surface 
smoothness and application characteristics. They ultimately 
contribute to the overall performance of casting [1].   

These additives can be categorised as below. 

- Reducing agent - up to 5% 

- Cushioning material - up to 3% 

- Cereal binders - up to 2% 

- Iron oxide powder - up to 2% 

II.REVIEW OF LITERATURE  

 

In literature, several past studies are found related to 

surface coating in melt-cast moulds.In a very recent study 

in 2023, Deng et al found in their study that mould coating 

thickness essentially affects the coating's resistance to heat, 

which directly affects the microstructure of castings. They 

analysed the as-cast surface and coating surface for nine 
different coating thicknesses. They found a close 

relationship between coating thickness and as-cast surface 

roughness. Accordingly, they could derive the coating 

thickness with as-cast surface analysis [2]. 

In 2019, Luo and his group’s research was based on an 

analysis of coating thickness on the interfacial heat transfer 

and slug microstructure. The coating was based on boron 

nitride. According to the results, interfacial heat transfer 

decreased with the increase in coating thickness and was 

much more sensitive when the thickness of the coating was 

below 0.1 mm [3]. 

Nunes and his group 2017 conducted another analysis 
with two high-pressure die-cast moulds, which had been 

subjected to severe wear problems. To check the 

advantages and effects of the coating application, some 

critical parts of the moulds were coated. Different types of 

coatings were used, and wear residence behaviour and wear 

mechanisms were carefully analysed. As per the outcomes, 

some of the coatings have clearly shown better behaviour, 

minimising the wearing problems of the moulds [4]. 

 

In 2016, Omidiji et al conducted research to check the 

influence of refractory coating mix design on the surface 
roughness of the plate shape castings produced with 

evaporative patterns. The coating composition consisted of 

Kaolin and silica sand, and Kaolin acted as the binder. The 

carrier was methyl alcohol with 99% concentration.  Nine 
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runs were conducted, and process temperature was 

recorded as a process parameter. The lowest surface 

roughness was achieved with 10% Kaolin and 90% silica 

flour mix design. 650°C was the related pouring 

temperature [5]. 
 

One study by Chisamera et al was in 2015, to check skin 

variation in iron castings using different surface coatings. 

It was found when the mould coating contained Sulphur, 

the graphite nodulising potential of casting was adversely 

affected, while it contained Mg, which was reversed and 

graphite nodules were properly formed [6]. 

 

 In 2015, Xu and his group developed a good coating 

based on spraying the coating on a green sand mould 

surface, used for the casting of steel. The coating mixture 

mainly consisted of zirconium powder and corundum, and 
the remainder were organic bentonite, organic and 

inorganic binders, polyvinyl butyral (PVB), additives and 

solvent carrier. The coating was with high strength and 

showed high anti-cracking qualities at high temperatures. 

Gas evolution was low. The surface finish of the casting 

was good [7]. 

 

Hamasaiid et al had a study in 2007, to investigate the 

influence of die coating thickness, coating composition and 

cast alloy composition on the heat transfer at the cast mould 

interface.  Two coatings of graphite-based and TiO2 were 
investigated. Two alloys were used; Al-Si-Mg-based and 

Al-Si-Cu ones, respectively. With thermocouples, thermal 

histories throughout the die surface were recorded.  As a 

result, the coating material has a weak influence when the 

alloy remains in a liquid state, and the thermal resistance 

mainly depends on the thickness and the porosity of the 

coating. As the thickness of the coating increases, the heat 

transfer coefficient (HTC) decreases. When solidification 

occurs, the HTC of graphite-based coating becomes higher 

than the TiO2-based one with equal thickness. HTC is 

larger for Al-Si-Mg alloy than for Al-Si-Cu alloy. 

Therefore, the solidification time of the Al-Si-Cu alloy is 
larger than the Al-Si-Mg one [9]. 

III.METHODOLOGY 

In this study, efforts were made towards determining 
good surface finish, of castings using different mould 
coating. Four different casting mixes were made by 
introducing four types of special additives to the already 
existing mould coating composition. Five cast items were 
produced with one pattern, and by using five types of mould 
coatings. The quality of the surface was determined by 
computing surface roughness (Roughness Average, RA 
Value) on each test sample. This surface roughness is 
obtained by the “ Surf Test SJ 301”.  

The main components of the existing coatings are 
miniran powder, fire clay, kaolin and water. The extra added 
component to each mix is “special additives”. The chosen 
four special additives are coal powder, dextrin, furan resin 
and furnace oil. The comparison of surface roughness was 
made among the five cast products, four products made with 
each “special additive” added composition and the product 

made with the existing mould coating composition. In cereal 
binder – dextrin and reducing agent of furnace oil, coal 
powder and furan resin were used as the special additives. 

A. Preparation of  Test Samples  

The influence of different forms of “special additive” 

added mould coating compositions on the surface of sand 

cast mouldings was investigated in this study. Table 1 

displays the quantities of added ingredients in each mix 

design.  
 

TABLE I.  COMPOSITION OF MOULD COATING SAMPLES 

Material 
Test Samples 

S 1 S 2 S 3 S 4 S 5 

Miniran 

Powder 
100g 100g 100g 100g 100g 

Water 150g 150g 150g - 150g 

Diesel - - - 150g - 

Fire Clay 5g 5g 5g 5g 5g 

Kaolin 10g 10g 10g 10g 10g 

Coal 

Powder 
4g - - - - 

Dextrin - 2g - - - 

Furan 

Resin 
- - 4g - - 

Furnace 

Oil 
- - - 4g - 

IV.RESULTS AND DISCUSSION 

In this study, the surface roughness of the selected cast 
iron item was analyzed by varying the applied mould 
coating. The obtained readings are graphically shown the 
Fig. 1, which depicts a variation of the surface roughness, 
Ra, of the various sample sections. The graph shows that the 
surface roughness values of the different test samples vary 
drastically across different sections. 

Based on Fig. 1, it is revealed that the surface roughness 
of the test sample with coating on the mould surface ranges 
from 23.03µm to 10.34µm. This means these findings 
support the concept that coating can essentially impact 
surface finish. The coating affects the value of surface 
roughness because it covers the irregular and uneven surface 
of the mould. According to the graph, the sample 4 with the 
furnace oil shows the highest surface roughness and sample 
1 with coal powder has the lowest surface roughness, 
compared to other test samples. 
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Fig. 1: Variation of surface roughness (RA) value in test samples 

The average surface roughness value of three readings 

of each sample was taken to ensure precision and accuracy, 

and the average results are shown in  

TABLE II   COMPOSITION OF MOULD COATING SAMPLES 

                                           * Surface roughness, Ra (µm), accuracy 0.01 µm. 

average surface roughness of the test samples, which 
were made via sand casting is shown graphically. The 
surface roughness, Ra, of the final product was depicted in 
Fig. 2 as a bar graph. The figure shows that the surface finish 
of the finished product varies due to the varied coating 
effects. 

 

According to the Fig.2, all types of coating materials 
have acceptable lower surface roughness, Ra. Of all five 
samples tested using different kinds of special additives in 
coating materials, coating with coal powder (sample 1) has 
the lowest average surface roughness value.  Sample 1 (with 
coal powder), sample 2 (with dextrin), sample 3 (with furan 
resin), sample 4 (with furnace oil) and sample 5 (sample 
with existing coating), the obtained average Ra (µm) values 
were 14.89, 16.64, 15.43, 19.16 and 19.23, respectively. 

 

 

 

 

 

Fig. 2: Coparison between average surface roughness values of the cast 
samples 

Two tail t-tests were conducted, for the coating with the 
existing composition and one of the modified (special 
additive added) composition, each time. Accordingly, four 
such pairs were tested. The obtained results are shown in 
Table III. 

Null hypothesis: There is no difference between the 
results of the existing coating and the modified coatings. 
Alternative hypothesis: There is a difference between the 
results of the existing coating and the modified coatings 

Since the obtained p values are greater than 0.05 for all 
four cases, there is no evidence to reject the null hypothesis. 
Therefore, it can be concluded that there is no significant 
difference between the surface roughness readings of the 
existing coating and any of the modified coatings. 

              TABLE III   RESULTS OF  T- TESST (IN EACH CASE, EQUAL 

VARIANCES ARE  ASSUMED FOR THE TWO SAMPLES; EXISTING COATING 

AND    SPECIAL ADDITIVE ADDED COATING 

Analysed 

Factor 

Existin

g 

Coatin

g  

Coating 

with 

Coal 

Powder 

Coating 

with 

Dextrin 

Coatin

g with 

Furan 

Resin 

Coati

ng 

with 

Furn

ace 

Oil 

Mean 19.23 14.89 16.64 15.426

6 

19.15 

Variance 12.64 21.95 0.04 0.1166 16.26 

Observatio

ns 

3 3 3 3 3 

Pooled 

Variance 

17.29     

Hypothesis

ed Mean 

Difference 

0     

df 4     

t Stat 1.278     

P(T<=t) 

one-tail 

0.135     

t Critical 

one-tail 

2.131     

P(T<=t) 

two-tail 

0.27     

t Critical 

two-tail 

2.77     

 

Roughnes

s Average 

Sample 

1 (With 

Coal 

Powder) 

Sample 

2 

(With 

Dextrin) 

 

Sample 

3 (With 

Furan 

Resin) 

 

Sample 4 

(With 

Furnace 

Oil) 

Sample 

5 

(Exist) 

Average 

surface 

roughnes

s, (µm) 

14.89 16.64 15.43 19.16 19.23 

10.34

14.63

19.7

16.44 16.64 16.84

15.8

15.35
15.13

14.98

23.03
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22.58
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2

2
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Several things could have affected the results. The 
mould-making process also could have an impact on surface 
finish. The composition of moulding sand and the variation 
of composition could also have affected the results. Even 
not be sufficiently accurate, since only approximate weights 
of ingredients were taken, practically.  

The multiple variations between the test conditions 
might have caused the variation in casting qualities. 
Furthermore, reclaimed green sand could result in a poor 
surface finish for green and molding. In this experimental 
investigation, the molten metal was accidentally poured into 
the sand mould numerous times, and it might have affected 
the variation in the final product's surface quality. 
Furthermore, the coating application procedure might have 
affected the surface finish. The applied coatings were of 
unequal thickness, and the brush action could be visible on 
the castings. In mould making, when sand is compacted 
manually, there might be locally highly stressed parts in the 
sand moulds.  

The study was based on the improvement of the surface 
quality of cast Iron products, by improving the surface 
quality of the related sand moulds. Therefore, the major area 
of study is limited to sand casting, which is only a fraction 
of total cast products. In the modern world, the contribution 
of sand casting to the total cast output is not smaller.  

This production process has many advantages, including 
low cost involvement, flexibility, high heat resistance etc., 
which can’t be easily reached by other casting methods.  For 
high-temperature metals such as nickel, steel and titanium, 
sand casting is the most widely used casting process. This 
process is widely employed in the aerospace and automotive 
industries, preferably to produce low-cost components. 
Since the surface quality of sand-cast products is lower 
compared to the other permanent mould cast components, 
improving the quality of sand mould surfaces is a prime 
researchable area.   

CONCLUSION AND RECOMMENDATIONS  

It is concluded that the experimental study successfully 
achieved its major goal of investigating the surface finish of 
test products. In this experimental investigation, test 
samples with mould coating effect have shown practically a 
better surface finish in all selected samples, with 14.89 µm 
for sample 1, 16.64 µm for sample 2, 15.43 µm for sample 
3, and 19.16 µm for sample 4, compared to 19.23 µm for 
sample 5 of current coating. The results indicate that the use 
of special additives can overcome the poor surface finish in 
sand casting of cast iron products. 

Finally, utilizing the coating of sample 1 is the ideal way 
to achieve a superior surface finish in the sand-casting 

process. In the selected mixture, added amounts of miniran 
powder, water, kaolin, fire clay, and coal powder, as a 
special additive were 100 g, 150 g, 10 g, 5 g, and 4 g (37.2%, 
55.8%, 3.7%, 1.8% and 1.5%) respectively. 

The following recommendations are made for future 
experimental efforts in this case, to improve the surface 
properties of related castings, further. 

1. Use a spraying system to apply the coating in 
order to keep the coating surface with even 

thickness. 

 

2. Other qualities and properties of castings such as 

wear resistance, hardness, dimensional accuracy 

and surface microstructure can be critically 

investigated for future development of the 

products. 
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Abstract— Nowadays,  polymers  have  captured  a  substantial  

component  of  human  involvements  in various  fields,   due  

to  their  diverse  attractive  properties.    Poly  Vinyl  Chloride 

(PVC)  is  one  of  the  highly  demanding  thermoplastic  

polymers  that  is  extensively  used  in  various industries. 

Susceptibility to degradation when exposed to natural 

outdoor weathering is a key disadvantage of this polymer. 

This study was carried out to analyze the degradation 

characteristics of PVC based products exposed to outdoor 

weathering for different time durations. The study was 

conducted using 63mm diameter UPVC (Unplasticised Poly 

Vinyl  Chloride) commercially available  pipes. Initially,  

tensile  strength,  percentage  elongation at  break,  hardness  

and  percentage water absorption values were measured for 

the unexposed set of samples (reference sample set). Next, the 

prepared samples were allowed to expose to natural outdoor 

weathering environment, including light/dark and wet cycle. 

Eight sets of samples were removed from the test environment 

at different time  intervals  (30,  60,  90,  120,  150,  180,  210  

and  240  days).  Tensile  strength,  percent  elongation  at 

break,  hardness,  percent  water  absorption  and  visual  

inspection  tests  were  performed  for  these samples after  

each time interval. Test results obtained from actual  

weathering were compared with the  reference  sample’s  

results.  According  to  the  experimental  results,  somewhat  

gradual  and  little reduction  of  tensile  strength,  percentage  

elongation at  break and  hardness  were  observed  with the 

increase  of  outdoor  exposure  time  of  test  samples.  Original  

colour  of  the  samples  were  gradually changed, and  a 

noticeable  colour change  was observed  at the  end of  150 

days  exposure  to  outdoor environment.  Samples  exposed  

to  outdoor  environment  for  240  days  showed  the  

maximum  water absorption  of  0.03%.  Experimental  results  

did  not  indicate  a  significant  property  variation  after 

outdoor exposure of products. Property retention of tensile 

strength, percentage elongation at break and hardness were 

94%, 91% and 96% respectively after exposure to 240 days. 

Keywords—polyvinyl chloride, outdoor weathering, property 

retention, polymer 

 

I. INTRODUCTION  

Polymers,  whether   natural  or  synthetic,  are organic 
materials, with large molecules and are made  of  many 
repeating units.  These  polymer materials     display     many     

processing and serviceable properties that make  them  
useful for various fabrications. Due to  these advantages, 
their usage has been widespread to many areas of human 
life, by today [1-5, 15]. 

Polymers can be classified as 'natural polymers' and 
'synthetic polymers'. Biopolymers and dry material    
originated from  plants  represent natural   polymers.      For   
example, cellulose, starch, chitin, etc.,  are  natural  
polymers  found in the environment [2 –11]. 

Synthetic polymers are developed predominantly   from   
petroleum by-products. Plastics  are  one  major  category  
of  synthetic solid polymers that consist of longer polymeric 
molecules and hence higher molecular weights. In    addition    
to the  petroleum    products, synthesis of plastics involve 
many organic and inorganic    materials,    including    gases.    
Poly Ethylene (PE), Poly Propylene (PP), Poly Vinyl  
Chloride  (PVC),  Polyethylene Terephthalate (PET)   and   
Poly Styrene (PS) are   the   most widely used, plastic 
materials. Their total usage represents 90.3% by weight of 
total usage of all polymeric materials, and the remaining 
9.7% is represented by the all other types of polymeric 
materials. Domestic appliances, transportation, 
construction,    shelters,    healthcare    products, chemical  
industry,  storage  and  packaging  etc. are  main sectors  of  
application  of  present  day synthetic polymers [1-11, 15]. 

Even a small variation in the chemical structure of   
polymeric  materials  may result  in  large variations in their 
properties and thereby their intended purposes in    
applications. Even though plastic materials are only one 
portion of all polymeric materials, they themselves consist 
of an extremely large group of materials.  [1-9]. 

Of all plastic materials, PVC is the third mostly 
consumed  polymer. PVC  is  regarded  as  an economical,  
safe,  highly  durable  material  and is applied extensively in 
various industries and many other sectors of human life. It 
is regarded as a high quality versatile material, mainly due 
to   its   light   weight,   ease   of   processing   and recyclable   
characteristics, desirable physical and mechanical      
properties with good mechanical strength, toughness,     
abrasion resistance, chemical, heat,  flame  and corrosion 
resistance.  Additives  such  as  lubricants,  heat stabilizers,   
impact  modifiers,   fillers and  UV stabilizers enhance 
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PVC’s durability and make it suitable for a wide range of 
applications. The first   patent   for   a   polymerisation   
process   to obtain  PVC  was  in  1913,  and  it  is  produced 
commercially since 1933 [4,9,10]. 

PVC comes in two basic forms; rigid form and flexible    
form. Rigid  form is  called Un- plasticized Poly Vinyl  
Chloride  (UPVC)  and also as Rigid Poly Vinyl Chloride 
(RPVC). Due to incorporation of  plasticizers,  PVC   attains 
softer  and  more  flexible  nature  than  UPVC. PVC   is   
usedin  electrical  cable   insulation, plumbing, inflatable      
products, signage, synthetic leather  and  many  other  
applications including profiles for doors and windows. It is 
also used to manufacture bottles, other  non- food 
packaging, and bank cards as well. [2-13]. Organic  
materials  change  their  properties  due to  environmental  
influences such  as  UV  light, moisture,  heat,  and  chemical  
elements such as acids,  solvents,  alkalis  and  some  salts.  
These changes  can  be  undesirable  for  the  intended 
applications. The aforementioned  changes  of original 
properties causes to a reduction in the polymer’s molecular 
weight and also results in cracking and chemical 
degradation of products [3-13]. 

Exposure  to  incident UV radiation, photo- chemical  
reactions  such  as  chain  scissions  do occur    and    either    
water and/or chemical oxidizers  may accelerate these     
natural processes. These changes may reduce the 
performance of  PVC  polymer  products   and may  lead  to  
failure  of  products  at  a  fast  rate. Therefore,     analysis     
of  the degradation behaviour of PVC  under the natural 
environment  is   necessary  to   investigate  and control   the   
life   time   of   this   PVC-polymer products,  as  a  service  
requirement.Therefore, the  main  objective  of  this  
research  is  to  study the degradation characteristics of PVC 
exposed to natural environment inclusive of  UV radiation 
[4,9,11,12]. 

 

II. LITERATURE REVIEW 

Polymer science is fuelled by the need to create new  
materials  for  new  applications.  One  of such a succeeded 
material is polyvinyl chloride and  this  material  is  
manufactured  on  a  huge scale, and often abundant. Being 
the third most widely   used   polymer,   it   is   regarded   as   
a multipurpose  material.  It  is  used  extensively across  a  
wide  range  of  applications,  in  many different sectors of 
human life, in either flexible or rigid form [3-10]. 

It is widely recognised that UV rays in sunlight (wave 
lengths in between 250nm-400nm) is an important  factor 
causing photo degradation to some organic materials     
including PVC polymer. 

Photo-oxidative   degradation   results    in   the breaking     
of the PVC polymer chains, producing free radicals and    
reduces  the molecular weight,  causing   deterioration   of 
mechanical properties.  Thus,  original  material converts  
into a deteriorated material after a duration of  exposure,      
which  is  not straightforward to predict [4,9,11,12] 

In order to protect against the damaging effect by   UV  
rays on PVC, addition of UV light absorbers, light    
stabilisers, hydro-peroxide decomposers, antioxidants,     

pigments   and fillers are an efficient solution in practice [4-
13]. 

III. EXPERIMENTAL 

Materials 

This  analysis  was  performed  on  commercially 
available 63 mm UPVC pipes. 

Testing of Samples 

Altogether,   nine   sets   of   test   pieces   were prepared   
from   the   selected   materials.   First, original    Shore    
hardness,    tensile    strength, percentage   elongation   and   
water   absorption properties of the selected materials were 
tested for the reference samples. Next, the remaining eight 
sets of prepared samples were exposed to outdoor 
weathering environment, for different time  durations.  The  
same  tests  as  before  were performed for these samples at 
the end of each test   period.   Obtained   results   and   
properties were   compared   with   those   of   the   original 
(reference) set of samples. 

Outdoor Weathering Exposure Test 

The   test   was   performed   by   exposing   the prepared   
samples   to   outdoor   environment including   light,   dark   
and   wet   cycles, for different time  durations.   
Accordingly,  each of  eight sets  of  samples  were  removed  
from  the  test environment   at   the   end   of   30days,   
60days, 90days,   120days,   150days,   180days,   210days 
and   240days,  respectively. After  the   outdoor   weathering 
exposure     test,     tensile     strength,    percent elongation 
at break, hardness, water absorption properties   and   visual   
inspection   properties were  tested  for  these  samples  under  
standard conditions. 

Tensile Test 

This  test  was  performed   with   the   use   of Universal  
Testing  machine   and   by   the  test, properties  of  tensile  
strength and percentage elongation were  tested.  Altogether   
twenty seven  PVC  test  pieces  were  prepared  for  the test  
as  per  the  standard  dimensions.  Out  of them,  three test  
pieces  were  considered  as  the reference  sample.  The  rest  
of  the  twenty  four test pieces (i.e. eight sets with three test 
pieces in one set) were exposed to outdoor weathering test.  
In  each  case,  average  of  readings  of  all three test pieces 
was considered as the value of the   property   (i.e.,   either   
tensile  strength  or percentage  elongation  at  break).  These  
values were  compared  with  those  average  values  of the  
reference test  pieces. The  strain rate of the universal  testing 
machine was 50 mm/min, at 250C. Test  conditions  
followed  for  this  test were  in  agreement  with  the  
ASTM– D  638 standard. 

Hardness Test 

In  total,  nine  PVC  test  pieces  were  prepared, each 
with 30 mm x 30 mm dimensions. Out of them,  one  test   
piece  was  considered  as  the reference  sample.  Other  
eight  test  pieces  were exposed  to  outdoor  weathering  
test.  For  the reference   sample,   and   after   each   piece   
was exposed  to  outdoor   weathering    for    the prescribed  
time  duration,  the  measurement  of hardness  was  carried  
out,  for  them.  This  was carried  out  according  to   the  
ASTM  D  2240 standard. D scale of Shore hardness tester 
was used  for   hardness   measurement.   Hardness results  
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of  this  test  were  compared  with  the values of the 
reference sample. 

Water Absorption Test 

Nine sets of test pieces with each set having  three test 
pieces, were prepared,  and each piece was with 2.5 cm  x  
2.5 cm  dimensions.  Each  one’s  initial weight  was  
measured,  and  one  set  was taken as the reference sample. 
Remaining eight sets of were exposed to outdoor weathering 
test.  When  each  and  every  set of samples  was  taken out 
of the test environment after the prescribed time duration, 
each piece was immersed in water for 24 hours. The weight 
was again measured after  the    water    immersion    time.    
The   average of weight difference  thus obtained was  used 
to calculate the percentage water absorption (by weight), in 
each time.  These values of percentage of water absorption  
were  compared  with  that  of  the reference   sample.   
Readings   of   the   reference sample  had  been taken, 
initially. This  test was performed according to the ISO 62 
standard. 

Visual Inspectiont Test 

Here  again,  nine  test  pieces  were  prepared, each with 
25 mm X 25 mm dimensions. One was considered as the 
reference sample. Other eight test   pieces  were  exposed     
to outdoor weathering. When each and every sample was 
exposed to outdoor for the prescribed duration, physical    
appearance  of  each   piece   was compared with that of the 
reference sample. 

IV. RESULTS AND DISCUSSION 

Tensile Strength 

Fig. 1 indicates somewhat gradual reduction of tensile 
strength with the increase of exposure time to outdoor 
environment.   Tensile strength of reference sample has  
been 55.6 N/mm2  and the  value  has  been  reduced  only  
up  to  52.3 N/mm2   at  the  end  of  240  days'  exposure  to 
outdoor. Reduction of tensile strength may be caused by the  
initiation  of  molecular-chain  scission,  and its  progress  
taken  place  due to environmental degradation [2-14].  
Since   degradation   is   a temperature   dependent   process   
it   has   been attempted  to  model  the  process  through  an 
Arrhenius type model. 

Tensile strength property retention is indicated as 94% 
by these test results.  

 

Fig. 1. Tensile strength versus exposure time to outdoor environment 

Percent Elongation at Break 

 

Test results of percentage elongation at break is shown  
by  the  Fig.  2. Average  elongation  at break  value  of  
reference  samples  was  86.4% while the average reading 
was reduced only up to  84.0%  at  the  end  of  240  days'  
exposure  to outdoor.  

Reduction  of   elongation  at   break  must   also have   
happened   due   to   the   same   reason   as reduction of  
tensile  strength [4-14].  Percentage property  retention  of  
percent  elongation,  after 240 days' exposure to outdoor 
weathering was 91%.  This  result  is  also  an  indication  of  
slow rate of degradation of PVC, under environmental 
exposure. 

 

Fig. 2. Percent elongation at break versus exposure time to outdoor 

environment 

Hardness Properties 

Fig. 3 indicates the hardness test results. Hardness  
values  also reduced gradually with the environmental 
exposure duration. Average hardness value of  reference  
sample   was   78 Shore D  hardness,  while the  average  
hardness value has been reduced only down to 75 Shore D 
hardness, after 240    days' exposure to outdoor. 

According to the test readings, approximately 96% 
hardness property has been retained  after  the  said  duration  
of  240  days' exposure to outdoor. 

With respect to hardness also, shown rate of 
environmental degradation of PVC is at a fairly low rate. 

 

Fig. 3. Hardness versus exposure time to outdoor environment 
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Warer Absorption Properties 

Percent water absorption values of outdoor exposed  
PVC  samples is shown  in  Figure 4. Water absorption has 
increased gradually with the  increase  of  exposure  time.  
Average  water absorption  of   reference   sample has    been 
0.011%,  while  the  average  value  has  been increased   
only  up   to   0.03%  after   240   days' exposure     to outdoor  
environment. This increase of water absorption may either 
be due to  loosened surface structure  or  surface cavities,  or  
sometimes  may  be  due  to  both, created by molecular 
degradation phenomenon [2-14].    Therefore    the    process    
cannot    be modelled  by an exponential  function as  in the 
case of other properties. 

 

 

Fig. 4. Percent water absorption versus exposure time to outdoor 

environment 

Visual Inspection 

Surface colour of the samples has been changed 
significantly,  from  dark  grey  to  light  grey,  by 150  days'  
exposure  to  outdoor  environment, and  after that  until  240 
days exposure, change of colour was not distinguishable by 
the naked eye. 

The main reason of colour change could be due to 
dehydrochlorination, during the degradation process [2-14]. 

V. CONCLUSION 

Experimental results  indicated  that   the degradation  of  
tested  PVC  samples  after  the weathering period was not     
significant. However, the rate of degradation indicated that 
the property retention may reach below 80% as shown in 
table 1. 

TABLE I.  PREDICTION OF PROPERTY RETENTION TIME TO REACH 80%  

Property 
Retention  Time 

(Number of days) 

Tensile Strength 860 
Percentage Elongation     902 
Hardness         1400 

 

These  are  significantly  short   periods   for   an 
application  that  is  constantly exposed to outdoor      
environment. Therefore it is recommended  that  the  tested  

PVC  material  is not  exposed to weathering,  especially 
sunlight which   contribute   to   chemically   accentuated 
weathering,  in  order  that  it  can  be  used  for  a longer 
duration. 
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Abstract— The rapid development of the Internet of Things 

(IoT) has transformed industries through the integration of 

devices, sensors, and data analytics, allowing for seamless 

communication and data sharing. This paper provides an in-

depth examination of IoT-based industrial data monitoring 

and control systems, with a focus on their design, applications, 

and problems. The review analyzes the significance of 

implementing IoT into industrial operations, emphasizing 

advantages such as real-time insights, predictive maintenance, 

cost savings, and improved decision-making. Recent research 

is evaluated, bringing insight into new approaches in a variety 

of industries ranging from manufacturing and healthcare to 

energy and logistics. The Industrial Internet of Things (IIoT) 

and its importance in data monitoring are reviewed, with an 

emphasis on the role of sensors in gathering real-time data for 

efficient operations. Regardless of the possible benefits, the 

issues of data security and privacy, scalability, 

interoperability, and reliability are addressed. Addressing 

these problems and capitalizing on the potential of IoT-based 

systems can help industries improve efficiency, production, 

and competitiveness. 

  

Keywords— Internet of Things, Data Monitoring, 

Industrial Internet of Things, IIOT 

  I INTRODUCTION   

The concept of the Internet of Things (IoT) has arisen as 
a revolutionary force across multiple sectors in today's 
rapidly growing technology world, transforming the way we 
interact with devices and data[1]–[4]. The Internet of Things 
(IoT) is an interconnected network of physical devices, 
sensors, software, and data analytics that allows for 
seamless communication and data sharing across various 
components. The Internet of Things (IoT) was born in the 
early 2000s, when the goal of a worldwide interconnected 
network of devices was initially defined. The combination 
of developments in wireless communication, sensor 
technology, and cloud computing, on the other hand, 
brought IoT into reality[5]–[7]. 

Industry utilization of IoT has resulted in an evolution in 
how data is gathered, monitored, and used for operational 

analysis. The potential to connect different industrial assets, 
ranging from machinery and equipment to environmental 
sensors, has led to the Industrial Internet of Things 
(IIoT)[5], [8].By enabling real-time monitoring, predictive 
maintenance, and data-driven decision-making, the IIoT has 
reshaped traditional manufacturing processes, supply chain 
management, and industrial automation. 

The interaction of IoT and industrial data monitoring 
systems, especially IoT-based industrial data monitoring 
and control systems, is the main objective of this research 
study. These systems combine hardware, software, and data 
analytics in continuous management, resulting in an overall 
structure that enables industries to monitor, analyze, and 
improve their operations with surpassing accuracy. This 
review paper's key contribution is its attempt to serve as a 
comprehensive resource for researchers, academics, and 
engineers interested in delving into the complexities of IoT-
based industrial data monitoring systems. This study seeks 
to give a roadmap for learning the current landscape of data 
monitoring systems within industrial settings by defining 
the evolution of these systems, explaining their key 
components, and emphasizing their applications in the real 
world. 

These technologies have the ability to improve 
efficiency, reduce delays, improve the allocation of 
resources, and enable predictive maintenance techniques[9]. 
As industries become more data-driven, the knowledge 
gained from these technologies enables decision-makers to 
shift from reactive to proactive methods, resulting in cost 
savings and increased productivity. We give an in-depth 
overview of IoT-based data monitoring systems in the 
following sections of this research paper. We look at their 
architecture, the importance of sensors and data collection, 
and the use of cutting-edge technology like edge computing 
and cloud computing[10]. This study also explores real-
world case studies that highlight the practical application 
and benefits of IoT-based industrial data monitoring 
systems. 
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The paper is split into the following eight sections: 
Section 2 analyzes the IoT-based industrial data monitoring 
and control system and its applications, as well as the 
importance of implementing IoT in the industry, and Section 
3 provides a review of current related studies. Section 4 
discusses the Industrial Internet of Things in the data-
monitoring system; it also categorizes data monitoring 
sensors and other devices. Section 5. discusses IoT data 
monitoring and control, as well as outstanding challenges. 
Section 6 summarizes the overall review. 

II IOT-BASED DATA MONITORING AND CONTROL SYSTEMS 

AND THEIR APPLICATIONS 

IoT-based data monitoring and control systems 
represent an important modification in the field of 
manufacturing, merging IoT capabilities with industrial 
processes to bring in a new era of productivity, predictive 
maintenance, and data-driven decision-making. These 
systems combine many components, including as sensors, 
communication protocols, data processing algorithms, and 
cloud-based platforms, to establish a comprehensive 
framework that allows information to flow effortlessly 
between physical assets and digital systems. 

 

Architecture of IOT based automation system[11] 

The ability to gather, transmit, and analyze real-time 
data from industrial assets is the fundamental concept of 
implementing IoT-based data monitoring and control 
systems. Sensors embedded in machinery, equipment, and 
even ambient elements collect a wide range of data points, 
including temperature, pressure, vibration, and energy 
usage. This data is then sent to centralized data processing 
units using communication networks such as Wi-Fi, 
cellular, or even low-power protocols. 

IoT-based data monitoring and control systems have 
applications in many different kinds of industries, including 
manufacturing[12]–[14], energy, transportation, and 
healthcare. These systems enable predictive maintenance in 
manufacturing by evaluating sensor data to detect errors and 
potential equipment faults before they occur. Real-time 
monitoring of consumption trends improves energy 
management by enabling better energy utilization[3], [15] 
and cost reductions. The transportation business benefits 
from leveraging data from vehicles and logistical operations 
to track and optimize routes and schedules. Healthcare 
facilities use IoT technology to remotely monitor patients' 
vital signs and ensure timely response. 

The Importance of Data Monitoring and Control Systems 

Enabled by IoT 

The importance of IoT based data monitoring and 
control systems arises from their ability to shift industries 
from reactive to proactive modes of operation. Traditional 
data gathering systems frequently need manual inspections 
and periodic maintenance, which leaves space for 
inefficiency, unexpected interruptions, and increased 
operational expenses. This is changing as IoT based 
technologies provide real-time data into asset well-being, 
performance cycles, and potential issues. This move from a 
"fix when broken" to a "predict and prevent" strategy 
enables enterprises to optimize resource allocation, reduce 
downtime, and boost overall production. 

Benefits of Using IoT in Data Monitoring in the Industry 

Incorporating the Internet of Things (IoT) into data 
monitoring within industries offers a multitude of 
advantages that revolutionize conventional operations. By 
seamlessly integrating sensors, connectivity, and analytics, 
IoT transforms the industrial landscape, driving efficiency, 
innovation, and competitiveness. These benefits encompass 

• Real-Time Insights 

• Predictive Maintenance 

• Efficient resource allocation 

• Cost Savings 

• Data-Driven Decision-Making 

• Enhanced Safety 

• Scalability 

• Competitive Advantage 

• Environmental Impact 

 

 

Iot in different industries  
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The top IoT application areas – based on real IoT projects 

The Internet of Things (IoT) is utilised in various 
industrial areas, with significant sectors shown in Figure 2. 
Figure 3 depicts the global market share of IoT projects on 
a global scale [29]. The illustration highlights the substantial 
market presence of the Smart Building and Cities industries, 
accounting for 35% of the market share, and the Automotive 
sector, holding an 11% share. Additionally, the Industries 
and Others sectors maintain noteworthy market shares of 
17% each. Furthermore, the impact of the Internet of Things 
(IoT) is observed in several sectors such as Health, Energy, 
and Agriculture, with respective contributions of 6%, 10%, 
and 4% to the overall global IoT industry. 

III REVIEW OF RECENT STUDIES: 

This section dives into a comprehensive analysis of 
recent studies that offer insights on the advanced technology 
of industrial data monitoring and control systems research. 
We discover significant insights into the current trends, 
breakthroughs, and problems impacting the landscape of 
this dynamic sector by combining the data and techniques 
of these studies. This section attempts to provide a quick yet 
useful overview of recent research that is bringing the 
progress of industrial procedures toward greater efficiency, 
adaptability, and intelligence through a study of numerous 
industries and new methodologies. 

One of the pioneering advancements was the 
introduction of a real-time remote monitoring and control 
(RT-RMC) architecture tailored for cathodic protection 
(CP) systems [16]. By harnessing the potential of GSM and 
Web of Things (WoT) technologies, the system achieves 
wireless communication of CP voltage and current readings 
from underground pipelines. This architecture boasts a 
range of features, including on-site monitoring via an LCD 
display, remote monitoring through a Human-Machine 
Interface (HMI), long-distance monitoring facilitated by 
SMS notifications, and web-based accessibility via a WoT 
platform. The architecture's ability to swiftly detect and 
mitigate damage in real time further accentuates its 
significance. 

The notion of "Remote Monitoring and Control of 
Industrial Parameters using an Embedded Web Server" was 
introduced by Koshatwar et al. [17]. This concept 
materializes through an embedded web system, powered by 
an ARM11 processor and a real-time operating system. 
Enabling status monitoring and data acquisition via 
common web browsers, this system operates in both data 
acquisition and control modes, supporting remote signal 
acquisition and device control. Notably, an embedded web 
server mode enhances the system's capability for online data 
sharing. 

The fusion of cloud computing and Human-Machine 
Interface (HMI) technologies resulted in a compelling study 
on "Industrial Parameter Control and Monitoring Using 

Cloud Computing and HMI" [18]. Through the integration 
of OPC Data Hub software and Siemens-made digital 
modules for PLC S7-200, this approach enables efficient 
data collection and parameter control. The architecture's 
connection to a database allows for comprehensive 
comprehension of the operational state across the plant, with 
notifications sent via email or SMS upon parameter 
modifications. 

In the domain of IoT, the study by [7] presents a "Smart 
Sensor Network based Industrial Parameters Monitoring in 
IOT Environment utilizing Virtual Instrumentation Server." 
This study focuses on real-time temperature and humidity 
monitoring in industrial settings, leveraging My RIO and 

LabVIEW for observation. The implementation of a server 
VI program and a client VI program facilitates online data 
sharing, underscoring the system's adaptability and sensor 
data collection mechanisms. 

 Continuing the trajectory of IoT applications, the work 
by [19] introduces an "Industry 4.0-based Energy Efficient 
Architecture for Furnace Monitor and Control in 
Foundries." This architecture leverages IoT principles for 
efficient furnace control and monitoring, employing 
PIC16f877A and Philips lpc2148 ARM-based 
microcontroller for multi-stage control. The establishment 
of local area networks (LAN) for connecting dispersed 
furnaces enriches the practicality of the proposed solution. 

IoT-based PCB architecture for the heat treatment process [19] 

A noteworthy approach presented in [20] centers on 
"Monitoring and Diagnosing Industrial Systems using 
Wireless Sensor Networks." This study proposes a digital 
system for energy usage evaluation, condition monitoring, 
diagnosis, and control, using wireless sensor networks 
connected to a wired infrastructure. Employing two 
hardware topologies, the study addresses data security and 
communication modes, demonstrating the potential for 
versatile monitoring and control. 

The review further extends to the realm of IoT's 
foundational principles. Mehta et al. [6] discuss the 
transformative concept of the "Internet of Things," 
envisioning a connected world of smart devices that 
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autonomously interact to accomplish tasks across various 
sectors. The nascent yet expanding applications of IoT 
across healthcare, logistics, transportation, and more 
underscore its significance in shaping modern technology. 

Transitioning to the realm of home and office 
automation, Abella et al. [21] introduce an "Home/Office 
Automation" application that enhances comfort, energy 
conservation, and remote surveillance. The study's novel 
design of a WSN platform highlights energy independence 
and compactness as pivotal attributes. Moreover, intelligent 
hardware-software co-design contributes to low-power 
operation and energy efficiency. 

: Framework for office automation [22] 

In the same domain, Uppal et al. [22] present a prototype 
for a "Smart Office" that integrates IoT, cloud computing, 
and machine learning for efficient workplace device control 
and automation. The architecture's ability to forecast 
malfunctions contributes to proactive maintenance 
strategies, while the integration of various smart devices 
underscores the potential for comprehensive office 
automation. 

The review further delves into specific implementation 
frameworks. Uppal et al.'s study [11] introduces an 
"Arduino-based Office Automation System," highlighting 
the integration of sensors, electrical devices, and a 
smartphone app. The study showcases the potential for 
wireless device control using an Arduino board, catering to 
a range of office appliances while facilitating real-time 
monitoring. 

: Architecture of the proposed methodology in [11] 

Telagam et al. [7] introduce a paradigm-shifting 

approach with their study on "Smart Sensor Network based 
Industrial Parameters Monitoring in IOT Environment 
utilizing Virtual Instrumentation Server." The authors 
address the need for efficient monitoring in industries while 
mitigating resource-intensive solutions. Their architecture 
leverages an ARM processor-controlled data collection 
system, utilizing the S3C2440 32-bit ARM processor with a 
built-in DM9000 Ethernet controller. By employing 
embedded C and porting the application to an ARM9 CPU, 
this architecture exemplifies a blend of hardware and 
software expertise. The implementation of an embedded 
web server supports remote monitoring and control, crucial 
for enhanced production and process plant availability. 
Furthermore, the addition of GSM mobile communication 
enhances universal access, enabling seamless interaction 
with the system. 

Aravind R. et al.'s [4] focus on "IOT-based Real-Time 
Data Monitoring System for Industry" is rooted in the 
pivotal role of surveillance in ensuring security. This study 
revolves around the integration of an embedded system, 

microcontroller, sensor networks, and PIR sensor 
technology. By embracing a reactive strategy, this 
architecture minimizes computational power while 
providing extensive control over industrial machinery 
through wireless connections, whether via Wi-Fi, Bluetooth, 
or the Internet. 

Saqlain et al.'s framework [14] lays the groundwork for 
"IoT-based Industrial Data Management for Smart 
Manufacturing." Acknowledging the significance of data 
processing in modern industrial contexts, this study 
proposes a comprehensive framework encompassing five 
layers: physical, network, middleware, database, and 
application. The integration of modern industrial 
communication protocols facilitates secure data 
transmission, effectively supporting large-scale data 
collection and smart manufacturing practices. This 
framework holds the potential to enhance industrial 
production, bolster revenue, and elevate product quality. 

Kelly et al.'s work [23] delves into the intricacies of 
integrating 802.15.4 with an IP network, crucial for enabling 
the seamless connection of IoT devices and home 
monitoring mechanisms. This study emphasizes the need for 
customizable packet routing, ensuring security and 
adaptability across diverse wireless sensor networks. While 
presenting an effective approach, this research 
acknowledges the challenges posed by the lack of IPv6 
connectivity, highlighting potential hurdles in the path of 
implementation. 

Transitioning to the realm of smart home automation, 
Patchava et al. [24] introduce an IoT-based approach 
utilizing Raspberry Pi. By integrating computer vision 
algorithms with Raspberry Pi modules, this study explores 
the management of home appliances linked to an internet-
based monitoring system. The integration of motion sensors 
and cameras for sensing and surveillance furthers the 
concept's potential, including the prospect of energy 
monitoring systems. 

Rout et al.'s [25] research culminates in the creation of 
an IoT-based prototype for a smart home automation 
system, accompanied by a dedicated Android app. With the 
central component being an Atmega16 microcontroller, this 
prototype showcases real-time device status observation, 
actuation, and data transfer over cloud infrastructure. The 
Blynk platform is employed to facilitate communication 
between the NodeMCU module and application devices, 
thereby exemplifying a comprehensive approach to home 
automation. 

Syafrudin et al. [26] delve into real-time monitoring 
systems that harness big data processing and IoT-based 
sensors. By focusing on assembly line progress and error 
identification, this study underscores the effective 
utilization of IoT devices for data analysis and processing. 
The architecture's deployment of MongoDB, Kafka, and 
Storm enhances the scalability and efficiency of continuous 
sensor data processing, laying the foundation for predictive 
models and streamlined assembly line management. 

To ensure data integrity, Hang et al.'s [27] innovative 
study revolves around an integrated IoT platform powered 
by blockchain technology. With the aim of facilitating real-
time monitoring and secure data management, this study 
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proposes a novel approach to ensure tamper-proof records 
and device interaction. The integration of blockchain 
technologies with IoT architecture promises secure data and 
commerce interoperability, effectively addressing concerns 
of scalability and data security. 

Sunchu et al.'s [28] strategy for intelligent office 
management harnesses RFID tagging technology and 
Raspberry Pi 3. By enabling flexibility through the MQTT 
protocol, this architecture streamlines remote monitoring 
and control of office devices. Notably, this approach reduces 
energy consumption, enhancing both efficiency and 
personnel workload management.  

Gan et al.'s [3] interactive IoT system focused on energy 
usage monitoring in companies integrates non-invasive 
sensors, communication networks, cloud databases, and 
web servers. Through the MQTT protocol, this architecture 
enables automatic publishing of energy consumption data, 
fostering human-data interaction through a user-friendly 
dashboard. Beyond energy management, this system's 
potential extends to lowering emissions and optimizing 
various aspects of industrial energy consumption. 

Sunchu et al. [28] propose an intelligent office system 
integrating Raspberry Pi 3 and RFID tech for streamlined 
operations. RFID readers gather data, transmitted to MQTT 
and Amazon servers. Unique ID tagging controls 
equipment, reducing staff workload. This IoT-RFID combo, 
transmitting info to the cloud and via a dedicated app, 
enables remote device control via the MQTT protocol. Gan 
et al.'s [3] study focuses on real-time energy monitoring, 
utilizing IoT, non-invasive sensors, communication 
networks, cloud databases, and web servers. MQTT 

protocol transmits energy data to a central center, and an 
Apache-powered web server offers human interaction 
through a dynamic dashboard, enhancing industrial energy 
management's efficiency. 

IoT blockchain platform conceptual scenario [19] 

 

Proposed system structure in [19] 

IV. INDUSTRIAL INTERNET OF THINGS IN THE DATA-

MONITORING SYSTEM 

The goal of the Industrial Internet of Things (IIoT) is to 
make industries smarter and more connected. Consider it 
giving internet power to machines and equipment utilized in 
factories, farms, and other industrial environments. IIoT 
connects machines in the same way that our smartphones 
and gadgets are connected online, allowing them to share 
information and collaborate in novel ways. It's like giving 
these machines a method to communicate with one another 
and with humans. 

Sensors are at the heart of the IIoT. These act as digital 
eyes and ears, gathering data from machinery. Temperature, 
pressure, speed, and even things we can't see, like 
vibrations, are all measured by these sensors. This data is 
then transmitted to computers via dedicated networks. 
Smart software is used by these computers to understand the 
data and determine what is going on. They can even forecast 
when a machine will fail before it happens. This is known 
as "predictive maintenance," and it saves companies a lot of 
money as well as time. 

IIoT is used in a variety of industries. In manufacturing, 
IIoT is used to monitor machinery, ensuring that they are 
running properly and swiftly resolving problems. In 
agriculture, IIoT enables farmers to track soil conditions, 
weather patterns, and even livestock health, resulting in 
higher agricultural yields and healthier animals. Energy 
firms employ IIoT to more efficiently manage power 
networks, cutting waste and expenses. The transportation 
and logistics industries benefit from the use of IIoT to track 
shipments, optimize routes, and manage vehicle fleets. IIoT 
is also used in healthcare to track medical equipment and 
improve patient care. In short, IIoT is changing the way 
industries work and assisting them in being more efficient, 
dependable, and inventive. 

V CHALLENGES IN IOT BASED INDUSTRIAL DATA 

MONITORING SYSTEMS 

While IoT-based industrial data monitoring and control 

systems have enormous possibilities for increasing 

efficiency and productivity, they also bring about 

significant problems that must be properly managed. 
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• Data Security and Privacy- The security and privacy of 

data gathered, communicated, and stored is one of the 

most important challenges in IoT-based industrial 

systems. Because these systems collect so much 

sensitive data, damage could have a wide-ranging such 

as industrial espionage, operational disruptions, and 

even safety hazards. End-to-end encryption, secure 

authentication systems, and strong access controls are 

critical. Furthermore, data sharing across 

interconnected devices and networks needs strict 

privacy policies to protect the rights of individuals and 

businesses. 

• Scalability and interoperability- Industrial installations 

can include a broad variety of devices and equipment 

from several manufacturers, each of which uses a 

separate set of protocols and standards. operation, 

resulting in delays, inefficiencies, and even system 

breakdowns. Furthermore, as the number of connected 

devices increases, the systems must be scalable in order 

to accommodate the increased data load without 

compromising performance or generating delays. 

• Reliability and Redundancy- For decision-making and 

control, IoT-based industrial systems rely mostly on 

real-time data. As a result, data stream reliability and 

availability are crucial. Data errors might result from 

network disruptions, hardware problems, or software 

flaws, potentially leading to wrong actions or choices. 

Implementing redundancy mechanisms, 

• failover plans, and backup systems becomes critical to 

ensuring that control systems can function even when 

individual components fail. 

 

  

 

 

 

 

 

 To address these issues, a comprehensive approach 

combining technology solutions, legal frameworks, and 

Sector Purpose Impact 

Manufacturing  

[26,13,30,03,05] 

IOT is a vital tool in the manufacturing 

industry, providing tools and solutions to 

improve productivity, efficiency, and overall 

operations. 

 

 

The manufacturing sector has seen a dramatic transformation because 

to the Internet of Things (IoT), which has increased production, 

efficiency, and competitiveness. Predictive maintenance, process 

optimization, quality control, inventory management, supply chain 

visibility, energy efficiency, worker safety, customized products, 

asset tracking, remote monitoring and control, data analytics, 

enhanced customer service, product lifecycle management, and a 

competitive advantage are some of the major effects. 

Building, Cities 

and Home 

automation 

[24,22,28] 

The Internet of Things (IoT) is being used for 

a number of applications in building 

automation, cities, and homes that improve 

overall quality of life, sustainability, 

efficiency, and safety. The following are the 

primary goals and advantages of IoT in these 

fields: 

The Internet of Things (IoT) offers numerous benefits such as energy 

efficiency, security, and environmental sustainability, enhancing 

urban planning, traffic management, waste management, and public 

transportation. It also enhances home automation, personalization, 

cost savings, and home entertainment. 

Healthcare[31,32]  The purpose of the healthcare monitoring 

system is to constantly monitor a patient's 

physiological parameters from sensors on their 

body. It detects abnormality conditions and 

sends a message to the doctor or emergency 

center within one minute. The system aims to 

reduce power consumption, increase speed, 

enhance communication coverage area, and 

provide security and privacy to patient's data. 

The healthcare monitoring system mentioned in the source utilizes 

IoT (Internet of Things) technology. It uses sensor nodes to monitor 

physiological parameters such as heart rate, body temperature, ECG 

signals, and blood pressure. The system is capable of detecting 

abnormal conditions in the patient's body and sending a message to 

the doctor or emergency center within one minute. It also emphasizes 

on reducing power consumption, increasing speed, enhancing 

communication coverage area, and providing security and privacy to 

patient's data through advanced encryption standard (AES) 

techniques. 

Energy 

[10,03,15,21,19] 

The purpose of the IoT based real time energy 

monitoring system discussed in the source is to 

control and monitor the energy consumption of 

a switchgear industry. The system helps the 

industry understand the day-to-day energy 

pattern and facilitates energy conservation 

measures to minimize energy consumption. 

The energy and utilities industry has been greatly impacted by the 

Internet of Things (IoT), which has improved sustainability, 

dependability, and efficiency. Smart grids, asset management, 

renewable energy integration, demand response, energy efficiency, 

water and wastewater management, grid security, predictive 

analytics, customer interaction, and environmental sustainability are 

some of the innovations that have resulted from it. 

Agriculture [33] 

 

The purpose of the IoT-based agricultural 

production system is to stabilize the supply and 

demand of agricultural products by developing 

environment sensors and a prediction system 

for the growth and production number of crops. 

 

 

Agriculture has been significantly impacted by the Internet of Things 

(IoT), which has changed the farming sector by giving farmers access 

to useful data and solutions that increase efficiency, sustainability, 

and productivity. Precision farming, soil monitoring, crop health and 

pest control, supply chain optimisation, predictive analytics, livestock 

management, automated irrigation, resource efficiency, decision 

support systems, rural connectivity, and environmental sustainability 

are some of the major effects. 
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industry best practices is required. As the Internet of Things 

continues to transform the industrial landscape, 

overcoming these challenges will be critical to realizing the 

full potential of data-driven industrial monitoring and 

control systems.    

VI CONCLUSION 

The transformative power of IoT-based industrial data 

monitoring and control systems cannot be underestimated. 

This review highlights the significant impact of IoT on 

industries, from predictive maintenance to real-time 

insights, and emphasizes the importance of real-world case 

studies illustrating practical implementations. The growth 

of the Industrial Internet of Things (IIoT) has created new 

opportunities for effective data collection and decision-

making across multiple industries. The review, however, 

recognizes the difficulties in assuring data security, 

attaining scalability and interoperability, and preserving 

system stability. To take full advantage of IoT-based 

systems, industries have to develop complete strategies that 

address these issues through a combination of technological 

solutions, regulations, and industry standards. By 

harnessing the power of IoT, industries may plot a course 

toward greater efficiency, sustainability, and success. 
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Abstract— Remanufacturing, a process that restores used 

products to a "like-new" functional state, offers a promising 

approach to sustainable production. This paper investigates the 

remanufacturing of connecting rod big-end bearings in 

locomotive engines in the local context, focusing on material 

identification, manufacturing processes, damage identification, 

and remanufacturing technologies. The study outlines the key 

steps in the remanufacturing process, encompassing collection, 

disassembly, cleaning, repair, quality assurance, and 

environmental considerations. Damage identification 

techniques include visual inspection, microscopic inspection, 

surface roughness measurement, dye penetrant inspection, 

magnetic particle inspection, and ultrasonic testing. Specific 

technologies for repairing journal bearings are examined, with 

High-Velocity Oxy-Fuel (HVOF) thermal spray identified as a 

suitable method for journal bearings. Testing methods to 

validate the functionality and performance of remanufactured 

bearings. This review paper serves as a foundation for future 

developments in journal-bearing remanufacturing technology 

and sustainable product recovery practices, emphasizing the 

need for further research to assess the cost-benefit of the 

process. 
 

Keywords— journal bearings, remanufacturing process, locomotive 
remanufacturing 
 

I. INTRODUCTION 
Remanufacturing, a process that recovers used products to 

a "like-new" functional state complete with a matching 
warranty, is gaining recognition as a greener mode of 
production. It can be both profitable and environmentally 
friendly compared to conventional manufacturing. This 
approach is especially well-suited for intricate 
electromechanical and mechanical products with valuable 
cores that, when recovered, add substantial value relative to 
their market and original costs. Since remanufacturing 
recovers a significant portion of materials and value from a 
product's initial manufacturing, often at a low extra cost, the 
resulting products can be obtained at reduced prices. 
However, remanufacturing is not fully understood due to its 
novelty in research terms [1].  

When exploring which products are suitable for 
remanufacturing, no definitive rules exist regarding what can 
or cannot undergo this process, and there's no predetermined 
list of products eligible for remanufacturing. Nevertheless, 
remanufacturing excels when applied to high-value, complex, 
and durable products that are not marketed as status symbols. 
Examples of remanufactured products encompass machine 
tools, electrical motors and compressors, starter motors, 

automatic transmissions, car and truck engines, office 
photocopiers, excavation equipment, power bearings, defense 
equipment, computer and telecommunications devices, air-
conditioning units, pumps, industrial food-processing 
equipment, aerospace components, carpet tiles, and rolling 
stock. However, it's less successful in markets where 
customers perceive remanufactured goods as inferior, as seen 
in the lifestyle and fashion industries [1] and [2]. The 
connecting-rod big-end bearing [3]; [4]; [5] is a critical 
component. These bearings connect the connecting rod 
journals, which are offset from the rotation axis, to the larger 
ends of the pistons' connecting rods. They are sometimes 
referred to confusingly as crank pins or rod-bearing journals. 
A pressurized oil feed is directed through an angled oil 
passage drilled from the main journal. 

Furthermore, there is significant positive feedback about 
remanufacturing, as evidenced by SKF's website [6]. 
According to SKF, "Re-manufacturing requires fewer raw 
materials, consumes less energy, and generates less waste than 
manufacturing a product from scratch. The resultant savings 
in each of these areas are considerable, usually resulting in a 
product of similar quality that costs less for both the 
remanufacturer and the consumer. Remanufacturing is a 
crucial aspect of a resource-efficient manufacturing industry 
[7]. Accordingly, this study aims to identify the 
remanufacturability potential of worn-out journal bearings 
used in locomotive engines. 

II. METHODOLOGY 
The review was carried out according to the Prisma 

method [8] [9]. According to the aim of this study, these areas 
were considered for review; the connecting rod journal-
bearing manufacturing process; the identification of damages 
in journal bearings and possible causes for damages; the basic 
remanufacturing steps; the technologies that can be used for 
recovering the damaged journal bearings in engines; and the 
inspection and testing methods used in the remanufacturing 
process 

Initially, 80 previous studies were identified by using 
search strings such as “Journal bearing manufacturing 
process”, “Remanufacturing steps”, “Failures of journal 
bearings”, “Recovering of journal bearings”, and “The 
inspection and testing methods”. Then unrelated articles were 
screened to obtain 62 full-text articles that are directly relevant 
to this study. Thematic coding was carried out under themes 
of “Journal Bearing Manufacturing Processes ”, “Material 
identification in a journal bearng”, “Steps of 
remanufacturing”, “Damages identification in journal 
bearings”, “The Technology of Repairing Journal Bearings in 
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Engines”, “HVOF Sprayed Overlays for a Trimetal Bearing” 
and “Testing Methods”. Finally, 53 articles have been referred 
to and cited to achieve the objectives of this review paper. 

III. LITERATURE REVIEW 

Many studies have been done on areas like 
remanufacturing processes and technologies and product 
design for remanufacturing. This research has been focused 
on the remanufacturing of worn-out connecting rod big end 
bearings (journal bearings) in locomotive engines and 
investigates the potential of remanufacturing worn-out 
connecting rod big end bearings in locomotive engines. 
Further, it is important to study material identification, 
manufacturing processes of big-end journal bearings, and 
damage identification of big-end journal bearings in an engine 
to develop a framework for theworn-out connecting rod big-
end bearing remanufacturing process. 

In the literature on the remanufacturing of automobiles, 
most research has been based on the remanufacturing of 
engines. Research on “The Value of Remanufactured 
Engines: Life-Cycle Environmental and Economic 
Perspectives," published on 08 February 2008, [10];[11], 
provides useful information about the importance of 
remanufacturing used automotive engines to like-new 
condition and the price difference for the consumer of the 
remanufactured engine, with the greatest savings realized. 
From this article, top management of government 
departments can identify the importance of remanufacturing 
engine parts rather than new purchasing. According to 
Margarete A. Seitz and Peter E. Wells [12], business process 
management journal, implementation of corporate 
sustainability in the case of automotive engine 
remanufacturing is a specific product recovery operation 
among some European car manufacturers. Another piece of 
research was found in the “IET Digital Library," International 
Conference on Responsive Manufacturing—Green 
Manufacturing [13]. In this research, the service condition of 
heavy-duty caterpillar engines and the failure of main parts 
have also been analyzed. In addition, the concept of 
remanufacturing for engines was discussed, and the 
classification of key technologies for remanufacturing was 
summarized. 

A. Journal Bearing Manufacturing Processes 

[29][34][35]. 

Journal-bearing manufacturing processes involve several 
steps to produce high-quality bearings. Here are the typical 
manufacturing processes for journal bearings:  

1. Material Selection 

2. Casting or Forging 

3. Machining 

4. Heat Treatment 

5. Surface Finishing 

6. Lubrication Grooves and Oil Holes 

7. Quality Control 

8. Assembly 
It's important to note that the available manufacturing 

processes can be different from each other, and it depends on 
the type of journal bearing, its intended application, and the 
manufacturer's production capabilities. Advanced 
manufacturing techniques, such as computer numerical 

control (CNC) machining and automation, may also be 
applied to improve efficiency and accuracy. 

B. Material Identification in a Journal Bearing 

When we select any item for remanufacturing, the most 
important thing is identifying the material that made it. The 
material is the foundation of the item. Hence, it is very 
important to decide on remanufacturing capability and the 
continuation of the process or research. It's important to note 
that journal bearings can be made from various materials, 
including different types of metals (such as steel, bronze, or 
Aluminium alloys) or advanced materials (such as composites 
or self-lubricating materials). The specific material used in a 
journal bearing depends on factors such as load capacity 
requirements, operating conditions (temperature, speed, 
lubrication), and application-specific considerations. 

Identifying the material used in a journal bearing can be 
accomplished through several methods. Here are a few 
common approaches:[37].Manufacturer's Specifications, 
Visual Examination, Material Testing, Cross-Reference with 
Standards, Previous Research or Literature, and Consultation 
with Experts. 

C. Steps of Remanufacturing[16] 

The identified steps and processes involved in 
remanufacturing can vary depending on the industry, product 
complexity and manufacturer's practices. Remanufacturing 
may also involve considerations such as reverse engineering, 
component testing, or retrofitting to meet updated standards 
or regulations. 

Most established steps emphasize the key processes 
involved in remanufacturing within the technical industry, 
focusing on the refurbishment and restoration of used 
products or components to meet quality standards and 
environmental objectives. The most common steps involved 
in remanufacturing are collection and sorting, disassembly, 
cleaning and inspection, repair and replacement, reassembly, 
testing and quality assurance, finishing and refurbishment, 
packaging and documentation, distribution and sales, and, as 
a last step, environmental considerations. It means 
remanufacturing promotes sustainability by extending 
product lifespan, reducing waste, and conserving resources. 
[36] As well, these are the most dedicated remanufacturing 
steps for one selected component in a large system. 
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Based on the results of a different study by S. Tsang Mang 
Kin, S.K. Ong, and A.Y.C. Nee called "Remanufacturing 
Process Planning" [18], it is emphasized that the 
remanufactured core should ideally come out of its previous 
use phase unharmed and free of any secondary effects caused 
by the remanufacturing processes.Consequently, during the 
selection of the process sequence, careful attention must be 
accorded to the potential adverse impacts of each step on the 
component. As a result, the typologies of remanufacturing 
processes can be methodically grouped into five primary 
categories, as delineated below: 

• Remove surface and shape defect 

 Flaws such as cracks, scratches, nicks, burrs, areas 
afflicted by burning or corrosion, and inclusions are 
systematically eradicated through machining processes, 
which encompass operations like turning, milling, drilling, 
and grinding. 

• Material addition or surface replacement  

Surface addition or replacement involves the renewal of a 
component featuring "cavities" back to its intended form and 
overall dimensions, achieved via material additive techniques 
like welding, powder coating, and laser cladding. The choice 
of method hinges upon the surface's characteristics and 
requisites. Due to the application of elevated temperatures, 
preliminary heating is essential to avert fracturing. When 
warranted, stress-relief grooves might be incorporated. 
Opting for a fresh surface often proves more pragmatic, 
yielding enhanced performance. After the integration of these 
overlays, finishing processes are administered to align with 
the stipulated specifications. 

• Restore material properties 

The restoration of desired material properties is achieved 
through conditioning procedures, such as heat treatment. 
These processes encompass actions like annealing, 

normalizing, and demagnetization, which eliminate unwanted 
residual states or render the component more resilient against 
its imposed loads and environmental conditions. These 
treatments can span the entirety of the material or extend to a 
subsurface layer, as observed in case hardening. To illustrate, 
when addressing wear-related design concerns, the consensus 
leans toward incorporating a hardened surface, whereas for 
bolstering fatigue resistance, the core material should exhibit 
toughness while the surface is endowed with compressive 
residual stresses. 

• Assembly and fastening manipulation 

For sub-assemblies involving multiple parts, adjusting the 
assembly is necessary when putting the parts together. This 
adjustment can change the sizes, causing them to not fit as 
intended. For instance, when remanufacturing a connecting 
rod, the larger end's surface needs to be smoothed after 
fastening the rod bolts. If not, fastening the bolts could lead to 
problems with alignment. It's important to complete the 
assembly and fastening steps before starting the restoration 
process. 

• Surface finish  

To attain precise surface quality and exact dimensional 
tolerances, meticulous finishing is crucial. This can be 
achieved through methods like grinding, reaming, honing, 
hard turning, and burnishing. For different surface types, such 
as those requiring painting, coating, or polishing, pertinent 
operations are carried out. This final step is reserved for the 
end due to the potential for subsequent processes to impact 
surface quality. 

D. Damages Identification in Journal Bearings 

[28][38][39] 

Identifying damages in a journal bearing requires a careful 
inspection and examination of the bearing. These are some 
common types of damages that can occur in a journal bearing 
and guide to identify them: Surface Wear, Scoring or 
Scratching, Babbitt or Overlay Damage, Overheating or 
Thermal Damage, Fatigue Failure, Misalignment or 
Distortion, Contamination. 

However, to effectively identify damages in a journal 
bearing, it is recommended to conduct a detailed visual 
inspection, complemented by measurements, material testing, 
and possibly oil analysis. If significant damage is observed, it 
is advisable to consult a bearing specialist or engineer with 
expertise in bearing analysis and failure diagnosis. Major 
damages in used connecting rod big end journal bearings are 
also similar to those above, and types of major damages can 
be categorized as cavitation and wear. Cavitation damage 
occurs when small gas bubbles form rapidly and then collapse, 
generating high-pressure pulses that lead to localized harm on 
the bearing surface. This phenomenon is prominent in heavy-
duty diesel engines, mainly attributed to intense dynamic 
loads, pin oscillations, oil flow turbulence, and related factors. 
Wear-related damage brings about alterations in the bearing's 
However, to effectively identify damages in a journal bearing, 
it is recommended to conduct a detailed visual inspection, 
complemented by measurements, material testing, and 
possibly oil analysis. If significant damage is observed, it is 
advisable to consult a bearing specialist or engineer with 
expertise in bearing analysis and failure diagnosis. Major 
damages in used connecting rod big end journal bearings are 

Fig 1: Key remanufacturing process and material 

flow [17] 
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also similar to those above, and types of major damages can 
be categorized as cavitation and wear. Cavitation damage 
occurs when small gas bubbles form rapidly and then collapse, 
generating high-pressure pulses that lead to localized harm on 
the bearing surface. This phenomenon is prominent in heavy-
duty diesel engines, mainly attributed to intense dynamic 
loads, pin oscillations, oil flow turbulence, and related factors. 
Wear-related damage brings about alterations in the bearing's 
shape, impacting the pressure of the oil film and the longevity 
of the bearing shell. The present study focuses on 
investigating wear and cavitation damage in connecting rod 
big-end bearings [28]. 

E. The Technology of Repairing Journal Bearings in 

Engines.  

The specific technologies and methods used for repairing 
or rebuilding journal bearings may vary depending on the type 
of engine, bearing design, and the expertise of the repair 
facility or technician. It is noted that there is no satisfactory 
data regarding the remanufacturing of connecting rod big-end 
journal bearings. But there are different types of journals 
bearing repairing details which are large, and the word 
“repairing” is used to describe those details. These 
technologies aim to restore the bearing surface to its original 
specifications or within acceptable tolerances. These are some 
commonly employed methods. [22]; [40]; [41] 

• Grinding 

• Polishing 

• Honing 

• Lapping and 

• Coating 
In automotive engine applications, plain journal bearings 

must possess a blend of characteristics, including strength (for 
fatigue and wear resistance), conformability, anti-seizure 
properties, and embeddability. Modern bearing linings feature 
a composite microstructure comprising a moderately strong 
matrix containing softer phase regions. Traditionally, there 
are two types of plain bearings: tri-metal and bimetal. Both 
consist of a lining of approximately 0.25mm of bearing alloy 
on a steel half-shell backing. Bimetal bearings usually have a 
lining of aluminium-tin alloy, resulting in an aluminium-
based matrix with a tin-soft phase. They are mainly used in 
high-volume gasoline passenger cars and some light truck 
applications. On the other hand, tri-metal bearings have a 
lead-bronze alloy lining, resulting in a copper-tin matrix with 
a soft lead phase. A thin overlay of typically lead-based alloy, 
around 0.015mm thick, is added for improved seizure 
resistance. Tri-metal bearings find use in diesel passenger 
cars, heavy trucks, and high-speed gasoline engines that 
demand greater bearing alloy strength [23]. 

At TWI Ltd, development efforts showcased high-
velocity oxy-fuel (HVOF) spraying as an alternative bearing 
manufacturing process. It serves as a pathway to create 
innovative bearing materials with microstructures 
unattainable through conventional casting and rolling 
methods [23]. In HVOF spraying, powder particles sized 
between 15-60mm are injected into a high-temperature, high-
speed gas jet within a specially designed spray gun. The jet is 
formed by the combustion of a fuel (gas or liquid) with 
oxygen under high pressures and flow rates within the gun. 
Powder particles reach temperatures that allow them to 
become molten or semi-molten. By scanning the spray jet 

across the substrate, a coating layer with minimal porosity is 
formed through the successive impact, bonding, and 
solidification of particles. Importantly, the substrate 
experiences only minimal heating during this process [23]. 

Several metal spraying methods are commonly employed 
for this purpose: [22][40]-[41]. 

• Flame Spraying [42]:  

In flame spraying, a metal wire or powder is melted using 
a flame and propelled onto the bearing surface using 
compressed air or another gas. The molten metal particles 
solidify upon impact, forming a coating on the substrate. 
Flame spraying is versatile and can be used with various 
metals and alloys. 

• Plasma Spraying [44]:  

Plasma spraying utilizes a high-temperature plasma flame 
to melt and propel the metal coating material onto the bearing 
surface. Plasma is generated by ionizing a gas, typically 
argon, in a plasma torch. The molten metal particles are 
accelerated by a carrier gas and form a coating upon impact. 
Plasma spraying offers excellent control over the coating 
properties and can be used with a wide range of metals, 
ceramics, and composite materials. 

• High-Velocity Oxy-Fuel (HVOF) Spraying:  

HVOF spraying is a high-pressure and high-velocity 
method that involves combusting a mixture of fuel gas and 
oxygen to produce a supersonic jet of hot gases. The hot gases 
propel fine metal or alloy particles onto the bearing surface, 
resulting in a dense and strongly adherent coating. HVOF 
spraying produces coatings with excellent wear resistance and 
bond strength. [23][41] ][43].  

• Electric Arc Spraying [45]:  

This involves using an electric arc between two consumable 

metal wires. The heat generated by the arc melts the wires, 

and compressed air or gas propels the molten metal droplets 

onto the bearing surface. Arc spraying is commonly used for 

applying coatings to materials such as zinc, aluminium, and 
their alloys. 

In Sri Lanka Railways, MTU engines are available in S8, 
S9, S10, S12, and S14 power set engines. As per the 
manufacturer, in the scheduled repairs named "W 6” and ”QL 
4," engine connecting rod bearings are to be replaced. [24] 
[25]. In that case, new bearings were ordered, and the material 
of a new bearing as per the supplier's details is aluminum 
alloy. [26] 

F.  HVOF Sprayed Overlays for a Trimetal Bearing. 

[23];[41] ;[43]. 

The most suitable thermal spray method for Aluminum 
Alloy journal bearings is High-Velocity Oxy-Fuel (HVOF) 
thermal spray. HVOF thermal spray is a process that uses a 
high-velocity stream of particles to deposit a coating onto a 
substrate. The process is capable of producing coatings with 
excellent adhesion, wear resistance, and corrosion resistance. 
For small, big-end journal bearings in engines, the most 
suitable metal spraying method is typically high-velocity 
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Oxygen Fuel (HVOF) Spray HVOF spraying offers 
several advantages that make it an excellent choice for this 
application. The reasons are listed below [46]. 

(i)      Coating Quality: HVOF spraying produces dense, 

well-bonded coatings with minimal porosity, creating 

a strong mechanical bond. 

(ii)  Wear Resistance: This exhibits exceptional wear 

resistance. The surface leads to dense and tightly 

packed coatings, providing superior protection against 

friction and wear. 

(iii)  Thickness Control: HVOF spraying allows precise 

control over the coating thickness. This is beneficial 

for small, big-endThickness Control: HVOF spraying 

allows precise control over the coating thickness. This 

is beneficial for small, big-endjournal bearings, as it 

enables the application of a uniform and consistent 

coating that meets the required specifications. 

(iv)  Reduced Heat Affected Zone: HVOF spraying 

generates relatively low heat, minimizing the potential 

for thermal damage to the bearing or the surrounding 

components. 

(v)  Versatility: This can be used with a wide range of 
metals and alloys, providing flexibility in choosing a 

coating material that suits the specific requirements of 

the big-end journal bearing. 

(vi)  Cost-Effectiveness: While HVOF spraying may 

require specialized equipment, it is generally 

considered a cost-effective process for small 

components like big-end journal bearings. 

G.  Testing Methods  
It is important to test remanufactured bearings for their 

performance to ensure the process is productive and worth 
considering the time, material, and manpower consumed. 
Also, it involves a series of steps to ensure its functionality 
and performance. Because sometimes the replacement of a 
new one is more economically fair than using the 
remanufactured product. By using the correct testing methods 
and obtaining testing results, the remanufactured product and 
process can be validated. These are the general processes 
which can be applied to establish bearing remanufacturing. 

• Visual Inspection:  

This is the most basic method of measuring the surface 
quality of a netting rod's big end bearing. It involves looking 
at the surface of the bearing with the naked eye to check for 
any visible defects or irregularities. [47]-[48][50]. Visual 
inspection is a method used to measure the surface quality of 
connecting rod big end bearings. This method involves 
inspecting the bearing surface with the naked eye or with a 
magnifying glass to identify any defects or irregularities. The 
inspector should look for any signs of wear, corrosion, pitting, 
scoring, or other damage. The inspector should also check for 
any signs of improper installation, such as incorrect bearing 
clearances or misalignment. Visual inspection is a relatively 
simple and cost-effective method. 

• Microscopic Inspection:  

This method involves using a microscope to inspect the 
surface of the bearing for any defects or irregularities. [31]. 

Microscopic inspection is a method used to measure the 
surface quality of connecting rod big end bearings. This 
method involves the use of a microscope to inspect the surface 
of the bearing for any signs of wear, corrosion, or other 
damage. The microscope is used to magnify the surface of the 
bearing and allows for a detailed inspection of the surface. 
The inspector will look for any signs of wear, corrosion, or 
other damage that could affect the performance of the bearing.   

• Surface Roughness Measurement: [32]; [49]  

Surface roughness measurement serves as a technique to 
assess the surface quality of a connecting rod's big end 
bearing. This approach employs a profilometer, a device 
designed to gauge the surface roughness of a material. 
Representing the target's features as a surface enables rapid 
measurement of 3D structures across a wide expanse. This 
non-contact roughness meter and profile measurement system 
can swiftly quantify surface roughness and minute features, 
including burrs, within just one second. The system 
automatically configures settings like sensitivity based on the 
target's height, size, material, and colour. This eradicates 
measurement errors, enhances efficiency, and empowers 
inexperienced users to swiftly gather data. 

• Dye Penetrant Inspection (DPI):  

DPI is another non-destructive testing method that can be 
used to detect surface defects such as cracks and fractures. A 
liquid dye penetrant is applied to the bearing surface, and after 
a specified time, the excess penetrant is removed. A developer 
is then applied, causing the penetrant trapped in the defects to 
bleed out and become visible. 

• Magnetic Particle Inspection (MPI):  

MPI is a non-destructive testing method used to detect 
surface and near-surface defects in ferromagnetic materials. A 
magnetic field is applied to the bearing, and iron particles are 
applied to the surface. Any magnetic flux leakage caused by 
defects will attract the particles, making the flaws visible 
under proper lighting conditions. 

• Ultrasonic Testing (UT):  

UT uses high-frequency sound waves to detect internal 
flaws or defects in the bearing material. It can identify issues 
like cracks, voids, or inclusions that may not be visible to the 
naked eye. This method requires specialized equipment and 
expertise to perform.  

IV. SUMMERY OF POTENTIAL TECHNOLOGIES FOR 
JOURNAL BEARING REMANUFACTURING 

This literature review explores various facets of 
remanufacturing journal bearings, with a particular focus on 
connecting rod big-end bearings in locomotive engines. The 
investigation delves into material identification, 
manufacturing processes, damage identification, and potential 
technologies for remanufacturing these critical components. 
On the other hand, journal-bearing manufacturing involves a 
series of meticulous steps, including material selection, 
casting or forging, machining, heat treatment, surface 
finishing, lubrication grooves, quality control, and assembly. 
Advanced techniques, such as CNC machining and 
automation, can enhance efficiency and accuracy in the 
manufacturing process. Remanufacturing processes and 
technologies have garnered significant attention in recent 
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years. This study addresses the remanufacturing of worn-out 
connecting rod big-end bearings, a crucial component in 
locomotive engines. The research aims to understand the 
potential of remanufacturing these bearings and to establish a 
comprehensive framework for the remanufacturing process. 
Few researches have been conducted to define a clear 
framework for automotive remanufacturing [51].Several 
research studies emphasize the significance of 
remanufacturing in the automotive industry [52]. For instance, 
research highlights the life-cycle environmental and 
economic benefits of remanufactured engines, emphasizing 
the cost savings for consumers. Moreover, some European car 
manufacturers have successfully implemented corporate 
sustainability through automotive engine remanufacturing.  

The remanufacturing process involves a set of steps that 
can vary based on the industry, product complexity, and 
manufacturer's practices. Key processes in remanufacturing 
include collection and sorting, disassembly, cleaning and 
inspection, repair and replacement, reassembly, testing and 
quality assurance, finishing and refurbishment, packaging and 
documentation, distribution and sales, and environmental 
considerations.  

A. Damages Identification in Journal Bearings  
Identifying damages in journal bearings requires a careful 

inspection, involving common types of damages like surface 
wear, scoring, babbitt or overlay damage, overheating, fatigue 
failure, misalignment, and contamination. Visual 
examination, microscopic inspection, surface roughness 
measurement, dye penetrant inspection, magnetic particle 
inspection, and ultrasonic testing are common methods for 
damage identification. 

B. The technology of Repairing Journal Bearings in 

Engines 

Various technologies and methods are employed for 
repairing or rebuilding journal bearings. These include 
grinding, polishing, honing, lapping, and coating. The choice 
of technology depends on the bearing design and engine type. 

C. High-velocity Oxy-Fuel Sprayed Overlays 

High-velocity oxy-fuel (HVOF) thermal spray is 
identified as the most suitable method for journal bearings, 
particularly those made of Aluminum Alloy. HVOF spraying 
offers numerous advantages, including high coating quality, 
exceptional wear resistance, precise thickness control, 
reduced heat-affected zone, versatility in material selection, 
and cost-effectiveness. 

D. Testing Methods  

To ensure the effectiveness of the remanufacturing 
process, testing methods are employed to validate the 
functionality and performance of remanufactured bearings. 
These methods include measurement and tolerance checks, 
bearing clearance checks, crankshaft end play checks, 
lubrication system evaluation, and functional testing. Various 
non-destructive testing methods, such as visual inspection, 
microscopic inspection, surface roughness measurement, dye 
penetrant inspection, magnetic particle inspection, and 
ultrasonic testing, are also utilized to measure the surface 
quality of connecting rod big-end bearings. 

IV. CONCLUSION 

The study of remanufacturing guides a sustainable and 
economically viable approach to facing the challenges of 
resource depletion and environmental degradation. By 
embracing remanufacturing practices, industries can reduce 
their ecological footprint while still delivering high-
performance components.The importance of this research is 
underscored by the economic challenges faced by developing 
countries like Sri Lanka. Remanufacturing presents a 
sustainable solution, which can contribute to cost savings and 
promote responsible resource management. 

In conclusion, this literature review provides a 
comprehensive overview of potential technologies and 
processes for remanufacturing connecting rod big-end 
bearings. Further, It summarises potential technologies which 
could be used for the journal-bearing remanufacturing 
process. As an example, High-Velocity Oxy-Fuel (HVOF) 
thermal spray is identified as the most suitable method for 
journal bearings. The research is not only relevant to the 
automotive industry in Sri Lanka but also offers valuable 
insights into sustainable practices in remanufacturing 
worldwide. This comprehensive understanding of 
remanufacturing technologies and quality control measures is 
instrumental in ensuring the reliable and cost-effective 
performance of these critical components. 

This review sets the foundation for future progress in 
journal-bearing remanufacturing technology and sustainable 
product recovery opportunities. Further research needs to be 
performed to investigate the cost-benefit of the process. 
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Abstract— The challenge of obtaining real-time weather 

data is compounded by the labor-intensive installation and 

maintenance of wired sensors, necessitating frequent 

adjustments. To counter this, this study introduces a portable 

weather data collection station tailored for efficient data 

collection in rural settings. Using advanced wireless 

technologies, the station instantly transmits data to 

predetermined destinations or securely stores it on an online 

server, eliminating the limitations of wired connections. The 

project employs the DHT_11 and BMP_180 sensors for precise 

temperature, humidity, and pressure measurements. The 

NodeMCU V3 seamlessly transmits the collected data over Wi-

Fi to a Google Sheet, ensuring secure data storage. Integration 

of the MQTT protocol enables efficient communication between 

the NodeMCU V3 and the designated server, ensuring reliable 

data transmission. Moreover , the system integrates Google 

Maps for location tracking and utilizes MATLAB for 

comprehensive data analysis, enhancing its capabilities for in-

depth weather monitoring. This portable weather data 

collection station streamlines the acquisition of real-time 

weather information and offers a sustainable solution for 

monitoring weather conditions, especially in remote regions. By 

integrating cutting-edge wireless technologies and advanced 

data management tools, the system meets the escalating demand 

for accessible and comprehensive weather data, addressing the 

limitations of traditional wired weather monitoring systems. 

Keywords— portable weather station, data collection, location 

tracking 

INTRODUCTION 

The Internet of Things (IoT) enables the remote 
connection and monitoring of real world objects through the 
internet, offering convenience and efficiency in various fields. 
One important application of IoT is in obtaining accurate 
weather information, which can greatly simplify our daily 
routines. To achieve this, weather stations are utilized.  

Weather stations are devices equipped with sensors that 
collect data related to weather and the environment. There are 
two types of weather stations: those with their own sensors 

and those that retrieve data from dedicated weather station 
servers. These sensors can include a thermometer for 
temperature readings, a barometer for atmospheric pressure, a 
hygrometer for humidity levels, a rain sensor for rainfall 
measurements, an anemometer for wind speed, among others. 
Weather stations are also known as weather centers, personal 
weather stations, professional weather stations, and home 
weather stations. 

Recent technological advancements, such as Bluetooth 
and Wi-Fi, have enabled wireless connectivity between 
different devices. By using a Wi-Fi controller board as a micro 
web server, the need for wired connections between the Wi-Fi 
board and a computer is eliminated, reducing costs and 
enabling the board to function independently. The Wi-Fi 
board requires an internet connection through a wireless router 
or hotspot, serving as the gateway for communication with the 
internet. In the context of weather stations, this technology 
allows for the creation of a system that provides weather data 
through a NodeMcu, operating via Wi-Fi.   

 As the world rapidly develops technologically, there is a 
strong desire to simplify tasks and explore modern equipment 
and methods. The integration of IoT and weather stations 
aligns with this motivation, allowing for easy access to real 
time weather information. This empowers individuals to make 
informed decisions and better plan their activities. The 
continuous evolution of technology and the integration of IoT 
and weather stations will further enhance our lives, making 
tasks more efficient and providing us with valuable insights 
into our surroundings. 

Significantly, the need for accurate and accessible weather 
data has become more pronounced at a global scale, especially 
with the increasing frequency and intensity of extreme 
weather events attributed to climate change. The ability to 
access real time and localized weather information has 
substantial implications for disaster preparedness, agricultural 
planning, transportation management, and various other 
sectors. Furthermore, the integration of IoT technology with 
weather stations not only facilitates data collection but also 
allows for the seamless transmission and analysis of this data, 
enabling proactive decision-making in various sectors. This 
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research aims to explore the integration of IoT technology in 
weather stations in greater detail, with a focus on its practical 
implications and potential for addressing pressing 
environmental and societal challenges. 

LITERATURE REVIEW  

      The system that Snehashish Mandal and Ravi Kishore 

Kodali [2] proposed is intended to measure temperature, 

humidity, pressure, and light intensity. We are able to 

compute additional data factors, including the dew point, by 

using temperature and humidity. Apart from the 
aforementioned features, we have the ability to keep an eye 

on the location's light intensity. We have also made it possible 

to keep an eye on the room's air pressure. Moreover, we can 

keep an eye on the rain value. The Nodemcu (12E) Wi-fi 

module, based on the ESP8266, is the brains of the prototype. 

The NodeMCU is connected to four sensors: a light-

dependent resistor (LDR), a pressure sensor (BMP180), a 

raindrop module, and a temperature and humidity sensor 

(DHT11).  

      The suggested system by Snehashish Mandal and Ravi 

Kishore Kodali [2] is designed to assess light intensity, 
pressure, temperature, and humidity. By using temperature 

and humidity, we can compute additional data elements, such 

as the dew point. In addition to the elements listed above, we 

can monitor the amount of light present at the place. We've 

also made it possible to monitor the air pressure in the space. 

Additionally, we can monitor the rain value. The brains of the 

prototype are found in the Nodemcu (12E) Wi-fi module, 

which is based on the ESP8266. Four sensors are attached to 

the NodeMCU: a pressure sensor (BMP180), a raindrop 

module, a temperature and humidity sensor (DHT11), and a 

light-dependent resistor (LDR). 

 
      According to the system designed by Chen Jianyun and 

Sun Yunfan[3] a method of data acquisition and transmission 

based on NBiot communication mode is proposed, 

Introduction of Internet of things technology, Sensor digital 

and independent power supply as the technical basis, In the 

construction of Automatic To realize the intelligent 

interconnection of the automatic weather station, and then to 

form an automatic weather station based on the Internet of 

things. 

METHODOLOGY  

System Block Diagram 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

COMPONENT LIST 

 

1. ESP8266 Node MCU Wifi development board  

Internet 

2. BMP180 Barometric pressure Sensor   

3. Jumper wires (female to male)   

4. Jumper wires (female to female)   

5. Bread board ( Additional)   

6. USB cable (micro USB)   

7. Male header pin  Covering Box 
 

Main requirement  

 

• Node MCU ESP 8266 BOARD (figure 2) 

 

 
 

 

 

 

 

 

 

 

 

 

     The Node MCU ESP8266 development board comes with 
the ESP-12E module containing the ESP8266 chip having 

TENSILICA XTENSA 32-bit LX106 RISC microprocessor. 

This microprocessor supports RTOS and operates at 80MHz 

to 160 MHz adjustable clock frequency. Node MCU has 128 

KB RAM and 4MB of Flash memory to store data and 

programs. Its high processing power with in-built Wi-Fi / 

Bluetooth and Deep Sleep Operating features make it ideal 

for IOT projects.  

Node MCU can be powered using a Micro USB jack and VIN 

pin (External Supply Pin). It supports UART, SPI, and I2C 

interface. 

 

Figure 2- Nodemcu ESP8266 12E Module 

Figure 1- Circuit diagram 
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• DHT 11 Sensor (humidity and Temperature)  

(figure3)  

 

 

 

 

 

 

 

 

 

 

 

 

 
      The DHT11 is a basic, low-cost digital temperature and 

humidity sensor. It uses a capacitive humidity sensor and a 

thermistor to measure the surrounding air, and spits out a 

digital signal on the data pin (no analog input pins needed). 

Connections are simple, the first pin on the left to 3-5V 

power, the second pin to our data input pin and the rightmost 

pin to ground.   

 

 

• BMP180 (Barometric Pressure, Altitude & 

Temperature Sensor) 

 

 

 

 

 

 

 

 

 

 

 
 

 

       The BMP180 is the new digital barometric pressure 

sensor of Bosch Sensortec, with a very high performance, 

which enables applications in advanced devices such as 

smartphones, tablet PCs, and sports devices. It follows the 

BMP085 and brings many improvements, like the smaller 

size and the expansion of digital interfaces. The ultralow 

power consumption down to 3 μA makes the BMP180 the 

leader in power saving for your devices. BMP180 is also 

distinguished by its very stable behavior (performance) with 

regard to the independence of the supply voltage.   
 

HARDWARE MODELING & SETUP  

• Setting up the Thinger.io Dashboard  

     Here we have used Thinger.io as the IoT platform for our 

weather station project. That's because it's easy to use Google 

Maps on Thinger.io to show where weather stations are 

located. First, go to http://www.thinger.io and create an 

account and login. After login we can see the interface. First 

of all, we need to add the devices we use for think.io platform. 

Then we have add device details.  

 

• Wire Connection 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

      Here is the wire circuit we connected for whether station 

as a protocol. Mainly Nodmcu, humidity sensor and 

temperature sensor used for that.and also jumper wires and 

bread board used for that. 

 

ACTUAL DATA   

 

This shows the MWS ( Matale Weather station) dashboard 
and the data obtained from the MWS1 device installed in 

Matale. Here the data such as temperature, humidity, 

pressure, altitude and sea level pressure around the weather 

station is installed and the location of the weather station is 

shown by Google Map.(figure6)   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

         This shows the CWS ( Colombo Weather station) 

dashboard and the data obtained from the CWS2 device 

installed in Colombo . This is established in the Ratmalana 

Figure 3- DHT11 Sensor and Pinout 

Figure 6- Weather station Matale 

Dashboard (Data Resource MWS1) 

  

  

  

  

  

  

Figure 4- BMP180 & Pins 

Figure 5- wire connection 
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area, the surrounding weather data and the location are shown 

here by Google Map(figure7). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

COLLECTED DATA   

      Here data buckets were created to collect weather 

data.(figure 9) 

 

 

 

 
 

 

 

 

 

 

Figure 9- weather data 

 

Here, data buckets have been created to collect weather data 

separately (figure 10) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

We  have  export  the  data  collected  
here(figure 11) and exported all data files are downloaded as 

excel sheets. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

MATLAB ANALYSIS 

 

     The data been collected by the implemented portable 

weather station. Here connected both devices to the one 

thinger.io account. A maximum of two devices can be 
connected to the free account. In data collection, has been 

decided to put them in four separate buckets. Only 4 buckets 

are provided in thinger.io free account to collect data. 

Therefore, initially we had to collect only four types of 

weather data. We first collected the humidity and temperature 

of both weather stations in the four buckets. 

 

We first took the data from CWS2 (Colombo weather station) 

and analyzed it by transferring it to Matlab. Here we collected 

more than six thousand data. 

 
 

 

 

 

 

 

 

 

Figure 7- Weather station  Colombo Dashboard 

(Data Resource CWS2 

Figure 8- Mobile View 

Figure 10- weather data 

Figure 11- collected data 
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Temperature and humidity data obtained here are shown 

separately. Temperature data in orange and humidity in 

blue(figure 12) 
 

CONCLUSION 

 

In many places, one of the most significant aspects influencing 
human life is the weather. Thus, understanding the precise 
weather patterns plays a crucial role in both sustaining and 
enhancing human life. Even with significant technological 
advancements in satellite weather monitoring, obtaining 
precise data in a limited region still presents a challenge.. The 
world has been inspired to use wireless technology for such 
tasks. By using sensor devices in the environment, we can 
bring the environment into real life. Then the collected data 
and analysis results will be available to the user through the 
Wi-Fi.. 

By using sensor devices and latest technology in the 
implemented system it is possible to bring the environment 
monitoring into real life. By using this portable system, the 
collected data and analysis results are available to the user in 
real-time through the Wi-Fi technology.   

     The smart way to monitor environment an efficient, low 
cost embedded system is successfully implemented and 
presented in this paper. It also sent the sensor parameters to 
the cloud. According to the collected data analysis, it can 

successfully collect and transmit data in real-time with no 
errors. 

The system designed and implemented in this project can 
be used to collect real-time weather information and transmit 
to required location for monitoring and further analysis to take 
necessary action. As this system is designed to use wireless 
technology it can be easly transport and fixed in remote 
locations as required.  

This data will be helpful for future analysis and it can be 
easily shared to other users also. This model can be expanded 
to monitor the developing cities and industrial zones for 
pollution monitoring. By installing such systems in various 
specific areas, the prevailing weather can be monitored very 
easily. For example, a system like this can be used to check 
whether the light and humidity in an industry are favorable for 
workers. IOT Based systems are very suitable for such 
activities. 
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Figure 12- Temperature and humidity data 
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Abstract— The prevalence of disability worldwide is about 

15% of the global population. Among the various types of 

disabilities, mobility impairment stands out as the most 

prevalent, significantly impacting the daily lives of affected 

individuals. The conventional solution to address mobility 

limitations has been the traditional manual wheelchair. 

However, this approach often falls short of providing users with 

a sense of independence, as continuous assistance from others is 

necessary. While manual propulsion is an option, it demands 

considerable physical exertion from the user. The electric 

wheelchair is an innovative alternative that seeks to address the 

limitations of traditional manual wheelchairs by offering 

enhanced mobility and greater independence to users. This 

study presents the design and development of an electric 

wheelchair, enriched with a range of user-friendly features, 

including dedicated storage space for essential medical 

equipment and adaptable control mechanisms for operation by 

either hand. The purpose of this research was to enhance the 

overall functionality and usability of the electric wheelchair, 

catering to the specific needs and preferences of users with 

mobility impairments. Through a systematic approach, the 

wheelchair's design was optimized to accommodate medical 

necessities while ensuring ease of use and versatility in its 

control mechanisms. 

Keywords—Electric wheelchair, Joystic control, Low-cost 
wheelchair  

I INTRODUCTION  

In today's society, disability stands as a significant concern 
that can curtail individuals' ability to fully utilize their 
knowledge, talents, and opportunities [1]. Around 15% of the 
global population, which is equivalent to one billion 
individuals, face various types of disabilities, with a greater 
occurrence of disabilities found in developing nations [2]. In 
situations where an individual has been injured in an accident, 
is dealing with a condition like palsy, or faces a long-term 
inability to walk, which may persist until the condition 
improves, wheelchairs play a crucial role in enabling them to 
engage in their daily routines and activities. Historically, 
wheelchairs used to rely on manual propulsion by individuals, 

making it quite challenging to cover distances beyond 100 
meters [3]. Individuals in need of adaptive tools like electric 
wheelchairs or assistance from caregivers to carry out their 
daily tasks find electric wheelchairs to be the most effective 
solution [4]. Presently, numerous intelligent wheelchair 
systems have been created through advanced technology; 
however, the challenge lies in the significant cost associated 
with these smart wheelchairs. This challenge could be 
addressed by creating an affordable smart wheelchair. The 
proposed electric wheelchair aims to provide essential 
assistance to disabled individuals for performing daily tasks 
autonomously, particularly focusing on underprivileged 
individuals who lack the means to afford such high-cost smart 
wheelchairs. 

Over the last couple of decades, a consistent progression 
has been observed within the domain of electric wheelchairs, 
facilitating heightened adaptability in their utilization among 
individuals with disabilities [5]. In this circumstance, it is 
essential to carry out a comprehensive study of prior research 
endeavors. Within the body of research, the progression of 
wheelchair advancements can basically be categorized into 
two groups: hand-controlled and non-hand-controlled 
wheelchairs. The latter category proves advantageous for 
individuals who have incurred the loss of both upper 
extremities. Hand-controlled wheelchairs mainly rely on 
joystick controllers for operation [4], [6]–[10], whereas non-
hand-controlled variants predominantly harness technologies 
such as voice recognition, eye movement tracking, head 
movement tracking, and various gesture recognition 
methodologies [11]–[14]. However, a majority of initiatives 
employed costly apparatus and intricate technologies to 
achieve self-directed navigation and versatile interfacing, 
accompanied by significant expenses and extensive training 
requirements. These factors impede the progression of 
intelligent wheelchairs into the phase of commercial viability 
[15]. Therefore, the primary objective of this research 
endeavor was to design and develop a cost-effective electric 
wheelchair, thereby rendering it financially accessible to 
individuals with limited economic means, while concurrently 

mailto:jayalal@uovt.ac.lk
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fostering a conducive environment for potential commercial 
deployment. 

H. CUSTOMER PERSPECTIVE 

A survey was conducted among prospective customer 
segments to identify the attributes that should be integrated 
into the proposed wheelchair design. The principal customer 
categories encompassed individuals presently employing 
wheelchairs, medical practitioners, and vendors specializing 
in medical equipment. Some important points identified from 
the customer survey are as follows. 

• It is necessary to design a control unit which can be 
controlled by either the left or right hand. 

• Even though it is an electric wheelchair, a mechanism 
should be incorporated to operate the wheelchair 
manually in the event of a sudden failure.  

• There should be some space to place some important 
medical equipment, such as oxygen tanks, urine bags, 
etc. 

II METHODOLOGY 

The devised system has undergone phases of design, 
fabrication, and evaluation in alignment with the study's 
objectives. Throughout these processes, input from 
stakeholders has been solicited, enabling iterative 
enhancements to be made consistently. Fig. 1 illustrates the 
block diagram containing all the relevant components.  

Fig. 5. Block diagram 

The joystick controller serves as the interface through 
which the user imparts necessary commands to the central 
unit. The primary unit, in turn, transmits control signals to the 
pair of wheels' associated dual motors. Power is supplied to 
the central unit via a 12V battery, and the charging 
replenishment is facilitated by a battery charger. 

A. Body specifications 

The wheelchair developed under this study has 
dimensions, including a length of 106 cm, a height of 92 cm, 
and a seat elevation of approximately 49 cm. The main frame 
of the wheelchair was built using the Aluminum box bar due 
to its’ light weight. Fig. 2, Fig. 3, and Fig. 4 show the body 
dimensions, the 3D view of the wheelchair, and the finished 
version of the developed electric wheelchair, respectively.  

Fig. 6. Body dimensions 

 

Fig. 7. 3D view 

 

 

 

 

 

 

Fig. 8. Finished version 

B. Operating system 

The wheelchair's navigation is managed via a joystick 
controller, which encompasses four distinct switches that 
facilitate the wheelchair's movement in forward, backward, 
left, and right directions. In the propulsion system, a 36V 
brushless DC electric motor (BLDC) has been implemented 

Oxygen 
tank 

Joystic 

Controller 
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and selected for its commendable load-bearing proficiency, 
robust longevity, and minimal maintenance requirements. The 
modulation of motor velocity is achieved through the 
integration of a 10k potentiometer, enabling seamless speed 
adjustment. This integration of components not only ensures 
precise control and versatility in maneuvering but also 
emphasizes the judicious selection of components based on 
their technical attributes. 

C. Hub motors 

In this design, two magnet-based 250W * 36V hub motors 
were employed. This choice has been made due to the motors' 
robust load-bearing capacity, durability over time, and 
minimal maintenance requirements. 

D. Power source 

The main power source in the wheelchair is a 36V 2500mA 

Li-ion Battery being utilized. 

 

E. Wheels and brake system 

In this study, the choice has been made to employ a 
conventional bicycle framework, featuring rear wheels 
alongside two caster wheels incorporated as the front wheels. 
A lever-based braking system was used for the wheelchair 
which ensures the maximum safety.  

III TESTING AND RESULTS 

The operational electric wheelchair has been introduced 
and subjected to multiple rounds of testing by a group of 
individuals with various disabilities. According to the 
feedbacks given by the users, modifications and 
improvements were made. Upon the finalization of the electric 
wheelchair design, comprehensive trials were conducted in 
both indoor and outdoor environments. The operational 
capacity of the electric wheelchair extends for approximately 
one hour following a complete battery charge. Noteworthy 
ease and effortlessness characterize the operation of this 
wheelchair. The controller interface offers flexible control 
from both left and right orientations as necessitated. 
Considerable attention has been given to accommodating an 
oxygen tank, optimizing its positioning for minimal height 
while ensuring effective retention. Additionally, the 
wheelchair has been engineered to enable manual 
maneuvering in instances of sudden battery discharge. 

Current prices for electric wheelchairs are in the range 
between LKR 270,000 and LKR 800,000, depending on the 
features included. If the proposed wheelchair is manufactured 
locally, the cost of manufacturing will be around LKR 
150,000 but it will include many useful features. So, the 
objective of developing a cost-effective electric wheelchair 
while incorporating user-friendly and medical requirements 
has been achieved. 

IV CONCLUSIONS 

The developed wheelchair possesses the capacity to meet 
the mobility requirements of individuals who encounter 
physical limitations. Beyond addressing mobility needs, it 
also adequately addresses various other medical requisites 
defined from the customer's perspective. Constructing the 
wheelchair can be achieved using low cost components 
readily accessible within the local market. The electric 

wheelchair developed in this study represents a significant 
advancement in mobility technology. This wheelchair offers a 
dual mode of operation, functioning effectively through 
battery power or manual maneuvering. By incorporating high-
performance motors with a power rating of 36 volts and 2.5 
amperes, the wheelchair maintains commendably low power 
consumption. The utilization of hub motors contributes to its 
exceptional load-bearing capacity, enabling it to 
accommodate higher weights with ease. Furthermore, the 
wheelchair's control mechanism is intelligently designed, 
allowing users to effortlessly navigate both left and right 
directions. The endeavor to enhance the electric wheelchair's 
functionalities is mindful of the prevailing cost dynamics 
associated with modern electronic devices, which can 
introduce challenges when incorporating advanced smart 
features. The central aim of this study is to render the 
wheelchair an affordable solution, making it accessible to a 
wider range of users. In striving for cost-effectiveness, it's 
acknowledged that certain high-end smart functionalities may 
necessitate careful consideration. In addition, it's important to 
note that, despite the wheelchair's autonomous capabilities, 
the mechanical mode of operation may still require external 
assistance. 
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Abstract— Sri Lanka, which is an agriculturally active 

country, should be ready to find solutions to the food crisis in 

the near future. Accordingly, there is an urgent need to 

increase the speed of agricultural activities around the 

country. Even now, various countries have increased the 

productivity of agricultural activities in their countries by 

using various research and new technical methods. 

Considering these facts, the main objective of this study was 

to find out how technical methods can be used to increase the 

productivity of seed nursery systems, which are one of the 

aspects of Sri Lankan agriculture. Accordingly, the areas 

cultivated by the farmers using seed nursery methods, the 

types of crops, and the different sowing practices followed by 

the farmers have also been analyzed. Using the analyzed 

details, mechatronics concepts were used to develop a low-cost 

automatic machine with facilities related to seed sowing, 

fertilizer collection, and water collection. This seed-sowing 

mechanism is designed so that the mechanism can be easily 

adjusted according to the size of the seed used for sowing, and 

separate containers are used for storing fertilizer and water 

with special equipment. After inserting soil-filled seed trays 

into the machine and starting the system, the seed tray 

automatically moves to each stage of the process, and after the 

process is completed, the nursery trays automatically come 

out of the machine with higher-quality seeds. As the time 

taken for this entire process is close to 19 seconds, we were 

able to increase the sowing productivity. This new machine 

will also enable farmers to engage in alternative income-

generating activities and demonstrate the success of our 

project objective by convincing farmers that traditional farm 

machinery can be replaced with low-cost automation systems 

and new techniques to complete a labor-intensive task more 

efficiently. 

Keywords—agriculture, seed sowing, farm machinery, 
nursery tray, ATmega 328p microcontroller 

I INTRODUCTION 

Background  

Due to low productivity, declining product quality, and 
climate change, farmers face a number of challenges and 
obstacles. Agriculture needs to be continuously developed 
and shaped through technological innovation so that it can 
contribute more effectively to the economy. For this, 

farming should be made more efficient and easier by 
introducing methods through new technologies, tools, 
machinery, and analysis. Here, special attention is paid to 
maximizing yields in the short term with minimal inputs. 
For this purpose, the use of machinery and cultivation 
management can be seen to be more productive than 
agricultural activities, which are primarily done using 
human labor.  

There are seven major activities in the field of 
agriculture: soil preparation, sowing, fertilizing, irrigation, 
weeding, harvesting, and storage [1]. These are intertwined 
processes and must be done sequentially until the final 
harvest. Here, energy management, time management, and 
crop seed management can be identified as the main issues. 
In agriculture as a whole, there is a diversity of labor that 
must be employed differently for each task. However, the 
loss of efficiency when the same task is performed 
continuously is a major problem in the use of human labor, 
and it is a problem that affects the entire process. In 
agriculture, it is always a great advantage to be able to 
control the above activities through time management and 
reduce the time taken to harvest. But since human labor is 
widely used for this, it can be seen that these steps take more 
time.  

The other thing to consider here is seed management. In 
most plantations, plants or seeds are planted using human 
labor. For this, it was seen from the observations that more 
time has to be spent because the labor skill affects the related 
agricultural process. If the seeds are sown mostly by human 
labor, there is a higher chance of the seeds not germinating 
due to excessive accumulation of seeds in the field, contact 
germs, etc. This has been a huge problem throughout the 
process. What became clear here was that these problems 
could be clearly solved using technical and automated 
methods. The aim is to find the correct answer to the 
problems mentioned here based on mechatronic technology. 

II REVIEWS OF LITERATURE 

Many literary studies have been done on the design, 
construction, and operation of an automated seeding 
machine. In discussing the information so obtained, some 
machines describe both automated and semi-automated 
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methods. A number of factors have been considered for the 
design, construction, and operation of an automated seeding 
machine, such as sowing seed, planting seed type, sowing 
time, the power required for operation, and efficiency, and 
various relevant information and methods have been found 
in this literature.In the final report of the data collection 
survey on Sri Lanka's agriculture sector conducted by the 
Japan International Cooperation Agency (JICA), many 
major challenges in Sri Lanka's agriculture sector have been 
pointed out. According to this report, among the social and 
economic challenges to the Sri Lankan agricultural sector, it 
is shown that the decrease in the population of the 
agricultural workforce has had a great impact. Thus, due to 
the decrease in the contribution of the agricultural sector to 
the GDP and the increase in the overall production cost of 
agricultural products due to the labor shortage and the trend 
of increasing labor wages, it shows that even if the products 
comply with the export quality standards in the international 
market, they are not competitive. It is explained that 
continuous efforts like breeding new varieties, the 
introduction of new crops, and the introduction of modern 
technology are necessary to meet this requirement [2]. 

According to the research conducted by R. M. S. R. 
Chamara and the team, it has been shown that the rapid 
growth of population, depletion of natural resources, 
climate change, shrinking of agricultural land, and unstable 
markets make global food systems quite insecure. 
Therefore, they have shown that modern agricultural and 
food processing systems should be implemented more 
effectively and efficiently. It reveals how AI technologies 
can benefit the global agriculture and food sectors. It 
examines ways in which AI can solve key problems in Sri 
Lanka's agriculture sector, such as labor shortages, misuse 
of agrochemicals, and inefficient research, policy, and 
administration. In addition, it is shown that the huge 
potential of this new technology should be rapidly utilized 
in the journey towards global food security [3]. 

Pranil V. Sawalakhe and his team explore that the 
present era is witnessing rapid growth in all sectors of 
agriculture and is moving towards mechanization. In order 
to meet future food demand in the agricultural sector, new 
technologies that do not affect farmers should be 
implemented. In addition, the impact of soil nature on crop 
production is discussed [4].Prashant Kumar S. Pal and his 
team have studied the potential of rapidly developing 
industrialization to meet the growing population and their 
food needs. Accordingly, it explains the possibility of 
mechanization conserving inputs with greater precision, 
ensuring better distribution, reducing the quantity required 
by production in response to demand, and thereby 
preventing loss or wastage of inputs [5]. 

According to the Agricultural Development article by 
Rajan Binayek Pasa of Tribhuvan University, shows that the 
agriculture sector is the single largest employer in the world. 
This study emphasizes the importance of technological 
intervention for agricultural development and shows that the 
socio-economic conditions of farmers are barriers to the 
adoption of modern technologies. According to the research 
conducted using modern and traditional agricultural 
technologies, this study has revealed that modern 
technological intervention can increase commercial farming 
activities and family income, create self-employment, and 

generate rural economies in particular, and support the rural 
development process in general [6]. D. Ramesh and H.P. 
Girish Kumar have provided brief information on the 
various types of innovations that have already taken place. 
The depth of seed placement varies from crop to crop, and 
it has been shown that seed sowing equipment plays an 
extensive role in the field of agriculture to achieve 
maximum yield in different agro-climatic conditions [7]. 

  III METHODOLOGY 

Field Survey 

This section will detail the field survey conducted to 
increase the effectiveness of the project and its related 
matters. Here, a group of farmers carrying out their 
cultivation activities using various seed nursery methods 
was targeted. All the farmer members who participated in 
the survey were from the Welimada area because it is an 
area where seed nursery methods are widely used.  

Since these members were of different knowledge 
levels, the main objective was to give a general idea about 
the project and to give an idea about how this project was 
used among the farmers. For this purpose, a data collection 
form, which is mentioned in Appendix 01, was created, and 
their opinions were collected through the form. Their views 
on current cropping methods, frequency of cropping per 
year, whether nursery methods are used or not, the problems 
currently encountered when using nursery trays, reasons for 
not using them, and facilities that should be available if an 
automatic machine is introduced for this purpose, are 
primarily targeted. 

However, the summary of findings was somewhat 
negative and required further investigation and follow-up. 
The reason is that the farmers do not have a clear idea about 
the technical process of the project and the use of the project. 
Therefore, the data provided is somewhat backward in 
nature. Here, in order to implement the project with essential 
solutions for cultivation and nursery work, a scoring process 
was implemented considering the opinions presented by the 
people who participated in the survey. Accordingly, below 
is an overview of the mean scores of the survey question 
related to the main points which were considered. 

TABLE II.  M

MEAN SCORE OF THE SURVEY QUESTION 

Implementation of the Project 

Conceptual design: 
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In the conceptual designing step, several key factors 
were considered when selecting sensor and output circuit 
devices for the relevant parameters.  

Basically, consider the environmental conditions in 
which the system is expected to be used. Accordingly, the 
sensors to be used for system automation were selected,  and 
factors such as required accuracy, operating voltage range, 
speed of response, reliability, and how to deal with the 
system were also taken into consideration. After selecting 
the appropriate inputs and outputs like sensors, switches, 
and motors, we were able to develop the project that had 
been conceptualized so far using SolidWorks software. It 
was finally selected and specialized after a multi-faceted 
quality, simplicity of design, and affordable assessment. 
Here, when sowing seeds in the nursery, a definite outline 
of the basic elements was created using the CAD software, 
taking into account the requirements to be met. Main frame, 
seeding mechanism, tray loader mechanism, fertilizer 
pump, seeding motor, conveyor motor, seed container, and 
fertilizer container can be represent as the  major parts of 
this seed sowing machine. 

Solidwork 3D design of the project  

Detailed mechatronics design: 
The system started by pressing the start push button, and 

the system stopped by pressing the stop push button. Here, 
the ATmega328p microcontroller is used to control the 
whole system. when selecting a microcontroller for the 
system, low cost and correct operation were considered.  
Limit switches and proximity sensors are used to get the 
position signals of the movements and also give the signals 
about seeding tray load and unload conditions. The relays 
are used to control DC motors, the water pump, and the 
buzzer alarm, and those depend on the microcontroller’s 
signal.  

Fig. 9. Microcontroller based controlle circuit block diagram   

Accordingly, ATmega328p microcontroller 
programming was done using the ATMEL Studio 7 IDE 

and, AVR ISP programmer. Here, embedded C was used to 
program the microcontroller, and the program was also 
written according to the sequence of the operation. While 
the nursery disk that lands on the conveyor moves forward, 
the disk is detected through the sensors installed in the 
system, and accordingly, the microcontroller works to 
arrange the time required for fertilizer and seed collection. 

IV RESULT AND DISCUSSION 

 

Fig. 10. Portable seed sowing machine    

 

General  

Through this seed-sowing project, two main objectives 
were aimed at being achieved. These are the reduction of 
time wastage in the sowing process with the introduction of 
automation and the production of user-friendly and portable 
machines to obtain high-quality seedlings for field planting. 

We were able to see a better result than we thought when 
considering the first objective. That is time management and 
minimizing seed waste. When the soil-filled nursery tray is 
loaded into the machine, it takes less than 19 seconds for the 
seed sowing and fertilizer application process to come out 
of the machine. This can be seen as a very advantageous 
situation. In addition, the seeds do not come into contact 
with the hands, thus minimizing the damage caused by 
germs. Gradually, the seeds were sown on the cells of the 
nursery tray, and it was possible to maintain the seed 
spacing. It has been shown in practice that the gap between 
these plants and the plant density affects the quality of the 
plant and that such disadvantages should be avoided. 
Accordingly, it was clear that the second objective could 
also be achieved. After booting the system, the LCD will 
instruct the user and indicate the nursery disk loading time 
and unloading time.  

This method is very beneficial to all farmers as it can 
prevent seed wastage and excessive manpower during the 
sowing process. It also focuses on saving time throughout 
the entire process. In the design of this system, the seed 
measurement and sowing mechanism are directly 
controlled, and a motor-driven system is used. It aims to 
increase efficiency by minimizing belt and gear systems in 
general, eliminating cost-increasing complications, and 
reducing costs. This system provides all the facilities that 
can be used efficiently. At the end of the process, the 
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seeding tray reaches the unloading place, and then the alarm 
buzzer is triggered. Then the user can easily know about it.  
With this system, a farmer can sow the seeds very easily 
with a single labor cost. In another way it will be an 
advantage to him as time, as well as labour, will be saved. It 
also helped to seed plantation process take place smoothly 
and without the wasting seeds. At the end of the process, it 
creates an alarm. Therefore, we can see that this system 
provides the entire facility, and farmers sow the seeds very 
easily.  

The cost of this machine is around Rs.78,000 which is 
affordable for a nursery farmer. It is also possible to earn it 
again using the system. 

 

Fig. 11. Seed tray loader and fertilizing mechanism   

A comparison between the goals that were expected to 
be achieved when the system was created and the goals that 
were achieved after the system was created to achieve those 
goals are shown in the following table 3.1. Studying this 
table, it is clear that we have been able to achieve close to 
the desired goals by designing this portable seed-sowing 
machine. 

TABLE III.  C

COMPARISON BETWEEN DESIGNED VS DESIRED SYSTEM 

Desired system Designed system 

Seed sowing accuracy: 

87% or more 

We got  more than 90% accuracy 

Photoelectric sensor 

detection system if there 

are no discs. 

Achieved and system displayed 

there is no seeding tray. 

preventing seed wastage Achieved and seeds sow without 

disease issues. 

 

System suitable for cell 

distance between 10-50 

mm 

Achieved and with the small 

change of seeder mechanism it can 

be used with different cell 

distances. 

 

Seed sowing speed: 20-30 

discs per hour. 

We counted and we can complete 

more than 100 trays per hour. 

Multi-button operating 

system and sowing is 

simple, practical and fast 

 

We designed system with simple 

button operations and therefore 

the sowing is simple, practical and 

fast 

Low Energy Requirement Achieved and the whole system 

power consumed to operate only 

60W 

 

Challenges and Recommendations 

The system uses a 12-volt and 5-ampere transformer to 
power it, which can be powered by a 12V battery. It can then 
be reused by charging the battery with solar power. Instead 
of the DC motor used for the seed-sowing mechanism, it 
would be more advantageous to use a motor that can easily 
control the locations. This is because the sowing gap can be 
further stabilized.  

The positioning of the photo sensors used for the system 
and the circuits used to detect the sensors emitted by them 
worked correctly, but it was a bit difficult to locate and 
adjust the sensors. This is because the range at which the 
sensor operates is slightly different from the range of the 
datasheets. However, we were able to keep the activism 
unchanged.  

The project was also adversely affected by the current 
adverse effects on the market and the economy. Therefore, 
the shortage of equipment and the high cost of existing 
equipment also hampered the development of the project. 
However, we hope to further improve the system, as we 
have been able to achieve successful results. This seed 
sowing machine has been upgraded to be very convenient 
and cost-effective but we hope to develop it in the future 
considering the following points: 

• Solar power can be used to replace the existing 
power system and thereby familiarize the user with 
energy management. 

• The system can be upgraded to integrate an IoT 
based system for automatic control and remote 
control. 

• This can be done by adding a software system that 
can be assembled and used as needed for sowing on 
a large farm at a minimal cost.  

• In addition to the fertilizer currently in use, a 
mechanical system can be added to fill the soil for 
the nursery trays. 

V CONCLUSION 

This seed-sowing machine has great potential to 
increase planting productivity. Until now, the main method 
used for sowing seeds on nursery trays in farming was 
manual sowing. But with the adaptation of this seed-sowing 
machine, the advantage is greater and the purpose of the 
nursery tray system will be fulfilled more effectively. 
Therefore, it is imperative to promote this technology and 
make it affordable to even small-scale farmers.  

The machine can be manufactured locally from raw 
materials, which minimizes the cost of the entire project, 
and can be easily manufactured in existing workshops. In 
addition to the cost of sensors and motors, the cost is very 
small. So by using this machine, we can sow nursery seeds 
more flexibly as well as at a lower cost. In addition, another 
advantage is that the sowing mechanism can be changed 
according to the nature of the seed. Finally, it can be said 
that this project has the right answer to the problems of seed 
nursery work in Sri Lanka. 
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Abstract—The semi-automatic ergonomic smart table 

provided answers to many of today's questions.  The main 

purpose of creating this table was to do the work of several 

tables in one table.  The ergonomic smart table consists of 

several features.  The table is an equipment that very close to 

people. It can further develop using the technology. This 

smart table combined with the electrical, electronic and 

mechanical system. The table is designed to adjust the height 

of the table according to the sitting posture by moving the legs 

up and down.  The maximum height of the table is 950mm and 

the minimum height of the table is 650mm. This mechanism is 

done by two linear actuators and height can adjust by the 

screen attached to the table.  This smart table can carry 90 kg 

weight in total. Iron and wood are used as the main raw 

material in the design of the table. This table attached with the 

dimensions of 7 inches of screen. The table is intended to be 

accessed by a central software with an LED screen that can be 

used as a table tab with Bluetooth Wi-Fi  connectivity. The 

smart table is equipped with the Wi-Fi camera, Hot plate and 

a wireless charger. The height adjustment mechanism, hot 

plate, screen and all other functions of the table controlled by 

the Raspberry pi 4 model B.The user interface was created 

using QT software for the screen. With the investigation 

camera, you can see the person working in front of the table 

from anywhere in the world. Also, you can take a photo and a 

video with this.  A 12v heat element was used for the hot plate 

and an emergency switch was also connected to it. The 

Ergonomic Smart table is specially designed for students, but 

anyone can easily work from the same table without changing 

the table according to the work done. 

Keywords: LED screen; QT software\;Raspberry 

pi; Wi-Fi camera 

 

I. INTRODUCTION 

A table is a tool that is always closely associated with 
people's daily activities. The table can be further adapted 
using technology to further enhance its functional features 
and make it easier to use. Many people are tempted to work 
remotely during this pandemic situation.  As a result, it is 
the learning child who suffers the most.  The reason for this 
is that although children are inclined towards education in a 

classroom, it is difficult to continue it due to the pandemic 
situation. The main purpose of making this table is to 
minimize the damage to education. This portable smart table 
is the best option for it. Because of this pandemic situation 
people spending a very difficult time period. This mainly 
affected the education sector. In this smart table, there is a 
LED screen accessed by the central software, a calculator 
combine with the watch, USB. By the use of individual LED 
screens, students can see the question papers, and books and 
can answer the questions and check it themselves. Smart 
table will be designed to move from one place to another 
and can adjust the height. This will help to fit in the 
doorways very easily and can be easily moved from one 
place to another. Wi-Fi technology will be adopted with this 
smart table to provide better communication for students 
and people who use it. It designs as a mobile design. Smart 
table can adjust the angle according to the work done. 

II. BACKGROUND STUDY/ REVIEW OF LITERATURE 

Importance of the design 

Although many things have changed in the world, the 
only thing that has not changed is education.  With the 
advancement of technology, only the way education is 
imparted or received in a classroom or outside has changed 
according to technology. The main aim of educational 
institutions is to provide a suitable learning environment for 
the child to acquire knowledge and to motivate the students 
to develop their abilities. (Maruful Islam, Raman Das, 
2017). 

Innovations such as smart tables benefit not only from 
the product features in the redesigned product but also from 
the technological knowledge of the people who use such 
devices.  Positive attitudes of parents and teachers about 
working with technology are also important.  A portable 
Smart Table for Interactive Class Room is a combination of 
both analog and digital technologies.  The reason for this is 
to increase the efficiency of this table.  The design is 
combined with a lot of features.  The design of a portable 
smart table includes with calculator and a clock to see the 
time and do the calculations.  It's a very interesting idea and 
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we have added these elements to the smart table we have 
designed and also set an alarm to indicate the different time 
periods when working.  It also includes the touch screen and 
we have included a touch screen in the design to do the 
controlling part (Islam and Das, 2017). 

III. METHODOLOGY 
An ergonomic smart table is designed by combining 

electrical electronic and mechanical systems. The table is 
designed to extend from both sides and adjust the angles of 
the table according to the sitting posture by moving the legs 
up and down. This smart table can carry 90 kg. iron and 
wood are used as the main raw material in the design of the 
table. The ergonomic smart table is attached to the 10 inches 
screen. This table is intended to be accessed by central 
software with a LED screen that can be used as a table tab 
with Bluetooth and Wi-Fi connectivity. The smart table is 
equipped with a calculator, clock, and hot plate.  

The main feature of the ergonomic smart table is the 
table legs up and down mechanism, which is mounted in 
two DC motors on either side of the table, and when motor 
2 is rotated, the mounting screw rotates and moves the table 
legs up and down. Table legs vary in height, with a 
maximum height of 950mm and a minimum height of 
650mm. A limit switch is used to activate and operate this 
mechanism. The motor used here is controlled by a motor 
control activated by a Raspberry Pi board. The raspberry pi 
board provides the input signal to the motor control, which 
in turn provides the input to the motor. An HMI is connected 
to the Raspberry Pi board and controls the ups and downs of 
the display interface. 

The hot plate mounted on the front of this ergonomic 
smart table can heat food or liquid to a maximum 
temperature of 65C. This hot plate consists of a load cell and 
when the weight on it increases, the hot plate auto-ON. An 
emergency switch is installed to prevent any accidents. 

Section one 

All wood generally has poor heat transfer qualities-that 
is it cools relatively rapidly after being heated and doesn’t 
transfer heat well through conduction. Most metals are 
electropositive in nature which means they tend to gain the 
electron. Whereas wood is electronegative in nature it tends 
to lose electrons. We know that a material that has more 
electrons can conduct easily, so metals have good 
conducting properties. That's why metal gets heat faster than 
wood. 

Table surface 

Teak wood was used to create the table surface. The 
main reason for this is the durability and strength of teak 
wood. Making the table 700mm wide was the first step in 
creating the table face. The wood was first cut into pieces 
with a width of 15cm. They were then nailed together to 
make a width of 700mm. It was then glued again using glue. 
Then did the first roughing. Then slammed the frame around 
the table and roughened it again. The table face was then 
painted with waterproof paint and as a final step, the rough 
areas were re-roughened and painted.  

Section two 

When a weight is placed on the surface of the table and 
on the table, the weight is supported by the legs of the table.  
Therefore, it should be made possible to bear more weight 
on the legs. 

Lower part of the table 

The footed part of the table is made of iron.  Because it 
should be able to carry a mass of 90kg and have a 
displacement of 300mm.  The maximum height of the table 
is 950mm and the minimum height is 650mm.  Meanwhile, 
the distance is designed to be adjustable to any desired size.  
Linear actuators are used to change the height of the table 
relative to these distances in the table.  The cross-section 
between the legs of the table holds the circuits for operating 
the motor and other table Equipment required to operate the 
linear actuators. 

 
  Figure 1: Minimum height of the table                                            

 

Features included in the table 

The main features of the semi-automatic ergonomic 
smart table are changing the height of the legs and 
controlling the activities of the table through a screen.  It is 
also equipped with many additional features such as a 
wireless charging unit, a heating element, and an 
investigation camera. 

Legs up and down mechanism 

The main feature in the ergonomic smart table is the 
mechanism of legs going up and down, it has two linear 
actuators mounted on both sides of the table.  When the 
motor rotates, the screw is designed to rotate up and down 
from the table.  The maximum height change of the legs is 
950mm and the minimum height is 650mm.  This 
mechanism uses a limit switch to activate and operate it.  
The process done here is controlled by raspberry pi, which 
supplies inputs.  The raspberry pi board is connected to an 
HMI. From that display interface can controls the ups and 
downs mechanism. 
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Hot plate 

The hotplate mounted on the face of this ergonomic 
smart table can heat food or liquid to a maximum 
temperature of 65 degrees Celsius.  This hot plate consists 
of a load cell and as the load on it increases, the hotplate 
automatically turns ON.  An emergency switch is installed 
to prevent any accidents. 

Investigation camera 

The primary purpose of installing an investigation 
camera on the desk was because this desk was purposefully 
created for studying children.  This can be used to see if the 
child is working from the desk when the parents are not at 
home. The type of camera used here is a Battery Wi-Fi 
camera.  This camera can be used for two hours 
continuously when fully charged.  This device is not 
connected to any external wires.  Only the charging cable is 
used here.  A Wi-Fi connection is sufficient to enable this.  
If the camera is within that Wi-Fi range, it can be spread 
anywhere in the world.  In addition, video recordings and 
even a photo of the desk users can be taken here.  

Screen 

The cloud screen allows you to do all the tasks of 
exchanging data and searching for something. The user 
interface used here is created by using the QT software.  It 
can also operate the table top and bottom mechanism.  All 
this is controlled by the raspberry pi board.  Because of the 
pandemic situation, every action has to be done within a 
certain range of distance.  Therefore, this screen helps those 
who are studying in the classroom or at home to maintain a 
continuous connection. 

Wireless charger 

This is an extra function we insert into the table. 
Charging the phone is the main thing that we want when 
using the table. From this wireless charger table users can 
charge their mobile phones without moving to anyplace. 

 

   Figure2:  Linear actuator with a table arm        

 
Figure 5:  Final view of the table 

3. RESULTS AND DISCUSSION 
Before manufacturing section 1, it was needed to find a 

good material. So, the choices depended on different 
conditions. The first choice was to use metal ‘Iron’ for the 
Surface. But the issue was, if the whole part would be made 
of iron, its weight would be more than 150kg and that might 
be practically unsuccessful. Next, ‘Aluminum’ was selected 
as the manufacturing material as it was less in its weight and 
had good resistance. Due to the heavy load, it might get 
buckled in its application.It made us think of another 
material for the table face and finally, our choice was to use 
Teak wood to manufacture section 1 (table face). Teak is a 
fine-grained, durable wood. It stands up extremely well 
to water and can bear high weight as well as is rich in its 
look. 

Advantages 

• Teak wood is harder than other woods like oak, pine, 
etc.   

• It is stable and harder than other varieties of wood. 

• Its properties of hardness and durability having no 
grooves or pockets 

• Teak wood is usually cut from quartered logs, so 
there are fewer chances of these planks being bent 
due to heat and other diverse conditions. 

• It does not fade easily as it absorbs sunlight. 

• Teak wood is a highly durable wood. 

• Teak wood is dense & compact which makes the 
wood anti-corrosive. 

• Teak wood is solid, light-weight, and resilient 
material due to which it is made in a number  
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Disadvantages 

• As it is very hard compared to others, it is difficult 
to cut, give different shapes, and also has a tiring 
installation process. 

4. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS & 

LIMITATIONS 

The main purpose of creating the Semi-Automatic 
ergonomic Smart Table is to make it easier for the students 
who are studying due to this pandemic situation to study 
from home apart from the classroom.  It has a screen to do 
study materials with the class teacher, a camera that can 
monitor where the child is working from, a heater to heat 
something if needed, and a wireless charge.  This is 
designed to change the height of the table if needed.  There 
are several features that can be added to this. Some of them 
are adjusting the surface area of the table to make it foldable, 
and folding the table into smaller sections a desk is 
something that is always used everywhere.  So there are a 
lot of changes that can be made 

For future developments:  

• Insert alarm to warn the user to take a break 

• Modified table  surface with the feature of 
increasing and decreasing the surface area 

• Make it more foldable 

• Adjustable foot holder 

 

 

The project was started to simulate the key parameters 
related to the tables used by the students to make the initial 
practices more efficient. This project was mainly focused on 
students who are carrying out their studies at home due to 
the pandemic situation. Considering the difficult factors 
they are facing during the studying through we were done 
different designs to achieve this task. After going through 
different designs for the table, the finalized design was 
selected while retaining manufacturability and project cost. 
Here we tried to insert all the requirements that students 
want during their studies. Because when studying teachers 
have to monitor the student and have to contact each other. 
This table is the best solution when considering the situation 
that we are facing nowadays. 
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Abstract—Liquid petroleum gas (LPG) is widely used in 

households and industries. Gas leakage is a major problem with 

industrial and residential premises. Another problem is the 

consumer’s unawareness of the daily rate of gas consumption 

and the remaining gas content in the cylinder. One of the 

preventive methods to stop accidents associated with the gas 

leakage is to install a smart gas regulator to identify gas leakage 

quickly. Our project includes three main parts. The major parts 

of our project are safety features of the smart gas regulator and 

weight monitoring system. When a gas leakage is detected, a 

buzzer is switched on and displays a message on the display unit. 

At the same time, turn off the main gas supply, turn on exhaust 

fans and, in a few seconds, the main power supply of the 

residential area is shut down. Then the owner gets an alert as a 

message via mobile application. The other component is the 

staircase climbing gas carriage. Any person who needs to take 

the filled gas cylinder from ground floor to another floor, it may 

help to carry the cylinder safely and quickly without any helper. 

Not only that but also it helps to carry the gas easily in long 

queues in this crisis situation in the country nowadays. Main 

purpose of this project is to monitor for gas leakage to avoid fire 

accidents providing house safety features where security has 

been an important issue. Not only that but also to design an 

easily movable carriage for the gas cylinder. 

 
Keywords:  Smart Regulator, IoT, Node MCU, Gas Leakage 

Detector, Data Analytics, Microcontroller  

 

INTRODUCTION  

LPG is becoming more popular as a fuel in homes, 
factories, and automobiles due to its advantages, such as 
high calorific value, low soot, very little smoke, and low 
environmental impact. LPG is a non-polluting fuel. 
Liquefied petroleum gas is used in both home and industrial 
applications all over the world. It is often used in the home 
for cooking and heating. In Sri Lanka, LPG is used by the 
majority of the population instead of other combustibles. It 
is primarily used in the kitchen for cooking in the home, but 
it is also utilized in a variety of industrial activities like gas 
cutting, gas welding, metallurgical industries, steel plants, 
glass cutting, pharmaceutical industries, and many more. 
One of the most important items in today's world is a gas 

cylinder. The newest global trend is to incorporate 
technology into our homes and workplaces, creating a more 
intelligent environment. Everyday activities are becoming 
increasingly simple. People are increasingly adopting the 
smart home concept, and the gas cylinder is one of the most 
significant items in our kitchen. The project's goal is to 
develop an intelligent gas cylinder.Here, in this project it is 
expected not only to make the gas cylinder smarter but also 
to improve its ease of use and safety. And also to smart the 
regulator, which is the main part that connects to the gas 
cylinder. The existing regulator can only manually cut off 
the gas supply and only provides gas under controlled 
pressure. Some regulators have pressure gauges, which 
reduce cylinder pressure to delivery or outlet pressure in one 
step. Many people only check when the gas is finished. Most 
people are not aware of it. 

 The smart gas regulator designed in our project 
computes how much gas is consumed daily and how much 
is remaining in the tank, Further, it provides an estimation 
of how many days we can use it, relative to how much gas 
is left inside the cylinder.  

 

 

 

 

Fig. 1. Initial design 

In the case of emergency, it will promptly cut off the gas 
supply and notify the user via SMS when a gas leakage 
happens. After being filled with gas, a domestic 12.5 kg gas 
cylinder typically weighs around 28 kg. It weighs more than 
the maximum amount that a person can carry safely. For this 
reason, Our objective is to produce a safe handling carrier 
with a wheel system (Fig. 1). 

II AIM AND OBJECTIVES 

The aim of the project is to design a safe and smart 
system for LPG gas consumers. It will detect the gas 
leakage, identify daily gas consumption, identify the 
balance gas content in the cylinder and introduce a safe 

mailto:kanthi.jayaweera@uovt.ac.lk
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staircase climbing carrier for carrying the gas cylinder from 
ground level to an upper floor. 

The specific objectives of the project are: 

To design a safe LPG regulator which can detect a gas 
leakage and activate safety precautions.  

To design a weight monitoring mechanism for the 
cylinder. 

To design an easily movable carrier for the gas cylinder.  

III PROBLEM IDENTIFICATION 

Sri Lankan domestic gas market is currently 
experiencing a major crisis in terms of supplying LP gas 
cylinders to meet consumer demand and the set standards. 
Many incidents of gas leakages and explosions have been 
reported during the past few months. Another major 
complaint was that the level of gas leak detection smell 
(Ethyl Mercaptan) was not adequate to identify the leaking. 
In addition to that, several explosions of gas cookers were 
also reported. The damages due to these explosions and 
related fires were massive. This situation has made Sri 
Lanka the highest number of gas-related accidents in its 
history last year. 

Possible failures in the quality inspection process of LP 
gas cylinders, distribution of irregular gas-related 
equipment by gas distributors and lack of knowledge of 
consumers on the safe use of LPG are two other identified 
problems. 

Government involvement was a mandatory requirement 
to protect the consumers as around 400 explosions and gas 
leak occurrences were reported by the first week of 
December 2021. A great number of observations of leaking 
gas cylinder valves have also been reported. 

There are four major causes into which the reported 
accidents and incidents can be categorized: 

(a) Explosions of gas in buildings and residences 

(b) Gas cooker explosions which happened suddenly 

(c) Significant gas leaks and the ensuing damage to the 
regulator and hoses 

(d) Minor leaks from the cylinder valve, regulator, or 
hoses. 

The number of accidents reported within a single week 
far exceeded the average number of gas-related incidents 
recorded for an entire year earlier. There must be a terrible 
mistake that caused all these damages. Unconfirmed reports 
now suggest that some of these gas explosion events may 
have resulted in deaths. 

 

IV SCOPE AND LIMITATIONS 

A  Scope   

In this project, it was planned to provide a solution for 
household consumer. However, this can be extended easily 
for some commercial sectors also. 

B  Limitations 

• Weight of the empty gas cylinder is not similar in 
every tank. This was a common problem for the 2.5kg, 5kg, 
12.5kg gas cylinders. According to that reason we have to 
get the average weight of the cylinder. 

 

V  PRODUCT SPECIFICATIONS 

• Give smart details to the user to calculate the 
amount of gas remaining and how many days’ user can use 
it. 

• Gas leakage detection system is to detect the 
malfunctioning of the pressurized gas system in order to 
prevent the accumulation of the gasses so that the explosion 
does not happen.  

• Auto cut off gas valve, turn ON buzzer and exhaust 
fan is done at the time of leakage. LPG leakage is detected 
by the sensor and the information is sent to the user via 
‘GAS PET’ app. 

• Its special function is the ability to quickly switch 
off the main power supply in the situation of an emergency 
gas leak. 

VI METHODOLOGY 

The methodology consists of several activities that have 
been performed in order to ensure that the project can be 
completed successfully.  

• Development of a data flow diagram (Fig. 2) 

• Real time system design 

In this part, the progress of designing this project will be 
discussed in detail. Therefore, this chapter deals with the 
design and construction of the actual system. The system 
can be categorized into two parts as:  

A. Hardware Development 

B. Software Development 

 

Fig.  2 Flow Diagram of  the System 

 

A Hardware Development 

 

Fig. 3 Schematic diagram of the system 

 

B  Software development 

The computer code is created using the Arduino IDE 
(Integrated Development Environment), which is then 
uploaded to the actual board. The open-source Arduino IDE 
environment makes it simple for users to create code and 
program the AT Mega 328 IC. The Arduino IDE is 
relatively easy to use. 

We can categorically declare that being compatible with 
the Arduino IDE is currently one of the primary 
requirements for a new microcontroller board. The Arduino 
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IDE has gained a lot of useful capabilities over time, and we 
can now manage third-party libraries and boards from the 
IDE while retaining the ease of programming the board. 

An Integrated Development Environment (IDE) and the 
core libraries make up the Arduino IDE software. The Java-
based IDE was created using the Processing development 
environment. Both C and C++ are used to create the core 
libraries. The Arduino IDE's main window is used to 
program code for our project. 

 

The Proteus Design Suite is a proprietary software tool 
suite used primarily for electronic design automation. The 
program is primarily used by technicians and electronic 
design engineers to develop schematics and electronic prints 
for printed circuit board production. It is a collection of 
software tools for schematic, simulation, and PCB design. 
We can design schematics and simulate circuits in real-time 
using the application ISIS. Real-time simulation is made 
possible by the simulation's provision for human 
involvement. ARES is used to design PCBs. It offers the 
option to show the result as a three-dimensional depiction of 
the created PCB with all of its components. The designer of 
the product can also produce 2D drawings. 

The library of ISIS has a wide range of materials. 
Sources, measurement and analysis tools like oscilloscopes, 
voltmeters, and ammeters, signal generators, monitoring, 
switches, displays, probes for real-time circuit parameters, 
loads like motors and lamps, discrete components like 
resistors, inductors, capacitors, and analog and digital 
components like resistors, capacitors, inductors, and 
transformers are all included. 

As well as surface mount and whole package PCBs, 
Ares can design PCBs with up to 14 inner layers. It is 
integrated with different component footprints, including 
those of ICs, transistors, headers, connectors, and other 
discrete parts. The PCB Designer has the option of using 
either automatic or manual routing. From the ISIS diagram, 
the area schematic can be automatically transferred. 

Fig. 4 Electrical systems and circuit Design 

 

Android Studio software is used to create the mobile app 
Gas Pet. The official integrated development environment 
(IDE) for creating Android applications is called Android 
Studio. It integrates the code editing and developer tools 
from the “Intellij IDEA”, a Java integrated development 
environment. 

Android Studio utilizes an emulator, a build system based 
on “Gradle” and code templates to facilitate application 
development within the Android operating system. One or 
more modalities with source code and resource files are 
present in every Android Studio project. Modules for 
Google App Engine, libraries, and Android apps are some 
of these modalities. To update running applications with 
new code and resources, Android Studio employs a feature 
called Instant Push. A code editor offers code completion, 
refraction, and analysis in addition to helping the developer 
write code. The APK file is then created from applications 

created in Android Studio and submitted to the Google Play 
Store. 

 

VII THEORETICAL DESIGN AND CALCULATIONS 

In this chapter the calculations of the project are 
described. The final hardware design of the system and the 
outcome of the measurements and its analysis are discussed. 

 

Fig. 5  Design of Tri-Star Frame and Wheels 

 

Rise (a) = 0.15 m 

Tread (b) = 0.28 m  

Radius of Wheel (r) = 0.1016 m 

R = √
𝑎2+𝑏2

3
 = 0.1833m 

 The minimum value of the radius of regular wheel 
(rmin) to prevent the collision of the holders to the stairs is 
derived as follows, 

 

r min = 
6𝑅𝑡+𝑎(3𝑏−√3 𝑎)

(3−√3)𝑎+(3+√3)𝑏
 = 6.67cm  

 

r max = √
𝑎2+ 𝑏2

2
 = 22.46 cm 
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 Fig. 6 Design of Tri-Star Frame and Wheels (Min) 

The maximum value radius of the radius regular wheels 
(r max) to prevent the collision of the wheels together. 

 

 Fig. 7 Design of Tri-Star Frame and Wheels (Max) 

 

Sensing unit 

The output of the sensor is measured in volt V0 

Rs = sensor resistance 

RL = load resistor value in ohms from the MQ5 data 
sheet 

0.653 + 0.657 + 0.671 + 0.666 + 0.669

5
= 0.6632𝑚𝑣 

The sensor operation with current of 0.17mA 

V = IR---------------- 1 

R = 
0.6632𝑚𝑉

0.17𝑚𝐴
= 3.9017Ω 

From the data sheet Range is 10KΩ to 60KΩ. therefore 
at minimum valve R0 = 3.9017 Ω *10KΩ = 40KΩ 

Also from the Mq5 data sheet, 

Rs = (Vc - Vo) x  
𝑅𝑙

𝑉0
  ---------------------- 2 

Rs = (5 -V0) x 20000/V0 

Rs = (100000- 20000V0)/V0 

The data sheet provides a graph for LPG concentration 
in ppm versus Rs/R0. The ppm versus Rs/R0 curve was fitted 
for the values provided which gives; 

Rs/R0 = 18.446 x (LPG ppm) -0.421 

 

Average voltage of out put 

0.653 + 0.657 + 0.671 + 0.666 + 0.669

5
= 0.6632𝑚𝑣 

 

The sensor operation with current of 0.17mA 

V = IR 

R = 
0.6632𝑚𝑉

0.17𝑚𝐴
= 3.9017Ω 

 

Rs = (Vs. - Vo) x  
𝑅𝑙

𝑉0
    

The output of the sensor is measured in volt V0 

Rs = sensor resistance 

RL = load resistor value in ohms from the MQ5 
datasheet 

From the data sheet Range is 10KΩ to 60KΩ. therefore 
at minimum valve R0 = 3.9017 Ω *10KΩ = 40KΩ 

Also, from the Mq5 data sheet, 

 

Then,  

LPG ppm = [
𝑅𝑠

𝑅0

18.446
]

1

−0.421
 

LPG ppm = [
(100000−20000 𝑉0)/𝑉0

𝑅0

18.446
]

1

−0.421

 

LPG ppm = [
(100000−20000 𝑉0)

𝑅0 𝑋 𝑉0

18.446
]

−2.3753

 

LPG ppm = [

(1)

(100000−20000 𝑉0)

18.446 𝑋 𝑅0 𝑋 𝑉0
]

2.3753

 

Where R0 = 40kΩLPG ppm = [

(1)

(100000−20000 𝑉0)

18.446 𝑋 40000 𝑋 𝑉0
]

2.3753

 

 

 

+ error of percentage                                            = 10.4% 

 

- error of percentage 

Indicated weight the empty cylinder                 = 
12.5kg 

Actual maximum weight of the empty cylinder = 12.2kg 

- error of percentage                                           = (12.5-
12.2)/12.5 *100% 

- error of percentage                                           = 2.4% 
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VIII RESULTS AND DISCUSSION 

 

• Testing of gas leakage monitoring system & 

weight of load cell was carried out successfully 

with  ATMEGA 328.  

 

• The weight was placed on the stand for the load 

cell and its readings were tabulated (Table 1).The 

reading given by the load cell is given in 

kilograms. 

 
Table 1  The summarized results 

 

• The gas sensor was tested and the corresponding 

results were tabulated (Table 2). Data was sent to 

the cloud. When the gas leakage is detected, the 

LED glows and the buzzer is turned on 

simultaneously. 
 

Table 2  LPG Detection time Chart 

 

• The data is sent to the Google firebase by the gas 

sensor and load cell with the help of Node-MCU.  

 
• The sensor senses when there is any leakage and 

sends the message to the customer’s mobile app, 

which also turns on the buzzer simultaneously and 

cuts off the main gas supply through the solenoid 

valve. 

It makes a minor percentage of errors when the content of 

gas cylinder weights are varying. But the positive error 

percentage of the system is 10% and the negative error 

percentage is 4%. Hence, we considered the error of 
percentage is negligible in this project. 

 

It may cause errors when the system is used in different 

climatic conditions. For example, when this system was 

used in cool climate areas like Nuwara Eliya, Badulla, it 

indicated low pressure and low temperature. When it was 

used in the northern part of the country it made high 

temperatures and gas pressure incensed. So we set a safety 

point that varies with the temperature for the safety of the 

consumer. It can cause some errors in the upper safety point 

of the pressure. However a proper calibration is needed. 
 

When the gas cylinder is placed on the stand, it should be 

kept at the center correctly. Else it will make load reading 

errors when reading the remaining gas amount. 

 
IX   CONCLUSION 

The gas leakage detection system was proposed, designed 
and tested for home safety and industrial applications. With 

this proposed system, parameters such as gas leakage and 

LP gas weight can be monitored and also controlled by the 

modules, such as when gas leakage is detected, exhausted 

fans will be on automatically to send gas outside of the 

space.  

 

The weight monitoring system was proposed and designed 

in this project to identify the remaining gas content in the 

cylinder so that consumers can easily get an idea of when 

to replace it. 

 The main aim of this project is to detect gas leakages and 
prevent hazardous situations. This system supports in 

identifying gas leakage and automatically shutting down 

the main gas supply and the main power supply. Not only 

that, but also the system sends an SMS to the consumer via 

the 'GAS PET’ mobile application. A mobile carriage helps 

to move the gas cylinder easily from the basement level to 

the upper floors without facing any health and safety issues.  

 

As a conclusion, this gas leakage monitoring system, 

weight monitoring system, and gas cylinder movable 

carriage were successfully designed and developed. By 
testing the system prototype model, it was verified that 

when a small amount of gas is introduced near the gas 

sensor, the system detects the leakage and suddenly 

activates its indicators. 
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Abstract—This research delves into the intersection of 

Software-Defined Networking (SDN) and the challenge posed 

by Advanced Persistent Threats (APTs). We navigate the realm 

of APT detection and mitigation within SDN environments, 

which present unique vulnerabilities. By unraveling the 

foundational principles of SDN, we establish a comprehensive 

understanding of its evolution, architectural components, and 

applications. Concurrently, we dissect the intricacies of APTs, 

revealing their stealthy nature and Command and Control (C & 

C) mechanisms.The fusion of SDN and APTs highlights the 

imperative for robust defenses. We scrutinize the vulnerability 

landscape born from SDN's programmability, addressing the 

exploitation of flow entries, control plane compromise, and an 

array of attack vectors. Despite the scarcity of SDN-specific APT 

models, we analyze broader APT detection and SDN defense 

models. This paper propels the discourse forward, identifying 

potential research avenues and advocating for interdisciplinary 

collaboration to ensure the resilience of SDN infrastructure 

against relentless APT attacks.  

Keywords— Software Defined Network, Advanced 

Persistent Threats, Network Infrastructure Resilient 

I INTRODUCTION 

This research explores the intricate relationship between 
SDN (Software-Defined Networking) and APTs (Advanced 
Persistent Threats). It begins by laying the groundwork for 
SDN, tracing its evolution, and highlighting its potential 
across various industries. 

Simultaneously, it acknowledges the growing threat of 
APTs in cybersecurity, detailing their sophisticated methods 
and emphasizing the importance of understanding these 
threats for effective defense strategies. 

The study then investigates the vulnerabilities that arise 
from the convergence of SDN and APTs, focusing on 
potential attack vectors such as flow entry exploitation, 
control plane manipulation, and various other tactics. 

Despite the lack of specific APT security models for 
SDN, the research draws insights from broader APT 
detection and defense models. It critically reviews existing 
studies, highlighting their strengths and limitations. 

The conclusion advocates for the development of 
tailored SDN-specific APT models, stressing the need for 
collaborative efforts between SDN and cybersecurity 
experts. The ultimate goal is to fortify SDN infrastructures 
against APT attacks for resilient networks. 

The following sections are covered: Section II delves 
into SDN, Section III examines APTs, Section IV 
scrutinizes APTs' influence on SDN, Section V 
encompasses a review of past researches, while Section VI 
outlines future pathways and engenders discussion. 

II SOFTWARE DEFINED NETWORK 

o What is a SDN  

A software-defined network (SDN), as the name 
suggests, refers to a network that is defined by software in a 
programmable way. In traditional network architecture, 
three primary planes define network operations: the Control 
Plane, Data Plane (Forwarding Plane), and Management 
Plane. These three primary planes are tightly combined in 
Traditional Network Architecture, which can lead to issues 
related to network management, flexibility, and scalability. 
To overcome the challenges faced in traditional networks, 
the SDN concept has been introduced. In the SDN 
architecture, the data plane and control plane of the 
traditional architecture have been decoupled to enhance the 
flexibility, manageability, scalability, and security of the 
network. 

o SDN Principals and Architectural 

Components 

SDN provides a high-level overview of its principles and 

architecture, which are subsequently summarized briefly 

and then elaborated in greater detail: 

o Decoupling of the control plane and 

data plane 

The fundamental principle of SDN is to decouple the 
control plane from the data plane while centrally managing 
and configuring network device policies. In traditional 
architectures, network operations had to be performed 
individually on each separate device by network 
administrators [5]. 

o Network Programmability 

SDN introduces a novel network architecture that allows 
computer networks to configure network behavior and 
resources by abstracting the underlying infrastructure [2]. 
This capability empowers network operators and software 
developers to design, implement, and deploy a wide range 
of network applications, services, and even complex 
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protocols, both from traditional and legacy networks [2], 
[6], [7]. 

o Logically Centralized Control 

SDN enables logically centralized control and 
management through a controller, which is the core element 
of the SDN architecture. The controller acts as a bridge 
between SDN applications and the Datapath. Logically 
centralized control enhances network management, 
facilitates policy implementation, and supports other 
network operations more effectively than traditional legacy 
network architectures [5], [8]. 

o Abstraction 

The abstraction of SDN enables applications to operate 
and communicate with the network without necessitating an 
in-depth understanding of the underlying hardware, 
protocols, or topology [9]. It involves simplifying and 
generalizing network information and functions, which are 
then presented to SDN applications by the SDN controller. 
This abstraction allows for the separation of the control 
plane from the data plane, facilitating dynamic network 
configuration to meet specific requirements [9], [10]. 

 

                    Fig.1. SDN Architecture 

As depicted in Fig. 1, the Software Defined Network 
Architecture is structured into three distinct layers: the 
Application Layer, the Control Layer, and the Infrastructure 
Layer. These layers are interconnected through both the 
Southbound Interface (SBI) and the Northbound Interface 
(NBI), enabling seamless communication among them. 
Here's a concise overview of these planes and interfaces: 

o Application Layer: 

This layer comprises SDN applications that are utilized 
to request or configure the underlying SDN infrastructure. 
It is the plane where applications and services define 
network behavior. The management capabilities of this 
application layer have obviated the need for dedicated 
firewalls as appliances or load balancers [11], [12]. 

o Control Layer: 

The Control Layer represents the SDN controller, which 
consists of SDN software and functions as the network's 
brain. The controller communicates with the application 
layer and the infrastructure layer through standard protocols 
to control forwarding devices [13]. It acts as a bridge 
between the application and infrastructure layers. 
Administrators use the SDN controller to manage the entire 
network, including policies, and to monitor traffic flow [12].  

o Infrastructure Layer: 

The Infrastructure Layer constitutes the underlying 
network of forwarding devices, including switches and 
routers. This layer manages the flow of traffic between hosts 
and destinations, guided by policies and rules defined in the 
application layer and overseen by the SDN controller in the 
control layer [12],[13]. Additionally, the layer processes 
data within the network, interconnecting all networking 
devices, and supports standard protocols for seamless 
communication between devices [14]. 

o Northbound and Southbound Interface: 

These two interfaces are making the connectivity 
between the different layers of the SDN architecture. 

The Northbound interface serves as the connection 
between the Application and the Controller. It is not 
standardized and utilizes different languages or APIs for 
communication, such as Java, Python, and REST. These 
languages and APIs are commonly used, allowing 
applications to interact with the SDN [15],[16]. 

The Southbound Interface serves as the connection 
between the controller and the physical networking 
hardware. The southbound interface is standardized with the 
OpenFlow protocol, which enables the establishment of 
connections between controllers, switches, and other 
network components. Additionally, in 'closed SDN' 
solutions, SNMP and CLI can be implemented [15], [16].  

III ADVANCED PERSISTENT THREATS 

o What is a APTs ? 

Advanced Persistent Threat (APT) refers to a type of 
cybersecurity threat that is posed by highly advanced 
adversaries, such as state sponsored or sophisticated 
terrorist groups. These adversaries possess significant 
expertise and resources and aim to establish a lasting 
presence within targeted organizations. Unlike traditional 
attackers with limited capabilities, APTs seek to impede 
various aspects of organizational missions by exploiting 
vulnerabilities in information systems [17].  

The objective of the assailant commonly revolves 
around infiltrating the intended system, extracting relevant 
information about the target using compromised systems. 
After breaching the target's system, they maintain a low 
profile to accumulate the desired data before transmitting it 
to the entity funding the attack. Advanced Persistent Threat 
(APT) incidents typically encompass multiple compromised 
nodes, in contrast to conventional attacks which usually 
involve only one [18]. 

Unlike traditional cyber-attacks, APT attacks are highly 
challenging to detect due to the attackers' utilization of 
sophisticated and stealthy techniques. They employ a range 
of tactics, including social engineering, exploiting 
vulnerabilities, encrypting traffic, concealing malware, 
deleting logs, and continually changing their tactics. These 
strategies enable APTs to infiltrate and maintain a covert 
presence within the network [18],[19]. 

o The Anatomy of APTs 

APT attacks are well-planned and highly organized, 
aiming to maximize the probability of successful 
infiltration. In [18], A. Alshamrani et al. explain that there 
are different phases or steps that an attacker goes through to 
execute an APT attack. However, it's important to note that 
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not every attack necessarily follows these exact steps or 
phases. 

Reconnaissance - The initial step APT attackers take 

involves acquiring knowledge about the target. The more 

they uncover about the target, the greater their chances of 

achieving success. 

In the context of SDN, APTs can use stealth scans to 
gather information that underpins further attacks [23], such 
as the port scan to obtain information about the key nodes 
of the target network, discovering the running applications 
in the victim network (e.g., defense tools or network 
balancing) and DDoS attacks. Their adoption of some APT 
characteristics makes stealth scans hard to detect. With the 
help of an insider, the attackers can bypass the front-line 
defenses and access the targeted network [20], [23]. 

Establishing a Foothold - At this phase, they have 

effectively gained entry into the target's computer system 

and/or network. 

In the context of APT attacks within an SDN 
environment, establishing a foothold involves exploiting 
SDN vulnerabilities to infiltrate the network. This includes 
exploiting flow entries and occupying flow tables over an 
extended period. Such activities create an opportunity for 
subsequent attacks. This process entails sending attack 
packets containing authentic IP addresses to activate 
dormant flow entries. These entries can then be utilized for 
communication in subsequent attacks [20], [21]. 

Progressing Laterally - Once inside the system, their 

objective is to identify nodes containing sensitive data or 

serving as critical components of the organization's 

infrastructure. This requires advancing further into the 

network. 

In this stage, attackers extend their access within the 
network components of the SDN environment, including 
the SDN controller, switches, and other applications. They 
achieve this by leveraging compromised credentials or 
exploiting vulnerabilities present in the initially affected 
node [24]. 

This lateral movement strategy empowers attackers to: 

• Evade and postpone detection and removal efforts 

by security systems or administrators, effectively 

concealing their activities by shifting between 
different nodes. 

• Attain or escalate their privileges and 

authorizations on network components, thereby 

gaining access to more sensitive data or critical 

functions within the network. 

• Fulfill their malicious objectives or goals on the 

network, which could involve data theft, service 

disruption, or even infrastructure destruction [25], 

[26]. 

Data Extraction - When attackers' objective is to obtain the 

organization's data, the process of retrieving and 
transmitting this data to the attackers' command and control 

center falls within this stage. 

Exfiltration empowers APT attackers to transfer and pilfer 

the data or information they have gathered or accessed from 

various network components, such as the SDN controller, 

switches, or applications. They employ diverse tools and 

methods to circumvent network security systems or 

administrator oversight [27]. 

This process grants attackers the ability to: 

• Exploit or utilize the acquired data or information 

for their own gain, including activities like selling, 

blackmailing, or reserving it for future attacks. 

• Inflict damage on the reputation or credibility of 

the network owner or operator by exposing 

secrets, vulnerabilities, or weaknesses. 

• Disrupt or even dismantle the network's 

functionality or performance by actions such as 
deletion, encryption, or alteration of data or 

information. 

Concealment - An APT attack can be deemed successful 

and comprehensive only when the identities of the attackers 

and the entity supporting the attack remain hidden and 

untraceable. This requires the attackers to eliminate any 

traces that could be linked back to them.  

o Command and Control (C & C) 

Communication  

The Command and Control (C&C) phase plays a pivotal 
role in APT attacks. In this phase, attackers exercise control 
over, or issue commands to, compromised systems within 
the target environment. At least one system within the target 
environment must establish communication with an 
external server on the Internet, depending on the chosen 
C&C protocol. Furthermore, the exfiltration of sensitive 
data from the target environment, which is often the primary 
objective of APT campaigns, is an integral part of the C&C 
phase [28]. 

Examining command and control communication in 
APT attacks within the SDN environment entails 
understanding how attackers utilize command and control 
(C2) techniques to communicate with compromised 
systems in a network, as well as comprehending how SDN 
can either be susceptible or resilient to such attacks [28], 
[29], [30]. 

As referenced in [30], C2 constitutes the sixth phase of 
the cyber kill chain, wherein the attacker has successfully 
implanted their management and communication APT code 
into the target network. C2 can be carried out using various 
protocols, including DNS, HTTP, or TCP. 

IV APTS AND THEIR IMPACT ON SDN 

The title APT is one of the main security threats to SDN 
[20]. This section delves into the specific vulnerabilities that 
APTs exploit within SDN environments, showcasing the 
intricate ways in which these stealthy threats can manipulate 
the programmability of SDN to achieve their objectives. 

o Programmability and Vulnerability in 

SDN  

SDN is a new network framework that can be controlled 
and defined by software programming. The 
programmability of SDN allows network administrators to 
manage the network more efficiently and flexibly. 
However, this programmability also introduces new 
vulnerabilities to the network.With centralized control of 
SDN, the network is more vulnerable to encounter APTs 
than traditional networks. Attackers can exploit the 
centralized control of the network to launch attacks on the 
controller or data plane. They can modify the actions of the 
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flow table, change the forwarding path, and focus on 
sensitive hosts to transfer important asset data out through 
tampering flow. 

In addition to APTs, other security threats and issues 
such as malicious traffic attacks and Distributed Denial of 
Service (DDoS) are also of great concern in SDN. 
Therefore, it is important to develop effective security 
mechanisms to protect SDN from these vulnerabilities.  

o Exploiting Flow Entries 

In SDN, flow entries are used to manage network traffic 
[21]. A flow entry is a set of rules that define how packets 
should be processed by the SDN switches. It includes 
information such as the packet's source and destination 
addresses, the actions to be taken on the packet, and the 
priority of the rule.  Exploiting flow entries refers to the 
long-term occupation of flow tables, which can be used as a 
prerequisite for APT attacks [20], [21]. 

o Compromising the control plane 

The centralized control of SDN renders the network 
more susceptible to APTs compared to traditional networks 
[20]. If the control plane is compromised, an attacker can 
potentially commandeer the entire network by 
impersonating the SDN controller. Unlike a targeted attack 
on a router, in SDN, the infrastructure layer relies solely on 
the control plane, making its reliability contingent upon the 
security of the controller. This vulnerability is even more 
severe [20], [22]. 

Moreover, apart from APTs, unauthorized access to the 
controller can result in security breaches and various 
attacks, including but not limited to controller hijacking, 
Denial-of-Service (DoS) and Distributed Denial-of-Service 
(DDoS) attacks, as well as the introduction of fake traffic or 
flow rules [22].  

o  More Attack vectors on SDN 

environment 

There are numerous potential attack vectors within an 
SDN environment, especially with regard to APT attacks. 
Figure 2 illustrates the SDN architecture along with its 
potential attack vectors, highlighted in red. 

  
Fig. 2. SDN Attack Vectors 

o ARP Spoofing Attack 

ARP spoofing is a type of attack that enables an attacker 
to impersonate another computer on the network by sending 
fake ARP packets. This can lead to other attacks, such as 
Man-in-the-Middle (MitM) attacks, where the attacker can 

intercept or modify the traffic between two legitimate hosts 
[31],[32]. 

o Side Channel Attack 

A side-channel attack is an exploitation method that 
leverages the physical characteristics of a computer system, 
such as timing, power consumption, sound, or 
electromagnetic radiation, to deduce the confidential 
information being processed by the system [33]. 

In the realm of SDN, a timing side-channel attack can be 
executed by an attacker who measures the delay between 
transmitting a packet to the controller and receiving a 
response. This delay can unveil the controller's workload or 
the network topology, potentially leading to other attacks or 
inducing network congestion [34]. 

o API Exploitation  

API exploitation refers to an attack that specifically 
targets the application programming interfaces (APIs) used 
for communication between the controller and network 
devices or applications in SDN [35, 36]. In this type of 
attack, an attacker manipulates, abuses, or compromises the 
APIs to gain unauthorized access or control over network 
resources and functions. This unauthorized access can result 
in various security issues such as data leakage, denial of 
service, or network misconfiguration [30], [35].  

o DDoS Attack 

 
A Distributed Denial of Service (DDoS) attack involves 

inundating a target with substantial volumes of malicious 
traffic, aiming to disrupt its regular operations or degrade its 
performance. In the realm of SDN, a DDoS attack can have 
repercussions across the data plane, control plane, or control 
plane bandwidth. This impact is achieved by overwhelming 
the resources or overloading the communication channels of 
the network devices or the controller [37], [38], [39]. 

o Traffic Diversion Attack 

A traffic diversion attack aims to redirect the network 
traffic from its intended destination to a malicious host or a 
black hole. An attacker can perform a traffic diversion 
attack by capturing or modifying the control plane traffic 
between the SDN controller and the network devices, or by 
injecting fake or malicious forwarding rules. A traffic 
diversion attack can cause data leakage, denial of service, or 
network misconfiguration [40]. 

o APP Manipulation 

An application layer manipulation attack focuses on the 
application layer of SDN, which is responsible for 
automating interactions with network devices through the 
SDN controller using APIs [10], [40]. In this type of attack, 
an assailant exploits vulnerabilities within an application to 
achieve unauthorized access or control over network 
resources and functions. Additionally, they can cause 
malfunctions, interruptions, or eavesdropping. Moreover, 
the application layer can serve as a launching pad for other 
attacks on the SDN network [30]. 

o Brute-force and Password Guessing 

Brute-force and password guessing attacks involve 
attempting various passwords to gain access to a system or 
account without prior knowledge of the legitimate 
credentials [51], [52]. Such attacks can occur on non-SDN 
elements. Through password guessing or brute-force 
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methods, unauthorized users might potentially gain access 
to the SDN [50].  

 

V RESEARCH REVIEW: APT DETECTION AND 

MITIGATION MODELS AND TECHNIQUES IN SDN 

o SDN Based Models 

There aren't many research articles on APT detection for 
SDN [20]. While there are some studies on threat mitigation 
models and detection systems against APT, as well as 
overall threat mitigation techniques for the SDN 
environment, there is a lack of focus specifically on APT 
detection within the SDN environment. In this section, we 
emphasize researches on APT detection in SDN and also 
cover some general models for APT detection and SDN 
security. We provide a comprehensive summary of these 
studies and compare the different models. 

o A two-phase detection method against APT attack 

on flow table management in SDN by Xinfeng He 

and Shuchao Sun [21] 

A two-phase detection method for APT attacks on flow 
table management in SDN is proposed to reduce the 
computation overhead on the controller and improve 
detection efficiency and accuracy compared to current 
networks. This model proposes the principle that the latent 
flow entry corresponding to the APT attack flow occupies 
the flow table and suggests a method for preliminarily 
filtering out suspicious flow entries. Finally, the B-P neural 
network method is employed to further detect suspicious 
flow entries based on the selected five-dimensional features. 
The two-phase detection method effectively identifies APT 
attacks on flow table management while avoiding excessive 
consumption of controller resources. 

o The model is divided into two main phases: 

Pre-detection Phase: This initial phase plays a crucial role 

in reducing the computational load on the controller. It 

accomplishes this by proactively identifying suspicious 

flow entries within the SDN switch. This identification 

process takes into consideration the frequency of packet 

occurrences. 

Detection Phase: In this subsequent phase, the focus shifts 

to the detection of potential threats. To achieve this, a set 

of five-dimensional features is carefully chosen based on 

the attributes of packets' behavior in terms of both their 

volume and frequency. These features, designated as ABP, 

FEID, APS, ATEM, and duration, stem from the TMAF 
method for identifying APT attacks within the flow table 

management framework of SDN. 

These five features are meticulously chosen to align with 
the distinct attributes of attack packets. ABP, for instance, 
pertains to the average count of packets that find a match 
per second. This particular metric gives us insight into the 
loading characteristics of packets. On the other hand, FEID, 
which represents the unique flow entry identifier, assists in 
differentiating regular flow entries from hidden ones. 

Another vital feature, APS, captures the average size of 
packets, serving as an important criterion for distinguishing 
between normal and malicious packets. ATEM, denoting 
the average time between matched packets, serves as an 
indicator of the packet arrival frequency. Lastly, the 

duration attribute captures the lifespan of flow entries, 
which proves invaluable in discerning between typical flow 
entries and those that are potentially latent or hidden. 

Afterward, the analysis continues through the utilization 
of a Back-Propagation (B-P) neural network on the 
controller. The B-P neural network, known as a feedforward 
architecture, comprises nodes within its input and output 
layers, along with one or more hidden layers. What sets this 
network apart is its remarkable capability for nonlinear 
mapping. Particularly when dealing with substantial 
datasets, the B-P neural network showcases a more 
pronounced classification effect in comparison to 
algorithms such as support vector machines. 

Notably, the model parameters of this neural network 
are trained and then stored. This serves the crucial purpose 
of detecting latent flow entries that might otherwise go 
unnoticed. 

The significance of this model lies in its capacity to 
alleviate the controller's workload while simultaneously 
enhancing the efficiency and accuracy of detection, setting 
it apart from existing networks. 

The authors have meticulously assessed this model 
through a series of experiments, yielding outcomes that 
underscore the advantages of the TMAF approach. These 
results demonstrate a reduction in the controller's 
computational burden, coupled with heightened efficiency 
and precision in detecting potential threats. To substantiate 
this, the CPU utilization of the controller is scrutinized 
across both attack scenarios and regular network conditions. 
This analysis involves a comparison of CPU resource 
consumption during the flow entry extraction process using 
TMAF, alongside Bayesian network [41] and the 
factorization machine-based technique [42]. 

Moreover, the evaluation encompasses crucial metrics 
like detection accuracy, precision, and recall. This 
evaluation framework showcases that the proposed method 
outperforms its counterparts in identifying APT attacks. 

It's important to acknowledge that the evaluation of the 
proposed method takes place within the context of a single 
controller. Future research endeavors are expected to 
explore the applicability of the method in scenarios 
involving multiple controllers. Additionally, the 
recalibration of the pre-detection threshold is recognized as 
an essential step to adapt the approach for diverse network 
environments beyond SDN. 

o The APT Detection Method in SDN by Jia Shan-

Shan, Xu Ya-Bin [20] 

In their research, Jia Shan-Shan and Xu Ya-Bin 
introduce an APT detection approach leveraging the Hidden 
Markov Model (HMM). The aim is to effectively address 
the multi-stage nature of APT within the context of SDN. 
The authors propose an APT detection method grounded in 
HMM, which not only achieves accurate APT identification 
in SDN but also minimizes resource overhead. 

By employing the HMM framework, the researchers 
succeed in pinpointing distinct stages of APT progression. 
This entails establishing an APT detection model centered 
on the HMM concept. Crucially, the sequential steps of an 
APT are encapsulated as internal states within the HMM 
structure. Each individual step is then associated with an 
observable linked to its corresponding action. 
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Consequently, the APT detection model built upon HMM 
captures the intricate interplay between attack behaviors and 
the evolving stages of APT. This model demonstrates a 
robust capability to accurately identify APT instances while 
imposing minimal memory overhead. 

However, the study acknowledges certain limitations 
stemming from the experimental environment and detection 
parameters. The proposed approach operates on the 
assumption that an attacker's behavior adheres to the 
predefined APT model, which might not always hold true. 
It's important to note that the method may prove less 
effective against APTs employing novel attack methods or 
exhibiting distinct patterns. Consequently, the authors 
recommend exploring alternative attack behaviors and 
devising identification techniques to effectively counter the 
multifaceted and diverse array of APT strategies. 

o The APT Detection Method based on Attack Tree 

for SDN by Shan-Shan Jia, X Ya-Bin 

In this paper, authored by Shan-Shan Jia and X Ya-Bin, 
an enhanced version of APT detection is presented, building 
upon their previous work. The authors introduce a novel 
methodology aimed at effectively identifying APTs within 
SDN contexts, employing the concept of attack trees. This 
approach involves a comprehensive exploration of the APT 
attack process specific to SDN, culminating in the creation 
of an APT attack model grounded in the principles of attack 
trees. By correlating the discerned attack behaviors via 
multiple detection techniques, the trajectory of the attack is 
deduced. 

The core objective of this research is to introduce an 
APT detection approach finely tuned for SDN 
environments, harnessing the power of attack trees to 
precisely identify potential APT occurrences within the 
SDN domain. The paper endeavors to establish an APT 
attack model based on the structural framework of attack 
trees. Subsequently, a meticulous analysis of interconnected 
attack behaviors originating from diverse detection 
methodologies is conducted, facilitating the identification of 
the attack pathway. This identified pathway is then aligned 
with the APT attack model, enabling the assessment of APT 
presence within the SDN landscape. Furthermore, an 
additional aim of this study is to showcase the heightened 
accuracy of the proposed method in APT detection within 
SDN, complemented by a reduction in operational 
overhead. 

 
The Authors introduce an innovative APT attack model 

centered on the attack tree paradigm, adeptly describing the 
protracted and multifaceted nature of APTs within SDN. 
Constructing the attack tree is a result of scrutinizing the 
intricate APT process within SDN. This model 
encompasses distinct stages of an attack, encompassing 
reconnaissance, infiltration, and exfiltration. The attack tree 
serves as a visual representation of these stages and their 
interrelationships. The paper additionally employs the 
Baum-Welch algorithm within the Hidden Markov Model 
(HMM) to train historical APT data, extracting transition 
probabilities to gauge Attack Type correlations. The 
correlation degree and corresponding weight of various 
attributes (k attributes) contribute to the computation of the 
attack path. The ultimate alignment of the determined attack 
path with the established APT attack model is pivotal in 
adjudicating the existence of an APT within SDN. 

Presenting an original APT detection method grounded 
in the attack tree concept for SDN, this paper asserts that its 
approach surpasses existing methodologies in terms of 
precision and operational efficiency. It is important to note 
that the paper acknowledges certain limitations in detecting 
attack behaviors arising from experimental conditions and 
detection settings. To address these limitations, the paper 
advocates for an exploration of alternative attack behaviors 
and the development of identification strategies to 
effectively tackle the intricate and diverse nature of APTs. 
This implies that forthcoming research could focus on 
refining the proposed method by accounting for diverse 
attack behaviors and devising more potent identification 
techniques. Moreover, the effectiveness and efficiency of 
the proposed method could be subjected to further 
evaluation across varied experimental environments and 
detection scenarios, thereby validating its real-world 
applicability. 

o Detecting Stealthy Scans in SDN using a Hybrid 

Intrusion Detection System by Abdullah 

Alqahtani, John Clark [23] 

The paper introduces a novel approach - a hybrid 
Network Intrusion Detection System (NIDS) - designed to 
spot covert scans aimed at SDN networks with the intention 
of reconstructing flow rules. This innovative model 
seamlessly combines two primary machine learning 
techniques: signature-based and anomaly-based detection. 
This dual approach effectively minimizes error rates. 

The central goal of this research is to present a versatile 
Network Intrusion Detection System (NIDS) that can 
effectively identify hidden scans that target SDN networks, 
aiding in the reassembly of flow rules. By capitalizing on 
two fundamental Machine Learning (ML) detection 
methods - namely, signature-based and anomaly-based 
detection - this model successfully curtails error rates. The 
ultimate aim is to provide a pragmatic and potent solution 
for detecting internal breaches and Advanced Persistent 
Threats (APTs). 

The proposed model outlined in this study constitutes a 
hybrid Network Intrusion Detection System (NIDS) that 
proficiently harnesses two primary Machine Learning (ML) 
detection methodologies. These methodologies serve the 
purpose of exposing surreptitious scans that target SDN 
networks and contribute to the restoration of flow rules. The 
two pivotal techniques employed encompass signature-
based detection and anomaly-based detection. 

In the realm of signature-based detection, the model 
employs XGBoost, a supervised learning algorithm, to 
differentiate between ordinary and malicious network 
traffic, relying on pre-established signatures. On the other 
hand, the anomaly-based detection employs the One-Class 
Support Vector Machine (OC-SVM), an unsupervised 
learning algorithm, to map out normal network behavior, 
subsequently spotting deviations from the established norm. 

This innovative model's efficacy is gauged through the 
assessment of a comprehensive dataset, encompassing both 
benign and malicious activities. The evaluation results 
portray the proposed model as a high-performing solution, 
yielding remarkable accuracy, recall, precision, and F1-
score. This collective performance underscores the model's 
proficiency in spotting hidden scans that aim at SDN 
networks, facilitating the reconstruction of flow rules. 
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However, the proposed model is not exempt from 
potential limitations. The evaluation process is carried out 
on a limited dataset, raising concerns about its adaptability 
to alternate datasets and real-world scenarios. Moreover, the 
computational resources required for processing extensive 
network traffic might pose challenges for certain 
organizations. The model's susceptibility to generating false 
positives or negatives is also a point of consideration, as this 
could lead to unnecessary alerts or missed detections. It's 
important to note that the model's effectiveness might be 
compromised in instances of zero-day attacks, which 
involve hitherto unknown threats devoid of established 
signatures or patterns. 

Additionally, the authors recommend avenues for future 
work in this domain. This includes the development of 
history-based features, evaluated either over the network's 
complete operational lifespan or within a recent timeframe. 
Furthermore, exploring alternative Machine Learning (ML) 
techniques, like deep learning, holds promise for enhancing 
detection accuracy and mitigating false positives and 
negatives. Evaluating the model using diverse datasets and 
real-world scenarios to gauge its effectiveness and 
versatility remains crucial. Furthermore, investigating other 
attack types, such as denial-of-service attacks, and devising 
new detection methods for their identification are pertinent. 
Similarly, delving into other network architectures, such as 
cloud-based networks, and innovating fresh detection 
approaches for thwarting attacks targeting these systems, 
are avenues worthy of exploration. In conclusion, the paper 
introduces various future directions that can not only refine 
the proposed model but also extend its utility to various 
scenarios and network frameworks. 

o The SDN-microSENSE architecture proposed by 

Grammatikis et al. presents a novel approach to 

SDN-based resilient smart grids. 

 
The authors of this paper have proposed the SDN-

microSENSE architecture, aiming to enhance the resilience 
of the Smart Grid by leveraging SDN technology. In the 
introduction of the paper, they discuss the evolution of the 
Industrial Internet of Things (IIoT) and its impact on 
conventional Electrical Power and Energy Systems (EPES), 
leading to the emergence of the Smart Grid (SG). The Smart 
Grid offers benefits such as customer choices, pervasive 
control, self-monitoring, and self-healing. However, it also 
introduces privacy and cybersecurity risks that can have 
devastating consequences, particularly from cyber threats 
like Advanced Persistent Threat (APT) attacks. As 
previously mentioned, this paper discusses several cyber 
threats, such as APT attacks, that have affected SDN-based 
Smart Grid solutions and the energy sector worldwide. The 
authors have highlighted that the energy sector, including 
EPES, has been targeted by APTs, resulting in severe 
consequences like blackouts and disruptions in Ukraine and 
other incidents. 

The SDN-microSENSE architecture presents a novel 
approach aimed at enhancing the resilience of the Smart 
Grid (SG) through the utilization of SDN technology. The 
paper's objective is to address challenges by introducing the 
SDN-microSENSE architecture, which employs SDN 
technology to bolster the resilience of Electrical Power and 
Energy Systems (EPES) and the SG across three primary 

tiers: risk assessment, intrusion detection and correlation, 
and self-healing. 

The risk assessment tier is responsible for evaluating 
potential risks and vulnerabilities within the SG system. The 
intrusion detection and correlation tier employ advanced 
mechanisms for detecting and correlating security events 
and alerts, thereby providing early warnings of potential 
cyber threats.The self-healing tier focuses on implementing 
mitigation and energy management actions to ensure the 
seamless operation of the SG system. 

The SDN-microSENSE architecture tackles 
cybersecurity and privacy concerns associated with the SG, 
particularly those tied to legacy Industrial Control Systems 
(ICS) and Supervisory Control and Data Acquisition 
(SCADA) systems. The authors also introduce honeypots 
that simulate communication protocols used in the SG, such 
as IEC-61850, IEC-60870-5-104, and ModbusTCP, in order 
to gather information about potential cyber attackers. This 
architecture builds upon existing research and solutions in 
the field of SG security, including threat modeling, intrusion 
detection, and the use of SDN technology. 

While this paper primarily focuses on enhancing 
resilience against cyber threats in the energy sector using 
SDN, the authors do not discuss potential drawbacks of their 
architecture. Instead, they highlight challenges in 
implementing SDN architecture. Although SDN offers 
advantages in terms of security and network management, it 
also introduces certain challenges that require careful 
management for successful adoption and implementation. 

The authors delve into SDN Implementation 

Considerations due to the various challenges and factors 

involved in implementing SDN-microSENSE: 

 

Technology Requirements: SDN technologies like 

OpenFlow may necessitate the upgrade or replacement of 

intermediary network equipment. 

Compatibility and Integration: Challenges can emerge 

from vendor-specific implementations that deviate from 

standards, potentially leading to compatibility and 

integration issues within the network. 

Specialized Knowledge: The paper mentions that IT 

personnel need specialized knowledge in SDN to 

troubleshoot network issues arising from SDN control. 

Unforeseen Complications: While SDN offers benefits in 

network management, it might introduce unforeseen 

technical and managerial complications, potentially 

resulting in increased financial costs during adoption. 

o Honeypot Detection Strategy against Advanced 

Persistent Threats in Industrial Internet of Things: 

A Prospect Theoretic Game by Wen Tian, Miao 

Du, Xiaopeng Ji, Guangjie Liu, Yuewei Dai, and 

Zhu Han 

This paper introduces a novel approach for bolstering 
the security of industrial Internet of Things (IIoT) devices 
against APT attacks. Instead of a dense technical jargon, we 
propose a fresh strategy that hinges on a dynamic bounded 
rational honeypot-APT game model within the realm of 
IIoT. This approach not only outperforms existing defenses, 
but it also brings clarity to the management of IIoT device 
security. 
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At its core, this strategy is deeply intertwined with the 
concept of SDN. The proposed model leverages SDN to 
oversee honeypots, gather data, and discern APT attacks in 
a more effective manner. We also delve into the 
vulnerability of SDN, which is essentially the heart of 
sensitive data storage and business interaction, and offer a 
remedy to counter APT attacks. 

Our model stems from the intriguing prospect theory, 
which orchestrates a dynamic tussle between attack and 
defense maneuvers. This framework involves two pivotal 
players – the defender and the attacker – each optimizing 
their strategies to gain an upper hand. The defender's goal is 
to maximize utility through smartly-timed honeypot data 
collection and analysis, while the attacker seeks to optimize 
their own utility by strategically timing their attacks. We 
introduce the Prelec function and value function to 
encapsulate bounded rationality, lending depth to the model. 

To validate our approach, we executed experiments 
using Network Simulator version 2. While the results 
demonstrated our strategy's robustness, it's important to 
acknowledge some limitations that warrant discussion. The 
use of simulation-based evaluation through Network 
Simulator version 2 might not perfectly replicate real-world 
scenarios, thus demanding a cautious interpretation of the 
results. Additionally, the experiment was conducted on a 
relatively smaller scale, potentially limiting the applicability 
of findings to larger networks. 

 
Another pertinent limitation arises from the assumption 

that both the attacker and defender possess complete 
information about each other's strategies. Real-world 
situations often deviate from such assumptions. 
Furthermore, our model does not account for the broader 
impact of attacker actions on network performance, which 
holds significance in practical scenarios. Lastly, the 
presumption of rational decision-making by both attacker 
and defender might not always hold true in the real world. 

In conclusion, proposed model showcases promising 
potential, yet further exploration is imperative to ascertain 
its viability in real-world settings. Addressing the 
aforementioned limitations and delving deeper into real-
world applicability are crucial aspects for future research. 
We foresee an exciting avenue of investigation into multi-
defender and multi-attacker collaboration under bounded 
rationality within the IIoT landscape. This next phase would 
entail understanding how these entities can cooperate to 
enhance the security of IIoT devices against APT attacks, 
all while embracing the dynamic interplay outlined by the 
prospect theory. 

o Defense against advanced persistent threat 

through data backup and recovery by Lu-Xing 

Yang et al [49] 

The authors of this paper have introduced an innovative 
strategy to counter Advanced Persistent Threats (APTs) by 
leveraging Data Backup and Recovery (DBAR) techniques. 
This approach aims to surpass the traditional methods of 
APT defense that focus on detection and repair. 

The main essence of this paper revolves around 
presenting a fresh defense strategy against Advanced 
Persistent Threats (APTs) using Data Backup and Recovery 
(DBAR) techniques. The goal is to overcome the limitations 
of the conventional APT defense, which relies on detection 

and repair, by creating a more powerful and efficient 
alternative. Furthermore, the study delves into the challenge 
of devising a cost-effective DBAR approach, framing it as 
a problem in differential game theory. The ultimate 
objective is to identify a DBAR strategy that effectively 
balances cost and performance, drawing on the concept of 
Nash equilibrium. 

Within this study, the authors propose a systematic 
approach to identify a cost-effective DBAR strategy for 
countering advanced persistent threats (APTs). The 
effectiveness of this strategy is evaluated by assessing 
potential losses an organization might suffer due to APT 
incidents and network downtime resulting from 
implementing a DBAR strategy. By translating the pursuit 
of an affordable DBAR strategy into a differential game-
theoretic context, the authors formulate and derive the 
optimal approach. The resulting DBAR strategy, derived 
from this optimal approach, aligns with Nash equilibrium 
principles, thus showcasing cost-effectiveness. Through 
comprehensive comparative experiments, the authors 
validate the effectiveness of the DBAR strategy arising from 
the optimal approach. This underscores the practicality of 
their proposed methodology in establishing a cost-effective 
DBAR strategy for APT defense. 

The proposed DBAR-centric defense mechanism 
against APTs can seamlessly integrate with the framework 
of software-defined networking (SDN), effectively 
bolstering organizational data against APT attacks. The 
DBAR strategy model proves valuable in identifying an 
economical defense approach, guided by Nash equilibrium. 
This approach extends beyond APT defense to address 
diverse cybersecurity challenges including smart grid 
security, blockchain security, and privacy protection. This 
study introduces a novel perspective on APT defense, 
providing organizations with tools to safeguard their data 
against APT threats. 

Highlighting the importance of data backup and 
recovery methods in disaster recovery for APT defense, this 
paper establishes a theoretical foundation for the 
development of more potent and efficient APT defense 
mechanisms in the future. As such, the practical 
implications of this paper are of considerable value for 
organizations aiming to secure their data against APT 
attacks and for researchers dedicated to advancing APT 
defense mechanisms. 

 

o Although the research doesn't explicitly outline 

the paper's limitations, certain potential 

drawbacks can be inferred: 

 
The authors do not directly address the potential 

drawbacks or limitations of the DBAR model; instead, they 
mention possible limitations. The proposed DBAR-based 
APT defense strategy might not universally apply to all 
types of organizations or network setups. The methodology 
for identifying a cost-effective DBAR strategy might not be 
universally applicable to all APT attack scenarios or 
network configurations. Implementing the model's 
methodology might require significant computational 
resources and time to determine the optimal DBAR strategy. 
It might not encompass all factors influencing the cost-
effectiveness of the DBAR strategy. 
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The methodology of the DBAR model might not readily 

adapt to the ever-changing landscape of APT attacks and 
network environments. It cannot guarantee complete 
prevention of APT incidents or complete data recovery. 
Implementing and maintaining the proposed methodology 
could necessitate a certain level of technical expertise and 
might not address all cybersecurity concerns organizations 
could face. 

o General Models 

The studies mentioned above delve into the realm of 
Advanced Persistent Threats (APTs) and Software-Defined 
Networking (SDN), each offering unique perspectives. In 
this section, we will explore these research articles, 
discussing their enhancements and limitations. Rather than 
focusing on specific articles, we will discuss these studies in 
a more general context. 

Upon analyzing these articles, it becomes evident that 
there is substantial potential for improvement through the 
application of Machine Learning (ML) and Deep Learning 
(DL) techniques. In studies [43], [44], and [45], researchers 
have presented distinct ML and DL approaches to fortify 
networks against APT attacks. Notably, these models do not 
exclusively address their application within the SDN 
environment. Additionally, research into DL and ML 
strategies for combating cyber threats is not limited. A 
comprehensive survey of ML and DL integration within 
SDN settings has been presented in [46]. 

In [43], the primary focus is on promptly detecting APT 
attacks. This study employs a variety of machine learning 
methodologies, including the C5.0 decision tree, Bayesian 
network, and deep learning models. The NSL-KDD dataset 
is utilized to identify and classify APT attacks using 
machine learning techniques. With a dataset comprising 
148,517 samples—125,973 for training and 22,544 for 
testing—the deep learning model stands out for its timely 
detection capabilities. Achieving an impressive accuracy 
rate of 98.85% and a false positive rate of 1.13%, this 
model's automatic multi-layered feature extraction proves to 
be highly effective. 

Moving on to [44], this research introduces a method for 
detecting Control and Command (C&C) servers within APT 
attacks, hinging on network traffic analysis driven by 
machine learning. The identification of C&C servers is 
pivotal in APT attack prevention. This method employs 
various network traffic features, such as byte count over 
time, TCP SYN packet percentage, and inter-arrival time 
ratios, to discern patterns associated with C&C server 
communication. 

 
In [45], a novel approach to APT attack detection is 

proposed, founded on the analysis of network traffic using 
a combined deep learning model. This approach 
amalgamates deep learning networks—multilayer 
perceptron (MLP), convolutional neural network (CNN), 
and long short-term memory (LSTM)—to detect signs of 
APT attacks within network traffic. The detection process 
encompasses IP feature extraction and APT attack IP 
classification. Remarkably, the combined deep learning 
models exhibit remarkable proficiency, yielding accuracy 
levels between 93% and 98% for APT attack detection 
based on network traffic. Notably, the study underscores the 

necessity of a robust dataset encompassing a substantial 
number of flows and IPs, along with balanced average flow 
distribution, to optimize deep learning model performance. 

 
Furthermore, we encounter studies exclusively centered 

on SDNs. In [47], authors propose an architecture for 
malware analysis utilizing Software-Defined Networking 
(SDN) to dynamically adapt the network environment based 
on malware actions. This architecture harnesses SDN's 
adaptability to reconfigure network settings in response to 
malware activities, thereby enhancing the detection and 
analysis of sophisticated malicious software. 

Turning to [48], this paper introduces a secure 
distributed model leveraging blockchain technology to 
facilitate cyber threat intelligence sharing among diverse 
stakeholders within SDN networks. This model guarantees 
unalterable record-keeping and immutable logic through 
blockchain and smart contract integration. The proposed 
model has been realized using the Hyperledger Fabric open-
source permissioned blockchain platform. 

V FUTURE DERECTIONS AND DISCUSSION 

The journey of research we've embarked upon in the 
preceding sections unveils the remarkable progress made in 
the quest to enhance the resilience of Software-Defined 
Networking (SDN) infrastructure against the ever-evolving 
landscape of Advanced Persistent Threats (APTs). While 
these studies have provided valuable insights and 
innovative approaches, it's evident that achieving a 
comprehensive defense against APT attacks within SDN 
environments remains a complex challenge. Despite the 
significant advancements, the current models and strategies 
are not without limitations and complexities that require 
thoughtful consideration. 

The research papers we've explored present various 
strategies for mitigating APT attacks within the SDN 
domain, such as TMAF [21], HMM [20], and NIDS [23], 
each designed to counter these threats. However, applying 
these models in real-world situations often encounters 
computational demands that could strain network resources 
when implemented at scale. While these models 
demonstrate effectiveness in controlled environments, 
adapting them for practical deployment necessitates 
addressing real-world obstacles while maintaining 
scalability and efficiency. 

One overarching observation throughout these studies 
is the limited focus on dedicated research exclusively 
targeting APT attacks within SDN environments. In many 
cases, the focus leans towards general approaches to APT 
detection or safeguarding against conventional cyber 
threats. The secretive and sophisticated nature of APT 
attacks, often orchestrated by state-sponsored adversaries, 
emphasizes the urgency of adopting strategies that go 
beyond traditional cybersecurity approaches. 

As our research journey continues, future directions for 
ensuring resilient SDN infrastructure against APTs come 
into view: 

Real-World Implementation and Validation: A 
recurring theme in these studies is the intended 
implementation of proposed models and strategies in real-
world operational settings. Bridging the gap between 
research and practical application is crucial to confirming 
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the effectiveness and adaptability of these approaches 
under genuine conditions. 

Strengthening Resilience and Adaptability: The next 
phase involves enhancing the resilience of detection and 
mitigation models to cover both known and emerging APT 
attack vectors. Overcoming challenges related to false 
positives and false negatives while accommodating 
evolving threat tactics is of utmost importance. 

Integration of Machine Learning (ML) and SDN: An 
exciting avenue is the integration of Machine Learning and 
Deep Learning techniques with Software-Defined 
Networking. By applying ML algorithms to analyze 
network traffic and predict potential threats, combined with 
SDN's flexibility, a proactive defense approach can be 
established. 

Promoting Collaborative Defense: APT threats often 
transcend organizational boundaries. The future entails 
creating frameworks that enable secure sharing of threat 
intelligence and collaborative defense efforts, enhancing 
collective resilience while respecting privacy. 

Synthesis of Comprehensive Security Strategies: The 
way forward involves crafting comprehensive security 
strategies that blend traditional network security practices 
with innovative methods. By incorporating AI-driven 
detection, SDN's dynamic adaptability, and the agility of 
threat intelligence sharing, a robust defense mechanism 
against APT threats can be formed. 

Establishing Standardized Evaluation Frameworks: 
Setting up benchmarking standards and unified evaluation 
criteria for APT detection and mitigation models can 
facilitate objective comparisons and drive continuous 
improvement. 

Nurturing Industry-Academia Collaboration: 
Achieving the vision of resilient SDN infrastructure against 
APTs requires close collaboration among researchers, 
cybersecurity experts, and industry stakeholders. Such 
partnerships will align solutions with practical challenges 
and real-world conditions. 

In conclusion, the journey to safeguard SDN 
infrastructure against APT attacks is an ongoing and 
dynamic pursuit. The progress made through existing 
research is promising, but this journey demands persistent 
exploration, innovative methodologies, and collaborative 
efforts. Given the multidisciplinary nature of this 
challenge, combining research insights, industry 
involvement, and cybersecurity expertise becomes 
essential in building strong defenses against the elusive and 
sophisticated APT threats within SDN environments.  
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Abstract—Public sentiments and opinions concerning 

COVID-19, a highly infectious disease, were disseminated 

across several online platforms. Quantifying the sentiment and 

the related aspects expressed would help not only gauge the level 

of anxiety in the public but also provide useful directions to the 

authorities. This study performs Aspect Based Sentiment 

Analysis on COVID-19 related Nepali language tweets by 

focusing on identifying aspects and estimating the sentiment 

related to them. By focusing on both sentiment and the target it 

provides a more detailed understanding of opinions and 

attitudes expressed in the text. However, one of the challenges 

was the absence of a well-labeled aspect dataset for the Nepali 

text related to COVID-19. In this paper, a publicly available 

tweet dataset was collected and preprocessed. Next, aspect words 

and sentiment words were obtained by POS tagging then 

COVID-19 related aspect dataset was established. The aspect 

dataset is passed to the machine learning and deep learning 

models (such as SVM, GRU, and BiLSTM) to estimate the 

polarity of the COVID-19 tweets. Promising results were 

obtained with F1 scores of 0.73, 0.78, and 0.77 respectively for 

SVM, GRU, and BiLSTM. This study significantly contributes 

to the research domain by developing an aspect dataset related 

to COVID-19 for the Nepali language and verifying its 

usefulness by implementing machine learning and deep 

learning models for Aspect-Based Sentiment Analysis.  

Keywords—COVID-19, Nepali language, tweets, aspect 
based sentiment analysis, SVM, GRU, BiLSTM. 

I. INTRODUCTION  

Throughout history, there have been many infectious 
disease outbreaks that have significantly impacted the 
human population, causing both loss of lives and damage 
to economies. COVID-19 (Coronavirus Disease 2019), a 
global health crisis that emerged at the end of 2019, has not 
only altered everyday lives but has also remarkably 
influenced public discourse [1]. In today's world, online 
social media platforms such as Twitter1 (recently renamed 
to X), Google2, and Facebook3 can be easy and effective 
means for understanding sentiments through posts related 
to the COVID-19 pandemic[2]. As the pandemic was 
entirely new and the virus was highly contagious, various 
governments attempted different measures to control its 
spread. 

 

1 https://twitter.com/ 

2 https://google.com/ 

Tweets have been a publicly accessible medium for 
sharing and learning about various situations, news, and 
events that occur in our daily lives. It caters to an 
unprecedented amount of user-generated content which has 
been successfully used for various applications such as 
urban studies [17], pandemic and disaster [2,18], tourism 
and hospitality industry [4,17], and so on. During the  

COVID-19 pandemic, people worldwide posted their 
thoughts as tweets in various languages. Many Nepali 
people have also composed tweets in their native language 
sharing their thoughts, feelings, and emotions in response 
to COVID-19. 

Sentiment analysis, often referred to as opinion mining, 
is the process of determining the emotional tone or attitude 
expressed in a piece of text. This is a Natural Language 
Processing (NLP) technique that identifies whether the 
sentiment behind a text is positive, negative, or neutral [2]. 
Numerous studies have been conducted on sentiment 
analysis; however, aspect-based sentiment analysis 
remains a domain with areas that are yet to be extensively 
researched [4, 16]. 

This study utilized the NepCOV19Tweets [3] dataset to 
predict the sentiments of Nepali Language tweets. Most 
research on sentiment analysis often focuses on 
categorizing text into positive or negative sentiments [6,7]. 
Instead of just labeling the text as positive, negative, or 
neutral, this study aims to find out what specific aspect is 
related to that sentiment. This deeper look is called 'Aspect- 
Based Sentiment Analysis' (ABSA) [15]. Aspect words are 
usually nouns or noun phrases that represent the subject 
matter of the sentence and sentiment words can be 
adjectives or verbs that convey emotions or opinions [19]. 
Based on the sentiment words associated with each aspect, 
ABSA classifies the sentiment as positive, negative, or 
neutral. 

This paper contributes by developing COVID-19 
related ABSA dataset by performing Parts Of Speech 
(POS) tagging on Nepali tweets. Next, verify the usefulness 
of the dataset by performing the aspect-based sentiment 
analysis on it using machine learning and deep learning 
models. 

3 https://www.facebook.com/ 

https://twitter.com/
https://google.com/
https://www.facebook.com/
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II. RELATED WORKS   

Early studies have focused on popular languages such 
as English, Spanish, French, etc., but there is limited 
research on low-resource languages like Nepali [6,7]. This 
gap becomes even more pronounced when considering the 
scarcity of research specifically addressing tweets in the 
Nepali language pertaining to COVID-19. In this section, 
we will explore the groundwork laid by other researchers 
in this fascinating field. 

     Shahi et al. [3] proposed a method by identifying 
HybridFeature (FastText + TF-IDF) to represent Nepali 

COVID-19 related tweets for the sentiment classification 

and evaluated the classification performance of nine 

machine learning models (LR, KNN, NB, DT, RF, ETC, 

AdaBoost, MLP-NN, and SVM). The SVM-based model 

was the best-performing classifier with an overall 72.1% 

classification accuracy. This paper has limitations and 

suggests the use of other feature extraction methods and 

deep learning models to improve the performance. The 

authors in [6] proposed an aspect-based sentiment analysis 

on Nepali text. This study used SVM and Naive Bayes 
algorithms for sentiment classification. Feature extraction 

was done by manual labeling and TF-IDF was used to 

compute the importance of the words. The Bernoulli Naive 

Bayes classifier performed better yielding an accuracy of 

77.5%. Sentiment classification was done only in the 

positive and negative classes. Likewise, the authors [7] 

used a pre-train multilingual BERT model for the aspect 

term extraction and a BiLSTM model for the sentiment 

classification for abusive Nepali text and achieved an 

accuracy of 81.6%.  
   Nemes et al. [9] introduced the Recurrent Neural 

Networks (RNN) model to classify COVID-19 related 
English tweets as positive or negative. Naseem et al. [10] 
tested traditional machine learning classifiers like SVM 
and Naive Bayes, as well as deep learning models like Bi-
LSTM. They represented general English language tweets 
using embeddings such as FastText, GloVe, word2vec, and 
BERT. The fine-tuned BERT model achieved the highest 
accuracy of 92.90%.   

   The authors [5] use BERT models to analyze Twitter 
sentiment on vaccination and vaccine types during the 
COVID-19 pandemic in several countries. English and 
Turkish tweets were collected from the US, UK, Canada, 
Germany, Spain, Italy, France, and Turkey.  The result 
showed that BERT models can be used effectively for this 
task. 

  Pathak et al. [21] introduced two ensemble models 
leveraging multilingual BERT (i.e. mBERT-E-MV and 
mBERT-E-AS) for aspect-based sentiment analysis in 
Hindi. By transforming ABSA into a sentence-pair 
classification task and fine-tuning pre-trained BERT 
models, these ensembles were tested on the III-Patna Hindi 
Reviews dataset, spanning various domains. The proposed 
model achieved accuracy up to 78.09%. 

   Dutta and the team [22], performed ABSA of India-
specific COVID-19 tweets, utilizing the multi-criteria 

decision-making technique alongside a bi-directional gated 
recurrent unit model. Employing a rigorous 10-fold cross-
validation for validation and testing, the model has shown 
promising results, yielding an accuracy of 82.35% for the 
lockdown period dataset and 83.33% for the unlock period 
dataset. However, the research has identified gaps, notably 
the omission of sentiment analysis from emojis and the lack 
of identification of psychological impacts and hate speech 
within the tweets. Addressing these gaps in future research 
could provide a more comprehensive understanding of 
public sentiment during the pandemic. 

  Pasupa et al. [24] perform a comparative analysis 
using a dataset comprised of 1115 sentences from Thai 
children's tales, each classified to express negative, neutral, 
or positive emotions. It explores the efficacy of three deep 
learning models which are Convolutional Neural Network 
(CNN), Long Short-Term Memory (LSTM), and 
Bidirectional LSTM (BiLSTM) through a 10-fold cross-
validation mechanism. Results indicate that the CNN 
model tops with an F1 score of 0.817, followed by Bi-
LSTM and LSTM with 0.805 and 0.793, respectively. 
Notably, the study discovered that integrating word 
embedding, POS-tagging, and semantic features enhances 
model performance.  

    A recent study [25]  investigates sentiment analysis 
on a dataset of 4035 Nepali tweets related to COVID-19. It 
benchmarks three models: NB, SVM, and LSTM using a 
10-fold cross-validation approach. Among the models, 
LSTM outperforms the rest, achieving an accuracy of 79% 
along with precision and recall at the same level, 
culminating in an F1 score of 0.79 However, the study 
acknowledges limitations, such as the relatively small 
dataset size, the absence of pre-trained word embeddings, 
and the lack of testing across different Nepali text genres. 

   The research [26] delves into the classification of 
12,241 manually annotated Nepali tweets into eight 
discussion topics using two language models, mBERT and 
MuRIL, with a 10-fold cross-validation method. Results 
indicated that MuRIL, tailored to the Nepali language 
family, excelled with an F1 score of 0.840 when applied to 
the full dataset, surpassing mBERT which scored 0.823 on 
the same dataset size. Despite its insights, this study was 
limited to only two models and did not explore hybrid 
architectures or other Nepali text forms.  

   In previous research, ABSA has primarily been 
conducted in English and other languages, with only a 
limited number of studies focusing on the Nepali language 
[6,7,25]. Notably, there is a significant gap in the existing 
literature concerning ABSA applied to COVID-19 data in 
the Nepali language. Additionally, the experimental 
findings indicate that the proposed multi-task framework 
consistently outperforms single-task frameworks across all 
experiments. Previous work [3] suggested the use of deep 
learning models for Nepali language datasets for sentiment 
analysis tasks. 
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III.  MATERIALS AND METHOD  

 
 

Figure 1: Proposed model 

    Figure 1 shows the framework used for aspect 
based sentiment analysis on Nepali language texts. First, 
preprocessing of the NepCOV19Tweets dataset was done. 
The features were extracted using the TF-IDF vectorizer, 
and the data was divided into training and testing subsets. 
Next, the data were fed into three different models SVM, 
GRU, and BiLSTM. Finally, the models predicted the tweet 
sentiment as positive, negative, or neutral. 

A.  Datasets Used 

 The NepCOV19Tweets [3] dataset was utilized, 
as it is publicly available and well-suited for our aspect-
based sentiment analysis in the academic paper. This 
dataset consists of tweets from Feb 11, 2020, to Jan 10, 
2021. There are a total of 33,247 tweets in that dataset. Out 
of these tweets, 14,957 are positive, 13,546 are negative 
and the rest 4,744 are neutral in terms of their sentiments. 
Some examples of the tweets are listed below: 

-कोभिड सङ््करमणमा आयुरे्वदीय भर्वशे्लषणात्मक दृभिकोण र 

जभडबुटी (Neutral)कोभिड सङ््करमणमा आयुरे्वदीय 

भर्वशे्लषणात्मक दृभिकोण र जभडबुटी -कोभिड सङ््करमणमा 

आयुरे्वदीय भर्वशे्लषणात्मक दृभिकोण र जभडबुटी 

(Neutral)(Neutral)-कोभिड सङ््करमणमा आयुरे्वदीय 

भर्वशे्लषणात्मक दृभिकोण र जभडबुटी (Neutral) 

-िारत र रुसले करोड डोज कोभिड खोप भदने (Positive)िारत 

र रुसले करोड डोज कोभिड खोप भदने -िारत र रुसले करोड 

डोज कोभिड खोप भदने (Positive)(Positive)-िारत र रुसले 

करोड डोज कोभिड खोप भदने (Positive) 

-बााँकेमा कोभिड संरभमत पुरुषको मृतु्य (Negative)बााँकेमा 

कोभिड संरभमत पुरुषको मृतु्य -बााँकेमा कोभिड संरभमत 

पुरुषको मृतु्य (Negative)(Negative)-बााँकेमा कोभिड संरभमत 

पुरुषको मृतु्य (Negative) 

 

  

PreProcessed Tweets Aspect words Sentiment 

Words 

Polarit

y 

कोभिड_NN  सङ््करमण_NN आयुर्वदेीय_JJ 

भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NNकोभिडकोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN_NN  कोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NNसङ््करमणकोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN_NN कोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NNआयुर्वदेीयकोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN_JJ कोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NNभर्वशे्लषणात्मककोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN_JJ कोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NNदृभिकोणकोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN_NN  कोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NNजभडबुटीकोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN_NNकोभिड_NN  सङ््करमण_NN 

आयुर्वेदीय_JJ भर्वशे्लषणात्मक_JJ दृभिकोण_NN  

जभडबुटी_NN 

जभडबुटीजभडबु

टीजभडबुटीजभड

बुटी 

 

 

भर्वशे्लषणात्म

कभर्वशे्लषणा

त्मकभर्वशे्लष

णात्मकभर्व

शे्लषणात्मक 

 

 

Neutra
l 

िारत_NNP रुस_NN करोड_CD डोज_NN कोभिड_NN 

खोप_NN भदने_VBिारतिारत_NNP रुस_NN 

करोड_CD डोज_NN कोभिड_NN खोप_NN 

भदने_VB_NNP िारत_NNP रुस_NN करोड_CD 

डोज_NN कोभिड_NN खोप_NN 

भदने_VBरुसिारत_NNP रुस_NN करोड_CD डोज_NN 

कोभिड_NN खोप_NN भदने_VB_NN िारत_NNP 

रुस_NN करोड_CD डोज_NN कोभिड_NN खोप_NN 

भदने_VBकरोडिारत_NNP रुस_NN करोड_CD 

डोज_NN कोभिड_NN खोप_NN भदने_VB_CD 

िारत_NNP रुस_NN करोड_CD डोज_NN कोभिड_NN 

खोप_NN भदने_VBडोजिारत_NNP रुस_NN करोड_CD 

डोज_NN कोभिड_NN खोप_NN भदने_VB_NN 

िारत_NNP रुस_NN करोड_CD डोज_NN कोभिड_NN 

खोप_NN भदने_VBकोभिडिारत_NNP रुस_NN 

करोड_CD डोज_NN कोभिड_NN खोप_NN 

भदने_VB_NN िारत_NNP रुस_NN करोड_CD 

डोज_NN कोभिड_NN खोप_NN 

भदने_VBखोपिारत_NNP रुस_NN करोड_CD डोज_NN 

कोभिड_NN खोप_NN भदने_VB_NN िारत_NNP 

रुस_NN करोड_CD डोज_NN कोभिड_NN खोप_NN 

भदने_VBभदनेिारत_NNP रुस_NN करोड_CD डोज_NN 

कोभिड_NN खोप_NN भदने_VB_VBिारत_NNP 

रुस_NN करोड_CD डोज_NN कोभिड_NN खोप_NN 

भदने_VB 

खोपखोपखोपखो

प 

भदनेभदनेभदने

भदने 

Positiv

e 

बााँके_NN  कोभिड_NN संरभमत_JJ पुरुष_NN  

मृतु्य_NNबााँकेबााँके_NN  कोभिड_NN संरभमत_JJ 

पुरुष_NN  मृतु्य_NN_NN  बााँके_NN  कोभिड_NN 

संरभमत_JJ पुरुष_NN  मृतु्य_NNकोभिडबााँके_NN  

कोभिड_NN संरभमत_JJ पुरुष_NN  मृतु्य_NN_NN 

बााँके_NN  कोभिड_NN संरभमत_JJ पुरुष_NN  

मृतु्य_NNसंरभमतबााँके_NN  कोभिड_NN संरभमत_JJ 

पुरुष_NN  मृतु्य_NN_JJ बााँके_NN  कोभिड_NN 

संरभमत_JJ पुरुष_NN  मृतु्य_NNपुरुषबााँके_NN  

कोभिड_NN संरभमत_JJ पुरुष_NN  मृतु्य_NN_NN  

बााँके_NN  कोभिड_NN संरभमत_JJ पुरुष_NN  

मृतु्य_NNमृतु्यबााँके_NN  कोभिड_NN संरभमत_JJ 

पुरुष_NN  मृतु्य_NN_NNबााँके_NN  कोभिड_NN 

संरभमत_JJ पुरुष_NN  मृतु्य_NN 

मृतु्यमृतु्यमृतु्यमृतु्य संरभमतसं

रभमतसंर

भमतसंरभमत 

Negati

ve 
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Based on these tweets available in NepCOV19Tweets, 
we manually developed a new aspect dataset consisting of 
aspects words, sentiments words, and polarity. This newly 
developed dataset consists of 5019 filtered and tagged data 
i.e. tweets. The number of positive, negative, and neutral 
tweets are 1347, 2464, and 1208  respectively. 

B. Pre-processing 

The pre-processing activities involved data cleaning, 
tokenization, stop word removal, stemming, and Part-of-
Speech Tagging. Tokenization was done by using Natural 
Language ToolKit (NLTK) and the Indic Languages 
(iNLTK) library [11]. The NLTK tokenizer was found to 
be better than the iNLTK one. For example, NLTK 
tokenization:  

 

“कोभिड”, “सङ््करमणमा”, “जभडबुटी”कोभिड”“कोभिड”, 

“सङ््करमणमा”, “जभडबुटी”, ““कोभिड”, “सङ््करमणमा”, 

“जभडबुटी”सङ््करमणमा”“कोभिड”, “सङ््करमणमा”, 

“जभडबुटी”, ““कोभिड”, “सङ््करमणमा”, 

“जभडबुटी”जभडबुटी”“कोभिड”, “सङ््करमणमा”, 

“जभडबुटी”“कोभिड”, “सङ््करमणमा”, “जभडबुटी” 

iNLTK tokenization:  

'▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.को'▁को', 'भि', 'ड', 

'▁स' ,'ङ््कर,' 'मण', 'मा'.', ''▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 

'मा'.भि'▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.', ''▁को', 'भि', 

'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.ड'▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 

'मण', 'मा'.', '▁'▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.स'▁को', 

'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.' ,''▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 

'मण', 'मा'.ङ््कर'▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.,' 

''▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.मण'▁को', 'भि', 'ड', 

'▁स' ,'ङ््कर,' 'मण', 'मा'.', ''▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 

'मा'.मा'▁को', 'भि', 'ड', '▁स' ,'ङ््कर,' 'मण', 'मा'.'.'▁को', 'भि', 'ड', 

'▁स' ,'ङ््कर,' 'मण', 'मा'. 
Even if NLTK performed better, this tokenization was 

not able to separate the stopwords such as 'मा’ in 

“सङ््करमणमा, ले in “रुसले”, को in “पुरुषको”, etc. and to 

settle this problem we used the NepStemmerमा’ Even if 
NLTK performed better, this tokenization was not able to 

separate the stopwords such as 'मा’ in “सङ््करमणमा, ले in 

“रुसले”, को in “पुरुषको”, etc. and to settle this problem we 
used the NepStemmerin “Even if NLTK performed better, 
this tokenization was not able to separate the stopwords 

such as 'मा’ in “सङ््करमणमा, ले in “रुसले”, को in “पुरुषको”, 
etc. and to settle this problem we used the 

NepStemmerसङ््करमणमाEven if NLTK performed better, 
this tokenization was not able to separate the stopwords 

such as 'मा’ in “सङ््करमणमा, ले in “रुसले”, को in “पुरुषको”, 
etc. and to settle this problem we used the NepStemmer, 
Even if NLTK performed better, this tokenization was not 

able to separate the stopwords such as 'मा’ in “सङ््करमणमा, 

ले in “रुसले”, को in “पुरुषको”, etc. and to settle this problem 

 

4  https://pypi.org/project/nepali-stemmer/ 

 

we used the NepStemmerले Even if NLTK performed 
better, this tokenization was not able to separate the 

stopwords such as 'मा’ in “सङ््करमणमा, ले in “रुसले”, को in 

“पुरुषको”, etc. and to settle this problem we used the 
NepStemmerin “Even if NLTK performed better, this 
tokenization was not able to separate the stopwords such as 

'मा’ in “सङ््करमणमा, ले in “रुसले”, को in “पुरुषको”, etc. and 

to settle this problem we used the NepStemmerरुसले”Even 
if NLTK performed better, this tokenization was not able 

to separate the stopwords such as 'मा’ in “सङ््करमणमा, ले in 

“रुसले”, को in “पुरुषको”, etc. and to settle this problem we 
used the NepStemmer, Even if NLTK performed better, 
this tokenization was not able to separate the stopwords 

such as 'मा’ in “सङ््करमणमा, ले in “रुसले”, को in “पुरुषको”, 

etc. and to settle this problem we used the NepStemmerको 
Even if NLTK performed better, this tokenization was not 

able to separate the stopwords such as 'मा’ in “सङ््करमणमा, 

ले in “रुसले”, को in “पुरुषको”, etc. and to settle this problem 
we used the NepStemmerin “Even if NLTK performed 
better, this tokenization was not able to separate the 

stopwords such as 'मा’ in “सङ््करमणमा, ले in “रुसले”, को in 

“पुरुषको”, etc. and to settle this problem we used the 

NepStemmerपुरुषको”Even if NLTK performed better, this 
tokenization was not able to separate the stopwords such as 

'मा’ in “सङ््करमणमा, ले in “रुसले”, को in “पुरुषको”, etc. and 
to settle this problem we used the NepStemmer, etc. and to 
settle this problem we used the NepStemmerEven if NLTK 
performed better, this tokenization was not able to separate 

the stopwords such as 'मा’ in “सङ््करमणमा, ले in “रुसले”, 

को in “पुरुषको”, etc. and to settle this problem we used the 
NepStemmer4. Furthermore, these remaining terms such as 

मा, ले, को were addressed by an enhanced version of the 
NLTK stopword list. Such terms were added to the NLTK 

stopword list during the enhancement process.मा. 

Furthermore, these remaining terms such as मा, ले, को were 
addressed by an enhanced version of the NLTK stopword 
list. Such terms were added to the NLTK stopword list 
during the enhancement process., . Furthermore, these 

remaining terms such as मा, ले, को were addressed by an 
enhanced version of the NLTK stopword list. Such terms 
were added to the NLTK stopword list during the 

enhancement process.ले. Furthermore, these remaining 

terms such as मा, ले, को were addressed by an enhanced 
version of the NLTK stopword list. Such terms were added 
to the NLTK stopword list during the enhancement 

process., . Furthermore, these remaining terms such as मा, 

ले, को were addressed by an enhanced version of the NLTK 
stopword list. Such terms were added to the NLTK 

stopword list during the enhancement process.को . 

Furthermore, these remaining terms such as मा, ले, को were 
addressed by an enhanced version of the NLTK stopword 
list. Such terms were added to the NLTK stopword list 
during the enhancement process was addressed by an 
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enhanced version of the NLTK stopword list. Such terms 
were added to the NLTK stopword list during the 
enhancement process.. Furthermore, these remaining terms 

such as मा, ले, को were addressed by an enhanced version 
of the NLTK stopword list. Such terms were added to the 
NLTK stopword list during the enhancement process. 

C. Feature Extraction 

It is the process of selecting or transforming important 
information from raw data for use in machine learning. In 
this research, the TF-IDF vectorizer [23], which transforms 
text into numeric representation, was used for feature 
extraction. TF-IDF quantifies the importance of a word in 
a specific document relative to a collection of documents, 
emphasizing words that are unique to a particular 
document. 

D. Algorithms 

In this study, three renowned algorithms from machine 
learning and deep learning domains, specifically SVM, 
GRU, and Bi-LSTM, were employed for the ABSA model 
formulation.  

Support Vector Machine [12] was preferred for its 
proficiency in managing linguistic features effectively and 
its resistance to overfitting, making it a suitable choice for 
ABSA, especially considering the limited availability of 
Nepali datasets. 

 Additionally, the Gated Recurrent Unit [13] was 
integrated for its ability to capture long-term dependencies 
without imposing significant computational demands. 
GRU's design, featuring update and reset gate mechanisms, 
proved well-suited for the nuances of the Nepali language, 
contributing to its value for sentiment analysis. 

Bidirectional Long Short-Term Memory [13] was also 
adopted for its capability to consider the context from both 
preceding and following tokens, ensuring a comprehensive 
understanding of sentiment for each aspect. The 
bidirectional nature of this algorithm is advantageous for 
navigating the complexities of Nepali syntax and 
semantics, making it a strong choice for aspect-based 
sentiment analysis. These algorithm selections, based on 
their specific strengths in handling linguistic complexities, 
played a pivotal role in the success of the research. 

IV.  RESULTS AND DISCUSSION 

The newly developed aspect dataset utilized the tweets 
availed by the NepCOV19Tweets dataset. A total of 5019 
tweets (2464 negative, 1208 neutral, and 1347 positive) 
were processed to label aspect words, and sentiment words 
along with the related polarity. Since the original dataset 
had relatively high negative sentiments compared to the 
other two classes, the newly generated aspect dataset also 
contains a high number of negative tweets. To balance the 
dataset before applying the learning algorithms we use 
SMOTE[27]. SMOTE is specifically designed to tackle 
imbalanced datasets by generating synthetic samples for 
the minority class. 

Table II displays the best performance achieved by the 
GRU model, with an F1 score of 0.78. This result was 
obtained using an 80:20 split ratio, a batch size of 128, a 
dropout rate of 0.2, 20 epochs, and a learning rate of 1e-3. 
Notably, this result was slightly superior to the BiLSTM 
model, which achieved an F1 score of 0.77 under the same 
parameters. Also, The SVM model result was obtained with 
an F1 score of 0.73 at 70:30 data split with these optimal 
parameters: C=10, coef=0.0, degree=2, gamma='scale', 
kernel='RBF'. Figures 2,3,4 and 5 show the accuracy and 
loss curves during the training and validation of the GRU 
and BiLSTM model. 

In these experiments, a learning rate of 1e-5 was also 
tested, which significantly slowed down the model's 
learning process. If not trained for a sufficient number of 
epochs, the model might not reach its optimal solution, 
resulting in suboptimal performance. In our case, the 
positive class occasionally had a very low F1 score, or even 
zero, when the epochs were insufficient. 

Similarly, increasing the number of epochs, means the 
models are trained for longer, which improves 
performance. A higher learning rate like 1e-3 allows the 
model to make larger updates during training and provide a 
better solution faster. However, a learning rate that is too 
high may cause the training to diverge, which means the 
model's performance may get worse. In that scenario, 1e-3 
seems to be the best learning rate. Thus, both models GRU 
and BiLSTM performed better with a learning rate of 1e-3 
than 1e-5, which may be because the higher rate enabled 
more 

effective learning from the training data. 

 
 TABLE II.  F1 SCORES  

 SVM GRU Bi-LSTM 

Unbalanced 0.70 0.76 0.75 

Balanced 0.73 0.78 0.77 

 

 
  Figure 2: GRU Training and Validation Accuracy Curve 
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  Figure 3: Bi-LSTM  Training and Validation Accuracy Curve 

 
  Figure 4: GRU Training and Validation Loss  Curve 

 

Figure 5: Bi-LSTM  Training and Validation Loss Curve  

 We added about 5,000 POS tags, which is a big 
step for this language study. This will open new horizons 
for further researchers as not many researchers have 
explored and examined the Nepali language at this level. 
The newly generated aspect dataset was developed by using 
POS tag data and was trained in both models GRU and 
BiLSTM, which provide the F1 score of 0.78 and 0.77. The 
GRU model [28] works well for figuring out feelings in 
Nepali text because it is simple yet effective at 
understanding the flow and meaning of words over long 
sentences. It is also less likely to overfit, which means it 
won't get confused by limited or messy data. Although it is 
similar to the Bi-LSTM model, GRU has some small 

differences that make it handle information better in certain 
situations, like when the data is not clean. This simplicity 
is a good match for the complex Nepali language. GRU has 
expertise in understanding the impact of word order on 
sentiment allowing us to select the appropriate model for 
the experiment. 

  The obtained results by both models are comparable 
because both models are recurrent neural networks that are 
designed to capture the long-range dependency and 
relationship in sequence data. Similarly, both models have 
the same gating mechanisms and parameter tuning [14] so 
they provide a similar result. 

V.   CONCLUSIONS AND FUTURE WORKS 

   This study focuses on the development of a new 
dataset for sentiment analysis of Nepali social media posts. 
To enrich the dataset, POS tagging was incorporated, and 
the aspect identification process was improved. 
Tokenization was performed using the NLTK library, 
complemented by text preprocessing tools for stemming. 

  Among the models evaluated, GRU model worked the 
best, getting an average F1 score of 0.78. While previous 
research has explored aspect-based sentiment analysis for 
English and other languages [5,22,24,25], this study 
represents a significant effort in applying ABSA 
methodologies to COVID-19 related data in the Nepali 
language. Existing literature has primarily focused on 
product reviews[20] and abusive language detection[7]. In 
contrast, this research centers on the public health concern 
of COVID-19, highlighting its contemporary relevance. 

  The study has produced promising results and marks a 
notable advancement. However, there are areas with 
potential for further exploration in the Nepali language. 
Future research could focus on expanding the vocabulary 
and broadening the tag sets to enhance existing models. 
Additionally, the integration of reinforcement learning 
methodologies may offer a more streamlined training 
process. 
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Abstract— This research aims to bridge the gap between 

ancient wisdom and modern convenience by developing an e-

commerce website tailored to astrology services. Our study 

explores user preferences, engagement, and overall user 

experience of the website. Results from user preference surveys 

shed light on the diverse needs and expectations of users 

regarding astrology e-commerce websites. The survey 

highlighted a strong interest in personalized birth charts and 

horoscope readings, as well as an emphasis on accurate 

astrological information. Participants expressed a desire for 

educational content, interactive tools such as birth chart 

generators, and community features like discussion boards. 

Data security and privacy emerged as key concerns, with users 

emphasizing the importance of secure payment processing and 

responsible data usage. The architecture of the astrology e-

commerce website blends agile development methodologies 

resulting in a user-friendly interface and seamless navigation. 

The testing phase ensures the website's reliability through 

comprehensive functional testing, compatibility checks, and 

white box testing. Further, the integration of augmented reality 

and the exploration of personalization algorithms were 

recommended to enhance user engagement and customization. 

The research also underscores the significance of evaluating 

user experience and engagement levels. This involves assessing 

navigation, responsiveness, aesthetics, and the impact of 

interactive features. By gaining a deeper understanding of user 

interactions, preferences, and satisfaction, iterative 

improvements can be implemented to align the website more 

closely with user needs. In conclusion, this research contributes 

to the evolving landscape of astrology in the digital age by 

bridging tradition with technology. By creating an astrology e-

commerce website that caters to user preferences and needs, 

while focusing on user experience and engagement, the study 

opens new avenues for enhancing the accessibility and relevance 

of astrology services in the modern era. 

Keywords— Astrology, E-commerce, Agile methodology, 

Website development 

INTRODUCTION  

Astrology, a practice weaving celestial phenomena into 
human destinies, has spanned cultures for centuries, shedding 
light on personal growth, relationships, and life paths. In the 
digital age, a new era for astrology emerges as tradition blends 
with technology, reshaping its accessibility and relevance. E-
commerce platforms play a pivotal role, bridging ancient 
wisdom and modern convenience to make astrological 
insights and services effortlessly available. 

E-commerce's impact on astrology is multi-dimensional. It 
revolutionizes astrology, breaking free from time and place 
constraints. This empowers diverse individuals to engage with 
astrology at their convenience and unites global seekers and 
practitioners. This infusion democratizes astrological wisdom, 
expanding its reach and granting a wider audience access to 
guidance and self-discovery. 

The creation of an astrology-focused e-commerce website 
stems from user expectations, technological advancements, 
and evolving astrological practices. As digital platforms 
become integral to modern lifestyles, astrology adapts, 
enhancing accessibility. This e-commerce portal not only 
unites ancient wisdom with modern preferences but also crafts 
an immersive experience for practitioners and seekers alike. 

 E-Commerce in the Digital Age 

The proliferation of e-commerce platforms has ushered in 
a new era of consumer engagement, reshaping traditional 
paradigms of commerce and interaction. E-commerce, 
defined as the buying and selling of goods and services 
through digital channels, has become an indispensable facet of 
modern living [1]. As consumers increasingly seek 
convenience, accessibility, and personalized experiences, 
businesses across industries are compelled to leverage e-
commerce platforms to reach their target audience effectively 
[2] The marriage of e-commerce and service sectors, 
including astrology, holds the promise of democratizing 
access to insightful offerings, enriching user experiences, and 
transcending geographical boundaries. 

mailto:yasihot@gmail.com
mailto:helawikum@gmail.com
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 Online Astrology Services: Trends and User Preferences 

The digital transformation has not bypassed the realm of 
astrology, a discipline rooted in ancient practices yet primed 
for modern reinterpretation. Online astrology services have 
witnessed a surge in popularity, capturing the attention of a 
digitally connected audience seeking guidance and self-
discovery [3] A study by Gupta and Islam [4]underscores the 
growing trend of users engaging with astrology via digital 
platforms, highlighting the convenience and discretion offered 
by online consultations. The study also indicates that users 
appreciate the flexibility of accessing astrological insights 
without geographical constraints, illustrating the potential for 
e-commerce-driven astrology to fulfill a latent demand. 

Integration of Technology and Tradition in Astrology 

The integration of technology and tradition in astrology 
presents a nuanced landscape, where ancient wisdom is 
harmonized with contemporary tools and methodologies. 
Technological advancements enable the creation of dynamic 
and interactive astrological experiences, augmenting 
traditional practices with personalized insights [5] The 
incorporation of artificial intelligence (AI) algorithms for 
horoscope analysis and predictive modeling exemplifies the 
potential synergy between tradition and technology, 
culminating in enhanced accuracy and relevance [6]. This 
intersection heralds an era where astrology is not merely 
transposed onto digital platforms but undergoes a 
metamorphosis that enhances its accessibility and usability. 

. E-commerce Platforms in Astrology 

The landscape of astrology-centric e-commerce platforms 
presents a diverse array of services catering to astrological 
needs. Existing platforms offer a spectrum of services, ranging 
from horoscope consultations to personalized birth chart 
readings. However, upon critical examination, several key 
aspects emerge: 

User Interface and Experience: While some platforms 
offer intuitive interfaces, others lack user-friendly designs, 
leading to potential usability issues. Navigational 
complexities and cluttered layouts hinder seamless user 
experiences. 

Service Diversity: Variation exists in the scope of services 
provided. While some platforms focus solely on basic 
horoscope readings, others delve into intricate astrological 
analyses, providing a wider range of offerings. 

Data Security Measures: Concerns arise regarding the 
robustness of data security protocols. Limited transparency 
about data handling practices poses a significant issue, 
potentially impacting user trust. 

 Manual and Automated Astrology Solutions 

The dichotomy between manual and automated astrology 
solutions highlights distinct advantages and limitations within 
the field: 

Manual Solutions: Traditional astrologers offer 
personalized consultations based on expertise and intuition. 
While these services provide a human touch, they are often 
limited by availability, subjectivity, and scalability. 

Automated Solutions: Digital platforms integrating 
algorithms for horoscope generation and predictive models 
offer scalability and accessibility. However, concerns linger 
regarding the accuracy and personalized nature of these 
automated readings. 

Digital Tools Specific to Astrology Services 

Digital tools tailored for astrology services encompass a 
broad spectrum of offerings: 

Horoscope Generation and Interpretation Tools: These 
tools vary in accuracy and depth of interpretation. While some 
provide comprehensive insights, others lack depth and fail to 
capture nuanced astrological nuances. 

Educational Content and Community Features: Some 
platforms integrate educational resources and community 
engagement features. However, the quality, relevance, and 
interactivity of these resources differ significantly. 

Critique and Identified Gaps 

Upon critical analysis, notable gaps and areas for 
improvement across existing platforms and solutions become 
apparent: 

User-Centric Approach: Limited emphasis on user 
preferences and personalized experiences within existing 
platforms fails to cater comprehensively to diverse user needs. 

Integration of Technology: While some platforms 
incorporate technology, such as AI, its potential to enhance 
accuracy and user engagement remains largely untapped. 

Data Security and Transparency: The lack of transparent 
data handling practices raises concerns about user privacy and 
trust in these platforms 

Hence the principal aim of this research is to conceive and 
actualize an e-commerce website dedicated to offering 
astrology services. This overarching objective is 
complemented by a set of specific research goals, which 
encompass: firstly, the identification of user preferences and 
essential needs pertaining to an e-commerce platform and 
secondly, the design, development, and testing phases for the 
website with data security options. 

 

METHODOLOGY 

This section outlines the research design, website 
development approach, data collection methods, usability 
testing process, and ethical considerations employed to 
investigate the development and implications of the e-
commerce website for astrology services. 

Research Design 

To comprehensively explore the multifaceted dimensions 
of the e-commerce website's development and user 
engagement, a mixed-methods research approach was 
adopted, encompassing both qualitative and quantitative 
elements. This approach facilitated a holistic understanding of 
user experiences, preferences, and the technical intricacies of 
the platform. 
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User Requirement survey  

Initially In obtaining the user requirements, preferences a 
background analysis of stakeholders(n=45) were performed 
as, understanding user preferences and addressing their 
concerns are pivotal for enhancing the effectiveness and 
appeal of the website. Hence a survey was performed explore 
customer views on barriers to finding astrologers, problems 
faced by renowned astrologers, and their willingness to 
engage in online meetings for astrological consultations. 
Sample was selected based on convenience sampling method  

Website Development Approach 

The website development process was characterized by a 
meticulous selection of technologies, frameworks, and design 
principles to ensure a seamless and enriching user experience. 
Notable components of the website development approach 
included: 

Technologies and Frameworks Used: The website was 
constructed using HTML, CSS, and JavaScript, with an 
emphasis on robust frameworks such as Bootstrap for 
responsive design and user interface consistency. 

Front-End and Back-End Considerations: The front-end was 
developed using HTML and CSS, while the back-end relied 
on PHP for server-side scripting and interaction with the 
database. 

Integration of Payment Gateways and Security Measures: The 
e-commerce aspect was enhanced through the integration of 
secure payment gateways, ensuring the confidentiality and 
integrity of user transactions. 

Usability Testing Process: Rigorous usability testing sessions 
were conducted to assess the effectiveness of interactive 
features, navigation, and overall user experience. Participants' 
interactions were observed and recorded, and their feedback 
was subsequently analyzed. 

Ethical Considerations 

The research was conducted in adherence to ethical 
guidelines to ensure the well-being and privacy of 
participants. Informed consent was obtained from all 
participants, and their identities were anonymized to maintain 
confidentiality. 

RESULTS AND DISCUSSION  

User Preferences and Needs for an Astrology E-Commerce 

Website  

The survey results provide valuable insights into the 
preferences and needs of users for an astrology e-commerce 
website. (Table 1) In terms of  Product and Service 
Preferences, the strong interest in personalized birth charts 
(90%) and horoscope readings (84%) highlights the appeal of 
individualized content. Users also value accurate astrological 
information, as reflected by their preference for detailed 
product descriptions (56%). In terms of Website 
Functionality, the majority of respondents expressed a 
preference for a search bar (56%), indicating the importance 
of efficient navigation. Additionally, a significant portion of 
users (71%) expects the website to offer educational content, 

primarily in the form of articles. This highlights the demand 
for informative resources that enrich the user experience. 
Notably, an overwhelming majority (84%) expressed interest 
in interactive tools such as birth chart generators and 
compatibility calculators, suggesting a desire for engaging and 
personalized features. The inclusion of social features, such as 
a community forum (62%), is also noteworthy, indicating the 
potential for fostering a sense of community among users. 

Regarding Payment and Security, respondents' high 
prioritization of secure payment processing and data 
protection (93%) underscores the significance of trust and 
security in online transactions. While a substantial proportion 
of users (62%) are comfortable providing personal 
information for customized astrological services, a 
noteworthy 38% remain cautious. This suggests the need for 
transparent data usage policies and a balance between 
customization and privacy. 

In terms of Mobile and Accessibility, the majority of users 
(60%) expect to access the website primarily from mobile 
devices, emphasizing the importance of mobile-responsive 
design. The demand for accessibility features (44%) indicates 
a growing awareness of inclusivity, with users expressing a 
desire for the website to accommodate individuals with 
disabilities. 

TABLE II.  USER PREFERENCES AND NEEDS FOR AN ASTROLOGY E-
COMMERCE WEBSITE 

Section Question Number of 

Responses 

 (%) 

Product and 

Service 

Preferences 

What types of astrological 

products are you 

interested in? 

  

- Birth Charts 40 89% 

- Horoscope Readings 35 78% 

- Astrological products 

such as crystals, Rings  

26 58% 

- Astrology Books 20 44% 

Are there any specific 

astrology-related services 

you would like to see 

offered? 

  

- Personalized Readings 37 82% 

- Compatibility Reports 33 73% 

- Horoscope 

Consultations 

29 64% 

- Online Astrology 

Courses 

25 56% 

How important is it for 

the website to provide 

accurate and detailed 

astrological information? 

  

- Very Important 

 

45 100% 

Website 

Functionality 

How do you envision 

navigating through the 

website? 

  

- Search Bar 25 56% 

- Categories 15 33% 

- Filters 5 11% 

Do you expect the website 

to provide educational 

content about astrology? 

  

- Articles 32 71% 

- Videos 18 40% 

- Tutorials 15 33% 
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Would you like the 

website to offer 

interactive tools, such as 

birth chart generators. 

  

- Yes 38 84% 

- No 7 16% 

Are there any social 

features you would like to 

see? 

  

- Community Forum 28 62% 

- Discussion Boards 12 27% 

- No Social Features 5 11% 

How important is a 

personalized user 

account/dashboard? 

  

- Very Important 28 62% 

- Important 15 33% 

- Neutral 2 4% 

Payment and 

Security 

What payment methods 

do you prefer? 

  

- Credit/Debit Card 32 71% 

- Bank Transfer 25 56% 

- Other (Specify) 5 11% 

How important is it for 

the website to have 

secure payment 

processing and data 

protection? 

  

- Very Important 42 93% 

- Important 3 7% 

Are you comfortable 

providing personal 

information? 

  

- Yes 28 62% 

- No 17 38% 

Do you have any 

specific concerns about 

online security? 

  

- Yes 15 33% 

- No 30 67% 

Mobile and 

Accessibility 

Do you expect to access 

the website primarily 

from a desktop/laptop or 

a mobile device? 

  

- Desktop/Laptop 18 40% 

- Mobile Device 27 60% 

How important is it for 

the website to be mobile-

responsive and 

accessible on different... 

  

- Very Important 35 78% 

- Important 9 20% 

- Neutral 1 2% 

Are there any 

accessibility features 

you would like the 

website to have? 

  

- Yes 20 44% 

- No 25 56% 

 

System Design and Development-Design and Technical 

Aspects  

 
The development of the astrology website employs an 

agile model, chosen for its adeptness in expeditious execution. 
Agile modeling constitutes a methodology for designing and 
documenting software systems based on industry best 
practices. It comprises a set of guiding principles that are 
adaptable to software development projects. This approach 
asserts that each project necessitates a distinctive treatment, 
advocating the customization of existing methods to optimally 
align with project requisites. The crux of agile methodology 
entails segmenting tasks into manageable time boxes, 
facilitating the delivery of specific features within designated 
release intervals. 

The creation of the website's user interface (UI) leverages 
Bootstrap CSS and JavaScript. Bootstrap, a robust toolkit, 
amalgamates HTML, CSS, and JavaScript resources to craft 
web pages and applications. As an open-source initiative 
hosted on GitHub, it was initially conceived by and for web 
developers. The web development and database establishment 
stages necessitate the utilization of PHP and the MYSQLI 
software for back-end operations. The core of PHP 
programming is employed, thereby facilitating user inputs. To 
enhance interactivity, JavaScript and the jQuery library are 
employed. Additionally, standard coding practices are 
adhered to, incorporating the use of server-side scripting and 
web RPC, bolstered by the North Face software. 

Furthermore, the system architecture incorporates APIs 
for SMS gateways. These APIs encompass Sandbox, Payhere, 
and Google API, facilitating seamless integration and 
communication. The SMS API enables the integration of 
client messages into the system framework, promoting 
effective interaction amongst astrologers, customers, and 
administrators. The system is underpinned by a secure 
domain, utilizing Ready Line and employing SSL protocols to 
bolster data security.  

Operational Workflow of the System 

1) Astrologer Profiles and Registration: Astrologers 

possess individual profiles and gain access to new services 

upon logging into the astrology website. Registration entails 

user login and the issuance of an OTP code sent to the 

customer's mobile number to authenticate system access. 

2) Customer Selection and Service Exploration: 

Customers have the liberty to select astrologers of their choice 

and peruse the array of services presented on the website. The 

customer's chosen astrologer profile is juxtaposed with the 

available services to facilitate informed decision-making. 

3) Service Selection and Customization: After selecting 

an astrologer profile, customers proceed to choose services 

that align with their requirements and preferences. 

4) Service Form Submission: Customers engage with the 

selected service by completing a service form, inputting 

relevant information to cater to their specific needs. 

5) Document Attachment: Customers are afforded the 

opportunity to attach pertinent documents, such as Horoscope 
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copies and other relevant records, to enhance the accuracy and 

customization of the service. 

6) Submission and Payment: Following the attachment of 

documents, customers can submit the form. Payment methods 

are made accessible, guiding customers through the payment 

process. Successful payment completion yields a reference 

number. 

7) Admin Validation and Communication: 

Administrators validate the submitted information and 

communicate with the customer to verify details. Customer 

orders are corroborated, and the astrologer is apprised of the 

customer's service request. 

8) Live Meetings and Document Sharing: Customers 

interact directly with astrologers through live meetings or 

voice documents, fostering a personalized experience. 

Document sharing, including Horoscope copies, ensures 

astrologers have access to all requisite materials. 

9) Admin-Customer Communication: In instances where 

direct astrologer-customer communication is not feasible, 

administrators initiate communication with customers through 

phone calls or emails to secure service orders. 

10) Admin-Mediated Service Connection: To maintain 

control and quality, only administrators facilitate the 

connection between customers and astrologers for service 

provisioning. 

11) Live Meeting and Acceptance: Once an order is 

confirmed, astrologers join customers in online meetings. 

Administrators oversee and approve these meetings to ensure 

service quality and adherence. 

12) Astrologer-Customer Interaction: Customers schedule 

meetings with astrologers to discuss solutions. Astrologers 

leverage documents and voice recorders to guide customers 

through handling their concerns. Upon completion, 

administrators are notified of task finalization. 

13) Admin Acknowledgment: Administrators receive 

notifications confirming task completion and relay the status 

to customers through messages, affirming that all tasks are 

successfully executed.  

14) Customer Acknowledgment: Customers receive 

notifications from administrators, informing them that all 

tasks have been satisfactorily completed, ensuring 

transparency and satisfaction. 

 

Fig. 12.   ERD diagram of Website 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 13.  Use 

case diagrams 

 

Fig. 14. Login page  
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User Interface (UI) Design and User Experience (UX) 

Principles 

User interface design was rooted in user-centric 
principles, aiming to provide an intuitive and visually 
appealing experience. The user experience was further 
enriched by strategically placed interactive elements that 
fostered engagement. 

 

 

 

 
 

 

 

 

 

Fig. 15. Home page of the website 

 

  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Other pages of the website 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Other pages of the website 

 

Testing Phase for the Astrology Website  

 

15) Functional Testing and Compatibility Checks: 

 

Broken Links: All links within the website were 

thoroughly tested, and no broken links were found. Users can 

navigate seamlessly between different sections without 

encountering any dead ends. 

Compatibility: The website was tested on various 

devices, browsers, and screen sizes. It exhibited consistent and 

responsive behavior across all tested scenarios, ensuring a 

user-friendly experience for visitors regardless of their chosen 

device or browser. 

 

Code Validation: The code was validated using 
industry-standard validators. The HTML, CSS, and JavaScript 
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code adhered to best practices, ensuring compatibility with 

different browsers and compliance with web standards. 

Site Speed: Load times were assessed using 

performance testing tools. The website demonstrated fast 

loading times, contributing to a smooth user experience and 

minimizing potential user frustration caused by slow loading 

pages. 

 

16) White Box Testing for Structural Integrity: 

Internal Code Structure: The internal code structure 

was thoroughly analyzed to ensure that it matched the 

specifications and design. All functions and components were 

tested to confirm that they executed as intended and produced 

the expected outcomes. 

Code Coverage: The white box testing approach 

allowed us to achieve a high level of code coverage. Internal 

operations were exercised extensively, guaranteeing that all 

code paths were thoroughly tested. 

17) Comprehensive Scenario Testing: 

Scenario Coverage: Extensive scenario testing was 

conducted to cover a wide range of user interactions and 

system behaviors. Various scenarios, including edge cases and 

boundary conditions, were tested to identify potential 

vulnerabilities and unexpected behaviors. 

Permutation and Combination: Testing at the source 

code level allowed for the examination of different 

permutations and combinations of inputs. This approach 

enabled the detection of any unforeseen issues that might arise 

from complex interactions between system components. 

18) Synergy of Testing Approaches: 

 

Black Box Testing: Black box testing validated the 

external functionality of the website. User interactions, 

navigation, and input validations were thoroughly tested to 

ensure that users can interact with the website seamlessly. 

Alpha Testing: Alpha testing was performed to evaluate 

the website from an end-user perspective. Usability aspects, 

such as intuitive navigation and overall user experience, were 

assessed to ensure that the website meets user expectations. 

 

 

CONCLUSION 

In conclusion, this research bridges tradition and 
technology through an astrology-focused e-commerce 
website. The contemporary digital landscape's fusion of 
tradition and technology has prompted transformative shifts, 

with astrology embracing e-commerce platforms for enhanced 
accessibility and relevance. E-commerce's multifaceted 
significance revolutionizes astrology by removing time and 
location barriers, democratizing access, and fostering a global 
community. The website's rationale aligns with user demands 
and technological progress, creating a seamless experience 
that unites ancient wisdom and modern convenience. Survey 
insights underscore strong interest in personalized services, 
accurate information, and mobile responsiveness. The 
website's development adheres to agile methodology, 
incorporating Bootstrap, PHP, JavaScript, and APIs for 
optimal functionality. The operational workflow ensures 
efficient astrologer-customer interaction. The comprehensive 
testing phase guarantees quality and user-friendliness. 
Ultimately, this research advances astrology into the digital 
era, enriching user experiences and contributing to the 
evolving landscape of online platforms.  

Further research could enhance the astrology e-commerce 
website's effectiveness by focusing on user experience, 
engagement, and personalization. Evaluating interactions, 
preferences, and satisfaction would offer insights. Evaluating 
navigation, responsiveness, aesthetics, and interactive 
features' impact on engagement can provide quantitative and 
qualitative user experience evaluations. Advanced algorithms 
could offer tailored astrology insights, utilizing machine 
learning for horoscopes and compatibility reports. Augmented 
reality integration holds potential for immersive online 
astrology experiences. Longitudinal studies tracking user 
behavior over time could uncover astrology's role in personal 
growth. These research directions can lead to iterative 
improvements aligning with user needs and preferences. 

REFERENCES 

[16] Rayport, Jeffrey F., and Bernard J. Jaworski. Cases in e-Commerce. 

McGraw-Hill Higher Education, 2001. 

[17] Chaffey, D. (2019). Digital marketing: Strategy, implementation and 

practice. Pearson UK. 

[18] Campion, N. (2018). The New Age in the Modern West: 

Counterculture, Utopia, and Prophecy from the Late Eighteenth 

Century to the Present Day. Bloomsbury Publishing. 

[19] Gupta, S., & Islam, M. A. (2020). An Empirical Analysis on the Factors 

of Digital Astrology Services Adoption. Journal of Digital Banking, 

4(4), 330-340. 

[20] McConnell, K. (2021). Astrology and Technology: Charting a New 

Frontier. Astrological Association of Great Britain.. 

[21] Fenton, S. (2019). Data-Driven Astrology: Using Artificial Intelligence 

to Enhance the Craft. Flare Publications. 

. 

 

 

 

 

 

 

 



 

 
INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

235 

 

 

 

 

Catalyzing Data Efficiency: A Process Support 

System for Colombo Consumer Price Index (CCPI) 
 

G. H. K. N. Peeris  
Faculty of Information Technology 

University of Vocational Technology 
Ratmalana 

kanishkanp@gmail.com 

H. A. Seneviratne 
Faculty of Information Technology 

University of Vocational Technology 
Ratmalana 

helawikum@gmail.com

K. M. N. Madhubhashini 
Faculty of Information Technology 

University of Vocational Technology 
Ratmalana 

npmadhubhashini936@gmail.com 

N. S. R. Pathirana 
Faculty of Information Technology 

University of Vocational Technology 
Ratmalana 

sewwandiruwanpathirana@gmail.com 

Abstract—This research outlines the development of an 

advanced remote data collection system to enhance the 

calculation of the Colombo Consumer Price Index (CCPI) in Sri 

Lanka. The current CCPI estimation process relied on labor-

intensive, manual data collection from 14 centers in Colombo, 

necessitating a modernized approach to streamline operations 

within the Prices and Wages Division. The study aimed to 

scrutinize the existing workflow, establish an efficient 

conceptual framework, create an information system to 

optimize CCPI calculations, prioritize data security, and 

develop a customizable CCPI calculation module to meet 

evolving statistical demands and market dynamics. The 

literature review uncovered the limitations of existing mobile 

data-gathering frameworks, prompting the proposal of a 

custom mobile data-gathering framework designed to address 

issues related to privacy, security, energy efficiency, and sensing 

capabilities. A comprehensive evaluation approach included a 

literature review, critical assessment, comparative analysis, and 

user feedback. Practical validation within the Prices and Wages 

Division confirmed the system's efficiency and utility, earning 

positive feedback from department officers. In conclusion, this 

research presents a robust and secure remote data collection 

system that significantly enhances the CCPI calculation process. 

The system's adaptability, data security, and efficiency make it 

a valuable asset for economic metric tracking. Future research 

may further refine and expand similar projects, emphasizing the 

importance of technological innovation in streamlining data 

collection processes for economic analysis and policy-making. 

Keywords— Remote Data Collection, Colombo Consumer 

Price Index, Data Security, Mobile Application Development, 

Database Design, Data Encryption, Statistical Functions, 

System Architecture 

I.INTRODUCTION  

The Department of Census and Statistics, a pivotal 
government agency, in Sri Lanka which is responsible for 
calculating the Colombo Consumer Price Index (CCPI)  which 
is a measure of inflation and is used to track changes in the 
prices of a basket of goods and services purchased by 
consumers in the Colombo area. The CCPI serves as an 
essential economic indicator to monitor and assess the cost of 

living and inflation trends in Sri Lanka. The CCPI is based on 
a specific base year (usually 2021=100) and is updated 
regularly to reflect current price levels [1]. The index helps 
policymakers, businesses, and the general public understand 
the impact of price changes on their purchasing power and 
overall economic well-being. The main objective of this 
project is to design a custom remote data collection framework 
and develop a complete system based on that framework to 
introduce an effective, efficient, and more secure remote data 
collection system architecture for the industry. The current 
process of CCPI estimation is a crucial economic metric and 
currently involves labor-intensive, manual data collection 
processes from 14 centers in Colombo. Hence this research is 
poised to transform the conventional workflow within the 
Prices and Wages Division into a semi-automated, digital 
system.  

The system architecture adopted a three-tier web 
application design, enabling data collection from remote 
locations, centralized data storage, and accessibility from 
internal and external sources. User-friendly interfaces were 
implemented in both mobile and desktop applications, with 
strict adherence to security standards. Security played a 
crucial role, and the study recommended a hybrid encryption 
approach, combining RSA and AES-256-CBC, to ensure 
robust data protection. Server and desktop applications 
complemented the mobile framework, each serving specific 
functions within the data collection process. Database design 
focused on scalability and efficiency, with mathematical 
functions embedded within the database management system 
to optimize data processing. The CCPI calculation, based on 
the Modified Laspeyres formula, was integrated into the 
system.  

II.OBJECTIVES  

Specific objectives of this research are to scrutinize the 
current workflow to construct an efficient conceptual 
framework, develop an information system, optimize CCPI 
calculations for heightened overall efficiency while 
prioritizing data security, and develop a customizable CCPI 
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calculation module, enabling adaptability to changing 
statistical demands and market dynamics.  

III.REVIEW OF LITERATURE  

The focus of the literature review was to identify the key 
features of remote data collection systems and how those 
systems were implemented. Security measurements were 
analyzed for remote data transfer applications in the second 
phase. This analysis identified the key factors for establishing 
a secure connection using a public network, between the data 
collection application and the data collecting server. Data 
confidentiality was the primary focus of this analysis. Several 
kinds of research were studied regarding data encryption 
techniques to identify the security and efficiency of the 
various encryption techniques. 

A. Remote data collection frameworks 

Certain requirements, such as task specification, task 
management, sensing, and data management, have been 
identified in the literature with regard to mobile data-gathering 
frameworks.[2] Nevertheless, it has been discovered that 
current mobile data collection frameworks, including 
SeeMon, DEAMON, PRISM, Medusa, USense, MECA, 
MOSDEN, C-MOSDEN, and Gps, do not fully satisfy these 
requirements. They particularly show shortcomings with 
regard to energy efficiency, privacy, security, and sensing. 
These flaws are demonstrated by the utilization of obsolete 
data transfer formats, less secure data exchange technologies, 
a lack of ability to use modern sensors, and a limited degree 
of device adaptability. 

The literature emphasizes the need for creating a unique 
mobile data collection framework that complies with the 
requirements in order to address these problems. A thorough 
evaluation of this kind of framework should be conducted by 
comparing these specifications with the outcomes of earlier 
studies. In order to accelerate its development, a review of 
knowledge areas related to frameworks for developing mobile 
applications, modern data transfer formats, data encoding 
strategies, data encryption techniques, and modern desktop 
application development methodologies is necessary. This all-
encompassing strategy seeks to address the shortcomings 
found in current frameworks and guarantee the development 
of a reliable and flexible system. 

B. Database design techniques 

The suggested system has to be compatible with 
contemporary technology and meet the department's 
requirements for data collection. It must be able to continue 
operating for at least five years without major changes, which 
means that persistent technologies and procedures must be 
chosen. A thorough mobile application framework for remote 
data gathering can be created by utilizing the many mobile 
data collection frameworks that have been studied in the 
literature [2]. This study identifies essential elements for 
creating a flexible frontend and backend data collection 
application, as shown in figure 1. 

 

Fig. 18. Schematic Architecture of General-Purpose Mobile Data Collection 

Framework [2] 

The suggested framework is not specific to any particular 
set of data collection requirements; rather, it is meant to be 
flexible. Users should be able to start different data collection 
tasks according to their needs, including the client. They 
should also be able to run multiple tasks at once and add or 
remove tasks as needed. These requirements are successfully 
met by this flexible structure. Four main criteria have been 
identified by researchers: requirements for data management, 
sensing, task management, and task specification. This 
framework's backend is made up of five main parts: 

a) Application interface: Responsible for user 

interactions and data collection needs, serving as the interface 

between clients and data collection applications. 

b) Device inventory manager: Manages data-collecting 

mobile devices, storing device details for task assignment. 

c) Backend task manager: Assigns tasks to mobile 

devices based on task and device specifications, while 

monitoring task performance. 

d) Backend data manager: Collects and aggregates 

data from mobile devices, distributing it among various 

components, and performing data preprocessing when 

necessary. 

e) Database: Stores all data collected from various data 

collection tasks. 

f) Front-end components interact with the backend as 

a separate unit: 

g) Worker profile: Stores mobile user preferences for 

data collection. 

h) Front-end task manager: Receives tasks from the 

backend and tracks running data collection tasks. 

i) Sensor manager: Interfaces between applications 

and sensors, collecting sensor data for data collection or task 

management. 

j) Front-end data manager: Receives data from 

sensors and sources, sends it to the backend, and conducts data 
preprocessing to ensure efficient transmission and device 

performance. 

As per the literature [3] key characteristics of their mobile 
data collection application were identified during initial 
discussions. Firstly, the application prioritized simplicity to 
accommodate users with limited time, emphasizing ease of 
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use. Secondly, it aimed for bi-directional communication, 
facilitating seamless server-to-application and application-to-
server interactions to prevent data discrepancies in 
unpredictable conditions. Thirdly, offline functionality was 
crucial to ensure continuous operation without an internet 
connection, safeguarding against data loss. Additionally, 
robust security and user authentication measures were 
emphasized to protect sensitive data. The application's 
adaptability to congested, remote areas necessitated these 
fundamental features and a backup data storage strategy in 
case of connectivity issues, upholding data confidentiality in 
adherence to contemporary security standards. 

C. Security Measurements 

The literature [25], which explores security measures used 
by Java ME-based mobile data collection systems, found that 
while basic protection measures were incorporated, minimal 
effort was made to enhance security. This includes a mobile 
data-gathering application and a database server. Most 
programs only provide basic security and store data in various 
formats. 

The researchers suggested a safe data-storage technique 
for mobile data-gathering apps in order to address these 
problems. Confidentiality, authorization, offline 
authentication, password and data recovery, and preserving 
security even in the event that an attacker accesses stored data 
are among the primary security issues they identified. They 
suggested user-specified hashing algorithms to improve 
security in the case that hash keys are compromised, and they 
promoted the use of cryptographic technology for data 
encryption during transmission and storage. 

The aim of L. H. Iwaya's work, "A security framework for 
mobile health data collection" [26], is to improve security for 
a medical application that handles private information. In 
order to enable authentication and key exchange (AKE), a key 
management mechanism (KMM) has been introduced. 
Additionally, symmetric encryption algorithms and Key 
Derivation Functions (KDFs) have been prioritized. Given the 
different benefits and drawbacks of these approaches, it is 
clear that the system architecture must incorporate a more 
reliable and secure remote data collection technique. 

D. Mobile application development challenges 

The creation of a mobile application, which is essential to 
these system design methodologies but challenging 
considering the variety of mobile devices available in terms of 
hardware, operating systems, and screen sizes, is one of the 
main challenges. Creating an application that works with all 
devices is a difficult task. Even applications designed for a 
specific device require knowledge of the specific mobile 
platform. Changes in the way that people eat, particularly the 
way that university students incorporate fast food into their 
daily lives, have become noticeable in Sri Lanka [8]. 
Examining the growing incidence of fast food consumption 
among students is crucial due to its possible influence on 
public health, particularly in view of rising obesity rates and 
associated health problems like diabetes and cardiovascular 
disorders [10] [11]. Even seasoned developers face 

considerable challenges in creating a functional mobile 
application, as demonstrated in a previous study [1]. 

E. Handling large data collections 

A crucial requirement for stakeholders is the ability to run 
statistical analyses on collected data. Specific statistical 
operations must be carried out by the system on the given 
items or object series. Creating dynamic mathematical 
functions that can choose and evaluate data inside the program 
is the difficult part of achieving this. The client-server 
architecture is the only realistic choice given the features of 
the system. Therefore, the implementation of dynamic 
mathematical functions in client-server systems was the main 
focus of the literature review. 

C. Fleming and S. Goings' "Statistical Analysis 
Enhancement Report" [24], which emphasized the 
significance of integrating statistical functions into the 
database, particularly for handling large datasets within a 
single database, served as an inspiration for the project team. 
The creation of the web-based data processing system known 
as ESP (Elevated Service Performance) allowed for the 
successful testing and development of a logical framework. 
With the help of this framework, statistical functions including 
correlation, coefficient, linear regression, and confidence 
intervals could be incorporated into the central database. The 
logical diagram of the ESP system shows how data handling 
and analysis tasks are integrated within the database, utilizing 
unique statistical techniques in MySQL to achieve high 
performance. The project's goal of improving data processing 
system portability and performance for large datasets was 
highlighted by test results that demonstrated efficient 
processing even with complicated procedures involving joins, 
table creations, and GROUP BY statements. [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. The ESP System Logical Diagram [24] 

IV.METHODOLOGY 

To carry out the project, the entire operation is divided into the 

following major steps. 

a) Analyze requirements 

b) Conduct a literature review  
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c) Develop a logical framework 

d) Select tools and frameworks for system development  

e) Design and develop the system  

f) Evaluate the system 

The requirements were analyzed and finalized in the first stage 

to get a clear idea of what should be developed. Once the 

requirements were finalized, a comprehensive literature 

review was conducted to understand previous works that had 

been completed to meet the same requirements. The 
advantages and disadvantages of existing systems and 

frameworks were identified based on the literature review.  

Based on the findings of the literature review, a complete 

logical framework was designed as a generic framework that 

can be applied in almost every remote data collection purpose 

by taking advantage of existing systems and covering their 

disadvantages.  

After completing the complete logical framework, a specific 

system was designed and developed for the Department of 

Census and Statistics to collect data and produce CCPI using 

that framework. The developed system was then evaluated in 
various scenarios. 

V.SYSTEM DESIGN AND ARCHITECTURE 

A. System Architecture 

A web-based remote data gathering system was designed 
and constructed to meet departmental requirements, 
incorporating features such as data collection from remote 
areas, maintenance of a centralized database, and accessibility 
of collected data by predetermined internal and external 
locations. The system adopts a "N-Tier" architecture, utilizing 
the Three-Tier design to divide the entire system into three 
distinct tiers (figure 3) 

 

Fig. 20. Three-Tier Web Application Architecture [22] 

To fulfill the essential activities, two key system 
components were designed based on user requirements: a 
mobile application for remote data gathering and a desktop 
application for central data storage and job management. A 
centralized database was deemed crucial, necessitating a 
database server and a web server for internet data 
communication. The system components were developed in 
phases and integrated to create an Internet-based system using 
HTTP to connect devices, as illustrated in Figure 4. 

 

Fig. 21. Proposed CCPI Process Supporting System Diagram 

B. Logical framework 

The system was composed of three main components: 
mobile, server, and desktop, each with specific functions 
tailored to user requirements. Object-Oriented Programming 
facilitated the design of well-defined interconnected modules 
for these components. The system components were 
structured as logical modules, offering reusability and 
customized operations for specific scenarios. To ensure 
adaptability for various data collection needs, the system was 
further divided into logical components, allowing 
reimplementation or modification as required. This design 
approach made the system highly configurable and adaptable 
to remote data collection scenarios. 

The system consisted of three major components: 

a) Mobile Application: Responsible for collecting 

remote data, storing it locally, and transmitting it over the 

Internet. 

b) Server Application: Managed internal server tasks 

such as central data management, access control, and 

database administration. 

c) Desktop Application: Handled acquired data, 

generated reports, visualized data, and managed agents and 

devices. 

The mobile application encompassed two key component 
categories: user interfaces for interaction and internal 
components for underlying tasks. These internal modules 
were fundamental components of the logical framework and 
utilized the Android API for hardware access. The internal 
modules included the JSON Handler for data 
encoding/decoding, the HTTP Handler for Internet data 
transfer, the Data Encryptor/Decryptor for AES and RSA 
encryption/decryption, the Graphic Handler for graphical 
components, and the Device Manager for accessing device 
hardware through the Android API. 
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Fig. 22. Mobile Application Logical Framework 

The server program was structured into three tiers, each 
containing numerous modules. The first layer, exposed to the 
external network, managed incoming HTTP requests, 
redirecting legitimate traffic to the necessary operational 
modules. These internal modules served as the logical 
framework's third layer by using pre-existing code libraries. 

The server application provided access to only four 
custom-built modules: 

d) Route Handler: Accepted HTTP requests, filtered and 

redirected traffic. 

e) Access Manager: Authorized users for data 

collection. 

f) Data Collector: Gathered data from the mobile app 

and stored it in the database. 

g) App Updater: Initialized and updated the mobile app 

for specific data collection tasks. 

Supporting modules included: 

h) Data Encryptor/Decryptor: Offered AES and RSA 

encryption/decryption functions. 

i) SQL Database Manager: Managed MySQL 

database operations. 

j) JSON Data Handler: Encoded and decoded data in 

JSON format. 

 
Fig. 23.  Server Application Logical Framework 

Many layers make up the desktop application. The user 
interface layer, which interacts with the user, is encompassed 
by the outermost layer. All the required operations behind the 
interfaces are executed by the internal module layer. On top of 
the Windows operating system, the .Net Framework is 
operated upon by all these modules. In the logical structure, 
the following essential internal modules were implemented: 

k) SQL Database Manager: The interactions between 
the central MySQL database and the desktop application are 

maintained. 

l) Report Generator: The reports required by the user 

are generated. 

m) Data Visualizer: Visual components for the user 

interfaces for visualizing data are generated. 

n) Data Encryptor/Decryptor: Data encryption and 

decryption operations are provided using both AES and RSA 

encryption algorithms. 

o) Device Manager: Data is collected from internal 

hardware by interacting with the underlying operating system. 

p) Network Manager: HTTP data is handled, and 

network tunneling is supported. 

  

Fig. 24.  Desktop Application Logical Framework 

To link various system components, the complete system 
makes use of the World Wide Web service via the Internet. As 
a result, each system component has a common module for 
connecting to the World Wide Web through the HTTP 
protocol. All the other logical components are committed to 
carrying out internal activities in accordance with the 
requirements. 

C. Database Design 

Due to the weekly collection of thousands of data points, 
the implementation of a database was necessitated to finalize 
the system. The database was required to possess the 
following characteristics in alignment with project-specific 
requirements: 

• The collected field data was to be held. 

• Log details of system operations were to be stored. 

• Statistical operations were to be performed, and data for 
application reports was to be provided. 
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To meet these criteria, specific types of database objects, 
such as database tables and stored procedures, were designed 
to serve the data store and execute computations, respectively.  

Based on the findings of the literature research, it was 

determined that the ideal approach for designing a system to 

perform mathematical functions on extensive datasets was to 

implement these functions as procedures or functions within 

the database management system (DBMS). The DBMS 

inherently possessed a set of methods for handling vast data 

volumes. Consequently, embedding mathematical operations 

within the database proved significantly more efficient than 

transferring data to local applications and conducting 

statistical calculations there. In accordance with the client's 

specifications, the system was developed to compute 

statistical functions for the following operations: 

a) Minimum 

b) Maximum 

c) Mean 

d) Geomean 

e) Median 

f) Average 

g) Colombo Consumer Price Index (using the Modified 

Laspeyres formula) 

Most of these formulas were standard for dataset 
calculations. Additionally, the DCS employed the Laspeyres 
formula for calculating the CCPI, albeit with modifications. 
This adjusted formula was utilized by the department to 
determine the CCPI value, as outlined in official publications 
by the DCS. 

 

Fig. 25. CCPI Calculation Formula [23] 

A comprehensive logical design was created to 
incorporate this function into the computational stored 
procedure in the database management system, as shown in 
the flow chart below. 

  

Fig. 26.  CCPI Calculating Procedure Flow Chart 

Based on the user's request, the data-receiving programs 
referred to all of these distinct database items. The graphic 
below represents the logical framework for interaction 
between the data-receiving application and the database. 

 

Fig. 27. Customized Statistical Operations Implementation 

VI.ADOPTED PROGRAMMING LANGUAGES, FRAMEWORKS, AND 

TECHNOLOGIES 

A. Mobile application development 

Mobile application development frameworks were utilized 
in the process of developing mobile applications in order to 
make the process of creating generic applications that work 
with a variety of devices easier. According to Abdullah et al. 
[4], cross-platform mobile development approaches allowed 
for single-coding and multi-platform execution, which 
reduced complexity and saved time. The project team selected 
Flutter, a user interface toolkit, from among the available 
cross-platform frameworks because it allows developers to 
create mobile apps with a single code base that works on both 
iOS and Android platforms. Flutter is a great option for cross-
platform development because of its higher-quality 
application execution speed and CPU utilization, as 
demonstrated by studies conducted by Wasilewski and 
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Zabierowski [5] and Dagne [6]. Its appeal for developing 
effective, high-performance applications was further 
increased by its open-source nature and a large number of 
third-party packages. 

B. Server application development 

When selecting a programming language for developing 
server-side scripts, various factors were considered. As 
outlined in the literature on "Analysis of PHP and Java 
Languages for Enterprise Applications" [13], server-side 
applications are expected to exhibit qualities like timeliness, 
productivity, security, and predictability. Notably, both the 
client's and developer's environments featured Windows 
operating system devices. Multiple Windows-based internal 
servers and web servers were run by the DCS. Therefore, the 
ease of script development and deployment in the Windows 
platform was essential. PHP's ease of use and learning, 
flexibility, ease of integration, affordability, strong open-
source community support, and beginner-friendly nature in 
web development demonstrated the advantages of the 
LIBXML2 XML parser over Java's Woodstox. In [13][14]. 
PHP was therefore the perfect option for developing server 
applications. 

C. Desktop application development 

When developing a desktop application, C#.Net was 
chosen due to its strong code base, seamless integration with 
Windows, and efficiency in handling complex functionalities. 
Microsoft's website highlights C#.Net as the most popular 
language for .Net development, promoting code reuse and 
offering extensive libraries. The Visual Studio IDE, a 
powerful tool, is freely available for independent developers. 
Other benefits of C#.Net include garbage collection, efficient 
event handling, interoperability, reflection mechanisms, and 
easy access to a large number of free "NuGet" packages. 
Because of its ability to work with remote relational databases, 
it can be quickly employed in the development of enterprise 
information systems [15–17]. 

D. System programming model 

Leveraging its inherent benefits, the system was built 
using the Object-Oriented Programming (OOP) architecture. 
OOP was used to increase productivity by using reusable code 
libraries, according to the online article "What is Object-
Oriented Programming (OOP)?" on "techtarget.com" [18]. 
OOP also increased readability, effectiveness, and code reuse, 
enabling quick updates or improvements without sacrificing 
flexibility and dependability.  

E. Data communication and Security 

The first step in establishing a communication 
infrastructure involved selecting a standard data transport 
format. The commonly used formats, XML (Extensible 
Markup Language) and JSON (JavaScript Object Notation), 
were considered. An article on "techtarget.com" [19] 
explicitly stated that JSON is superior to XML, citing JSON's 
simplicity, conversion into JavaScript objects, shorter length, 
faster reading and writing, and its ability to accommodate data 
structures such as arrays. Data security was critical for an 
application collecting and managing sensitive data. The main 

solution was encryption. Among the different encryption 
techniques, researchers at Sri Guru Granth Sahib World 
University [7] discovered that AES encryption is the most 
effective and safest. Nevertheless, the symmetric nature of 
AES encryption created difficulties with key distribution. 
Asymmetric encryption was considered, but it had 
communication channel limitations. 

To address these issues, a hybrid encryption approach was 
adopted, combining asymmetric (RSA) and symmetric (AES-
256-CBC) encryption. Research by Komal Rege, Nikita 
Goenka, Pooja Bhutada, and Sunil Mane [10] showed that 
hybrid encryption with AES and RSA provided robust 
security, even in inherently insecure environments like 
Bluetooth. 

Implementing this hybrid encryption in the mobile 
application (developed in Flutter) and server-side scripting (in 
PHP) required managing two code bases for RSA and AES-
256-CBC encryption. Dart's "pointycastle" package facilitated 
RSA key pair generation, while PHP's "openssl" package 
handled AES key and IV generation, encryption, and 
decryption. This approach ensured secure data transmission 
for the project, maintaining confidentiality during transit. 

 

Fig. 28. Hybrid Encryption Mechanism 

F. Database development 

Relational Database Management Software (RDBMS) 
was used to create a centralized database in order to meet 
system requirements. RDBMS was excellent at database 
operations and was compatible with many different languages. 
There were options for both licensed and open-source 
RDBMSs; open-source was cost-effective. As a result, 
MySQL was chosen for the system. "W3Schools.blog" stated 
that due to its storage engine, MySQL was free, safe, efficient, 
and compatible with most major operating systems. The 
Client-Server architecture of MySQL was incorporated into 
the system. MySQL's benefits in commercial software, such 
as its high performance, user-friendliness, scalability, speed, 
and improved security, were emphasized in Ion-Sorin 
STROE's literature [21]. 

VII.EVALUATION AND TESTING 

The testing approach was ultimately designed to align with 
the system's objectives, incorporating four specific goals. 
Consequently, the entire evaluation process was segmented 
into four steps, each dedicated to the analysis of a distinct 
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target. In the conceptual framework for remote data collection 
within the DCS, a literature review was conducted, 
encompassing the gathering of relevant literature, 
identification of advantages and drawbacks, and an 
examination of the designed conceptual framework. The SRS 
document served as a reference point for validating the 
framework's alignment with DCS requirements.  

The second phase of the evaluation encompassed the 
testing of the designed and developed solution to verify its 
effectiveness within the Prices and Wages division. The 
testing strategy involved comparing the existing workflow 
and the proposed workflow with the developed system, 
focusing on speed, task complexity, accuracy, and security. 
Data was gathered through interviews and carefully 
documented. The third phase involved testing the developed 
system against user specifications.  

The experimental setup comprised a well-defined test plan 
and a series of test cases, spanning mobile devices, web 
servers, and desktop computers. The developer environment 
served as the setting for both alpha and beta testing. User 
feedback is gathered during the last stage. The ideas from 
stakeholders are crucial in improving the system's 
performance and adding value. 

 

Fig. 29. Test Execution Results Summary 

VIII.CONCLUSION 

A generic conceptual framework was introduced as a 
result of this project and a complete system was developed 
according to that framework, for the Department of Census 
and Statistics, Sri Lanka. The introduced generic framework 
can be used in remote data collection scenarios where the data 
collection is supposed to be done through smartphones or 
tablet devices.  

This framework covers the essential needs of remote data 
collection. Also, it covers the existing challenges of remote 
data collection tasks. A series of new technologies and well-
planned architecture is the foundation for this framework. The 
following are the characteristics of the framework. 

a) Ensure the confidentiality of data: - Uses the hybrid 
encryption mechanism with both RSA and AES 
encryptions. 

b) High adaptability: - The framework can be adopted 
regardless of the platform it is supposed to run. The 

logical components can be developed using any 
programming language and any cross-platform 
mobile application framework. 

c) High modifiability: - The logical components of the 
framework are well-structured into separate 
individual components which can be edited without 
affecting the other components. 

d) High dynamicity: - According to the framework, data 
collection questionnaires can be changed without 
modifying the internal code structure. 

e) User-friendliness: - This framework uses state-of-the-
art technologies that can implement rich user 
interfaces. It can give the user a better experience 
when using the system. 

f) High data processing efficiency: - This framework 
allows complex mathematical operations using large 
datasets effectively using the power of the Database 
Management Systems. 

Even though this framework addresses most of the remote 
data collection issues, some areas can be improved 
through further studies and research. Specifically cross-
platform mobile application development can be 
challenging in some use cases. Further analysis will be 
needed to identify the possible solutions for expanding the 
capacity of this framework. 
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Abstract — A robust and efficient university network 

infrastructure plays a pivotal role in fostering seamless 

academic pursuits for both students and academic staff. Within 

the precincts of the university's computer laboratories, the 

provision of wired network accessibility is imperative to enable 

students to engage with digital resources and connect with the 

shared storage drive, thereby facilitating the secure 

preservation of their academic and personal endeavors. 

Furthermore, the ubiquitous availability of the Wi-Fi network 

across the university premises assumes paramount significance, 

ensuring that students can engage in university-related activities 

without encountering disruptive interruptions. Concurrently, 

the academic faculty necessitates unimpeded access to the wired 

network to fulfill their professional obligations. Simultaneously, 

their access to the Wi-Fi network should remain unhindered, 

affording them the flexibility to seamlessly integrate digital tools 

and resources into their instructional practices. The University 

of Vocational Technology (UoVT) has a network infrastructure 

that encompasses these fundamental requisites, thereby 

catering to the essential needs of both students and faculty 

members. This study embarks on a comprehensive exploration 

and assessment of the existing network tools and technologies at 

UoVT. The primary objective is to identify and surmount the 

challenges posed by the current network framework. By delving 

into this endeavor, the research aims to propose an innovative 

network design that leverages cost-effective and pertinent 

technologies. These design recommendations are poised to 

enhance the efficiency, reliability, and scalability of the 

university's network infrastructure, optimizing its capacity to 

support the diverse and evolving demands of academic 

endeavors. Through the discerning analysis of prevailing 

network paradigms and the strategic integration of advanced 

solutions, this research contributes to the ongoing enhancement 

of the academic landscape at UoVT. 

Keywords—wired/wireless network, roaming, ubiquitous access 

I. INTRODUCTION 

University networks constitute vital conduits for seamless 
academic operations, facilitating wired connectivity within 
computer labs for resource access and secure data storage. 

Ubiquitous wireless network availability empowers 
uninterrupted university activities. Faculty benefits from both 
wired access for professional duties and unencumbered Wi-Fi 
use. The University of Vocational Technology's network 
embodies these core facets, fostering an environment 
conducive to learning and research. This investigation 
scrutinizes existing network tools and technologies, seeking to 
optimize infrastructure efficiency and propose a cost-
effective, innovative network design. The ensuing blueprint 
aims to elevate network performance, accommodating 
evolving academic demands and enriching the educational 
experience. In this research, that blueprint is introduced 
addressing the research problem, and the following objectives 
are achieved in this research as solutions to identified problem 
statements. 

I. To identify the performance gap of the existing UoVT 

network infrastructure 

II. To increase the use of the UoVT network among students 

effectively for better academic experience. 
III. To utilize the existing UoVT network infrastructure for 

a better service delivery. 

IV. To introduce evolving affordable concepts to adapt to 

existing network infrastructure. 

V. To introduce a wireless network access for guest user 

without introducing any threat/vulnerability. 

Subsequently, the introduction of concepts is aimed at 

facilitating the implementation of a high-quality standard 

network infrastructure at a cost-effective rate for the 

university, ultimately leading to the enhancement of the 

quality of education provided. 
 

II. LITERATURE REVIEW 

The context of this issue revolves around assessing the 

rationale behind enhancing the university's network 

infrastructure, drawing upon scholarly publications as primary 
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information sources. Furthermore, the discussion delves into 

contemporary technologies in the ever-evolving global 

landscape to provide a comprehensive comprehension of their 

practical integration. 

A. Background study 

In today's academic landscape, robust computer network 

infrastructure in universities plays a crucial role, serving as the 

foundation for various educational, administrative, and 

research functions [1]. This review explores the fundamental 
aspects and advantages of advanced computer network 

implementation in higher education. It analyzes the evolving 

technological environment in universities and its profound 

impact on pedagogy, research, scholarship, and institutional 

administration. Universities have shifted from primarily 

supporting administrative tasks to encompassing vital 

academic and research functions due to the increasing reliance 

on digital assets, online education, and collaborative research 

in general. 

However, administrative efficiency remains essential for 

universities' smooth operation [2], [3]. Advanced network 
infrastructure facilitates centralized data management, student 

information systems, and enterprise resource planning (ERP) 

systems, improving tasks like admissions, registration, 

financial management, and human resources. Despite its 

benefits, universities face challenges such as cyber security 

threats, scalability issues, and budget constraints. Striking a 

balance between expanding network capabilities and ensuring 

data security remains a constant concern for administrators. 

 

In the digital age, rich computer network infrastructure is 

indispensable, reshaping pedagogy, research, scholarship, and 
administrative efficiency [2]. As universities adapt to evolving 

technology, managing advanced network infrastructure 

wisely is crucial for long-term success. Further exploration is 

needed to find optimal strategies for maximizing benefits 

while addressing the challenges inherent in maintaining this 

critical infrastructure.  

B. Technologies in the Contemporary World 
1) Wired network: The university's wired network 

constitutes a foundational cornerstone of academic endeavors, 

affording students situated within designated computer 

laboratories unhindered access to a plethora of digital 

scholarly resources, coupled with the secure archival of their 

academic outputs[4]. This comprehensively designed wired 

infrastructure guarantees a reliable and high-capacity 

connection, paramount for the execution of data-intensive 

scholarly tasks. Additionally, the academic faculty heavily 

relies upon this intricate network architecture to discharge 
their professional obligations, thereby facilitating streamlined 

communication channels and the judicious utilization of 

pertinent educational materials. Thus, the robustness of the 

university's wired network underpins an education-supportive 

environment, adeptly accommodating the evolving 

pedagogical landscape. 

2) Wireless network: The term "wireless" refers to a 

mode of telecommunications in which electromagnetic 

waves are employed to transmit signals across a portion or 

the entirety of the transmission path, reducing the necessity 

for physical cables. Wireless transmission offers numerous 
advantages when compared to wired communication. These 

advantages encompass the ease of network installation, 

operation, and maintenance, as there are no associated 

cabling expenses [5]. The chosen wireless technology for the 

network design is 802.11, which is an advanced set of 

specifications for Wireless Local Area Networks (WLANs) 

developed by a consortium within the Institute of Electrical 

and Electronics Engineers (IEEE). Utilizing Wi-Fi, mobility 

is less constrained, and it can provide extensive coverage over 

significant distances.  

III. The university's wireless network constitutes an 

indispensable element of the academic ecosystem, providing 
students and faculty with pervasive connectivity across 

campus [6]. This wireless infrastructure empowers students 

to engage seamlessly in learning activities, enabling 

ubiquitous access to digital resources and facilitating 

collaborative endeavors. Faculty members benefit from the 

flexibility of this network, enhancing their instructional 

methodologies through real-time data dissemination and 

interactive pedagogies. The robustness of the university's 

wireless network is integral to modern education, 

accommodating the diverse demands of a technologically 

driven pedagogy while fostering an enriched scholarly 

environment conducive to dynamic knowledge exchange.  

1) Wireless Local Area Network Controller (WLC): 

The implementation of a wireless LAN controller within a 

university setting constitutes a strategic imperative for 

seamless network management and optimized connectivity 

[7]. This technological apparatus serves as a centralized 

command center, orchestrating the intricate operations of the 

wireless network. By efficiently managing access points, 
bandwidth allocation, and security protocols, the controller 

ensures uniform coverage across campus, fostering 

uninterrupted access to digital resources. Furthermore, it 

facilitates the enforcement of stringent authentication 

measures, safeguarding sensitive academic data. The 

integration of a wireless LAN controller embodies a forward-

looking approach, enabling the academic institution to 

effectively adapt to evolving network demands while 

providing an enriched digital environment conducive to 

scholarly pursuits. 

 
2) Dynamic Host Configuration Protocol (DHCP): In 

a university network, DHCP plays a pivotal role in 

simplifying and optimizing network management [8]. By 

dynamically assigning IP addresses to devices, DHCP 

eliminates the need for manual configuration, enabling 

seamless connectivity for students, faculty, and staff. This 

automated allocation conserves IT resources and reduces the 

likelihood of IP conflicts. Moreover, DHCP enables efficient 
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utilization of the IP address pool by releasing addresses from 

inactive devices. This centralized control enhances security 

through easier tracking of connected devices. In essence, 

DHCP streamlines network administration, fosters smoother 

communication, and supports the dynamic and ever-evolving 
nature of a bustling university environment 

 
3) Virtual Local Area Networks (VLANs): Within the 

university context, VLANs hold significant import as 

strategic network constructs [9]. By partitioning the physical 

infrastructure into discrete logical segments, VLANs enable 

refined control over data traffic, providing efficient resource 

allocation and heightened security protocols. By grouping 

devices based on shared attributes, such as academic 
departments or research clusters, VLANs facilitate 

streamlined data administration and elevated 

intercommunication. This judicious deployment optimizes 

network performance, curtails congestion, and fortifies the 

preservation of sensitive academic and research data. Overall, 

VLANs serve as a linchpin in fostering a scholarly 

environment characterized by secure, efficient, and 

interconnected digital discourse. 

4) Remote Authentication Dial-In User Service 

(RADIUS): Within the academic realm of a university, the 

RADIUS server holds paramount significance within the 

Wireless Local Area Network (WLAN) infrastructure [10]. 

Operating as a central authentication and authorization 

framework, the Radius server plays a critical role in ensuring 

secure and controlled network access. It meticulously 

validates user credentials before granting entry, thereby 

safeguarding confidential academic information from 

unauthorized breaches. Through seamless integration with 

existing identity management systems, the Radius server 
establishes a unified and coherent authentication process, 

harmonizing user access across diverse campus resources. 

This strategic deployment not only fortifies the WLAN's 

security posture but also streamlines user management, 

enhancing administrative efficiency. By facilitating 

personalized access based on user roles and affiliations, the 

Radius server optimizes network utilization and contributes 

to an environment that fosters collaborative learning and 

research, underpinned by robust data integrity and 

uncompromised privacy. 

 

5) Active Directory: Active Directory (AD) assumes a 
pivotal role within the domain controller infrastructure [4]. 

Functioning as a centralized directory service, the AD 

facilitates user management, resource allocation, and security 

policies. It encompasses a structured hierarchy of objects that 

encompass users, devices, and resources, fostering a cohesive 

and organized digital ecosystem. Within this framework, the 

domain controller governs authentication, authorization, and 

access control, ensuring that only authorized users gain entry 

to network resources. Through integration with various 

services, such as Single Sign-On (SSO), the AD streamlines 

user access across a plethora of university systems, enhancing 

operational efficiency. This strategic implementation 

optimizes resource utilization, enforces uniform security 

policies, and simplifies administrative tasks, ultimately 

contributing to a secure, interconnected, and streamlined 

academic environment conducive to collaborative learning 

and scholarly exploration. 

6) Secure Network Implementation: this is of 
paramount importance in the university network environment 

by considering multiple different stakeholders using the 

network [11]. Universities handle vast volumes of sensitive 
data, including student records, research findings, and 

financial information. A secure network safeguards this 

information from malicious actors, preventing data breaches 

and unauthorized access to preserve the credibility of the 

university name. Moreover, in an era of online learning and 

collaboration, network security ensures uninterrupted access 

to educational resources and virtual classrooms, maintaining 

the integrity of academic activities. Beyond data protection, it 

also promotes a safe and productive digital ecosystem for 

students and staff. With cyber threats continually evolving, 

robust network security measures are indispensable in 

preserving the trust, reputation, and operational efficiency of 
universities. Nevertheless, it is better to prepare for such a 

situation by maintaining the backups on sensitive information  

7) Use  of the Computer Network at Universities 

8) Computer networks play a crucial role in 

universities, providing essential services to students, faculty, 

and staff. Here are some common uses of computer networks 

at universities: 

9) Single Sign-On (SSO): Many universities implement 

Single Sign-On systems, allowing users to log in once and 

access multiple services without having to log in again [12]. 

This simplifies the user experience and enhances security. 
Once authenticated, users can access various resources such 

as email, learning management systems (LMS), library 

databases, and more. 

10) Learning Management Systems (LMS): Platforms 

like Moodle, Canvas, Blackboard, or Sakai are widely used to 

manage and deliver course content [13]. These systems 

facilitate online learning, enabling instructors to share 

resources, assignments, quizzes, and grades. Students can 

access these materials, submit assignments, and communicate 

with professors and peers through the LMS. 

11) Email and Communication: University-wide email 

systems are essential for communication among students, 
faculty, and staff [13]. These systems often include features 

such as calendars, contact lists, and collaboration tools. 

University email addresses are also used for official 

communications and announcements. 

12) Research and Collaboration: Computer networks 

enable collaboration among researchers, both within the 

university and with external partners [14]. Researchers can 

share data, collaborate on projects, and access online 

resources and databases. High-performance computing 

clusters and storage systems are often connected to the 

university network to support complex research computations. 
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13) Library Resources: Universities provide online 

access to vast digital libraries, journals, and databases [15]. 

Students and faculty can access these resources remotely, 

allowing them to conduct research and access academic 

materials from anywhere with an internet connection. 
14) Virtual Private Network (VPN): Universities often 

provide VPN services to secure network connections, 

especially for accessing sensitive information or resources 

from off-campus locations [16]. This is crucial for remote 

learning, research, and collaboration. 

15) Wi-Fi Networks: Wi-Fi is prevalent across 

university campuses, providing students and staff with 

internet access on laptops, tablets, and smartphones [5]. 

This enables flexibility in studying and working from 
various locations on campus. 

16) Administrative Systems: Computer networks 

support various administrative functions, including student 

information systems, human resources systems, financial 

systems, and other enterprise applications that help manage 

university operations [2]. 

17) Online Registration and Student Portals: 
Universities use computer networks to facilitate online 

registration, course selection, and provide students with 

access to their academic records, schedules, and other 

important information through web-based portals [1]. 

IV. RESEARCH METHODOLOGY 

In this section, we explain how we set up our experiment and 

the methods we employed for measurement. We also discuss 

the metrics we monitored during our experiment and 
acknowledge the assumptions and constraints we faced while 

working in a real-world setting where certain variables were 

challenging to control. 

A. Methodology 
After an extensive literature review, this study aimed at 

gaining insights into current trends in computer network 
infrastructure development in the university environments. 

Additionally, an examination of the university's existing 

network infrastructure is conducted through interviews with 

network administrators, faculty, and non-academic staff, 

along with the distribution of questionnaires to students. 

Subsequently, the gathered data is subjected to multifaceted 

analysis to identify strategies for enhancing the university's 

network implementation. Consequently, several 

recommendations emerge for optimizing the university's 

network infrastructure.  

Additionally, a questionnaire was administered to university 

undergraduates to gain insights into their utilization of both 

wired and wireless networks. Moreover, the same 

questionnaire was employed to gauge the expectations of 

undergraduates regarding their interactions with the computer 

network. By referring to all the aspects of the use of the 

network, a set of recommendations is made for better user 

experience in a well secure manner. 

B. Research Design 
Figure 1 provides a visual depiction of the experimental 

design, delineating the sequential execution of experimental 

procedures as outlined in the methodology. Each step is 

explicitly illustrated to elucidate its specific role and 

contribution throughout the course of the experiment. 

 

 
Figure 1: Research Design 

 

V. OBSERVATION OF EXISTING NETWORK 

INFRASTRUCTURE 
The wired network connectivity is available for the place 

where the physical wall port accessibility is available, because 
the IP address assignment happens automatically via DHCP. 

As a result, the university wired network accessibility is 

limited for the number of existing wall ports available at 

maximum. However, at present, the wall ports are placed in 

the computer labs, library, staff offices and classrooms only, 

and it is not flexible to scale up the wired network addressing 

the present demand to access the network in open areas. 

Further, students have a grievance to have the Internet access, 

as they have accessibility via labs, library only. Eventually, 

there is a demand for using the wireless network.  

Wireless network is in demand among all the stakeholders, but 

it has been limited by assigning a password for each access 

point not allowing everyone to access. Academic staff has 

access to the identified wireless network via its Service Set 

Identifier (SSID) with a given password, and they do not have 

access to any other wireless access point without a password. 

Furthermore, there is no wireless network access for the 

student at all, and there is an increasing demand to access 
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wireless networks. As a result, the standards are compromised 

in the university environment. 

Moreover, it is better to have domain controllers at least at the 

computers in the laboratory for access control, and the shared 

space is also very useful for everyone to maintain academic 

material safely at one place. However, the present network 

infrastructure has not facilitated either of the above two 

services in practice. As a result, everyone uses the common 

administrator login to access the computers in the laboratory, 

and they must keep a copy of their work in their own 

secondary storage to be on the safe side as there is no secure 

shared storage space over the storage servers. 

Nevertheless, the existing firewall is a software based firewall 

due to constraints with allocating budget, but it serves the 

purpose minimally. In due course, the university web, 

university admission portal, Moodle based online learning 

management system etc. are not deployed in house due to the 

potential exploitation of local network via public access. 

Further, the Examination Information Management (EMIS) 

and leave/attendance management system are deployed in the 
in house server, and it is accessible only via university 

network. Those systems are user friendly, if there is public 

access to those systems, but those are not arranged due to 

security concerns. A single instance of a server facilitates the 

above services; EMIS, and leave/attendance management 

system, and this introduces a Single Point of Failure (SPOF) 

by disrupting the smooth functionalities. When a SPOF fails, 

it can trigger cascading issues, resulting in network downtime, 

data loss, or service interruptions.  

 

Utilizing virus guards in a university environment is of 

paramount importance in safeguarding both data and the 

academic community, but the UoVT is not using a standard 

virus guard for the university computers which are shared by 

multiple students and staff. Instead, different individuals 

utilize different virus guards to reduce the risk. 

The existing VLAN is useful for sharing the Internet 

bandwidth among different physical locations assuming users 

are equally distributed, so everyone can have fair access to the 

Internet. Although the existing VLANs implementation serves 

the above purpose, there is no effective implementation of the 

VLANs with meaningful segmentation of users and secure 

concepts. It is better to evaluate the existing VLANs in detail 

to propose recommendations. 

VI. RESULTS  

A. Outcome of the interview with stakeholders 
The first interview was conducted with the network 

administrator of the university to obtain detailed 

understanding of the existing network. Then, the academics of 

the university were interviewed for their experience of the use 

of the existing university network.  

As per the network administrator, at present, there are a few 

servers maintained at the server room for in-house use; Active 

directory domain controllers, Examination Management 

Information System (EMIS), Attendance management Server, 

Backup Server, Network Attached Server (NAS),  Windows 
Server Update Service (WSUS). As a result, in-house services 

are not introducing much traffic to the network, and the 

existing network is utilized more on accessing the Internet. 

Moreover, the security of the internal network is preserved by 

implementing a software firewall. The present network design 

is mainly based on VLANs and there are two core switches, 

multiple distribution switches and many access switches 
within the network. The two core switches are placed 

on two main buildings which facilitate dynamic IP address 

assignment via Dynamic Host Configuration Protocol 

(DHCP). Distribution switches are coordinating in-between 
the core switch and Access switches to facilitate end users.  

Structured interviews were undertaken, engaging five 

academicians and two non-academic individuals, in order to 

discover their experiences pertaining to the utilization of the 

present network infrastructure. Academic personnel exhibit 

their preference for accessing the university network via a 

variety of computing devices, including laptops, desktops, and 

mobile devices. The current wired network infrastructure 

adequately caters to their needs with regard to desktop and 

laptop usage, boasting stable connectivity and satisfactory 
network speeds. Conversely, non-academic staff exclusively 

relies upon their official desktop workstations for utilizing 

wired networks for connectivity. In the context of wireless 

networks, academicians predominantly employ them for their 

laptops. The prevailing Dynamic Host Configuration Protocol 

(DHCP) implementation facilitates convenient wireless 

network use. Nonetheless, the existing wireless network 

architecture suffers from segmentation of users based on their 

physical location through VLAN technology, and multiple 

Service Set Identifiers (SSID) have been assigned just to 

identify the physical area, each necessitating authentication 

via password, restricting users to specified access points 
dedicated to specific SSIDs. This limitation inhibits the 

seamless use of wireless networks beyond designated access 

points, which is a concern shared by academicians. In 

summary, both wired and wireless network usage experiences 

have been generally positive, although the desire for a 

seamless roaming capability across the university campus is a 

notable concern among the interviewed stakeholders due to 

the poor flexibility. 

B. Outcome of the questionnaire with students. 
The questionnaire was shared with the students via the group 

emails at the Faculty of Information Technology, the UoVT 

via a Google form. This sample is selected based on 

convenience sampling among the students of the university. 

Then, there were 184 responses for the questionnaire and this 

study is based on that.  
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At present, the wired network is available in the university, 

and 69.5% of the responses are not frequently using the wired 

network as per Figure 2. Further, in Figure 3, 70.7% of them 

use the computer network at the computer laboratory. It 

describes the use of the network had been limited when 

students has the lectures/practical at the computer labs. 

 
Figure 2: The Use of Wired Network 

 
Figure 3: The Regular Venue of Using Wired Network 

 
As per Figure 4 illustrates, 74.4% of the students are satisfied 

with the stability of wired networks at different venues; 
computer laboratories, library, classroom. 

 
Figure 4: The Reliability and Stability of the Wired Network 

 
As the present university network fulfills the essential 

requirement of the university, 90.2% of the students are either 

satisfied or natural in the use of the wired network by referring 

to Figure 5. It is convinced that the university provides a rich 

wired network. 

 

Figure 5: The Satisfaction of Use of Wired Network 

 
However, students are preferred to use the wireless network at 

the university as per the findings illustrated in Figure 6, 
although the existing wireless network is not accessible for the 

students. Students have access to the wired network only. 

 
Figure 6: The Preference of Use of Network 

 
As per the information collected via the questionnaire, the 
above discussion is further extended towards the discussion 

section also together with the data collected via the interviews.  

 

VII.  DISCUSSION  
A. Interpretation of the Result 
The existing network serves the purpose of the university as 

per the information collected, and the users are satisfied in the 

use of wired network. However, there is enough room for the 

improvement of the network by utilizing the existing 

infrastructure. The existing wired network is available at the 

computer laboratories, the library, the classrooms and 

workbench of the staff. However, the existing number of ports 

is not adequate to cater the present demand. Further, it is 

important to have wall ports in the open environment for 

anyone to access. Those ports can be assigned to separate 

guest VLAN which has only the Internet access. 
In the physical network, although the entire network is 

logically apart by using VLAN technology, there is no 

consideration of the different administrative divisions for 

assigning users into the VLANs. Instead, VLANs are used to 

share the bandwidth fairly. To overcome the issues related to 

VLAN, it is essential redesign the existing wired network 

design by referring the different group of staff into different 

VLANs and different divisions such as library, computer labs, 

classrooms, guests etc into different VLANs. Then, the 

privileges are configured for the VLANs accordingly via 

Access Control List (ACL). Eventually, the level of security 
is enhanced while providing the flexibility to access network 

even for guests. 

In the university network, the DHCP has been configured 

through the layer 3 switch, and it serves the purpose. However, 

the implementation of DHCP server separately improve the 

quality of service via mac-address filtering, improved way of 

IP-reservation etc. The proposed solutions encompass a dual-

component approach, comprising servers tailored for demand 

management and services designed to cater to the specific 

requisites of the university. In scenarios characterized by 
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heightened demand, the imperative of redundancy becomes 

evident, aimed at ensuring optimal network uptime while 

minimizing instances of network downtime. This necessitates 

the implementation of dual domain servers, each operating 

independently, thus mitigating the risk of service disruption. 
Concurrently, the essentiality of network continuity is further 

underscored through the employment of two dedicated servers 

dedicated to the DHCP service. This protocol facilitates the 

allocation of IP addresses while enabling reservations based 

on MAC addresses. To effectively accommodate the 

Increasing volume of educational resources, including 

learning materials and assignments, the integration of a 

Network Attached Storage (NAS) system assumes 

significance. This repository not only ensures sufficient 

storage capacity but also serves as a platform for the seamless 

submission and retrieval of assignments, constituting a 

cornerstone of academic engagement. 

 

 
Figure 7: Preference of Use of Wireless Network 

The wireless network is in demand. Academic staff 

emphasizes the importance of implementing wireless 

accessibility across the university. Nevertheless, as illustrated 
in Figure 7, a substantial majority of students, specifically 

87.8%, exhibit a preference for wireless networks. Given the 

pronounced preference for wireless networks among the 

students, it is strongly advocated for a significant overhaul and 

enhancement of the university's wireless network 

infrastructure. 

To establish rich wireless network, within the firewall, 

profiles are established, each endowed with specific access 

levels. The Active Directory (AD) system encompasses both 

users and Organizational Units (OUs), assigning approved 

access levels accordingly. It is useful for introducing SSO 

infrastructure combining the entire services offer. 
By utilizing the existing physical resources, the RADIUS 

server assumes the role of an intermediary, facilitating the 

connection between Wireless LAN Controller (WLC) 

requests and the Active Directory. The WLC itself is 

meticulously configured with essential parameters such as 

VLAN settings, Service Set Identifier (SSID) specifications, 

Access Point details, and the enumeration of MAC Addresses 

pertaining to authorized devices. 

 

Figure 8: The proposed wireless network infrastructure 

 

After the implementation of Wi-Fi connectivity, users are 

provided with the capability to select the associated Service 

Set Identifier (SSID) and subsequently log in by utilizing the 

provided credentials. The initial step involves the validation 

of these credentials through authentication with the Domain 

Controller (DC), followed by passage through the RADIUS 

server and Firewall. This validation process serves to verify 

whether the selected VLAN is permissible for the user and, if 

so, grants the user predetermined access privileges. 
 

Throughout this sequence, the Wireless LAN Controller 

(WLC) fulfills the essential role of determining the 

appropriate VLAN selection and assigning the relevant 

Dynamic Host Configuration Protocol (DHCP) IP address to 

the user's device, facilitating the establishment of a network 

connection. Once the IP address is assigned, the user's device 

becomes associated with the designated SSID, thus enabling 

access to the authorized network resources and services. 

For the information security, at present, the existing software 

firewall serves the purpose at minimum level, but it is highly 
recommended to implement hardware firewalls. This 

comprehensive approach underscores an unwavering 

commitment to network resilience, data integrity, and cyber 

security within the university domain. Such secure 

environment permits deploying university web site, admission 

portal inside the university, and it is possible to grant public 

access for the leave/attendance system, EMIS. Moreover, 

standard virus guard is not available at the moment, instead 

low-level virus guard is utilized for free. Eventually, the entire 

computer network is at risk of being infected by the viruses. 

By regularly updating and maintaining these safeguards, 

universities not only protect their digital assets but also foster 
an environment of trust and security. Furthermore, virus 

guards promote responsible online behavior among students 

and staff, reinforcing the institution's commitment to a safe 

and resilient academic ecosystem. 

As per the discussion here, there is enough room for the 

improvement of the present network by utilizing the existing 

infrastructure and by adding new features to it. 
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B. Proposed solution 
After having complete understand about the existing network 

and the idea about possible solution to introduce rich 
network, the prioritized recommendations are made for 

consideration to implement as follows; 

 

• Implement domain controller (AD service) with essential 

policies for users and computers, then enroll all the 

staff/students at the university as the users with 

credentials. 

• Reconfigure the VLANs in a meaningful manner while 

incorporating ACL for different user groups including 

guests. 

• Reconfigure the existing wireless network through 
different STUDENT-VLAN allowing students to access 

via common password without taking much time. 

• Improve the wireless network with WLC, AD, RADIUS 

and AP and provide multiple SSID as the wireless 

network solutions. 

• Implement DHCP server on existing infrastructure to 

centrally manage the IPs. 

• Implement hardware firewall for truly secure networking 

environment in the university. 

• Maintain the redundant server for critical servers as 

required by considering the affordability; AD, DHCP, 
NAS etc. 

 
Once the above list of recommendations is considered, the top 

priorities are at the top by utilizing the existing network, then 

the bottom ones are considered after implementing top once 

due to budget constraints. 
 

VIII. CONCLUSION 

In this research, the present university network is analyzed to 

understand the need of the rich computer network 

infrastructure, and the proposed recommendations are listed 

based on the identified priorities. Those recommendations are 

focused on cost-effective implementation of rich network by 

utilizing the existing network infrastructure. As a result, top 

ones can implement with immediate effect on existing 

network infrastructure, and there should be extra budget to 
implement lowest ones. This would be stepwise process, and 

it is possible to have complete rich computer network for the 

university, once all the recommendations are implemented. 
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Abstract— Sri Lankan 'Teledrama', a cultural industry                 

with a four-decade evolution, has experienced a decline in 

artistic quality in the last decades due to consumerism and                                  

mis-commercialization. The genre's original progressive            

artistic qualities have been replaced by consumerism, leading to 

a disconnect between elite viewers and the new generation.                 

This research study focuses on the evolutionary peculiarities of 

Sri Lankan 'Teledrama' influenced by Sri Lankan media 

policies. The study used a mixed research methodology, 

combining analytical and empirical approaches, and used 

sources such as books, research papers, commission reports, 

acts, research theses, and periodicals for data collection.                        

The research identified four paradigm shifts: the establishment 

of “True” Sri Lankan Teledrama in the 1983-1992 decade,                 

the stability of “True” Sri Lankan Teledrama in the 1993-2002 

decade, and the challenge of “Fake” Mega Dailies in the                     

2003-2012 decade. The fourth paradigm shift, the 2013-2022 

decade, was identified as the catastrophic decade of                         

“Fake” Mega Dailies diminishing the quantity of                                    

“True” Sri Lankan Teledrama.' The main reason for this 

situation is the uncertain media policies implemented by                    

every regime, which are directly responsible for the decline.                 

To ensure the sustainability of Sri Lankan 'Teledrama' as                           

a cultural industry and national art expression, the study 

proposes a consistent media policy titled 'Quality Teledrama 

Decade-2023-2032' for the next decade.  

Keywords— Mass Media Policies, Teledrama, Genres, 

Paradigm Shift, Quality Television, Unique Identity 

1. INTRODUCTION 

The study aims to compare the unique characteristics of 
Sri Lankan 'Teledrama' with previous television media 
program genres, focusing on the reasons that influenced its 
evolution. It also analyzes contemporary Sri Lanka's 
electronic mass media policies related to television and the 
impact of mass media policies on the evolution of the genre. 
The scope of the study covers four decades, starting in 1983 
and concluding in 2022.  

The research study provides an introduction, outlines the 
research problem, objectives, research gap, origins, subject 
areas, methodology, limitations, and chaptering in the 
research aims to understand the evolution of the genre [1] and 
its impact on mass media policies in Sri Lanka.  

The research gap is that there has been no systematic 
academic study of the “True” [2] Sri Lankan 'Teledrama' 
genre's distinctiveness, and the emergence of a “Fake” [3] 
Mega Dailies movement has not been discussed in formal 
studies. 

Further, it examines the socio-political-economic 
background of Sri Lankan 'Teledrama', its novel concept, its 
unique artistic characteristics, and its establishment as a visual 
art genre. It also examines the parallel international backdrop 
and its socio-political-economic context of the 
conceptualization in its first decade from 1983 to 1992. 

This study analyzes the establishment of Sri Lankan 
'Teledrama' as a traditional visual art genre in its first decade 
of prominence. It explores the possibility of theorizing a 
stream of “True” Sri Lankan 'Teledrama' based on its unique 
characteristics and the methodological factors that influenced 
its theorization. The second decade from 1993 to 2002 was 
observed as the decade of “True”-Teledrama stability. 

The investigation on the negative impact of government 
mass media policies on Sri Lankan Teledrama, focusing on 
mass media policy and law in the country. The study examines 
electronic mass media policies and their inconsistencies. The 
Sri Lankan 'Teledrama' stream, which had unique 
characteristics due to the commercialist movement, was 
undermining the genre. The third decade from 2003 to 2012, 
noticed the “True”-Teledrama challenged in its evolutionary 
features. 

Then it explores the emergence of a “Fake” Mega Dailies 
movement in Sri Lanka, focusing on its negative effects on the 
characteristics of “True” Sri Lankan Teledrama. So, the study 
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identifies inherent vices in the creation and maintenance of 
“Fake” Mega Dailies by inquiring the twelve (12) constitutive 
qualities of Robert J. Thompson’s concept of ‘Quality 

Teledrama’ [4]. The surveying the evolutionary backsliding 
from “True” Sri Lankan Teledrama to “Fake” Mega Dailies, 
in the fourth decade from 2013 to 2022, the disastrous decade 
of “Fake” Mega Dailies, the decade of 'real-Teledrama' 
descended. 

II. LITERATURE REVIEW 

The literature review serves as the basis for the study, 

which includes an analytical investigation of meaningful 

academic definitions, a comparative analysis with previous 

corresponding television program genres, and an analytical 

inquiry based on thematic theories of television studies. The 
study aims to determine if there are any unique inherent 

characteristics of the Sri Lankan 'Teledrama' genre, which are 

evident from its evolutionary characteristics, determining it as 

a modern and sophisticated visual art genre. 

The literature review includes an exploration of world, 

continental, and regional backgrounds, as well as an 

exploration of the concept of television programming, drama 

programming for television, television program product 

classification, and television program genres.  

Fig. 1. Analysis of Sri Lankan Teledrama's Establishment, Proliferation, 

and Challenges Along with an International Context 

Sri Lankan Teledrama never copied, the characteristics of 

soap opera [5], sitcom [6], or telenovela [7], and incepted 

with unique characteristics.  

The study also includes a descriptive investigation of the 

evolutionary characteristics of the Sri Lankan 'Teledrama' 

genre based on thematic conceptual analysis of television 

studies, as well as a characteristic investigation based on the 

concepts of ‘television art entertainment’, [8][9] 
‘teleliteracy’, [10] ‘televisuality’, [11] and ‘Quality 

Teledrama’ [12]. Thus, this research study provides the 

theoretical basis for the study as follows. 

A. 'Television Art Entertainment' 

The general statement that everyone has made that our 

world has changed because of the medium of television 

should be reconsidered. But it is better to understand the 

reasons for holding this kind of opinion with some examples. 

Since the medium of television comes into existence mainly 

as a result of scientific as well as technical research, it itself 

influences the cultural form of the medium of television 

(Williams 1975, 1-12). 

The medium of television is merely a tool to maintain a 

dominant ideological discourse, performing only simple 

encoding and decoding, repeating the same codes familiar to 

the audience on a daily basis (Hall 1980, 128).  

B. 'Teleliteracy' 

Teleliteracy should be understood as a media studies 

matter. Teleliteracy is the audience's fluent engagement with 

what is represented by the language and content of the 

television medium. Dealing with them with clear reasons. 

There is no reason to clash with it or to be afraid of clashing 

with it. How should television audiences deal with it? In fact, 
teleliteracy is something to be embraced, not condemned 

(Bianculli 1992, 282). 

C. 'Televisuality' 

The ongoing digitization transformation, the development 

of television media production technology, as well as the 

inevitable new situation in the expansion of television media 

distribution systems, has resulted in a change in 

'televisuality', i.e. the emergence of stronger and more 

innovative interpretations of television program content than 

existed in television media until then. Style, crisis, and 

authority are also changing (Caldwell 1995, 10). 

D. ‘Quality Teledrama’ 

Because the programs produced for ‘Quality Teledrama’ 

need to be unique, a high creative contribution from the 

imagination that passes through their production is essential. 

Because the expectation of profit is not the only expectation, 

‘Quality Teledrama’ is a struggle in the existing industry. 

Because of the uniqueness of the programs, the audience who 

associates with ‘Quality Teledrama’ explores the content of 

the program itself. Realistic characters and believable events 

are always expected. By that, ‘Quality Teledrama’ awakens 

the thoughts of the audience and makes the audience 

intelligent. ‘Quality Teledrama’ challenges the audience to 
the existing novelty of the formats presented or innovative 
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versions of them and the audience is confronted with them as 

they become enlightened. Literary-based and writer-centered 

‘Quality Teledrama’ should be sensitized with its own 

consciousness and take a realistic approach by discussing 

current events. Thus, if ‘Quality Teledrama’ is completed, it 
will receive high critical responses and even deserve an 

award (Thompson 1997, 13). 

III. METHOD 

A mixed method made by the synthesis of analytical and 

empirical research methods is used here. Research methods 

were Collection of historical data and Contemporary subject 

area content, Interviews with key creatives, Criticism and 

investigation of solid designs, Library use, Audio-visual 

programs, and Interviews. 

The research study's conclusions were arrived at by 

analyzing primary and secondary data and factual 

information collected through the aforementioned methods, 
thematically, chronologically, numerically, and 

descriptively. 

A. Data collection in research studies: 

Data collection in research studies involves gathering 

information from various sources, including academic theses, 

research studies, printed books, newspapers, magazines, 

periodicals, government publications, documents, pamphlets, 

electronic media, and online material. This includes audio-

visual tapes, discs, screenplays, advertisements, and 

promotional materials from periodical and contemporary 

teledrama productions.  

Field studies involve interviews with Teledrama creators, 

professionals, artisan associations, and mass media policy 

makers, as well as the panel of judges, organizing 

committees, and survey panels of television channels. 

Participatory and alternative studies involve filing facts based 

on experiences gained from my personal teledrama 

productions, professional association activities, feedback 

from judging panels, and survey panels of television 

channels.  

Academic articles, review articles, columns, and books 

published by my authorship on related subject areas are also 

used. Experiences from study visits in the India, United 
States, China, South Korea, Myanmar, Germany, 

Switzerland, and Malaysia are also considered. Professional 

involvement as an advisory committee member and jury 

member is also considered. Sample surveys are conducted 

through directed questionnaires to gather data from 

Teledrama audiences and practitioners. 

B. Data collection, Analysis and Conclusion: 

The conclusions of this research study were arrived at by 

analyzing and analyzing the primary and secondary data and 

factual information collected through the aforementioned 

 
5  

methods, thematically, chronologically, numerically and 

descriptively. 

C. Limitations of the research study: 

The research study focused on the period 1983-2022, 

focusing on the absence of a formal preservation system for 
teledramas in Sri Lanka. This led to a lack of sources related 

to the subject area, as well as the absence of formal storage 

of data, reports, and statistics by producers, sponsors, or 

channels. Additionally, all teledrama makers, critics, and 

individuals with authentic knowledge and experience are 

either deceased or out of the field. The source of some data 

presented from tele designers, critics, and those with 

authentic knowledge is uncertain. Additionally, there were 

insufficient systematic academic research studies conducted 

with relevant variables within a logical conceptual 

framework, which could be used as a source for this study. 

IV. FINDINGS AND RESULTS: 

This academic study or research explores four paradigm 

shifts according to the evolutionary as per the decades in Sri 

Lankan teledrama according to its media art and the culture 

industry.  

A. Decade I: 1983-1992: 

• Experiencing the television medium as a public practice 

in Sri Lanka, commenced in 1979, becoming the most 

popular medium out of all other media and arts at its 

inception.  

• In 1983, with telecasting of ‘Dimuthu Muthu’ 5, the Sri 

Lankan television audience experienced a locally made 
television drama serial first time in history, and it 

established a new popular television art genre with 

unique characteristics in the country.  

• ‘Dimuthu Muthu’ was Directed by Dr. D.B. Nihalsinghe, 

commenced on January 19, 1983 with 26 Episodes. 

• Despite all the international terms used to label the genre 

of television drama serials, Sri Lankans named the 

particular genre with unique characteristics, as 

'Teledrama' at its launch. 

• The Sri Lankan 'Teledrama' genre was conceptualized 

not with any influence of renowned soap operas and 
sitcoms, but the unique characteristics of its form and 

content were established through the Sri Lankan media 

art experience in film, radio, theater, and literature. 

• The creators who joined to create Sri Lankan 'Teledrama' 

in the first decade of 1983-1992, had previous expertise 

in on aforementioned media arts and could establish a 

new media art and cultural industry which can way 

forward to next decade. 

• Sri Lankan 'Teledrama' served as a motivating force for 

the public's usage of the mass media by its form, and a 

driving force for the public's visual media literacy 
through its content in society. 
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• The Sinhala language labelling as “ටෙලිනාෙයය” 
(“Telinaatya”) and also its English language translation 

as “Teledrama” is coined by Dhamma Jagoda [13], 

former head of Drama Unit of Sri Lanka Rupavahini 

Corporation in 1983. 

• Therefore, the first decade of 1983-1992, is remarked as 

'The Decade that Established the Sri Lankan Teledrama' 

in evolutionary history. 

B. Decade II:1993-2002:  

• In 1992, the regime of the country on its undefined mass 

media policy, decided to establish private-owned profit-

oriented commercial television channels, which operated 

based on a broadcasting license system in a background 

of no regulations on the form or content of the television 

programs. 

• In the decade of 1993-2002, those commercial television 

channels with purely commercial goals never considered 

the Sri Lankan 'Teledrama' genre as a Visual Art with 
unique characteristics, which it had at its inception and 

during the previous decade. 

• The next generation of creators who joined the Sri 

Lankan 'Teledrama' in this second decade of 1993-2002, 

was formed with the previous decade's experts' trainees, 

critics and journalists, stage dramatists, and next-

generation promising filmmakers with a finer 

televisuality. 

• Though the commercial television channels were 

expanding rapidly, the state-owned, public service-

oriented two (02) national television channels held a 
proper telecasting schedule for the Sri Lankan 

'Teledrama' broadcasting, and it ensured a stable 

audience with teleliteracy.  

• Aforementioned new generation could stabilize the Sri 

Lankan 'Teledrama' with the unique characteristics to 

progress to the next decade with the great support of the 

two (02) national television channels which provided the 

space for their creative expression. 

• Therefore, the second decade of 1993-2002, is remarked 

as 'The Decade that Stabilized the Sri Lankan Teledrama' 

in evolutionary history. 

 

C. Decade III:2003-2012: 

• In 1999, the regime of the country by its undefined mass 

media policy, decided to abolish the television license 

fee to use television receivers which had been a fixed 

income for the two (02) of the national television 

channels. 

• Then, the two (02) national television channels had to 

step into a commercial rat race forgetting the facilitating 

of Sri Lankan 'Teledrama' with unique characteristics 

like the other profit-oriented commercial channels. 

• The state channels as same as the commercial channels, 
which lost their fixed income and were automatically 

directed to the market competition by the government, 

had to follow the commercialistic business models in 

relation to telecasting Sri Lankan 'Teledrama'.  

• The attributes maintained by Sri Lankan 'Teledrama', 

such as the single sponsor, the weekly telecast, the 

quarterly scheduling, the no mid breaks, the standard 
duration for drama content and advertising content, the 

prior approval for the script, the approval for the 

audiovisual content, were disregarded in this backdrop. 

• In the 2003 to 2012 decade, the mass media policy with 

no support downgraded the locally produced and created 

Sri Lankan 'Teledrama', and the government made no 

barriers to importing the lower standard daily serials to 

be dubbed in the Sinhala Language. 

• The production price for an original Sri Lankan 

'Teledrama' with unique characteristics for the elite 

audience was directly challenged by the importing price 
of the lower standard daily series with soap opera 

characteristics. 

• It was obvious that the price can be cheaper when the 

imported content was already earned multiplied profits 

by previously having telecast several times in other so 

many languages before importing for dubbed in Sinhala. 

• The decline of the elite television drama audience 

resulted when the "True" Sri Lankan Teledrama which is 

original and inherited with unique characteristics, was 

challenged quantitatively by an imported, lower 

standard, "Fake" Mega Dailies overflood. 

• Therefore, the third decade of 2003-2012, is remarked as 

'The Decade that the overflood of “Fake” Mega Dailies 

which challenged the qualities of “True”- Sri Lankan 

Teledrama’in evolutionary history. 

D. Decade IV:2013-2022 

• After the mass media policy had abolished the television 

receiver license fee and drove the two (02) state-owned 

public service-oriented television channels to be 

commercialized, ended the state's last patronage to 

maintain the unique characteristics of the Sri Lankan 

'Teledrama'. 

• Thus, the unique characteristics of the True Sri Lankan 
'Teledrama', in the processes of creating, investing, 

producing, marketing, and telecasting as a cultural 

product were badly reinstated as a mere commercial 

product with lower standards as the repercussions. 

• When there are no accepted guidelines, the 

commercialistic private channels followed day-to-day 

business models, which the elite television audience 

gradually rejected, and the remainder accustomed to 

mere airtime wasters who irrationally imitate the 

television advertisement contents. 

• During the decade of 2013-2022, in the face of the 
overflood of “Fake” Mega Dailies the quality of Sri 

Lankan professional teledrama creative force and the 

standards of the updated equipment and techniques were 

extinct while the amount of "True:" Sri Lankan 
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'Teledrama' was possible to be counted by fingers of the 

hand. 

• Therefore, the fourth decade of 2013-2022, is remarked 

as 'The Decade that diminished the quantity of “True”-

Sri Lankan Tele Drama in the face of the dominance of 
“Fake” Mega Dailies in evolutionary history. 

 

E. Decade V:2023-2032: 

• Though the contemporaneous Sri Lankan Teledrama 

productions, the creators, and its industry have been 

indicted for the downgrading of the genre, the truth is the 

uncertainty of media policies in Sri Lanka has been 

excluded from the denouncement which ought to be 

responsible fundamentally. 

V. DISCUSSION: 

A. Decade I: 1983-1992:  

Television in Sri Lanka began in 1979 and became the most 

popular medium at its inception. In 1983, the Sri Lankan 

audience experienced a locally made television drama serial, 

"Dimuthu Muthu," which established a new popular television 

art genre with unique characteristics. The Sri Lankan 

'Teledrama' genre was conceptualized without influencing 

soap operas or sitcoms, but rather through Sri Lankan media 

art experience in film, radio, theater, and literature. The 

creators of Sri Lankan 'Teledrama' in 1983-1993 had previous 

expertise in these media arts, establishing a new media art and 

cultural industry that could move forward in the next decade 

with ‘televisuality’. The genre served as a motivating force for 

mass media usage and driving visual media literacy in society.  

The first decade of 1983-92 is considered the 'Decade that 

Established the Sri Lankan Teledrama' in evolutionary 

history. 

B. Decade II:1993-2002:  

 In 1992, the Sri Lankan regime established private-

owned commercial television channels based on a 

broadcasting license system without regulations on the 

content or form of the programs. The process was seen as 

unfair, as one recipient was also a member of the issuing 

committee. In the decade of 1993-2002, commercial 
television channels did not consider the Sri Lankan 

'Teledrama' genre as a unique visual art. The next generation 

of creators, including experts, trainees, critics, journalists, 

stage dramatists, and filmmakers, joined the Sri Lankan 

'Teledrama' in the second decade of 1993-2002. Despite rapid 

expansion, state-owned national television channels 

maintained a proper telecasting schedule for the Sri Lankan 

'Teledrama' broadcasting, ensuring a stable audience with 

‘teleliteracy’. This new generation successfully stabilized the 

Sri Lankan 'Teledrama' with its unique characteristics, 

progressing to the next decade with the support of these 

channels.  

 This period is considered the 'Decade that Stabilized 

the Sri Lankan Teledrama' in evolutionary history. 

C. Decade III:2003-2012: 

In 1999, the Sri Lankan government's undefined mass 

media policy abolished the television license fee for national 
television channels, leading to a commercial rat race. This led 

to the disapproval of Sri Lankan 'Teledrama' attributes, such 

as single sponsors, weekly telecasts, quarterly scheduling, no 

mid breaks, standard duration, and prior approval for scripts 

and audiovisual content. From 2003 to 2012, the government 

downgraded locally produced Sri Lankan 'Teledrama' and 

allowed importation of lower standard daily serials to be 

dubbed in the Sinhala Language. The production price for 

original Sri Lankan 'Teledrama' was directly challenged by 

the importing price of lower-standard soap opera-like series. 

The decline of the elite television drama audience resulted 

from the overflood of fake "daily" Teledrama, which 
challenged the original and unique characteristics of Sri 

Lankan 'Teledrama'.  

The third decade of 2003-2012 is referred to as 'The 

Decade of the Overflood of “Fake” Mega Dailies, 

challenging the “True” Sri Lankan 'Teledrama' in 

evolutionary history. 

D. Decade IV:2013 - 2022 

The mass media policy abolished the television receiver 

license fee and commercialized state-owned public service-

oriented television channels, ending the state's last patronage 

to maintain the unique characteristics of Sri Lankan 
'Teledrama'. This led to the reinstatement of the unique 

characteristics of True Sri Lankan 'Teledrama' as a 

commercial product with lower standards. Commercialistic 

private channels followed day-to-day business models, which 

the elite television audience rejected, and the remainder 

adapted to airtime wasters imitating television advertisement 

content. Between 2013-2022, the quality of Sri Lankan 

professional teledrama and updated equipment and techniques 

were extinct, while the quantity of “True” Sri Lankan 

'Teledrama' was only a few. 

The “Fake” Mega Dailies was proliferated by the profit-

oriented commercialist television broadcasting business under 
the private ownership, and the “Fake” Mega Dailies 

prominently revealed eighty (80) disastrous vices [14], 

diverting from “True” Sri Lankan Teledrama of unique 

characteristics.  

This period is considered the 'Decade that diminished the 

quantity of “True” Sri Lankan 'Teledrama' in evolutionary 

history. 

VI. CONCLUSION AND SUGGESTIONS: 

By means of presented in the literature review and the 

findings and results the following conclusions were reached 

by the research study. 
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• Since the “Fake” Mega Dailies commercialist movement 

rooted due to the unstable mass media policies of the 

previous regimes in 1992 and 1999 gradually excluded 

the “True” Sri Lankan Teledrama art and culture industry 

from the television broadcasting space. The two decades 
from 2003 to 2022 have proved that none of the 

developmental characteristics that should have been 

shown by any art and cultural industry after an 

evolutionary phase are present in the Sri Lankan 

'Teledrama'. 

• Only the entrenched commercialist movement of             

“Fake” Mega Dailies with many vices which are 

criticized and ridiculed in such an atmosphere where no 

developmental features are visible remains powerful.  

• Also, as observed by this research study, it is clear that 

the current mass media policy making in Sri Lanka and 
its uncertainty were caused by providing an unnecessary 

legal basis as stated earlier.  

• However, almost every regime that came to power after 

that, instead of amending it, it seems that the “Fake” 

Mega Dailies business is owned by business circle who 

are acquaintances to them, and it maintains the disastrous 

effects are being continued even today.  

• Thus, the electronic frequency spectrum which is a 

public right of the people of Sri Lanka has been provided 

to such business acquaintances to abuse with legal 

support.  

• In such a background, there is a popular accusation that 

only the contemporary Sri Lankan 'Teledrama' 

productions, the creators, and the production process 

based on it should be held accountable. 

• It was clearly seen in this research study that the 

uncertainty of media policies maintained by the different 

regimes is excluded from being blamed for downgrading 

"True" Sri Lankan Teledrama. 

• Because of this, the disaster of maintaining the “Fake” 

Mega Dailies must be ended immediately, and in order 

to remedy it, the “True” Sri Lankan Teledrama, which 

has been suppressed for a long time, is in a situation that 

cannot be rehabilitated. 

This research study presents a proposal based on the 

Thompsonian concept with the potential to create a 

sustainable Sri Lankan ‘Quality Teledrama’ genre as an 

extension of the Sri Lankan Teledrama concept itself for a 

sophisticated art and cultural industry. 

1. For the establishment of ‘Quality Teledrama’, it is effective 

to create things that are ‘extraordinary’ not 'ordinary'. 

2. For the establishment of ‘Quality Teledrama’, every 

generation of quality professionals should be gathered 

together. 

3. For the establishment of ‘Quality Teledrama’, elite 

audiences should be attracted. 

4. ‘Quality Teledrama’ would always have to contend with                

the consumerist audience driven by profit-seeking channels. 

5. For ‘Quality Teledrama’, a credible cast of characters 

should be included. 

6. Traditional memorable practices are needed for ‘Quality 

Teledrama’. 

7. New genres should be created by mixing old codes and 

conventions for ‘Quality Teledrama’. 

8. To create a unique literature for ‘Quality Teledrama’ the 

writer should be accepted as the centric base. 

9. Self-consciousness should be raised for ‘Quality 

Teledrama’. 

10. For the establishment of ‘Quality Teledrama’ should be 

lean towards controversial themes and subjects. 

11. Realistic ‘Truth’ should be expected for ‘Quality 

Teledrama’.  and 

12. Productions that exhibit the above-listed eleven 

characteristics desired for ‘Quality Teledrama’ are to be 

usually award-winning and critically acclaimed. (Thompson 

1997, 16) 

At the conclusion of this research study, based on all the 

analysis considered above, the following elementary strategic 

suggestions, proposals and recommendations should be 

declared for the accomplishment of its fifth decade of 

"Quality Teledrama", from 2023 to 2032. 

• 01: Establishing the Decade of ‘Quality Teledrama’ from 

2023 to 2032 as a timeframe to recognize local tele-

drama as an art and culture industry and lead to national 

policymaking. 

• 02: Establishing the concept of ‘Quality Teledrama’ as 
the Sri Lankan Teledrama standard. 

• 03: Establishing the application of internationally 

accepted standard television program production process 

in ‘Quality Teledrama’. 

• 04: Establishing the ‘Quality Teledrama’ as one-episode-

per-week mode of telecasting. 

• 05: Establishing the application of standards in the 

Development Stage correlation process in ‘Quality 

Teledrama’. 

• 06: Establishing of “Television Screenwriter 

Contribution Scheme of three (03) levels” in ‘Quality 
Teledrama’ teleplay writing. 

• 07: Establishing producer-led television production 

techniques in ‘Quality Teledrama’. 

• 08: Establishing the Co-Production and Sponsorship 

Mechanisms for ‘Quality Teledrama’ investment. 

• 09: Establishing the systems of ‘Teleplay Evaluation’ 

and ‘Production Value Evaluation’ prior to ‘Quality 

Teledrama’ telecasting. 

• 10: Establishing the application of ‘Quarterly method’ as 

telecast schedule method in ‘Quality Teledrama’, 

• 11: Establishing the practice of 'Quality Television 
Production Model' by Robert J. Thompson (1997), in 

‘Quality Teledrama’.  
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• 12: Establishing and maintaining audited financial 

control in ‘Quality Teledrama’ investments. 

• 13: Establishing of “Quality Television Regulatory 

Commission” for ‘Quality Teledrama’ protection. 

• 14: Establishing sustainability of the industry by 
adopting the 'Quality Teledrama Co-Investment 

Production Model'. 

• 15: Establishing sustainability of the industry by 

expanding foreign investment opportunities by leading 

‘Quality Teledrama’ for overseas markets. 

• 16: Establishing sustainability of the industry by 

expanding audience reach by shifting ‘Quality 

Teledrama’ streaming to other language markets. 

• 17: Establishing sustainability in the industry by 

employing a competency-based assessment system to 

enable the contribution of professional quality creatives 
to ‘Quality Teledrama’ productions. 

• 18: 'Establish sustainability of the industry by including 

curricula to underpin the development of knowledge, 

skills and attitudes in higher education and vocational 

education to ensure the contribution of professional-

quality creatives to ‘Quality Teledrama’ productions. 

• 19: Establishing sustainability of the industry by 

including the subject in school curricula so as to ensure 

an enlightened audience that expects high entertainment 

towards ‘Quality Teledrama’ streaming.  

• 20: Establishing the sustainability of the industry by 
carrying out publicity and promotional programs for 

‘Decade of Quality Teledrama’ as a national project from  

2023 to 2032.  
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Abstract— This research aims to identify effective customer 

relationship management (CRM) methods for freelance audio-

video content creators in Sri Lanka. The study utilized a 

combination of in-depth interviews and literature survey to 

gather insights from 09 freelancers, 02 top managerial officials 

and 09 customers. The interviews focused on the current 

workflow and CRM practices used by freelancers while the 

literature survey identified effective CRM techniques that could 

be implemented by freelancers in Sri Lanka. In accordance with 

the findings, successful CRM strategies can increase sales and 

improve customer satisfaction while leading to business success. 

The study revealed the importance of effective communication, 

responsiveness to client needs and personalized attention in 

building long lasting client relationship in the audio-video 

content creation industry in Sri Lanka. 

Keywords— Customer Relationship Management, Customer 
Retention, Customer Satisfaction, Customer Experience 

I INTRODUCTION 

In Sri Lanka's audio-video content creation industry, 
freelancers have embraced the digital age and used technology 
and the internet to build successful professions. This 
burgeoning trend has transformed audio-video content 
creation into a viable and competitive market. However, this 
very competitiveness underscores the most importance of 
effective Customer Relationship Management (CRM) for the 
sustainability and success of freelance audio-video content 
creators in Sri Lanka. 

 The rise of freelance audio-video content creators in Sri 
Lanka has brought to the forefront the critical need for adept 
CRM strategies. These strategies not only facilitate the 
nurturing of client relationships but also play a pivotal role in 
boosting customer satisfaction, loyalty, and by extension, 
augmenting revenue generation and business growth. As a 
result, this research endeavors to delve into the intricacies of 
CRM methods and techniques that can be specifically tailored 
to the unique context of freelance audio-video content creators 
in Sri Lanka. By unraveling these strategies, we aim to 
empower these creators to forge stronger client interactions, 
thus setting the stage for their businesses' flourishing. 

II PROBLEM AND GAP 

 The research problem of this study is what is the extent of 
knowledge and understanding regarding effective customer 
relationship management methods among freelance audio-
video content creators in Sri Lanka? Despite the importance 
of maintaining strong customer relationships for business 
growth and success, there is a dearth of information on the 
most efficient strategies for this specific group of freelancers. 
This gap in knowledge creates a challenge for Sri Lankan 
audio-video freelancers to effectively manage their customer 
relationships and increase customer satisfaction and 
retention. The research aims to address this gap by identifying 
and evaluating successful CRM methods that can be 
implemented by freelance audio-video content creators in Sri 
Lanka to enhance their business performance. 

III OBJECTIVES 

The research aims to identify effective customer 

relationship management methods for freelance audio-video 

content creators in Sri Lanka to improve customer 

satisfaction, retention, and business growth. 

 

IV LITERATURE REVIEW 

In today's marketing field, Customer Relationship 
Management (CRM) is a highly important concept. It is 
utilized extensively to establish a strong connection with 
customers, which in turn allows organizational management 
to deliver exceptional services (Adnan M. et al, 2021). In 
today's competitive business world, successful management 
of Customer Relationship Management (CRM) is 
increasingly important for any business. As customer 
expectations continue to rise, businesses must adapt their 
services to meet these expectations. CRM is a technique that 
businesses can use to connect with their customers and 
provide better service. Businesses that implement successful 
CRM strategies will increase sales, improved customer 
satisfaction, and ultimately, business success. Effective use 
of CRM technology is essential to keeping costs low, and 
proper CRM practices can lead to significant growth 
(Jayashree S. 2010). According to the study of Hamid, a CRM 
strategy revolves around three core elements, namely people, 
technology, and processes. All the three elements play a 
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major role in CRM implementation (Hamid A. A. et al, 2022). 
CRM has a significant impact on customer satisfaction, and 
that there is a positive relationship between the two variables. 
When a company has a strong and reliable CRM system, 
customers are more likely to be satisfied and to remain loyal 
to the company. The findings of the analysis demonstrate that 
CRM plays a role in increasing customer satisfaction levels 
and in increasing profitability by reducing the cost of 
reaching out to customers, increasing the size of the customer 
base, and ultimately leading to increased profits. In addition, 
an effective CRM system can help a company achieve a 
competitive advantage by reaching the right customers with 
the right message, at the right time, and through the right 
channel. According to the study, approximately 70% of 
customers are satisfied with the delivery and quality of 
products and services, indicating that an effective CRM 
system is important to maintain customer satisfaction and to 
identify areas for improvement (Hassan R. S. et al, 2015). 
Service providers aim for continuous engagement with their 
clients, and this requires a higher level of attention to the 
client’s needs and preferences. In order to establish and 
maintain long-term relationships with clients, businesses 
must invest time and effort in building trust and 
understanding. This requires effective communication and 
responsiveness to the client’s needs. Service providers, in 
particular, must go above and beyond to ensure that their 
clients are satisfied with the services provided. This includes 
anticipating their needs, providing personalized attention, 
and being proactive in addressing any issues that may arise. 
Ultimately, the success of a service provider depends on the 
strength of its client relationships. By investing in effective 
communication and providing exceptional service, service 
providers can build long-lasting relationships that benefit 
both the client and the business. (Chinnathurai. 2021).  

Customers are not just a source of income but also long-term 
assets that require management and maintenance. It can be 
concluded that there is a strong correlation between Customer 
Relationship Management (CRM) and Customer Retention. 
Additionally, there is a significant influence of CRM on 
Customer Retention in the Creative Industry. In order to 
succeed in this industry, it is important for businesses to 
develop innovative strategies, unique concepts, and creative 
approaches to meet customer desires and needs. By 
implementing effective CRM strategies, businesses can build 
long-lasting relationships with customers and improve 
customer retention rates, ultimately leading to increased 
profitability and success in the market. (Damri D. M. et al, 
2017). 

V METHODOLOGY 

The purpose of this study was to identify effective 

customer relationship management (CRM) methods for 
freelance audio-video content creators in Sri Lanka. The 

study utilized a combination of in-depth interviews and a 

literature survey to gather insights from 09 number of audio-

video content creators who working as freelancers and 02 top 

managerial officials which are providing audio-video content 

creation services in Sri Lanka, as well as 09 customers who 

had previously obtained freelance services. The in-depth 

interviews conducted with freelancers focused on the current 

workflows and customer relationship management practices 

used by them and conducted in-depth interviews with 

customers including individuals and companies to evaluate 

CRM methods used by freelancers. Furthermore, a literature 
survey was conducted to identify the most effective and 

standard CRM techniques that could be implemented by 

freelance audio-video content creators in Sri Lanka. 

o Research Tools 

▪ In-depth Interviews 

Interviewed 3-professional freelancers, 3-intermediate 

level freelancers, 3- beginner level freelancers and 2- top 
managerial officials (audio-video service providing 

companies) to understand the current workflow and how they 

manage customer relationship in their workflow. Further, 

interviewed customers and clients to evaluate current CRM 

methods and their experience. 

 

▪ Literature Survey 

Conducted a literature survey for understand what are the 

standard and effective CRM methods for freelance audio-

video content creators and how they can manage customer 

retention. 

o Population and Sampling 

▪ In-depth Interviews with 

Freelancers and Founders of 

Companies 

In-depth interviews were conducted in order to collect 

qualitative data on how freelancers use CRM practices in 

their workflow. 11 people representing various levels of 

professions in audio-video content creation industry in Sri 

Lanka. Interviewees were chosen according to the convenient 

sampling method for the interviews as stated below. 

▪ Summery of Interviewees 

 

F1- Professional Freelance Colorist / Video Editor 

F2- Professional Freelance Audio Designer 

F3- Professional Freelance Video Editor 

F4- Intermediate Level Freelance Video Editor 

F5- Intermediate Level Freelance Video Editor 

F6- Intermediate Level Freelance Video Editor 
F7- Beginner Level Freelance Video Editor / Audio Editor 

F8- Beginner Level Freelance Video Content Creator 

F9- Beginner Level Freelance Video Content Creator 

F10- Top Managerial Official at a Branding Company 

F11- Top Managerial Official at an Animation Studio 

 

▪ In-depth Interviews with 

Customers and Clients 

In-depth interviews were conducted in order to evaluate 

current CRM methods used by freelancers and customer 

experiences in their workflow. 09 number of clients and 

customers were representing various nature of businesses in 

Sri Lanka. Interviewees were chosen according to the 
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convenient sampling method for the interviews as stated 

below. 

 

▪  Summery of Interviewees 

 

C1- Short Filmmaker 

C2- Top Managerial Official at an Animation Studio 

C3- Software Engineer   

C4- Top Managerial Official at a Game Design Company 

C5- Digital Media Marketing Executive 

C6- Post Production Manager 

C7- Professional Dancer / Youtuber 

C8- Branding Strategist 
C9- Top Managerial Official at a Cleaning Service 

VI FINDINGS AND ANALYSIS 

o Workflow  

The findings from the interviews with freelance audio-

video content creators in Sri Lanka indicate that the workflow 

for content creation generally involves several key steps. This 

includes receiving the client brief, understanding the nature 

and scope of the project, submitting rough edits or drafts for 

client feedback, making necessary changes based on the 
feedback, and finally delivering the final product to the client. 

While the overall workflow is consistent among the 

interviewees, some variations exist, particularly for 

specialized tasks like 2D/3D animation. 

 

One notable challenge reported by freelancers is that some 

clients request numerous changes even after the project has 

progressed to certain stages. This can be attributed to a lack 

of understanding about the workflow, which may arise from 

inadequate communication or not properly informing clients 

about the key steps involved. The study suggests that clearer 

communication at the project's outset, including explaining 
the workflow to clients, could minimize confusion and issues 

with change requests later on. By keeping clients informed 

about the project's progress and providing them with a clear 

understanding of the appropriate timing for requesting 

changes, freelancers can establish a smoother and more 

efficient working relationship with their clients. 

 

According to the interviews done with freelancers and 

founders of companies, six participants unveiled that they 

faced many problems such as requesting too many changes 

and customers are not aware of the workflow. If customers 
are made aware of the working process, the various steps 

involved, and the pipeline of the project, it can help to reduce 

major issues and misunderstandings, particularly with 

regards to changes. This can enable customers to have a 

clearer understanding of the project's progress and the 

appropriate timing for requesting changes, which can 

ultimately lead to a smoother and more efficient working 

relationship between the freelancers and the customers. 

 

o Current Communication Level  

The primary communication channels used by 

interviewees are WhatsApp, phone calls, email, and Video 

conferencing tools like Zoom and Google Meet are also used. 

The communication methods vary based on the project's 

requirements and the client's preferences. Ten number of 

participants uses WhatsApp for the communication. 

 

One client prefers physical meetings, while others prefer to 

communicate online. Communication and trust are essential 

to successful relationships with freelancers. Clients who have 
issues with their freelancers tend to have problems with 

communication or differences in working styles. 

 

The participants mentioned that they utilize Google Drive and 

WeTransfer to share files and deliver the final product to their 

clients. 

 

The results indicate that there are problems with 

communication between freelancers and customers, and it is 

not at a satisfactory level. 

o Customer Relationship Management Tools 

Most of the interviewees do not use CRM tools to manage 

client relationships. The research indicates that only two 

participants are familiar with Trello and Asana tools, and that 

some find them difficult to use. However, those who are 

familiar with these tools tend to appreciate their features and 

capabilities, and would welcome more user-friendly 
alternatives. 

 

o Client Feedback 

Only seven number of participants track their client 

feedback and they use different methods to track those, 

including Google Docs, note-taking, WhatsApp, and email. 
Some of them also collect feedback through a Google Form 

or YouTube comments. 

 

Generally, clients are satisfied with their freelancer's work, 

but there are occasional issues that need to be resolved 

through communication and compromise. Freelancers who 

are responsive to client requests and feedback tend to have 

better relationships with their clients. 

 

It seems that some people may be in a rush to complete their 

work and move on to the next customer, which may result in 
them making changes without properly recording or noting 

down any feedback. This could potentially lead to a lack of 

communication or understanding between team members or 

clients, and may ultimately result in decreased satisfaction 

with the work being produced. 

 

o Managing Client Expectations 

Interviewees manage client expectations by providing a 

timeline for the project's completion, discussing project 
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deliverables, and communicating any delays or issues that 

arise during the project. 

 

It appears that many freelancers are being tasked with 

projects that require immediate completion, often within a 
week or less. Additionally, they may be juggling multiple 

clients simultaneously, which can make it challenging to 

meet deadlines and handle any unexpected changes or 

revisions that may arise during the project. This can create a 

stressful and demanding work environment for freelancers, as 

they must balance delivering quality work with managing 

client expectations and meeting tight timelines. 

 

o Challenges 

Based on the research, it seems that many freelancers 

encounter various challenges in their work, including 

communication issues with clients, competition from other 

freelancers, difficulties with time management, clients who 

lack knowledge about the project requirements, a lack of 

understanding about the workflow, and budget issues. These 

challenges can make it challenging for freelancers to deliver 

high-quality work and meet client expectations, which can 
ultimately impact their success in the freelance marketplace. 

 

o Customer Relation 

It appears that some freelancers have had negative 

experiences with losing clients due to poor communication 

and customer relationship management (CRM). These 
freelancers may not be utilizing effective client relationship 

building methods to maintain client retention, which could 

result in a loss of business over time. It is important for 

freelancers to prioritize strong communication and effective 

CRM practices to build trust with clients and establish long-

term working relationships. This can help to ensure client 

satisfaction, improve the freelancer's reputation, and increase 

the likelihood of future business opportunities. 

 

Based on the literature, it is suggested that client 

relationships through the internet are more effective. (Hans 

H., 2002). Further literature suggested that The Six Pillars of 
Customer Experience Model can be applied to the audio-

video content creation industry in the following ways. (Taher 

A. 2022) 

 

 

Frame of Reference for Client Relations Through the Internet 

 

o Billing, Payment, Agreements, and Other 

Documents 

It seems that some freelancers may not be following 

proper documentation practices when it comes to invoicing 

and client agreements. Instead of using professional software 
for creating invoices and agreements, some freelancers may 

resort to sending soft copies of invoices through 

communication channels such as WhatsApp or email. 

Additionally, some freelancers may neglect to issue proper 

documentation altogether, leaving it up to the client to request 

invoices or other important documents. This lack of formal 

documentation and agreements could potentially lead to 

misunderstandings or disputes between the freelancer and the 

client. It is worth noting that some advertising agencies may 

follow more rigorous documentation practices, including the 

use of legal agreements and other formal documentation. 

 
According to the research, freelancers who do not use 

agreements may encounter issues such as clients refusing to 

pay for changes or requesting excessive changes, as well as 

displaying unprofessional behavior. As a result, some 

freelancers are considering implementing agreements to 

protect themselves and ensure a more professional working 

relationship with their clients. 

 

o Customer Satisfaction 

Some customers have had negative experiences working 

with freelancers in the past, as they were dissatisfied with the 

quality of the designs provided. They feel that some 

freelancers lack knowledge of design trends, theories, and 
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principles. As a result of these experiences, seven customers 

prefer to work with people they know, such as friends or those 

recommended by others. However, this approach can 

sometimes result in missing out on the most suitable 

freelancer for a particular project. This is because the 
customers may prioritize avoiding communication or 

working style issues with people, they are unfamiliar with 

over finding the most qualified freelancer for the job. 

 

Based on the feedback from one participant, customers prefer 

to see a showreel to gain an understanding of the freelancer's 

style of work, level of quality, and professionalism. A 

showreel can help to establish trust between the customer and 

the freelancer by showcasing the freelancer's capabilities and 

previous work experience. This can help to reassure 

customers that they are working with a qualified and 

competent professional who is capable of delivering the 
desired results. 

 

o Inclination of Freelancers and Customers 

During the interviews, all participants (both freelancers 

and customers) expressed a preference for using online tools, 
apps, and software that can be accessed on both mobile 

phones and computers/laptops to manage their work and 

maintain a high level of customer relationship management 

(CRM). They believed that implementing such a system 

would lead to better client retention (CR) rates. However, 

they emphasized that the system must be user-friendly and 

accessible to both freelancers and customers with varying 

types of accounts. 

 

o Standard CRM Types 

The literature shows four standard types of CRM. (Padhi 

S. 2017) 

 

Operational CRM: Operational CRM (Customer 

Relationship Management) refers to the use of technology to 

automate and streamline customer-facing business processes, 

such as sales automation, marketing automation, and 

customer service. The goal of operational CRM is to improve 

the efficiency and effectiveness of these processes to enhance 

customer satisfaction and increase revenue. 
Analytical CRM: Analytical CRM refers to the use of data 

analytics and business intelligence tools to analyze customer 

data and gain insights into customer behavior and 

preferences. This information is used to develop customer 

segmentation strategies, targeted marketing campaigns, and 

personalized customer experiences. 

 

Collaborative CRM: Collaborative CRM refers to the use of 

technology to facilitate communication and collaboration 
among different departments within a company that interacts 

with customers, such as sales, marketing, and customer 

service. The goal of collaborative CRM is to ensure that 

everyone who interacts with customers has access to the same 

information, enabling them to provide consistent and 

personalized experiences. 

 

Interactive CRM: Interactive CRM refers to the use of 

technology to enable real-time interaction between customers 

and companies across multiple channels, such as social 

media, email, chat, and phone. The goal of interactive CRM 

is to improve customer engagement and provide customers 
with a seamless and consistent experience across all channels. 

 

Among these, it is suggested that freelance audio-video 

content creators would find Operational CRM and Interactive 

CRM to be the most suitable for their needs. 

 

o Suitable CRM Strategy 

Omni channel CRM may be a suitable approach for 

managing customer relationships in the freelance audio-video 

content creation industry. This approach involves integrating 

multiple communication channels such as email, phone, 

social media, and chat, to provide a seamless and consistent 

customer experience across all touchpoints. By implementing 

an omni channel CRM strategy, freelancers in the audio-

video content creation industry can enhance their 

communication with clients and improve overall customer 

satisfaction. (Nasir, 2015), (Padhi S. 2017), (Gao, 2021) 
 

Different Types of CRM Channels 

VII CONCLUSION 

 

Based on the findings and analysis of the both interview 
series with freelance audio-video content creators in Sri 

Lanka and their customers, it can be concluded that customer 

relationship management plays a crucial role in the success 

of their businesses. All interviewees had different approaches 

to managing their relationships with clients, but both 

highlighted the importance of communication, 

responsiveness, and building trust with clients. 

 

The first interview series is emphasized the need to have 

clear communication with clients from the beginning and to 

manage their expectations throughout the project. This 
approach helped to establish trust with clients and ensure that 

they were satisfied with the final product. The second 

interview series is focused on building long-term 

relationships with clients by providing excellent customer 

service and going above and beyond their expectations. This 
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approach helped to foster repeat business and positive word-

of-mouth recommendations. 

 

Overall, it is clear that effective customer relationship 

management methods are essential for freelance audio-
video content creators in Sri Lanka to succeed in their 

businesses. By prioritizing communication, 

responsiveness, trust-building, and excellent customer 

service, freelancers can establish and maintain strong 

relationships with their clients, leading to increased client 

satisfaction, repeat business, and positive referrals. 

VIII RECOMENDATIONS 

 

The study suggests to adopt an omni-channel CRM 

strategy by integrating various communication channels like 

email, social media, chat, and phone within professional 

CRM tools. With all communication centralized, freelancers 
can respond promptly to client inquiries and maintain 

consistent interactions. 

 

It is recommended that freelance audio-video content 

creators consider adopting Operational CRM and Interactive 

CRM as they align exceptionally well with their specific 

requirements. Operational CRM will help streamline tasks 

and project tracking, while Interactive CRM will facilitate 

personalized client interactions. By integrating these 

approaches, content creators can enhance efficiency, 

engagement, and overall project success. 
 

It is recommended to consider adopting a dedicated CRM 

system tailored to their specific needs of freelance audio-

video content creators. Professional CRM tools like Trello or 

Asana can greatly assist in managing client relationships and 

project workflows. These platforms offer user-friendly 

interfaces, task management features, and collaboration 

capabilities, making them ideal for organizing project details, 

tracking progress, and communicating with clients. 

 

It is recommended to incorporate a lock mechanism for 

each task in the workflow, requiring client confirmation upon 
task completion via email or a signed hard copy. This practice 

serves to prevent potential issues during subsequent changes. 

Additionally, it is advisable to adopt a flexible approach to 

the workflow for audio and video content creation. This 

entails the ability to adjust, add, remove, or modify steps 

based on project requirements, rather than adhering strictly to 

a fixed process. Such adaptability ensures a more responsive 

and tailored workflow, ultimately enhancing the efficiency 

and effectiveness of content creation endeavors. 

 

The study is recommended to consider the “Six Pillars of 
Customer Experience Model” for freelance audio-video 

content creation industry.  The Six Pillars of Customer 

Experience model is a framework used to assess and improve 

the quality of customer interactions with a business. (Taher 

A. 2022) 

 

 

Fig. 4.  Six Pillars of Customer Experience Model 

 

The Six Pillars of Customer Experience Model can be 
applied to the audio-video content creation industry in the 

following ways. 

 

In the realm of freelance audio-video content creation, a 

holistic approach involves several pivotal strategies. Firstly, 

"Personalization" stands out as a guiding principle—services 

meticulously tailored to individual client needs, with 

personalized recommendations spanning video style, music, 

and voice-over, adding a distinct touch to each project. 

Secondly, "Integrity" takes the forefront, emphasizing 

transparent communication regarding pricing, processes, and 
timelines. Providing a clear breakdown of fees, deliverables, 

and deadlines upfront establishes trust and professionalism. 

Thirdly, the art of "Expectation" management is paramount; 

understanding and aligning with client visions to deliver a 

product that matches their creative direction ensures 

satisfaction. Fourthly, a proactive approach to "Resolution" 

proves vital, ensuring responsive collaboration to address any 

project issues promptly. Fifthly, valuing clients' "Time and 

Effort" involves streamlined services such as online 

meetings, reducing in-person interactions and offering 

convenience. Lastly, "Empathy" forms the cornerstone, 

underpinned by understanding clients' perspectives and 
demonstrating genuine care, particularly during high-stress 

scenarios like tight deadlines. Together, these strategies not 

only enhance the freelance audio-video content creation 

experience but also nurture client relationships and yield 

exceptional project outcomes. 
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Abstract—Film, as a highly interactive medium with the 

audience, relies significantly on narrative to engage viewers. 

This research aims to identify a narrative subject that resonates 

with contemporary Sri Lankan cinema. Additionally, the study 

investigates the most popular movie genre and story structures 

preferred by Sri Lankan moviegoers. To achieve these 

objectives, a mixed-methods approach was employed, 

combining survey, in-depth interviews, and content analysis. 

Quantitative data analysis was utilized to identify the most 

favored narrative subjects, film genres, and story structures 

among the Sri Lankan film audience. The results indicate that a 

majority of moviegoers in Sri Lanka prefer films centered 

around social factors as the narrative subject. Moreover, Linear 

Narrative emerges as the primary storytelling structure 

preferred by Sri Lankan audiences. These findings provide 

valuable insights for filmmakers and the local film industry to 

create engaging content that aligns with the preferences of the 

Sri Lankan moviegoing community. 

 

Keywords—Sri Lankan Cinema, Narrative, Film Genre, 

Moviegoers, Film Preferences 

 

INTRODUCTION 

The preferences of film audiences are shaped by numerous 
factors, with one of the key components being the narrative 
subject. Over time, these preferences have evolved, leading to 
changes in the titles, structures, and genres of motion pictures 
since the inception of the moving picture on December 28, 
1898, at the Grand Cafe in France (Senevi, 2018). This 
dynamic phenomenon is also evident in the context of Sri 
Lankan cinema, where audiences have been exposed to a 
diverse array of narrative subjects since the release of the first 
Sri Lankan film up until the present (2022). 

Despite the acknowledgment of the evolving nature of 
audience preferences, there remains a research gap regarding 
the specific narrative subjects that resonate most with 

contemporary Sri Lankan moviegoers. Understanding these 
preferences is vital for filmmakers and the local film industry 
to create engaging content that caters to the tastes of their 
target audience. Additionally, there is a need to explore the 
most popular film genre and story structures among Sri 
Lankan audiences, as these aspects play crucial roles in 
audience engagement and film success. 

 

Therefore, the current study aims to address this research 
problem by investigating the most favorable narrative subjects 
among Sri Lankan moviegoers and identifying the preferred 
film genre and story structure for contemporary Sri Lankan 
films. By filling this research gap, the findings of this study 
will contribute valuable insights to the field of Sri Lankan 
cinema and aid in the development of compelling narratives 
that appeal to the evolving tastes of the audience. 

 

SIGNIFICANCE OF THE STUDY 

The study's significance lies in its ability to inform 
filmmakers and industry professionals about the preferences 
of contemporary Sri Lankan moviegoers. By identifying 
favored narrative subjects, genres, and story structures, the 
study contributes to creating culturally relevant and engaging 
films. It enhances the balance between artistic expression and 
commercial success, fosters societal reflection through film, 
and enriches academic discussions in the field. Ultimately, the 
study's insights can enhance audience engagement, guide 
educational curricula, and drive the development of a more 
dynamic and responsive local film industry. 

 

OBJECTIVES 

The objective of this research is to identify a narrative 
subject that resonates with contemporary Sri Lankan cinema 
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and investigate the most popular movie genre and story 
structures preferred by Sri Lankan moviegoers.  

 

LITERATURE REVIEW 

The research topic is directly related with the film 
viewership. With the findings of previous researches, 
investigated the audience’s involvement to the film. When 
the audience is led to expect certain outcomes, they 
automatically feel things (Glebas, 2009). The right 
development of character, plot, theme, setting, atmosphere, 
point of view, and genre is more than merely providing an 
audience what they expect (Tatia, 2019).  

According to the research on narrative strategies in 
contemporary Sri Lankan cinema by Deepika D. (2012), she 
has analyzed 05 movies produced after year 2000. It has 
found that influence of the world cinema is shadowing on 
contemporary Sri Lankan film narratives. 

Manoj Pushpakumara Jinadasa of University of Kelaniya 
emphasized that modern teen and youth audience are heavily 
hallucinated and opiated by the romantic relationships and 
dreamy world that deeply narrated in the Indian commercial 
and political film (Jinadasa, 2016). This explore that the 
contemporary people still in a bond with Sri Lankan 
traditional cinema. 

In her study, R. Sengupta of Jagiellonian University outline a 
possible theoretical structure for the future study of South 
Asian cinema, contextualize the intervening spaces between 
cinema and politics, particularly the realms of cinematic 
representation of religious or communal identities in South 
Asian cinema, categorize existing trends and observe 
transformations in the methodology of cinematic 
representation of identities (Sengupta, 2020). 

With a better understanding of the importance of film 
narratives, a research gap on narrative subjects and story 
structures in films was identified. As per the references taken 
by books and researches the research topic formed as 
exploring narrative subjects for contemporary Sri Lankan 
cinema. 

METHODOLOGY 

Three methods were used in this study to gather 

information for the research. They include an online survey, 

in-depth interviews and content analysis. 
 

Survey 

According to the 2012 Census of Population and Housing 
report, the population of the Sri Lanka is 20359439. The 

study's sample population is a diverse group of people from 

various age groups in each district of Sri Lanka. In addition 

to that, the gender, marital status, and employment status are 

also specifically determined for the sample. The total sample 

size is 385. With a 95% confidence level and a 5% margin of 

error, the study results can be generalized to the entire 

population of Sri Lanka with a reasonable degree of certainty. 

The sample for the study was obtained using a Random 

Sampling technique. This method employs an unbiased group 

of people who have an equal chance of being chosen from a 

subset of the total population. 

 
Due to the fuel crisis in Sri Lanka, a Pre-prepared 

questionnaire with Likert scale and short answer questions 

was distributed via email through a Google Form. The test is 

done as a quantitative and qualitative analysis of particular 

data. 
 

In-Depth Interviews 

In-depth interviews were conducted in order to collect 

qualitative data on film narrative subjects, story structure, and 

film viewership. 13 people representing various professions 

in Sri Lankan film industry and social statuses were chosen 

according to the purposive sampling for the interviews as 

stated below. 
 

Film Directors   - 02  

Screenplay Writers  - 01  

Film Producers   - 02  

Lecturers/Mentors  - 02 

Students    - 02 

Cinephile Group Members  - 02 

Film Critics   - 02 

 

 

19) The Profiles of the interviewees 

 
Mr. Jackson Anthoney (Film Director) 

Mr. Vimukthi Jayasundara (Film Director) 

Mr. Boopathi Nalin (Screenplay Writer) 

Mr. Anusha Sanjeewa (Consultant - E.A.P. Films) 

Mr. Praveen Jayarathna (Dil Films) 

Mr. Dilantha Rathnayake (Head of the Department – 

Department of Film and Television Production Technology, 

University of Vocational Technology) 

Mr. Eranda Mahagamage (Lecturer, University of Kelaniya) 

Mr. Geeth Asanka (Graduated Student of the University of 

Vocational Technology holding the Bachelor of Technology 

in Film and Television Production Technology) 
Mr. Dakshina Damruwan (Undergraduate Student of the 

Shreepali Campus) 

Mr. Taraka Baddage (Cinephile Group Member) 

Mr. Hasantha Dissanayake (Cinephile Group Member) 

Mr. Buddadasa Galappaththi (Film Critic) 

Mr. Aruna Gunarathna (Film Critic) 

 

Content Analysis 

After obtaining the three most popular movies from 

quantitative data collection via a Google form distributed 

throughout the island, content analysis was performed. The 

genre, narrative subject, narrative structure, length of the 

film, type of dialogue (simple or profoundly meaningful), 
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ending of the story (tragic or delighted), and mise-en-scène 

were all highly concentrated. 

 

FINDINGS AND ANALYSIS 

The Manner in Which Movies Are Watched People in Sri 

Lanka 

 

 

Fig. 30. How People Watch Movies in Sri Lnaka 

Findings from the research indicate that a considerable 

segment, specifically 26.5%, of the participants in the study 

preferred utilizing television as their primary platform for 

watching movies. Additionally, 18.6% of respondents 

expressed a preference for using laptops, while 18.1% opted 
for the convenience of watching movies on their mobile 

phones. Surprisingly, a mere 12.6% of the participants chose 

the traditional option of visiting theaters for their cinematic 

experiences. 

 

A noteworthy observation is that the vast majority, 

amounting to 87.4% of the respondents, embraced alternative 

methods for consuming movies, indicating a substantial shift 

away from traditional theater attendance in favor of more 

flexible and personalized viewing options. 

 

Preference of Narrative Subjects Among Sri Lankan 

Audience 

 

 

Fig. 31. Preference of Narrative Subjects Among Sri Lankan Film Audience 

There are 70.3% of people prefer for a narrative subject 

related to social factor. 15.6% are like for cultural narrative 

subject and 8.1% people prefer on narrative subject of 

education. Only 5.2% of people prefer on political narrative 

subject and just 0.8% people like for narrative subjects on 

economical factor. 

 

 
 

 

 

 

 

 

20) Age-Wise Narrative Subjects Preferences 

 

Fig. 32. Preference of Narrative Subjects Based on Age 

Identify a unique factor that was shared by all age groups, as 
people of all ages preferred social as their favorite narrative 

subject. The least preference came with Economical narrative 

subject.  

 

 

21) Gender-Wise Narrative Subjects Preferences 

 

 

Fig. 33. Preference of Narrative Subjects Based on Gender 

There is no considerable deviation on social narrative subject 

on both male and female gender. However, there is a 

significant difference between the genders in their preference 

for other narrative subjects. While males preferred cultural 

factors at around 10%, females preferred twice as much. But 

when it comes to political narratives, males have a 9% 

preference, while females have a 1.6% preference. 
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Preference of Film Genre Among Sri Lankan Audience 

 

Fig. 34. Preference of Film Genre Among Sri Lankan Film Audience 

According to the graph, there are four notable factors about 

the most preferable film genre among Sri Lankan 

moviegoers. Those are respectively Drama (25%), Thriller 

(17%), Action (13%) and Comedy (11%). Over 65% of 

preferences are with these four genres out of the sixteen 

genres considered 

 

Preference of Story Structure 

 

22) Preferences of the Story Ending 

 

Fig. 35. Preference of the Story Ending 

70% of people prefer happy endings in their movies. 10% of 

people like to tragic ends and rests have no idea about the 

factor.  

 

23) Preferences of  Story Conclusions 

 

Fig. 36. Preference of StoryConclusions 

57% of people prefer movies with solved conclusion and 16% 

prefer unsolved conclusion in movies. Rest of 27% have no 

idea about it. 

 In-Depth Interviews  

The insights provided by the interviewees shed light on 

the vital role played by narrative subjects in driving film 

viewership in Sri Lanka. They unanimously emphasized that 

the success of a film greatly depends on the ability of its 

narrative to engage and captivate the audience. A well-crafted 

narrative subject, one that is relevant, relatable, and 

emotionally resonant, has the power to draw in moviegoers 
and create a lasting impact on their cinematic experience. 

 

Among the common factors observed in Sri Lankan cinema, 

Linear Narratives emerged as a prominent storytelling style. 

The straightforward and chronological progression of events 

in linear narratives allows for a clear and easily 

comprehensible storyline, which appears to resonate well 

with Sri Lankan audiences. This preference for linear 

storytelling could be attributed to its simplicity, enabling 

viewers to stay connected with the plot and characters 

throughout the film. 
 

Another significant theme explored in Sri Lankan cinema is 

Enlightenment. Films that delve into thought-provoking and 

intellectually stimulating topics tend to capture the attention 

of the audience, as they provide an opportunity for 

introspection and deeper contemplation. Such narratives 

often challenge societal norms, address moral dilemmas, and 

offer profound insights into human behavior and 

relationships. 

 

Trends in filmmaking also play a crucial role in shaping the 

content of Sri Lankan cinema. The industry continuously 
adapts to changing viewer preferences and societal dynamics, 

leading to the emergence of specific themes and genres that 

gain popularity over time. Understanding these trends is 

essential for filmmakers to stay relevant and connect with 

their target audience effectively. 

 

The exploration of diverse Themes and Genres is evident in 

Sri Lankan cinema. From social issues and cultural heritage 

to action-packed thrillers and heartwarming comedies, the 

industry offers a wide range of narratives to cater to diverse 

audience preferences. This variety not only enriches the 
cinematic experience but also reflects the cultural and societal 

diversity of Sri Lanka. 

 

On the other hand, the film critic's observation about the 

disconnect between film academia and the general public's 

movie preferences raises an important point of consideration. 

While Arthouse films may be valued for their artistic merits 

and critical acclaim, they might not always align with the 

entertainment preferences of the broader audience. This 

discrepancy suggests the need for a balance between artistic 

expression and commercial viability in Sri Lankan cinema. 

264, 69%

81, 21%

39, 10%

Happy

No Idea

Tragic

104, 27%

218, 57%

62, 16%
No Idea

Solved

Unsolved
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To bridge this gap and foster a better understanding of 

audience preferences, filmmakers and educators could 

collaborate more closely. Integrating elements of storytelling, 

narrative subjects, and audience engagement into film 
education could help create films that are both artistically 

commendable and appealing to the general public. 

Additionally, studying the success of commercial films that 

strike a chord with audiences can provide valuable insights 

for filmmakers aiming to create more impactful and engaging 

narratives. 

Content Analysis  

The questionnaire's findings revealed that three movies 

were particularly favored by the respondents: ‘Harry Potter’ 

(2001), ‘Suriya Arana’ (2004), and ‘Jurassic Park’ (1993). 

Each of these films resonated with the audience for various 

reasons, showcasing the diversity of narrative subjects that 

appeal to Sri Lankan moviegoers. 

 

‘Harry Potter’ captivated audiences with its enchanting 

narrative centered around the main character, Harry, and his 

magical powers and heroic feats. Beyond the surface, the film 
delves into a deeper subtext of social conflict, exploring 

themes of prejudice, discrimination, and the struggle for 

acceptance within a magical society. This blend of fantasy 

and social commentary drew audiences of all ages, sparking 

discussions on the importance of inclusivity and 

understanding in society. 

 

‘Suriya Arana’ brought forth an intriguing social problem as 

an emerging cultural issue, within the context of religion. The 

film shed light on the challenges faced by individuals in a 

religious community, highlighting the complexities of 

traditional values and modernity. This exploration of cultural 
clashes and the quest for spiritual fulfillment resonated with 

the audience, sparking contemplation on the intricacies of 

identity and belief systems in contemporary Sri Lanka. 

 

‘Jurassic Park’ belonging to the sci-fi and action genres, 

enthralled audiences with its captivating portrayal of 

dinosaurs brought back to life through genetic engineering. 

However, beneath the thrilling adventure, the film subtly 

conveyed a social problem, illustrating how the pursuit of 

capitalist ambitions can lead to the imposition of hegemony 

over nature and the potential consequences of playing with 
scientific boundaries. This thought-provoking subtext 

sparked discussions on ethical dilemmas and the 

responsibility of humans in their interactions with the 

environment. 

 

Sri Lankan audiences prefer well-paced movies that strike a 

balance between storytelling and engagement. The fact that 

these films had happy endings and presented clear resolutions 

to their conflicts also resonated positively with the viewers. 

The preference for resolved conclusions may indicate that Sri 

Lankan audiences find satisfaction in films that provide 

closure and a sense of fulfillment at the end. 

 

CONCLUSION 

The comprehensive research undertaken to understand the 
narrative subjects preferred by contemporary Sri Lankan 

cinema has yielded valuable insights into the moviegoers' 

preferences and the industry's prevailing trends. The survey 

results clearly indicate that a significant majority, 70.3% of 

moviegoers, favor movies with narrative subjects centered 

around social factors. This finding highlights the audience's 

inclination towards narratives that reflect and engage with 

societal issues, reflecting a desire for meaningful and relevant 

storytelling. 

 

In addition to narrative subjects, the study explored the 

preferences for film genres, and the results indicate that Sri 
Lankan filmgoers have a diverse taste. The drama, thriller, 

action, and comedy genres emerged as the most popular 

choices among the respondents. This diversity in genre 

preferences suggests that Sri Lankan audiences enjoy a wide 

range of cinematic experiences, from emotionally engaging 

dramas to thrilling action-packed adventures and lighthearted 

comedies that offer moments of laughter and entertainment. 

 

The in-depth interviews conducted with professionals from 

the Sri Lankan film industry further underscored the 

significance of linear narrative structures in local cinema. 
Linear narratives, with their straightforward and 

chronological storytelling, appear to resonate well with the 

audience, providing clarity and coherence in the unfolding of 

the plot. 

 

The research also delved into the moviegoers' preferences for 

specific cinematic elements. Notably, 50% of respondents 

expressed a preference for movies with songs, highlighting 

the significance of music and song sequences in enhancing 

the cinematic experience for the audience. 

 

Regarding color grading, the study revealed that 60% of 
participants preferred a colorful color grade. However, when 

comparing this with the preferences for thematic color 

grading, doubts were raised about the audience's 

understanding of this aspect. This finding suggests a potential 

area for further research and exploration to better 

comprehend the audience's perception and appreciation of 

color grading in films. 

 

Finally, the content analysis of the three most favored 

movies, ‘Harry Potter’, ‘Suriya Arana’, and ‘Jurassic Park’ 

provided valuable insights into the prevalent narrative 
subjects in these films. While ‘Harry Potter’ portrayed magic 

and heroism on the surface, it effectively addressed social 

conflict in its subtext, resonating with the audience's desire 

for narratives that offer more than meets the eye. Similarly, 

‘Suriya Arana’ delved into social problems within a religious 
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context, captivating viewers with its exploration of cultural 

issues and spiritual dilemmas. ‘Jurassic Park’ a sci-fi and 

action-packed adventure, cleverly conveyed a social problem 

of capitalist hegemony over nature, prompting thought-

provoking discussions on ethics and human responsibility. 
 

RECOMMENDATION 

 

Given that about 70% of moviegoers prefer movies with 

narrative subjects centered around social factors, it is 

recommended to focus on crafting stories that address 

pressing societal issues and resonate with the audience's lived 

experiences.  

 

Sri Lankan film audiences have diverse tastes, with drama, 

thriller, action, and comedy emerging as the most popular 

genres. It is suggested to filmmakers, continue to explore a 
wide range of genres to cater to the varied preferences of the 

audience. This approach allows for a rich cinematic 

experience and helps to expand the scope of local storytelling. 

 

The study highlights the preference for linear narrative 

structures among Sri Lankan audiences. Filmmakers should 

continue to utilize this storytelling style to provide clarity and 

coherence in their narratives. Still, exploring other 

storytelling techniques, such as non-linear narratives or 

experimental storytelling, can also add novelty to the local 

film landscape. 
 

The success of films like ‘Harry Potter’, ‘Suriya Arana’, and 

‘Jurassic Park’ which subtly address social problems in 

addition to their main themes, indicates that audiences 

appreciate narratives with deeper layers of meaning. The 

study suggests to continue to explore socially conscious 

subtexts to provide audiences with thought-provoking and 

enriching cinematic experiences. 
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Abstract— This research endeavors to discern and explore the 

preliminary cost-related hurdles and budgeting complexities 

encountered by video editors in the management of video editing 

projects. The study employed a methodology centered on semi-

structured interviews conducted with video editors in Sri Lanka, 

aimed at gathering pertinent data. The findings indicate that 

when budgeting, editors give top priority to a number of 

elements, including the complexity of the project, the editor's 

expertise and skill level, and the amount of time needed for 

editing. Editors often consider other factors, like the client's 

experience in the industry. The study suggests a number of 

approaches to deal with pre-costing issues and budgetary 

conundrums, including the maintenance of a comprehensive 

portfolio, the establishment of a Video Editors Community or 

Union, in-depth project discussions and pre-edit planning, and 

the utilization of a least-cost package rate system for budgeting. 

 

Keywords— Video Editors, Budgeting, Freelance Video 

Editors, budgeting difficulties, Pre-costing issues, Costing 

Methods 

I.INTRODUCTION 

 The freelance video editing industry has expanded 

significantly in recent years due to technological 

advancements and increased demand for video content. 

Despite this growth, freelance video editors encounter 

various challenges that can affect their productivity and work 

quality. These challenges include issues related to costing, 

understanding client expectations, and managing multiple 

tasks. These difficulties may lead to subpar work quality, 

leaving clients dissatisfied and impacting the editor's income. 

Clients play a crucial role in shaping the approach and 

outcomes of video editing projects. By being aware of these 

challenges, clients can effectively communicate their 
expectations, actively participate in the budgeting process, 

and provide clear project guidelines. Collaboration and 

understanding between clients and editors can lead to 

smoother project execution. Clients are also encouraged to 

consider the proposed solutions from this study, such as clear 

agreements and open communication, to enhance the overall 

project experience. 

II.SIGNIFICANCE OF THE STUDY 

 This study's significance lies in its comprehensive 
exploration of pre-costing issues and budgeting challenges in 
video editing. By offering practical solutions, it empowers 

editors to make informed decisions, streamlining processes, 
and enhancing project efficiency. These insights also hold the 
potential to shape industry standards, fostering transparency 
and growth. Moreover, the study emphasizes client-editor 
collaboration, promoting clear communication and well-
defined project goals. In essence, this research has the power 
to revolutionize the video editing landscape by enhancing 
professionalism, collaboration, and project outcomes. 

III.PROBLEM AND GAP 

The research problem addressed in this study is the 

investigation of the factors and difficulties that freelance 

video editors face when budgeting for their editing projects. 

Despite the growth of the freelance video editing industry and 

technological improvements, freelance video editors still 

confront a number of difficulties that have an impact on the 

effectiveness and quality of their work.  
 These obstacles include being unable to effectively 
predict budgets, manage client expectations, balance multiple 
projects, and estimate costs. As a result, freelance video 
editors may find it challenging to deliver high-quality work, 
satisfy client needs, and earn a fair income. By researching the 
variables that affect the effectiveness of budgeting and editing 
for freelance video editors and identifying the typical issues, 
this study tries to address these problems.   

IV.OBJECTIVES 

• To identify the pre-estimate issues that freelance 

video editors face in the budgeting process.  

• To investigate the competitive costing methods used 

by freelance video editors to determine the 

feasibility of their budgets.  

• To investigate the competitive costing methods used 

by freelance video editors to determine the 

feasibility of their budgets.  

• To determine the factors that influence the choice of 

competitive costing methods for freelance video 

editors.  

• Identify the factors that impact the budgeting 

decisions made by freelance video editors.  

V.LITERATURE REVIEW 

The study found that after video-editing treatments, 

students' performance in terms of video-editing abilities 

improved (Yoestara & Ismail, 2023e). The Hitchcock system 
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uses computer analysis to identify the acceptability of video 

portions, allowing users to produce customized videos from 

raw footage (Girgensohn et al., 2000c). This study provides a 

solution for object level video editing tasks, including object 

removal, background inpainting, and novel view video 
synthesis, which performs better than state of the art 

techniques (Siddique & Lee, 2021b). The development of 

autonomous video editing, emphasizing the use of AI in both 

partial and full workflows, and examining related works from 

various aspects (Zhang et al., 2022). Reconfigurable video 

playback's significance in interactive video applications. It 

emphasizes how viewers or programmers can change video 

sequences, ideally in real time (Mackay & Davenport, 1989). 

Focuses on studies looking into how to use video editing to 

help novice teachers strengthen their reflective practice. The 

study that was conducted is a component of a bigger research 

on video-enhanced teacher reflection (Calandra et al., 2009).  
 Concentrates on the Hitchcock system, an easy-to-
use video editing program that makes it simple to produce 
personalized videos from raw video material shot with a 
typical video camera. Hitchcock, in contrast to other video 
editing programs, uses automatic analysis to determine the 
suitability of the different segments within the raw video. 
(Girgensohn et al., 2000). Focuses on the difficulty of 
identifying the intrinsic reflectance and illumination images in 
a photograph or video (Bonneel et al., 2014). 
 The significance of budgeting in video production 
and brings attention to the parallels between the budgeting 
strategies used by video producers and those employed by 
other service sectors (Sweetow, 2011). The difficulty of 
budgeted selection in active learning, where the learner must 
choose a group of examples within an established supervision 
budget, is addressed in this work. The budget indicates the 
resources that are available for annotation, such as money or 
time (Vijayanarasimhan et al., 2010). 
 The research presented here helps us understand how 
deep semantic video segmentation trades off accuracy for 
speed. The suggested budget-aware approach provides a 
practical means of lowering computing expenses without 
sacrificing segmentation quality (Mahasseni et al., 2017). The 
research emphasizes the significance of developing user-
friendly editing tools and integrating metadata to overcome 
the difficulties in video editing. By making use of metadata, 
video editing can be made simpler for beginners and more 
effective for the reuse and creation of video content (Casares 
et al., 2002). 
 The transformational potential of computational 
media production, driven by the incorporation of metadata, in 
automating and modifying video production processes is 
highlighted by this study. (Davis, 2003). This research offers 
a significant addition to the automated creation of video clips 
for editing needs. The framework enables the development of 
aesthetically pleasing sub-clips that can be smoothly 
incorporated into the editing process by emulating camera 
motions and applying cinematographic concepts (Gandhi et 
al., 2014). Techniques offers an effective way to produce 
compressed video summaries that maintain crucial 
information while adhering to bit budget restrictions (Li et al., 
2005). 

VI.METHODOLOGY 

A qualitative research approach has been used for the 

study, which involve semi-structured interviews with video 

editors. To find patterns and themes in the data, thematic 

analysis approaches has been used. A targeted sample of 

freelance video editors was chosen based on their experience 

and skills.  

The research only includes freelance video editors who 

have their own editing setup and at least two years of 

experience in the industry, in order to ensure that the findings 

are relevant and meaningful. This requirement is necessary to 

ensure that the participants are capable of offering insightful 

commentary on the budgetary and editing issues they 
confront and have a clear understanding of these challenges. 

VII.Research Tools 

1) Semi-structure Interviews 

All 5 objectives are covered with Semi-structured 

interviews that were conducted to collect qualitative 

information about the viewpoints and experiences of video 

editors with regard to the budgeting and pre-costing obstacles 

faced by the video editing industry, as well as their 

suggestions for overcoming these issues. 

VIII.Population and Sampling 

1) Semi-structured Interviews with Freelance Video    

Editors and Company related Editors 

The sample for this study will be made up of 10–15 

freelance video editors who were chosen for their knowledge 
and experience in the field. Purposive sampling will be used 

to choose the sample, which involves selecting participants 

based on specified standards. The selection criteria were 

participants' expertise, experience as freelance video editors, 

having their own editing system, as well as their knowledge 

of editing and budgeting. This helped to ensure that the 

findings are accurate and meaningful, and to generalize. 

IX.The Profiles of the interviews 

E1- Mr. Praveen Jayarathna (Professional Film Editor) 

E2- Mr. Lahiru Senevirathna (Professional Freelance Colorist 

/ Video Editor) 

E3- Mr. Subodha Amarasinghe (Professional Freelance 

Video Editor)  

E4- Mr Pramesh Perera (Professional Freelance Video 

Editor/ Cinematographer) 

E5- Mr. Chathuranga Rathnaweera (Intermediate Level 

Freelance Video Editor/ Lecturer) 
E6- Mr. Saman Kariyawasam (Intermediate Level Freelance 

Video Editor/ Academic supportive staff member of film & 

tv subjects) 

E7- Mr. Mohomad Nifran (Intermediate Level Freelance 

Video Editor) 

E8- Mr. Lakmal Perera (Intermediate Level Freelance Video 

Editor) 

E9- Mr Prabath Godakanda (Beginner Level Freelance Video 

Content Creator) 
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E10- Mr Shehan Bashitha (Beginner Level Freelance Video 

Content Creator) 

E11- Mr Chamod Dilshan (Beginner Level Freelance Video 

Content Creator) 

X.FINDINGS AND ANALYSIS 

XI. Costing Methods 

a. Hourly Rate 

Hourly rates are a common payment method among 

video editors, especially freelancers, as it compensates them 
for their time and skills. Overseas clients often prefer this 

approach, and it efficiently accounts for project duration. This 

method suits freelancers who handle multiple projects 

simultaneously, aligning income with work volume. Online 

platforms and some editors employ daily rates, 

accommodating clients seeking a fixed daily fee. Experience, 

project complexity, and other factors influence hourly rates, 

categorized as beginner, intermediate, and professional 

levels. 

 

b. Project Base Fixed Rate 

Fixed rates are a typical payment strategy for larger and 

longer projects. According to our research, fixed rates are 

more typically used in Sri Lanka than hourly rates. This is 

because they enable clients to budget for the full project 

without having to worry about hidden expenditures. Fixed 

rates can be usually higher than hourly rates because they 
consider the entire scope of the project rather than just the 

time spent on it. 

 

c. Duration Wise Budget 

Editors use duration-based budgeting, aligning their 

services with the final video's length. This approach varies 
with production types. This study finds that editors adopt 

Duration Wise methods when comprehensive video 

corrections are needed, simplifying the editing process. This 

benefits both parties by offering a realistic time estimate for 

the project. 

 

d. Separate Budgets for Editor and Editing Table 

Budgeting for video editing involves considering both the 

editing space and the editor's fees. This approach offers 

clients a clearer project budget by factoring in equipment 

expenses and editor costs. Some clients opt to separately 

engage an editor and an editing studio. They select a studio 

equipped with necessary accessories, pay the studio directly, 

and then have the editor work at the studio. This practice, 

common among professional clients, can streamline project 

management and yield advantages. 

Fig. 1. The figure above indicates the percentage of time that various costing 

methods are used in video editing projects in Sri Lanka. 
 

XII. Pre-Costing Issues/ Budgeting Challenges  

a. Understanding and Explanation 

Emphasize the challenges that develop in budgeting for 

video editing projects due to a lack of knowledge and 

communication between the client and the editor. The 

research findings indicate that clients often do not fully 

understand the complexity and time duration of editing 

projects, and their limited knowledge about the industry 

makes it difficult for them to comprehend the commercial 

value budget. 

b. Low-Cost Competition 

The findings imply that the industry is facing a 

significant amount of low-cost competition. The industry and 

industrial rates are impacted by some editors' continuing low 

price range. Professional editors face a serious challenge as a 

result of having to compete with low-cost alternatives, and 

clients frequently disagree on price because some editors 
continue to operate at a low rate in the industry. 

 

c. Editors' Mistakes 

Success in every industry depends heavily on the quality 
of work produced. The field of video editing is no restriction, 

and mistakes made by editors can result in dissatisfied 

consumers and have a detrimental effect on the sector as a 

whole. Study's conclusions show that mistakes made by 

amateur editors have an impact on professional editors as 

well as the industry. 

 

d. Unexpected Challenges 

"Unexpected Challenges" in video editing projects 

emphasizes the difficulties that can occur during the editing 

process and have an impact on the time and cost constraints. 

One of the most typical unforeseen issues is when clients 

make changes that affect the budget in the middle of the 

editing process. It is critical that clients understand that any 

changes to the project will have an impact on the budget and 
timeline. 
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e. Identifying the Value 

It is critical to determine the worth of a video editing 

project in order to set a budget and expectations for both the 

client and the editor. Some clients, on the other hand, conceal 

the true value and commercial potential of their project in 

order to negotiate a low budget. This is a prevalent problem 

in the industry, and it has an impact on the overall quality of 

the finished product. 

 

f. Current Issues 

Current issues in Sri Lanka affect video editing project 

financing, mainly due to escalating electricity and PC 

equipment costs essential for the process. The surge in 
electricity costs has notably impacted project production, 

prompting editors to allocate more funds for electricity to 

ensure uninterrupted workstation operation. 

 

 

Fig. 2. The chart illustrates the categorized issues percentage that impact on 

the editors. The two main sectors in pre-costing issues and budgeting 

challenges faced by video editors are Unexpected Challenges and 

Understanding and Explanation. 

 

XIII. Factors that Influence Freelance Video Editors' 

Budgeting Decisions 

a. Most Important Factors  

1. Industrial Rates 

Determining a project's budget can be difficult, and 

one of the most crucial elements to consider is current 

industrial rates. Research findings imply that understanding 

current industry rates is critical when developing a budget for 

video editing projects. Clients frequently have preconceived 

notions about what they should pay for a specific project, and 

understanding the current market rate can assist video editors 

in making informed judgments about the rates they charge. 

 

2. Commercial Value 

Commercial value is a crucial thing. The findings 

imply that it is critical to assess whether an editing effort has 

commercial value or not, as this has a major effect on the 

costs. When budgeting, the ability to differentiate between a 

normal edit and a commercial edit is critical, as commercial 

edits require a higher budget due to their potential to generate 

revenue. The ability to determine the commercial value of an 

editing work can influence pricing strategy as well as whether 

the project is accepted or rejected. 

 

3. Production Type 

The type of production impacts the financial 

considerations for freelance video editors. According to the 

findings, recognizing the type of production is critical in 

estimating the budget of the editing work. This is due to the 

fact that different forms of production have varying industrial 
rates and hence demand varied amounts of budget allocation. 

 

4. Complicity of the Project 

One crucial element that has a big impact on how 

much freelance video editors spend is the project's 

complicity. The number of titles needed, the presence of 
trailers or teasers, custom animation, VFX elements, complex 

effects, color grading needs, image stabilization 

requirements, and the size and complexity of the video are 

just a few of the factors that affect how complex a project is. 

Each of these components makes the project more complex, 

which raises the budget needed to produce the desired 

outcome. 

 

5. Editing Time Period 

One of the most significant aspects to consider when 

budgeting for video editing work is the editing time period. 

The amount of time required to execute the project, which can 

range from a few hours to several weeks or even months, 

depends on the project's complexity. Understanding the 

editing period is critical because it directly influences the 

project's budget. 
 

Fig. 3. The chart indicated the percentage of the most important factors that 

editors take into consideration when deciding on a budget for their video 

editing projects. Five sections make up the chart, each of which represents a 

different factor. 
 

b. Additional Factors 

1. Rushers Amount 

The number of rushers, or raw material that needs to 

be processed, is an important consideration for establishing 

the budget for a video editing project, especially some 
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editors. The more rushers there are, the more time and work 

it takes to pick and modify them, raising the project's final 

cost. As a result, while developing a budget for a video 

editing work, it is critical to consider the number of rushers. 

 

2. Duration of the Edit 

The duration of the edit is a significant component 

that influences freelance video editors' financial decisions. 

The duration of the finished edit is closely related to the 

amount of work required to complete the project. Longer 

videos require more time and work to edit, and so cost more. 
As a result, while determining the budget for an editing 

project, video editors must carefully evaluate the duration of 

the final product. 

 

3. Editing Table 

An important thing that affects budgeting choices in 
the field of video editing is the editing table or PC equipment. 

A powerful computer that can handle high-quality video 

footage is required for effective video editing, which is a 

computer-intensive operation. The quantity and complexity 

of the video that needs to be edited will determine the sort of 

editing equipment needed. The advent of 4K footage has 

significantly enhanced video resolutions in the present, 

necessitating the use of sophisticated PC editing table 

equipment. 

 

4. Camera Count 

This is especially true for discussions and television 

shows when the participants' conversation is frequently 

recorded by several cameras. The cost of the project may 

ultimately rise with the usage of more cameras because there 

will be more material to edit and it will take longer to do so. 

 

5. Editor's Experience 

Budgeting for a video editing job is heavily 

influenced by the editor's experience. Some clients favor 

working with editors who have a lot of industry experience. 

For instance, clients might seek out an editor with film editing 

experience if the project is a movie. Professional clients, on 
the other hand, could choose an editor based on their prior 

project-related experience. 

 

6. Editor's Creativity Level 

Editing is more than just putting together clips; it is 
also about storytelling, creativity, and skill. When it comes to 

budgeting, an editor's level of creativity is critical to consider. 

The higher the price, the more creative the editor. 

 

7. Emergency Projects 

Emergency projects require rapid attention and 
frequently necessitate the editor working extra, overnight, or 

on weekends. In such instances, the editor must put all other 

work aside and concentrate completely on the emergency 

project until it is completed. 

 

8. Resolution 

Resolution is important in video editing because it 

impacts the amount of time and effort required to edit 

footage. Video resolution has become a significant element 

in the budgeting process for video editing projects in today's 

world of high-definition and ultra-high-definition content. 

 

9. Outsource Buying 

There are numerous things that must be considered 

when creating a video. In addition to the actual filming and 

editing, extra components are frequently required to bring the 

video to life. Music tracks, stock footage, vocal narration, 

graphic design, visual effects, and other elements may be 

included. When it comes to budgeting for these extra features, 

it can be beneficial to consider outsourcing and purchasing 

services or products. 
 

10. Internet Cost 

In the current world, when digital media is widely 

used, clients frequently provide footage online. This means 

that while creating their budgets, editors must account for 
internet expenses. The volume of data that must be collected 

and uploaded might have a big impact on the project's overall 

cost. 
 

Fig. 4. The chart illustrates the percentage of additional factors considered 

by editors while making budgeting decisions. The chart is organized into ten 

sections, each indicating a factor considered by editors. 
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Fig. 5. The chart represents the breakdown of the variables that editors take 

into consideration while deciding on their budgets, with 41% representing 

the Most Important Factors and 59% representing the Additional Factors. 

That shows editors mainly take their decisions considering Additional 

Factors instead of Most Important Factor. 

 

XIV.Solutions  

This study found various obstacles and issues that editors 

experience when evaluating project costs after completing 
research for this study. The survey identifies budgeting 

method dispute solutions mainly such as Understanding the 

Industry Rates, Over Budgeting, Signing a Clear Agreement, 

Creating Video Editors Community or Union, Pilot Edit/ 

Samples Edit, Reference/ Portfolio and some other additional 

solutions. 

 

Fig. 6. The chart represents the percentage of editors recommended solutions 

considering budgeting decision difficulties and pre-costing issues. The chart 

is organized into seven sections, each indicating a solution recommended by 

editors. 

XV.CONCLUSION 

The analysis of data collected from Sri Lankan editors 

underscores the importance of addressing pre-costing and 

budgeting challenges for successful video editing projects. 

Editors prioritize factors like project complexity, production 

type, and experience levels when making budgeting 

decisions. Additional considerations include editing duration, 

editor creativity, and unforeseen changes during the process. 

Survey results indicate that poor client communication, 

inadequate field knowledge, and project planning issues 

contribute to budgeting complications. Editors propose 

solutions such as clear agreements, organized editing and 
portfolio maintenance, community or union formation, 

understanding client types, and enhancing industry 

knowledge. They suggest strategies like least cost package 

rates, upfront payments, and effective client communication. 

Pre-costing and budgeting hold crucial roles in video editing, 

demanding thorough assessment of multiple criteria to ensure 

project success. The editors' recommendations offer potential 

remedies to overcome pre-costing and budgeting challenges, 

ultimately enhancing the effectiveness and triumph of video 

editing endeavors in Sri Lanka. 

XVI. RECOMMENDATION 

1. Video editors should keep a portfolio of their previous 

work to help clients make budgeting decisions. The portfolio 

should be updated on a regular basis to reflect new content 

and editing trends.  

 

2. Video editors should use a costing approach that is 

appropriate for the client's industry understanding.  

 

3. Maintaining a least cost package rate structure for 

budgeting can make budgeting decisions easy for both the 

editor and the consumer.  

 
4. To prevent payment concerns, editors should take half of 

the budget as an advance payment or a portion of the total 

amount.  

 

5. Editors should consider developing a detailed project plan 

and storyboard. This can make sure that the editing is done 

quickly and effectively and that the finished result satisfies 

the client's needs.  

 

6. The Sri Lankan film industry might adopt a more organized 

method of editing, with several editors specialized in various 
kinds of scenes. This can help raise the industry's editing 

standards and improve the quality of the final output for 

audiences.  

 

7. Establish a standardized price model through a community 

or union: Based on the findings, it is suggested that a 

standardized pricing model be created that accounts for the 

varied costs associated with editing projects. This can assist 

editors in providing consistent and accurate pricing estimates, 

reducing disagreements with clients and maintaining long-

term partnerships.  
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Abstract— In the context of the Sri Lankan government sector 

number of government organizations are moving their manual 

systems to computer-based information systems today.  

Information security is a significant challenge in the 

organizational information systems environment. The use of the 

Access Control mechanism of the Sri Lankan government sector 

was studied in this study. Physical access control and logical 

access controls are the most significant types of access control 

mechanisms. Data collection was done through a structured 

questionnaire. The senior information security officer of the 

organization was the resource person for the study. In this study, 

access control mechanism using the username and password 

combination, defined access levels in the information systems, 

protecting the physical facility using fingerprint/biometrics, 

availability of security guards in the premises, sensitive documents 

secured with unauthorized access, availability of CCTV in the 

premises were considered as access control factors. Among these 

factors, the most used access control mechanism is the “defined 

access levels” for accessing information systems. 94.4 % of 

organizations have used this mechanism for their information 

security. The usage of fingerprint and other biometric devices for 

access control is significantly low in the Sri Lankan Government 

Sector. So, this factor needs to be developed to improve access 

control in government organizations. 

Keywords—Access control, Information security, Government 
organizations 

I INTRODUCTION 

Information security is a serious challenge in 
organizational internet and network-connected information 
systems environments. In the context of the Sri Lankan 
government sector, a number of government organizations are 
moving their manual systems to computer-based information 
systems today [1]. A considerable percentage of these 
information systems are connected to the internet. Even if it is 
not connected to the internet, it will definitely connect with 
the intranet of the organization. Access Controlling 
mechanisms of using the username and password 
combination, defined/establish access levels in the 
information systems, protecting the physical facility using 
Fingerprint/biometrics for entering important hardware 
device’s locations, availability of security guards in the 
premises, sensitive documents (hard copies) are secured with 
unauthorized access, availability of CCTV (closed circuit 
television) in the premises are the measurement that was 

discussed in this paper. The usage of these devices and 
mechanisms in Sri Lankan government sector organizations 
was discussed in this paper. 

 

II BACKGROUND 

The rapid development of information technology, 

computers, and network connections have reformed the 

technique that people perceive the world [2]. Enhancement in 

the usage of information technology has been connected with 

improved use of the internet [3]. According to the 
Information Communication Technology Agency of Sri 

Lanka (ICTA), through the development of technology, there 

has been a major growth in information security threats that 

websites are present as a subject. There are a number of 

elementary principles that are to be followed by government 

organizations to mitigate or avoid websites became attacked 

[1]. According to Sri Lanka Computer Emergency Readiness 

Team (SLCERT), there is a number of information security 

incidents occurred in the year 2020 [4]. As an example,    

 1) 1115 incidents in Information Content Security.  

 2) 59 incidents in Intrusions.  
 3) 99 cases in Fraud etc.  

 

Numerous researchers believe that the several existing 

technological solutions on the market like anti-virus 

software, intrusion detection systems, authentication, and 

firewalls do not guarantee information security and have 

boundaries in assuring protected systems [5]. Access Control 

can be executed using numerous mechanisms. Passwords, 

PIN (Personal Identification Numbers), Security tokens, 

Biometrics, etc. These are used to ensure the performance of 

authentication and authorization of system access [9]. 

Layered Defense and Multifactor Authentication are used as 
modern access control mechanism in the Information 

Systems [7]. 

 

There are two major types of access control mechanisms 

available. Physical access control and logical access control 

are those two types [5]. 

o Physical Access Control 

Physical Access Control is a mechanism that giving of 
permission to access the resources in a restricted place where 
information system implemented or stored. It can be a 
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physical lock with a key or might be combine of this kind of 
key and software controlled physical access [6]. For secure the 
infrastructures, organizations use electronic access controls. 
Organizations use Access Card Readers, user credentials, 
using security guards in the premises, use of CCTV, auditing 
the users and documenting and tracking the users who are 
accessing to the restricted business locations and proprietary 
areas, like data centers [7]. 

o Logical Access Control 

Logical Access Control means authorization to an 
information system resources with integration by different 
user levels [7]. These types of access controllers are presented 
inside the Operating Systems, Databases, and Software 
Applications. Logical Access control works according to 
authentication and authorization mechanisms. Users want to 
claim their identity by username and password, IP address, or 
any other authentication mechanism. Frequently used 
mechanisms to achieve this is using Directory services and 
protocols like LDAP (Local Directory Access Protocol) and 
the SAML (Security Assertion Markup Language) through 
web browsers or web applications [8]. 

III METHODOLOGY 

This research used descriptive techniques for designing 
the research. Descriptive research design can be use in fact-
finding, formulating principles, knowledge formulation, and 
formulating solutions for identified problems. Through this 
design, variables can be deliberate in a deep manner to 
recognize the answer to the available problem [9]. 

o Population 

According to the government information center (GIC – 
01/01/2022), there are 22 authorities,73 Departments, 19 
Boards, 18 Commissions, 15 corporations, 07 Bureaus, 15 
Institute and Institutions, 21 other government organizations, 
17 Universities, 09 Government Banks available in Sri Lanka. 
The summation of these organizations is 216. That means the 
population size for this study is 216. Then 216 government 
organizations’ senior information security officers or the 
officers who is accountable for information security will be 
the resource person for this study. All government Authorities, 
Departments, Boards, Commissions, Corporations, Bureaus, 
Institutes & Institutions, Universities, and Banks are 
considered government organizations in this study. Semi-
government organizations and political organizations are not 
included in this study [10]. 

o Sampling 

Probability sampling was used in this study to do the 
sampling in the study. The sampling Technique used in this 
study is the Simple Random Sampling Technique. All are 
government organizations and generally, they are following 
common programs and procedures like similar standards, 
protocols, rules and regulations, and government policies for 
their operations. This population can be considered as a 
normally distributed sample statistically. So simple random 
sampling is a decent technique for sampling these government 
sector organizations [11]. 

The sample size was calculated by using the formula that 
is represented as follows (1). 

𝑛 =
𝑁

1 + 𝑁(𝑒)2
 

 

 

Where n is the sample size, N is the population size, and e 
is the level of precision. Then N=216, e=0.1 (10%), the sample 
size according to the calculation is 69. After adding 10% of 
the non-responsive rate the sample size was 76 responders. 

o Research Design  

In this study following Access Control sub categories are 
examined.   

1. Using Username and Password combination for 
authorization the Information Systems. 

2. Access Levels are defined/establish in the information 
Systems according to their job category/Management 
level. 

3. The information systems physical facilities are under 
lock. 

4. Finger print or other devices are used to open the 
doors/entrance to the hardware devices. 

5. Security guards are available in the site to protect 
important information systems physical facilities. 

6. The institute’s sensitive documents (Hard Copies) are 
secured to prevent unauthorized access. 

7. Closed Circuit Television (CCTV) are available to 
monitor the sensitive areas such as Server Rooms/Data 
Centers. 

 

 

Fig. 1: Research Design 

IV ANALYSIS 

In this study, a few important demographic information 
was collected from the respondents. Before representing the 
Access Control related analysis following important 
demographic information will present in this paper. 

o Gender of the Respondents 
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Fig. 2: Gender of the Respondent 

The majority of the respondents in this study according to 
the graph are Male which is 66.2 % (nearly 2/3 of the 
respondents). The Female percentage is 33.8 % (nearly 1/3 of 
the respondents). 

o Number of Employees in the Respondent’s 

Organization 

The number of employees in the organization is a fact that 
showing the size of the organization that they are working 
with. Also, then it will give an indication of how much this 
organization is affecting the people in the country. According 
to the response received 40.85 % are large-scale (more than 
250 employees) organizations, 35.21% is medium scale (50-
250) organizations, 19.72% are small-scale (10-49) 
organizations, and 4.23% are very small organizations. 

 

 
Fig. 3: Number of Employees 

o Access Control 

According to the literature review, Access controls are a 
major factor in information security success in a number of 
organizations. Then here focusing on the success of access 
control mechanisms in government organizations in Sri 
Lanka. The Likert scale questions are used for collecting the 
information where, 5 = Strongly Agree, 4 = Agree, 3 = 
Undecided, 2 = Disagree, 1 = Strongly Disagree. The 
percentage values of each response were calculated to give a 
better understanding of the response rate that was collected 
through this study. The percentage values of the respondent 
are presented here in Table I. 

According to the responses that were received 55.3 % 
Strongly agree and 36.6 % Agree on the Organizational use of 
the Username and Password combination for authorization of 
the Information Systems. Only 7.0 % of the respondent have 
been say that they had Undecided about the Username and 
Password used by the organizations. Furthermore, no one is 
Disagreeing about this point of information security. So, we 
can summarize that in Sri Lankan government sector they are 
widely using (Almost all organizations) this mechanism for 
information security success of their organization. 

Responses for the Access Levels are defined/established 
in the information Systems according to their job 
category/Management level in the Organization showing that 
52.1 % and 42.3 % Strongly agree and Agree respectively. 
While only 5.6 % have Undecided about the question and no 
one Disagree about the matter. That means the Sri Lankan 
government sector is using Access Levels of their 
organization for managing information systems security. 
According to the position/management level of the 
organization employees have different types of access levels 
in their organizations’ information systems. 

According to the responses that were received for 
information systems physical facilities are under lock, 33.8 % 
Strongly agree and 40.8 % Agree on this matter. While 19.7 
% are Undecided about the matter and 5.6 % disagree about 
the issue. So, for these physical facilities that are under lock 
matter, more respondents are saying that their physical 
facilities are under lock and only a very less number of 
responses saying they do not have that type of locking practice 
in their information system. 

In the next question fingerprint or other devices are used 
to open the doors/entrance to the hardware devices, Strongly 
agree and Agree answers are 35.2 % and 32.4 % respectively.  
19.7 % are undecided and 12.7 % Disagree about the matter. 
So, compared with other matters this practice is not used by 
12.7 % of the organizations. But a large number of 
organizations are using (more than two-thirds) this Fingerprint 
or other similar types of devices. 

The question of whether security guards are available on 
the site to protect important information systems and physical 
facilities in the organization has got responses of 31.0 % 
Strongly agree and 47.9 % Agree on responses. That means 
more than three-fourths of the respondents agree with these 
questions. That means they are using security guards to protect 
their information system facilities.  While 9.9 % have no idea 
(Undecided) and 11.3 % Disagree with the question. 

Regarding the next question of whether the institute’s 
sensitive documents (Hard Copies) are secured to prevent 
unauthorized access has 40.8 % and 46.5 % of say Strongly 
agree and Agree respectively. That means more than 80 % of 
the respondents agree with this statement. They have 
mechanisms to protect their sensitive documents stored in the 
organizations. 8.5 % and 4.2 % have responses as Undecided 
and Disagree respectively. 

Regarding the usage of CCTV in sensitive areas, the 
responses are 45.1 % Strongly agree and 31 % agreed about 
the statement. It reveals that, three-fourths of the respondents 
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agree about CCTV camera usage in the organization. 
Furthermore, 12.7 % Undecided, and 11.3 % are Disagree/do 
not use CCTV cameras in their organizations for protecting 
the Server rooms/Data centers.. 

V CONCLUSION 

Among the studied factors most used access control 
mechanism is defining/establishing access levels for accessing 
the information systems. 94.4 % of organizations have used 
this mechanism for their information security. The second 
used mechanism is to use the username and password 
combinations for accessing their information systems which is 
having 92.9 % of responses. The less used factor is using 
fingerprints and other biometric devices for access control. 
This factor needs to be developed in the Sri Lankan 
government sector. Furthermore, 66.2 % of information 
security officers in the government sector are males. 
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TABLE I.  RESPONSES FOR ACCESS CONTROL 

No  Strongly Agree Agree Undecided Disagree Strongly 

Disagree 

1 Organization is using Username and 

Password combination for 

authorization the Information Systems. 

 

56.3 % 

 

 

36.6 % 

 

 

7.0 % 

 

0.0 % 

 

0.0 % 

2 Access Levels are defined/establish in 

the information Systems according the 

their job category/Management level in 

the Organization. 

 

52.1 % 

 

 

42.3 % 

 

 

5.6 % 

 

 

0.0 % 

 

0.0 % 

3 The information systems physical 

facilities are under lock. 

33.8  % 40.8  % 19.7  % 5.6 % 0.0 % 

4 Finger print or other devices are used to 

open the doors/entrance to the hardware 

devices. 

35.2 % 32.4 % 19.7 % 11.3 % 1.4 % 

5 Security guards are available in the site 

to protect important information 

systems physical facilities in the 

organization. 

31.0 % 47.9 % 9.9 % 11.3 % 0.0 % 

6 The institute’s sensitive documents 

(Hard Copies) are secured to prevent 

unauthorized access. 

40.8 % 46.5 % 8.5 % 4.2 % 0.0 % 

7 Closed Circuit Television (CCTV) are 

available to monitor the sensitive areas 

such as Server Rooms/Data Centers. 

45.1 % 31.0 % 12.7 % 8.5 % 2.8 % 
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Abstract –In this article, try to find the factors effect to no of runs 

/team total acquired by the Sri Lanka and India. This article limits 

the analysis to only matches between Sri Lanka and India.   

Cricket is one of the world-famous sports such as Rugby, Football 

and Basketball. Winning the match is important and it could 

depend on various factors such as the Age of the player, Player 

performance, playing ground, playing country, support of the 

crowd, Toss, playing day or day and night. Performance against 

the opposite team, Batting Style, Toss won or lost, match played as 

day or Day and night, Bowlers Name, No of Balls and Average. 

This article discusses the factors depend upon the number of runs 

taken by the each team. That will effect to the winning of the Team. 

The main target or aim of this article is to identify the factors effect 

to the no of runs taken by the each team. The important thing here 

is individual player total collectively makes the final team total. 

Keywords – Cricket, Factors effect to the number of runs, One Day 
International (ODI) Match, Asian cricket 

I. INTRODUCTION 

Cricket is an unpredictable game till delivers the last over or 
the last ball in the match. Sri Lanka and India are the most 
popular fighters in ODI Cricket in the Asian region. 

The sport Cricket was introduced in England in the 16th 
century. This event has around 400 years of history. This 
game will played between two teams [01]. The person called 
the match referee is the decision maker of the considered 
match. At the beginning of the match, two captains of the two 
teams will meet in the middle of the ground to toss a coin with 
the match referee to decide the session. The two captains 
exchange the list of players and each team consists of eleven 
players and one nominated as an extra player. The one captain 
will call the Head or Tail in the toss and decide the session. 
The winning captain will decide whether his team will bat 
first or second, the first team playing in the first session is 
called as batting team and the team playing in the second 
session is called as fielding team [01]. The players who are in 
the ground in the first session are called as fielding team and 
they are fielders and also they will bat in the second session.  

Cricket [03] plays in three formats and those are Test, One 
Day International (ODI) and Twenty 20 call as T20 matches. 
Test matches will play five days and 2 consecutive innings 
for both teams. The ODI matches are called 50 overs matches 
and will play only 100 overs and 50 overs for each team.  The 

T20 matches will play only 40 overs and 20 overs for each 
team.  

The ODI matches are played in different time slots call as Day 
time matches and Day and Night matches. Daytime matches 
normally start at 9.00 – 9.30 AM and play till 5.00 – 5.30 PM 
and Day and Night matches normally start at 2.30 – 3.00 PM 
and play till 10.00 – 11.00 PM. The match end time depends 
on the over rate of both teams.  

In One Day International cricket match, each team gets a 
fixed number of Overs. The over consists of six balls and the 
maximum number of overs per session is fifty (50). The ball 
was delivered by the second batting team. The first batting 
team faces the ball and tries to get maximum runs. The player 
who faces the ball is called a batsman and the player who 
delivered the ball is called the bowler. Each bowler can 
deliver a maximum of ten overs.  

The batsman can get runs by hitting the ball [01]. The line 
established to mark the playing area is called the boundary 
line. The two wickets are placed middle of the ground to mark 
the batting area. Each wicket consists of three sticks are 
called stumps.  The bowler will aim the wicket and throw the 
ball.  The player who faces the ball is called a striker and the 
other player is called a no striker. The batsman hits the ball 
and it goes over the boundary line player gets six runs and the 
ball hits the ground before crossing the line and gets four runs 
otherwise two batsmen have to run in between two wickets to 
get runs. The maximum number of runs can get by running 
between the wickets is four (04). The batsman can dismiss for 
many reasons such as the bowler throws the ball and directly 
hits the wicket (Ball out), the batsman covers the wicket with 
the legs and the ball directly hits the legs without hitting the 
bat or before hitting the bat (Leg before wicket {LBW}), the 
batsman hit the ball and fielder catch the ball before hits the 
ground (catch), while they are running between the wickets 
fielder throw the ball and hit the wicket before the batsmen 
reach the batting crease. (Run Out).  

The fielding side should bowl out the batting team within the 
50 overs. They should get ten wickets to bowl out the batting 
team. The last batsman cannot bat because there should be 
two batsmen on the ground in the given time.  

The One Day International match is played between two 
teams and each team bats only 50 overs and tries to get 
maximum runs within those 50 overs. After the 50 overs, the 
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session is over. The batting team balled out or lost their 10 
wickets before the 50 overs session was also over. The 1st 
batting team gets their maximum in their 50 overs and the 2nd 
batting team tries to get the runs taken by the 1st batting team. 
If the 2nd batting team just passes the 1st batting team’s total 
by one run, the 2nd batting team will win and otherwise 1st 
batting team will win the match. 

II. LITERATURE REVIEW 

Bandulasiri [02] discusses the advantage of a match is played 
in the home ground of the considered team. He discusses that 
as “home field” advantage. This paper also discusses how the 
toss winning will effect to the day or day and night match.  

Swetha and Saravananan KN [04] divide the attributes that 
affect the no of runs in two forms and discuss those attributes 
as Pre-game attributes and In-game attributes which effect to 
the cricket match winning. They consider attributes are Pitch, 
Toss, Team Strength, Past records, Home ground advantage, 
Current performance and Weather.  

Tejinder Singh, Vishal Singla and Parteek Bhatia [05] use 
two methods for their prediction. In the first method, they 
predict the first innings total based on the current run rate. 
They also consider the no of wickets lost, the batting team 
and the place of match playing.  In the second method predict 
the second inning total using the same attributes.  

Mahesh Fernando, Ananda Manage and Stephen Scariano 
[06]. This article discusses three factors such as “Home field 
advantage”, “winning the toss” and “team superiority”  is 
how effect to the ODI day match 

Bandulasiri [02] discusses the advantage of “home field” or 
home ground, Swetha and Saravananan KN [04] discuss the 
Pre-game attributes and In-game attributes such as Pitch, 
Toss, Team Strength, Past records, Home ground advantage, 
Current performance and Weather. Tejinder Singh, Vishal 
Singla and Parteek Bhatia [05] use two methods to forecast 
the first innings total and the second innings total using the 
current run rate and no of wickets fallen in each inning. 
Mahesh Fernando, Ananda Manage and Stephen Scariano 
[06]. discuss the “Home field advantage”, “winning the toss” 
and “team superiority” in their articles. 

III. METHODOLOGY 

This paper used 26 attributes and analysis was done to find 
the factors effect to the no of runs. Other articles use less no 
of attributes to find the dependencies to no of runs and this 
article use different 26 attributes against the number of run to 
find the factors effect to the no of runs.   

This analysis is conducted by using Match no 2550 played on 
23.03.2007 to Match No 4312 played on 23.07.2021. There 
are 67 number of matches were considered and the results 
were used to find the dependencies. The dependent factors 
were found by using WEKA 3.8.3 analytical Software. The 
method used is the Best First Method for finding the 
dependent factors. This paper tries to find the factors which 
effect to the number of runs against Sri Lanka and India. 

Factors 

To win the ODI match, the team should be able to collect 
maximum runs within the limited 50 overs.  The match 
winning will be decided by the no. of runs gained by each 
team. The number of runs depends on some factors, this 
research tries to find the best effected factors which are 
significant with the no of runs. The factors which can 
influence the number of runs can be Year, Match No, Month, 
Date, Team of the player, Player Name, Batting Style, Age, 
Opposite Team, 1st Batting Team, 2nd Batting Team, 
Ground, Playing Country, In Country or Outside, In Sub 
Continent or Outside, Match Won or Lost, Toss Won or Lost, 
Day or Day and Night, No of Wickets, Batting or Chasing, 
Batting Position, How Out, Bowlers Name, No of Runs, No 
of Balls and Average.  

Variable No 01 - Year 
The variable Year represents the calendar year of the 
considered match was played. The Year variable is used to 
categorize the match by year. The Year variable is also used 
to calculate the player’s age at the time of the match played. 

Variable No 02 - Match No 
The variable Match Number is used to identify the matches 
separately. The match number is unique for each match and 
every ODI match has a separate match number.  

Variable No 03 - Month 
The variable Month represents the month, which is the 
considered match that was played. The variable Month is also 
used to calculate the player’s age. Tropical countries like Sri 
Lanka can experience seasons such as Dry and Wet seasons. 
The non tropical country has four seasons such as Winter, 
Spring, Autumn and summer. The month variable is used to 
identify the season is effected to the batsman’s performance 

Variable No 04 - Date 
The variable Date shows the date when the considered match 
was played. In addition to that, it also represents the 
respective month and the year.  

Variable No 05 - Team of the player 
The variable Team of the player is the Country or the Team 
the player belongs to, for example, team can be Australia, 
England, South Africa, Sri Lanka and India like cricket 
playing countries.  

Variable No 06 - Player Name 
The variable Player Name is used to identify each batsman 
separately. There are many hundreds of batsman’s is 
considered for this analysis. Each batsman has a separate 
batsman identifying number also 

Variable No 07 - Batting Style 
The variable Batting Style is used to identify batsman is a 
Right handed batsman or a Left handed batsman. There are 
only two batting styles such as left handed and right handed 
and it may effect to the performance of the batsman.   

Variable No 08 - Age 
The Age variable represents the batsman’s age at the time the 
considered match was played. The player’s performance may 
depend on the experience of the player and it can be verified 
using the age of the player.  
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Variable No 09 - Opposite Team 
The Opposite Team variable represents the team that is 
played against the considered batsman representing the team.  
The batsman’s performance may depend on the opposite team 
and it can be verified using the opposite team factor of the 
player.  

Variable No 10 - 1st Batting Team 
The variable 1st Batting Team is used to identify the team that 
was batting first in the considered match.  

Variable No 11 - 2nd Batting Team 
The variable 2nd Batting Team is used to identify the team 
who was batting second in the considered match 

Variable No 12 - Ground 
The ground variable represents the ground, the match was 
played. In this analysis, more than a hundred grounds were 
considered. The considered grounds are placed in many 
different countries and those grounds are distributed all 
around the world.   

Variable No 13 - Playing Country 
The variable Playing Country is represented country which is 
the considered match was played.   The different countries 
has defferent climate and weather conditions and those 
conditions may effect to the player’s performance. 

Variable No 14 - In Country or Outside 
The variable In Country or Outside represents the match that 
was played in the considered batsman’s own country or 
outside the considered batsman’s country. The match is 
played inside the considered batsman playing country is 
called In Country and otherwise, it is called Outside.  

Variable No 15 - In Sub Continent or Outside 
The variable In Sub Continent or Outside represents the 
match that was played in the Sub Continent which considered 
batsman represent or other sub-continent. The match is 
playing inside the Sub Continent which considered batsman 
playing country belongs is call In Sub Continent and 
otherwise it is call outside.   

Variable No 16 - Match Won or Lost 
The variable Match Won or Lost represents the considered 
match was won by the considered batsman playing team or 
lost them. The batsman belongs to one team out of the two 
teams those who played the match and the winning team 
batsman are considered as won and the loose team players get 
lost 

Variable No 17 - Toss Won or Lost  
The variable Toss Won or Lost represents the considered 
batsman playing team won the toss or not. The considering 
batman playing team won the toss also implies the batsmen 
who represent the considering team won the toss.   

Variable No 18 - Day or Day and Night 
The variable Day or Day and Night represents match that is 
played as a daytime match or a Day and night match. 

Variable No 19 - No of Wickets 
The variable No of Wickets is how many wickets fallen in 
each team within the considered match 

Variable No 20 - Batting or Chasing 
The variable Batting or Chasing represents the considering 
batsman playing team is select batting or chasing after 
winning the toss. The toss winning team captain selects to bat 
first or he invites the opposite team captain to bat first. The 
team who is batting first is considered as batting and the 
second batting team is considered as chasing team.  

Variable No 21 - Batting Position 
The variable Batting Position represents the considered 
batsman batting position in the batting order. The Batting 
Position is representing the number 01 to number 11. The first 
03 or 04 batsmen are call as top order batsmen and middle 03 
or 04 batsmen are call as middle order batsmen and the last 
03 or 04 batsmen are call as low order.  

Variable No 22 - How Out 
The variable How Out is the player out by Catch, Ball hit the 
wicket, Leg Before Wicket (LBW) or Run Out. 

Variable No 23 - Bowlers Name 
The variable Bowler’s Name represents the player who 
delivered the ball to the batsman. The bowler represents the 
opposite team of the batsman. 

Variable No 24 - No of Runs 
The variable No of Runs represents the no. of runs taken by 
the considered batsman in a batting team against the 
individual bowler in the opposite team in a considered match. 

Variable No 25 - No of Balls 
The variable No of Balls represents the number of balls faced 
by the considered batsman in a batting team against the 
individual bowler in the opposite team in a considered match. 

Variable No 26 - Average  
The variable Average is the average of each batsman (No of 
Runs/No of Balls) in the considered match. 

This research identified the above-mentioned 26 variables 
that can be effected the No of Runs. The above 26 variables 
were analyzed using Weka 3.8.3 to find which factors depend 
on the No of Runs using the best first method.   

In this research, try to find the factors that effect to the 
becoming match using available data. 

 For finding the dependent factors analysis available data. 
The data is collected from the Entertainment and Sports 
Programming Network (ESPN) [08] websites which are 
freely available on the Internet.  

IV. ANALYSIS  

This research analyzed the available data collected from the 
website using the best first method to find the factors that can 
be effected the no of runs in the next match. The analysis 
results are displayed in TABLE 1.  

For this analysis, the researcher used Match No. 2550 played 
on 23.03.2007 to the Match No. 4312 played on 23.07.2021. 
There are 67 matches were considered and the results are 
displayed in TABLE 1. 

TABLE 1. Mates No. vs Dependent variables 
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Match No. Dependent variables 

2550 

In Country or Outside, No of Wickets, 

Batting or Chasing, How Out, No of Balls 

and Average 

2676 

In Country or Outside, Day or Day and 

Night, No of Wickets, How Out, No of 

Balls and Average 

2681 

Year, 1st Batting Team, 2nd Batting Team, 

No of Wickets, How Out, No of Balls and 
Average 

2686 

Year, 1st Batting Team, 2nd Batting Team, 

No of Wickets, How Out, No of Balls and 

Average 

2732 

Year, Team of the Player, Opposite Team, 

1st Batting Team, 2nd Batting Team, No of 

Wickets, How Out, No of Balls and 

Average 

2735 

Year, Month, Team of the Player, 1st 

Batting Team, 2nd Batting Team, No of 

Wickets, How Out, No of Balls and 

Average 

2742 

Year, Batting Style, 1st Batting Team, 2nd 

Batting Team, No of Wickets, How Out, 

No of Balls and Average 

2745 
Batting Style, Day or Day and Night, No of 
Wickets, How Out, No of Balls and 

Average 

2750 

Batting Style, Playing Country, Day or Day 

and Night, No of Wickets, How Out, No of 

Balls and Average 

2755 

Batting Style, Playing Country, Day or Day 

and Night, No of Wickets, No of Balls and 

Average 

2756 

Batting Style, Playing Country, Day or Day 

and Night, No of Wickets, No of Balls and 

Average 

2806 
Batting Style, Ground, Playing Country, 

No of Wickets, No of Balls and Average 

2810 
Batting Style, Playing Country, No of 

Wickets, No of Balls and Average 

2813 

Team of the Player, Batting Style, Playing 

Country, No of Wickets, No of Balls and 
Average 

2815 

Team of the Player, Batting Style, Playing 

Country, No of Wickets, No of Balls and 

Average. 

2818 
Year, Team of the Player, Batting Style, 

No of Wickets, No of Balls and Average 

2887 
Year, Batting Style, Match Won or Lost, 

No of Wickets, No of Balls and Average 

2889 
Year, Batting Style, Match Won or Lost, 

No of Wickets, No of Balls and Average 

2932 

Year, Batting Style, 1st Batting Team, 

Match Won or Lost, No of Wickets, No of 

Balls and Average 

2933 Year, Batting Style, 1st Batting Team, 2nd 

Batting Team, No of Wickets, Batting 

Position, No of Balls and Average 

2934 

Year, Batting Style, 1st Batting Team, 2nd 

Batting Team, No of Wickets, Batting 

Position, No of Balls and Average 

2935 

Year, 1st Batting Team, 2nd Batting Team, 

Playing Country, Toss Won or Lost, No of 

Wickets, Batting Position, No of Balls and 
Average 

2936 

Year, Batting Style, 1st Batting Team, 2nd 

Batting Team, Playing Country, Toss Won 

or Lost, No of Wickets, Batting Position, 

No of Balls and Average 

2938 

Year, 1st Batting Team, 2nd Batting 

Team, Toss Won or Lost, No of Wickets, 

Batting Position, No of Balls and Average 

2941 

Year, 1st Batting Team, 2nd Batting 

Team, Toss Won or Lost, No of Wickets, 

Batting Position, No of Balls and Average 

2943 

Year, Batting Style, 1st Batting Team, 2nd 

Batting Team, Toss Won or Lost, No of 

Wickets, No of Balls and Average 

2983 

Year, Batting Style, Age, 1st Batting 

Team, 2nd Batting Team, Toss Won or 
Lost, No of Wickets, No of Balls and 

Average 

2988 

Year, Batting Style, Age, 1st Batting 

Team, 2nd Batting Team, No of Wickets, 

No of Balls and Average 

2999 

Year, Batting Style, 1st Batting Team, 2nd 

Batting Team, No of Wickets, No of Balls 

and Average 

3001 
Year, Batting Style, 1st Batting Team, No 

of Wickets, No of Balls and Average 

3032 
Year, Batting Style, 1st Batting Team, No 

of Wickets, No of Balls and Average 

3038 

Year, Batting Style, 1st Batting Team, 

Playing Country, No of Wickets, No of 

Balls and Average 

3040 

Year, Batting Style, 1st Batting Team, 

Playing Country, No of Wickets, No of 
Balls and Average 

3148 

Batting Style, Age, 1st Batting Team, 2nd 

Batting Team, Playing Country, No of 

Wickets, No of Balls and Average 

3233 

Year, Batting Style, Age, Playing 

Country, No of Wickets, No of Balls and 

Average 

3239 

Batting Style, Age, 1st Batting Team, 

Playing Country, No of Wickets, No of 

Balls and Average 

3246 
Age, 1st Batting Team, Playing Country, 

No of Wickets, No of Balls and Average 

3251 
Age, 1st Batting Team, Playing Country, 

No of Wickets, No of Balls and Average 
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3259 

Year, Age, Playing Country, No of 

Wickets, How Out, No of Balls and 

Average 

3291 
Year, Age, Playing Country, No of 

Wickets, No of Balls and Average 

3292 
Year, Age, 1st Batting Team, No of 

Wickets, No of Balls and Average 

3293 
Year, Batting Style, Age, Playing Country, 

No of Wickets, No of Balls and Average 

3294 
Year, Batting Style, Age, Playing Country, 
No of Wickets, No of Balls and Average 

3295 
Year, Batting Style, Age, Playing Country, 

No of Wickets, No of Balls and Average 

3376 

Year, Batting Style, Age, Playing 

Country, No of Wickets, No of Balls and 

Average 

3382 

Age, Playing Country Day or Day and 

Night, No of Wickets, No of Balls and 

Average 

3387 

Batting Style, Age, Playing Country, 

Match Won or Lost, No of Wickets, 

Bowlers Name, No of Balls and Average 

3388 

Batting Style, Age, Playing Country, Day 

or Day and Night, No of Wickets, Bowlers 

Name, No of Balls and Average 

3476 

Batting Style, Age, Playing Country, Day 

or Day and Night, No of Wickets, Bowlers 
Name, No of Balls and Average 

3539 

Batting Style, Age, Playing Country, Day 

or Day and Night, No of Wickets, Bowlers 

Name, No of Balls and Average 

3540 

Batting Style, Age, Playing Country, 

Match Won or Lost, Day or Day and 

Night, No of Wickets, No of Balls and 

Average 

3543 

Batting Style, Age, Playing Country, 

Match Won or Lost, Day or Day and 

Night, No of Wickets, Bowlers Name, No 

of Balls and Average 

3544 

Batting Style, Age, Playing Country, 

Match Won or Lost, Day or Day and 

Night, No of Wickets, No of Balls and 
Average 

3547 

Age, Playing Country, In Country or 

Outside, Day or Day and Night, No of 

Wickets, No of Balls and Average 

3882 

Age, Playing Country, In Country or 

Outside, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

3905 

Age, Playing Country, In Country or 

Outside, Day or Day and Night, No of 

Wickets, No of Balls and Average 

3906 

Age, Playing Country, Day or Day and 

Night, No of Wickets, Bowlers Name, No 

of Balls and Average 

3907 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

3908 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 
Average 

3909 

Age, Playing Country, Match Won or Lost, 

Day or Day and Night, No of Wickets, 

Bowlers Name, No of Balls and Average 

3939 

Age, Playing Country, Match Won or Lost, 

Day or Day and Night, No of Wickets, 

Bowlers Name, No of Balls and Average 

3941 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

3942 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

4187 

Age, Playing Country, Match Won or 
Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

4307 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

4309 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

4312 

Age, Playing Country, Match Won or 

Lost, Day or Day and Night, No of 

Wickets, Bowlers Name, No of Balls and 

Average 

 
TABLE 1 displayed the results and those results are 
summarized in TABLE 2. TABLE 2 displayed the variables 
are dependent on the no. of runs in each match played against 
Sri Lanka and India. It will display how much weight in each 
variable with no of runs. 

 

TABLE 2. WEIGHT OF THE VARIABLES 

No. Variable Weight 

1 Year 31 

2 Match No 00 

3 Month 01 

4 Date 00 

5 Team of the Player 05 

6 Player Name 00 

7 Batting Style 38 

8 Age 36 



 

 
INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

288 

 

 

 

 

9 Opposite Team 01 

10 1st Batting Team 25 

11 2nd Batting Team 16 

12 Ground 01 

13 Playing Country 44 

14 In Country or Outside 05 

15 In Sub Continent or 
Outside 

00 

16 Match Won or Lost 17 

17 Toss Won or Lost 06 

18 Day or Day and Night 26 

19 No of Wickets 67 

20 Batting or Chasing 01 

21 Batting Position 06 

22 How Out 10 

23 Bowlers Name 17 

24 No. of Runs 57 

25 No of Balls 67 

26 Average 67 
 
Here, the variables No of Wickets, No of Balls and Average 
are 100% those depend on the no of runs. On the other hand, 
Match No, Date, Player Name and In Sub Continent or 
Outside 100% depend on the no of runs.  

The variable Playing Country 66% depends on the no of runs 
and Batting Style and Age are depending on 57% and 54% 
respectively. The variable Year, Day or Day and Night and 1st 
Batting Team depend on 46%, 39% and 37% respectively.  

The variable 2nd Batting Team 24%, Match won or lost 25% 
and Bowlers Name 25% dependent on the no. of runs. The 
variable How Out depends on 15% and other variables are 
less than 10% dependent.  

The variable No of Wickets, No of Balls, Average, Playing 
Country, Batting Style and Age are highly dependent on the 
variable no of runs. The variable Year, Day or Day and Night 
and 1st Batting Team also depend on the no of runs.  

The variables 2nd Batting Team, Match won or lost, and 
Bowlers Name also can be considered.   

Then developed the model using Weka and used the linear 
Regression method to calculate the individual runs taken by 
the each player. 

The model is, 

No of Runs = Age + No of Wickets + No of Balls + Average  

                     + (Co Value)  

No of Runs = (Value given by the analysis * Player’s Age) + 
(Value given by the analysis * No of Wickets fallen in former 
matches considered player plays) + (Value given by the 
analysis * No of Balls faced by considered player + (Value 
given by the analysis * Average runs per match)                      + 
(Co Value given by the analysis)  

This model applies to each player in the team and calculates 
the team total by adding each player’s gain no of runs.  

V. CONCLUSION 

In this analysis consider the ODI matches which played Sri 
Lanka against India from March 2007 to July 2021. The 
match no 2550 to 4312 are played against Sri Lanka and 
India. After analysis of the above factors against the No of 
Runs by using the Best First method by Weka 3.8.3 find some 
factors are dependent on the No of Runs out of 26 variables.   

Those variables are No of Wickets, No of Balls, Average, 
Playing Country, Batting Style, Age, Year, Day or Day and 
Night, 1st Batting Team, 2nd Batting Team, Match won or lost, 
and Bowlers Name. 

Finally, we can decide the above selected /identified variable 
only depends with no. of runs or team total in Sri Lanka vs 
India matches.   

The developed model will apply to each player and calculate 
the no of runs taken by the individual player. Then can 
calculate the team total by adding the runs gained by the 
individual player in the considered match by using the below 
model. 

  No of Runs = Age + No of Wickets + No of Balls + Average  

                     + (Co Value) 
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Abstract—With the rapid growth in mobile communication 

technologies the transmission of high quality images have issues 

in handling resource consumption and the quality. The resource 

consumption is indicated by the bandwidth and energy 

consumption.  In this research an optimum image compression 

technique depending on the mobile transmission capacity, type 

of the image and the average download time was presented. The 

research was conducted for five mobile communication 

standards, namely; GSM, GPRS, UMTS, HSPA and LTE where 

for each channel two image compression methodologies were 

analyzed. They are wavelet image compression technique and 

seam carving. The optimum compression was calculated based 

on entropy and PSNR of the compressed image. In this project 

the image types are defined as texture images with a complex 

background and images with clear cut background as for an 

object. The results show the effectiveness of the proposed 

methodology and MatLabTM was used for the comparisons 

Keywords— Mobile communication, channel capacity, 

compression, wavelet, seam carving 

INTRODUCTION 

The rapid growth of wireless communication 

systems has increased the demand for robust multimedia 

transmission with better quality, coverage and more power 
and bandwidth efficiency. The restriction of the wireless 

communication channels like limited bandwidth increases the 

demand for more reliable and better quality multimedia 

communication systems where the current research was 

focused specifically to develop transmission techniques for 

images that do not consume more bandwidth for achieving  

better quality images. In order to have a reliable image 

transmission with the real-time requirement requires low bit-

rate, low delay and low complexity which maintain good 

image quality. The solution for the problem of reliable real 

time transmission of high-quality images through wireless 
communication channels can be achieved by applying the 

proper compression technique depending on the mobile 

transmission capacity, type of the image and the download 

time of the file. For this research mobile communication 

channel standards were selected namely, GSM, GPRS, 

UMTS, HSPA and LTE with their average data rates selected 

as 9.6 Kbps, 130 Kbps, 2 Mbps, 7 Mbps and 10 Mbps 

respectively.The image compression was done by wavelet 

based method and seam carving where Meyer and Coiflet 2 

wavelets were used for implementing wavelet based image 

compression. For all the communication channels a 

reasonable overhead of 15% was considered. Several studies 

[1], [2] have been conducted to select compression 
parameters based on mobile network bandwidths based on 

single compression technique.   

In this research an empirical method was proposed to 

select the optimum compression technique to transmit a high 

quality image in a mobile communication channel  under 

given conditions and constraints such as channel capacity, 

image type and download time.  
The paper is organized as follows: In Section 2, Literature 

Review, Section 3 considers the system overview and 
methodology and in Section 4 described results and discussion 
where Section 5, conclusion of the project is given. Section 6 
is the references. 

LITERATURE REVIEW 

Image compression in mobile devices for wireless 

transmission is a critical aspect of modern communication 

and data transfer. Mobile devices have limited processing 

power, storage, and bandwidth, so optimizing image data 

before transmitting it over wireless networks is essential. As 

shown in [13], developing an adaptive compression 

algorithm for mobile devices to reduce the transmission 

energy of images through wireless networks is a crucial step 

in optimizing mobile data transfer. However the algorithm 

suffers from selecting the best compression method under 
varying channel capacities. 

Using an "Exact Image Compression Algorithm (ICA)" in 
[14] for compressing still images before transmitting them via 
a wireless channel can be an efficient way to reduce the 
amount of data transmitted and thus save bandwidth and 
transmission energy. It's worth noting that "Exact Image 
Compression" typically results in larger file sizes compared to 
lossy compression methods like JPEG. As a result, it may not 
always be the best choice for scenarios with severe bandwidth 
or storage constraints. The choice of compression method 
should depend on the specific use case, available resources, 
and the acceptable trade-off between image quality and file 
size. 
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METHODOLOGY 

One of the problems that makes wireless 

communication of multimedia complicated is the large 

amount of data that needs to be transmitted with limited 

resources. However, multimedia data can be compressed in a 

lossy manner, leading to very efficient communication. 

 

In lossy compression, information is lost, but is tolerated as it 

gives a high compression ratio. If 𝑛1 and 𝑛2 denote the 

number of bits in original and encoded images respectively, 

then the compression ratio 𝐶𝑅 can be expressed by equation 
(1). 

                                    𝐶𝑅 =
𝑛1

𝑛2
                              (1) 

 
The goal of this project is to find the optimized image 

compression technique, based on the type of image and the 
channel capacity. The overview of the system is given in Fig. 
1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Overview of the system 

 

Discrete Wavelet based Image Compression 

The rapid advancement in wavelet technology has led to very 
advanced standards for image compression which is based on 
Discrete Wavelet Transform (DWT). It has brought a new 
surge of interest in wavelets and also towards advancement 
and faster computational algorithms for storing and 
transmission of images. In the second stage of image 
compression, the transformed wavelet coefficients will be 
quantified. Then the encoding of the quantized coefficients is 

done and after that the data is stored. To reconstruct the image, 
decoding is done and then by inverting the quantized 
coefficients inverse wavelet transform was applied [3], [4] 

 

Wavelet involves pair of transform: one to represent the 

high frequencies or detailed parts of an image and one for the 

low frequencies or smooth parts of an image. In this paper, 

three families of wavelets being used for the compression of 

images namely Haar, Meyer and Coiflet 2 wavelets. Equations 

(3) and (4) shows the Haar Scale and Wavelet functions. Then 
the equations (5) and (6) shows the Meyer Scale and Wavelet 

functions.  

1. Haar scale and Wavelet function 

 

               

(3) 

The function ∅(𝑡) is called the Haar scaling function and 

𝜓(𝑡) is called the Haar wavelet and is defined as, 

 

 

                                                                                               

(4) 

2. Meyer  scale and Wavelet function 

The Fourier transform of Φ(𝜔) of the scaling function 𝜙(𝑡) 

is defined as, 

 

 

 

                                                                                               

(5) 

𝜓(𝜔)is defined as the Fourier of wavelet function.  

 

 

𝜓(𝜔) = 𝑒𝑖𝜔/2[Φ(𝜔 + 2𝜋) − Φ(𝜔 − 2𝜋)]Φ(𝜔/
2)              (6) 

3. Coiflet 2 

Coiflet wavelets are obtained by imposing vanishing 

moment conditions on both scaling and wavelet functions. 

Seam Carving 

Seam Carving is a technique of targeting image compression 

and resizing based on detection of seams from the energy 

function of the image. The method aims at finding seams of 

minimum energy and manipulating the image using them [5]. 

Effective resizing of images not only use geometric 

constraints, but also consider the image content as well. The 
conventional image resizing consists of cropping or evenly 

down sampling that lead to loss of important features or 

distortion. This method enables us to remove pixel from 

uninteresting parts of the image while preserving its important 

content, and cropping resulted in loss of important features of 

the image. 

Channel Capacity C 

Download time T 

Image type 

Original file size F 

 

 
File size supported by the channel 

f = CT 
 
 

Calculate Compression Ratio 

 

Seam Carving based 

compression for  

Find entropy and PSNR (𝑒1) 

 

𝑒1 ≥ 𝑒2  

Select Wavelet compression method  

Select Seam Carving 
method  
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An outline of  the seam carving algorithm is listed below 

1. Generating an Energy Map which can be based on 

gradient maps, entropy or HoG (Histogram of 

Gaussian) method.  

 

2.  Dynamic Programming is used to find the 

cumulative energy of a path taken from the top and 

left till the pixel(𝑖, 𝑗). The cumulative energy 

function is defined by equation (7): 
 

𝑀(𝑖, 𝑗) = 𝑒(𝑖, 𝑗) + min (𝑀(𝑖 − 1, 𝑗 − 1), 𝑀(𝑖 −
1, 𝑗 + 1))     

                                                                                         (7) 
 

3. To detect the optimal seam, the cumulative energy 

map was considered, and the Pixel with the lowest 

value of 𝑀(𝑖, 𝑗) in the last row or last column was 

picked and traced back to get the optimal seam.  

Back tracing in x direction can be represented 

mathematically as : 

 

𝑆𝑥 = {𝑆𝑖
𝑥}𝑖=1

𝑛 = {𝑥(𝑖), 𝑖}𝑖=1
𝑛 ,  (8) 

𝑤ℎ𝑒𝑟𝑒 ∀𝑖, |𝑥(𝑖) − 𝑥(𝑖 − 1)| ≤ 1 

 

Similarly, this can be extended to y direction. 

 
Then the optimal seam was used to perform the resizing of an 
image. This was done by removing the optimal seams. To 
increase the image size we can insert the copy of optimal 
seams in the image  appropriately 

RESULTS AND DISCUSSION 

The experimental evaluation of the proposed method was 
carried out on four high resolution images of file size varying 
between 2 MB to 11 MB. These images are belonging to the 
types of  highly textured images with a complex background 
(type 1) and images with clear cut background with an object 
(type 2). For each of these channels an overhead of 15% was 
added.  The objective of this research is to find the 
compression ratios which can achieve download time of 10s. 
However, for GSM channel the required image size for 
transmission for the largest image i.e.; 11 MB was estimated 
as 122.5 KB with a compression level of 99%. And the time 
estimated was about two minutes. For other channels the 
required download time was achieved with lesser compression 
level. For GPRS, UMTS, HSPA and LTE the image should be 
compressed to 150 KB, 2.3 MB, 8.1 MB and 11 MB with 
compression level of 81%, 5%, 1.5% and 1% respectively for 
the same image mentioned. The test images belonging to the 
respective image classes described above are shown in Fig.2. 

   

(a) I1 (b) I2 (c) I3 

 
(d) I4 

Fig. 2: Test images for different types 

The proposed method was used to predict the 
appropriate compression technique for different classes of 

images namely the high textured  image (Type 1), an  image 

with of high contrast (Type 2), and image with single object 

and a dominated plain background (Type 3) and an image 

with large amount of background information (Type 4) by 

analyzing the amount of information remained at different 

compression levels. The experiments were performed on still 

images using DWT and Seam Carving methods at different 

compression quality levels such as 99%, 50% and 20%. The 

four test images belonging to the respective image classes 

described above are shown in Fig.2. 

For a download time of 10s, the compression ratio 
was evaluated with respect to channel capacity and image 

size. However for GSM under the maximum compression 

level of 99% this could not be achieved for the 11 MB image. 

For GSM a download time of 120s was set. Fig. 3(a) shows 

the compression ratio variation with respect to image size and 

channel capacity for channels except GSM, where Fig. 3(b) 

gives compression ratio variation for GSM. 

 

 
Fig. 3 (a): Compression Ratio vs Image size and Channel Capacity for GPRS, 

UMTS, HSPA, LTE for download time of 10s 
 

Similarly, download time was analysed with respect to 
image size and channel capacity. In this case compression 
ratio was set at 50%. Fig 4  shows the variation of download 
time for all the channels GSM, GPRS, UMTS, HSPA and 
LTE. 
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Fig. 3 (b): Compression Ratio vs Image size and Channel Capacity for 
GSM  for download time of 120s 

 

Fig. 4: Download time vs Image size and Channel Capacity for mobile 
communication channels. 

In each of these images compression was carried out using 

wavelet transform based method and seam carving. For 

wavelet transform based method Meyer and Coiflet 2 wavelets 

were used. Fig. 5 shows the results of compressing I1 at 

compression levels 95%, 70% and 35% using wavelet based 

method and seam carving. Fig. 5 (a), (b), (c) is compression 

result with Meyer wavelet where as Fig. 5 (d), (e), (f) shows 

the compression result with coiflet 2. 

 
Fig. 6 shows the results of compressing I2 at compression 

levels 95%, 70% and 35% using wavelet based method and 
seam carving. Fig. 6 (a), (b), (c) is compression result with 
Meyer wavelet where as Fig. 6 (d), (e), (f) shows the 
compression result with coiflet 2 

   
(a) 95% (b) 70% (c) 35% 

   
(d) 95% (e) 70% (f) 35% 

Fig. 5: Compression of I1at different compression levels 

 

   
(a) 95% (b) 70% (c) 35% 

   
(d) 95% (e) 70% (f) 35% 

Fig. Fig. 7 shows the results of compressing I3 at 

compression levels 95%, 70% and 35% using wavelet based 

method and seam carving. Fig. 7 (a), (b), (c) is compression 

result with Meyer wavelet whereas Fig. 7 (d), (e), (f) show the 

compression result with coiflet 2. 

 

   
(a) 95% (b) 70% (c) 35% 

 

  

(d) 95% (e) 70% (f) 35% 

Fig. 7: Compression of I3 at different compression levels 

 

   
(a) 95% (b) 70% (c) 35% 

   
(d) 95% (e) 70% (f) 35% 

Fig. 8: Compression of I4  at different compression levels 

Fig. 8 shows the results of compressing I4 at compression 

levels 95%, 70% and 35% using wavelet based method and 

seam carving. Fig. 8 (a), (b), (c) is compression result with 

Meyer wavelet where as Fig. 8 (d), (e), (f) shows the 

compression result with coiflet 2. 
From these compressed images entropy and PSNR were 

analysed; where entropy was selected as the metric for 
measuring information loss after compression 
[8],[9],[10],[11],[12]. The Fig. 9, shows the graph for the 
variation of entropy value with respect to compression ratio 
and the four images on Meyer wavelet at different 
compression level. 
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Fig. 9: Plot for Entropy vs Compression Ratio and Image for Meyer 

Wavelet 

 

The Fig. 10, shows the graph for the variation of entropy 

value with respect to compression ratio and the four images 

on Coiflet2 wavelet at different compression level. 

 

 
Fig. 10: Plot for Entropy vs Compression Ratio and Image for Coiflet2 

Wavelet 

 

From the two graphs it is evident that for Meyer and     

coiflet 2 compression, the entropy variation follows a similar 
pattern. The seam carving method shows relatively high 

entropy values at high compression rates, with compared to 

wavelet based method. 
A similar analysis was done on seam carving where the 

variation of entropy value with respect to compression ratio 
and the four images at different compression level was shown 
in Fig. 11 

 
 

Fig. 11: Plot for Entropy vs Compression Ratio and Image 

for Seam Carving. 

 
Fig. 12, shows the variation of entropy with respect 

compression ratio for wavelet and seam carving methods on 

image I1. For the wavelet based method Meyer and Coiflet2 

have given almost similar entropy values while seam carving 

preserves more information.  

 

Fig. 12: Plot for Entropy vs Compression Ratio for Image I1 

According to results obtained for image I2, which is shown 
in Fig. 13, similar pattern of entropy variation can be obtained,  
where seam carving technique has outperformed the wavelet 
based method at high compression rates. 
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Fig. 13: Plot for Entropy vs Compression Ratio for I2 
 

CONCLUSION 

In this research, an optimum image compression technique 
based on the mobile transmission capacity, type of the image 
and the average download time was developed. The research 
was conducted targeting five mobile communication 
standards namely; GSM, GPRS, UMTS, HSPA and LTE  
where, for each channel the two image compression 
methodologies were tested using wavelet and seam carving. 
Based on the results obtained, under high compression rates 
the seam carving method has outperformed the wavelet based 
method by preserving the highest entropy in case of image 
type 3 and 4. When the compression rate becomes medium 
and low, the entropy difference between the two methods 
becomes low which performs well for images of type 1 and 2.. 

REFERENCES 

 

[57] Taylor C. and Dey S, “Adaptive Image Compression for   Wireless 

Multimedia Communication,” ICC, 2001. 

[58] Dong-Gi Lee and Dey, S., “Adaptive and Energy Efficient    Wavelet 

Image Compression for Mobile Multimedia Data Services,” ICC, 2002. 

[59] Chandler D.M., Hemami S., “Additivity Models for Suprathreshold 

Distortion in Quantized Wavelet Coded Images”, Human Vision and 
Electronic Imaging Conference, San Jose, CA, USA, SPIE Vol. 4662, 

May 2002, pp105-118. 

[60] Kabir M., “Image compression using lifting based wavelet transform 
coupled with SPIHT algorithm”, in Proceedings of the Int. Conf. on 

Informatics, Electronics and Vision 2013. 

[61] Goswami J.C., Noble B., and Chan A.K., “Fundamentals of 

Wavelets,”John Wiley, New York, 1999. 

[62] Mallet S.G., “A Theory for Multiresolution Signal Decomposition: The 

Wavelet Representation”, IEEE Trans. Pattern Annal. Machine Intell, 

vol 11, no. 7, pp. 674-693, 1989. 

[63] Avidan S. and Shamir A., ACM Transactions on Graphics (TOG) - 

Proceedings of ACM SIGGRAPH 2007. 

[64] Kumari S. and Vijay R. “Image Quality Estimation by Entropy and 

Redundancy Calculation for Various Wavelet Families”. International 
Journal of Computer Information Systems and Industrial Management 

Applications. Volume 4, pp. 027-034, 2012. 

[65] Moivre A., “Image Quality Metrics: PSNR vs SSIM”, Proceedings of 

the International Conference on Pattern Recognition, 2010. 

[66] Saffor A. and Ramli A.,  A Comparative Study of Image Compression 

Between JPEG and WAVELET, Malaysian Journal of Computer 

Science, Vol. 14 No. 1, pp. 39-45, 2001. 

[67] Gonzales R.C. et.al., Digital Image Processing using MATLAB, 

2nded., Pearson Education, 2009. 

[68] Li Z.N. and Drew M.S., Fundamentals of Multimedia, New Jersey: 

Pearson Education, 2005. 

[69] Nimmagadda Y, Kumar K. and Lu Y., Energy-efficient Image 

Compression in Mobile Devices for Wireless Transmission. IEEE 

International Conference on Multimedia and Expo, ICME 2009. 

[70] Reaz M.  Akter M. and  Yasin M.,    Image Compression System for 
Mobile Communication. Journal of Circuits, Systems, and Computers 

Vol. 15, No. 5 (2006) 777–815. 

 

 

 

 

 

 

 



 

 
INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

295 

 

 

 

 

Gap Analysis of The Standard Propagation Model 

with The LTE Band 38 in Sub Urban Region 

L.P.S.S Dissanayake 
Network Technology Department  

University of Vocational Technology  

Ratmalana , Sri Lanka 
suranga@uovt.ac.lk 

 

Abstract— The standard propagation model (SPM) 

calibration or tuning approach can be used for effective and 

efficient network planning for optimum region coverage. SPM 

functions in field implementation to improve the accuracy of 

predictions based on proper coverage planning outcomes.This 

study presents a straightforward optimization approach 

utilizing the ATOLL planning tool for the Standard 

Propagation Model (SPM). A series of measurement campaigns 

were undertaken to gather data on Received Signal Strength 

from commercial base stations operating at a frequency of 2600 

MHz. The assessment was conducted to evaluate the predictive 

accuracy of the standard propagation model. The model 

exhibited significant levels of prediction errors. The 

optimization technique encompasses the use of various 

components, including the Digital Terrain Model, clutter 

classes, clutter heights, vector maps, scanned photos, and Web 

Map Service. The weight of the clutter loss on each pixel, from 

the pixel with the receiver in the direction of the transmitter up 

to the specified maximum distance, was calculated using a 

logarithmic weighting formula.The standard propagation 

model is widely employed for generating forecasts to assess 

predated coverage. However, it is necessary to further refine it 

in order to align with each specific region and get precise 

predictions. The utilization of gap analysis is vital in order to 

detect the factors of divergence during the fine-tuning phase. 

Keywords— LTE, Propagation Model, Model Tuning, 

Coverage Simulation 

INTRODUCTION  

 

In order to achieve optimal and proficient planning of a radio 
access network, it is imperative to possess a comprehensive 

understanding of the distinct attributes pertaining to the 

propagation of radio waves inside a developed urban setting. 

The propagation of electromagnetic (EM) waves is 

influenced by various factors, including the antecedent 

effects of reflections, diffractions, and scatterings. These 

effects are particularly significant in metropolitan areas due 

to the presence of physical impediments, also known as 

clutter, in the propagation environment. The phenomenon of 

transmitted electromagnetic waves interacting with various 

structures such as building walls, billboards, and artificial 
objects, as well as the bodies of moving entities, often leads 

to the reception of multiple replicas of the transmitted signals 

at the receiving end. This occurrence can be referred to as 

multipath. Signal fading occurs when many copies of a signal 

reach a mobile station from various directions, each with 

distinct temporal delays. 

The link budget must be determined before any coverage 

planning can begin. The Maximum Allowed Path Loss 

(MAPL) in downlink and uplink communication is estimated 

using this Link budget calculation. If we know the radius of 

a cell and run a link budget calculation, we can deduce how 

many eNodeBs we'll need to cover it. Reviewing the 

surrounding environment and the propagation model allows 

one to make a rough approximation of the cell radius. For this 

procedure to succeed, precise. 
each eNodeB's cell coverage and radius are predicted based 

on the actual propagation model conditions. In this research, 

we used radio planning software to fine-tune the parameters 

K1-K7 of the standard propagation model (SPM) formula 

based on actual measurement data from driving tests 

conducted at the 2600 MHz frequency. 

The SPM (Site-Specific Propagation Model) was derived 

from the Hata model, which is a widely used formula for 

predicting route loss in wireless communication systems. [1]. 

Empirical modeling of path loss throughout the frequency 

range of 1500 to 2000 MHz. This phenomenon pertains to the 

attenuation of a signal on a global scale when it is received 
within a distance range of 1-20 kilometers. In order to 

accurately model the impact of factor K on signal 

transmission, the SPM Equation necessitates the precise 

configuration of specific parameters. By adjusting or refining 

the propagation model, the Signal Propagation Model (SPM) 

has the potential to enhance the accuracy and dependability 

of predictions within a planning network that utilizes ATOLL 

9955[2]. By adjusting a formula in the model of propagation, 

calibration calculations can produce results that are very 

similar to the true measurements. Previous studies have used 

field measurements and GIS data to fine-tune the SPM model 
for built-up and urban settings. 

 

LITERATURE REVIEW 

 

Okumura Hata Model 

 
Hata's propagation model serves as the foundational 

framework for propagation models that are extensively 

employed in the cellular sector. One of the primary 



 

 
INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

296 

 

 

 

 

advantages of Hata's model lies in its inherent simplicity. One 

of the primary limitations of this system is the imposition of 

restrictions on the permissible values of certain parameters. 

The Okumura-Hata model is well recognized as the 

predominant propagation model employed in macro-cell 
environments for the purposes of predicting coverage 

simulation and path loss computation. The model 

incorporates the utilization of free space loss as one of its 

components. The Okumura-Hata model is classified as an 

empirical model, indicating that it relies on field 

measurements as its foundation. The validity of Hata's basic 

model extends to the frequency range of 150-1500 MHz  

[3].Hata developed empirical methods to estimate 

propagation path loss by utilizing Okumura's report, which 

includes graphical representations of median field strength as 

a function of distance [4]. The utilization of this empirical 

model offers a simplified approach to path loss computation 
due to its closed-form formula, which does not rely on 

empirical curves for the various parameters. 

 

 Cost Hata Model 

 

COST 231 is an enhanced iteration of Hata's model that 

focuses on higher frequencies. This improvement was 

achieved from an analysis of Okumura's propagation graphs 

inside the upper-frequency range. The COST-231 model, 

often known as the CostHata model, is a widely used model 

in the field. The Hata model's extended version can be used 
to frequencies that range up to 2000 MHz [5]. This model 

utilizes empirical formulas incorporating several correction 

factors to estimate the signal strength. 

 

This study examines many elements that influence diverse 

settings, utilizing field measurements conducted by Okumura 

in Japan. The statistical formulas and correction factors 

utilized in the model were obtained through the process of 

observing and analyzing the measured propagation data. 

Okumura created a set of curves based on the collected 

measurements in order to forecast propagation loss under 

different scenarios. In addition to urban losses, Okumura 
incorporated a range of loss components into the analysis. 

The study examines the impact of street orientations, 

topographical variations, and the presence of mixed land and 

marine routes on the urban environment.  

 

Hata's propagation model is the foundational framework for 

other propagation models extensively employed within the 

cellular industry. The primary appeal of Hata's model lies in 

its inherent simplicity, whereas its primary limitation stems 

from the imposed restrictions on certain parameter ranges. 

The Okumura-Hata model is a widely recognized 
propagation model that is commonly utilized in macro-cell 

environments to estimate the median attenuation of radio 

signals. The model incorporates the utilization of free space 

loss as one of its components. 

SPM Model 

Radio wave propagation can be modeled empirically using a 

mathematical formula that considers factors such as altitude, 

distance, frequency, and other environmental factors. 

Okumura-Hata, COST 231, and Standard Propagation 

Models are only a few of the propagation models utilized in 

cellular network design. 

The study employs the SPM propagation model with 

equation (1) below as the network planning propagation 

model [6][7]. 

 
 

                                                                                                                   

                                                                            (1)              
 

 

 

Table I : Parameter Description 
 

 
Active measurement designs, rather than theoretical 

predictions, will be the future of wireless path loss prediction. 
Geostatistical techniques that emphasize robust sample 

designs and explicitly model the spatial structure of 

observations, in particular, are considered as promising. 

Theoretical models offer useful physical insights into 

electromagnetic transmission. However, because the majority 

of these models are based on unrealistic assumptions, they 

must be tested by experiments. Despite the fact that the cost 

and time required to conduct measurements increases in 

complex systems, the measurement-based approach has 

proven to be effective and productive [8] 
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Model Name K1  

 
K2 K3 K4 K5 

Standard Model 18.5 42 10 0.5 -6.93 

Sub Urban Model 22.89 39.93 5 0.5 -4.48 

. Fig. 1: Coverage planning inputs 

 

DTM, clutter classes, clutter heights, vector maps, scanned 

pictures, and WMS are all used in the optimization process. 

The weight of the clutter loss on each pixel from the pixel 

with the receiver in the direction of the transmitter was 

calculated using a logarithmic weighting function, up to the 
given maximum distance. Based on Fig1.process has shown 

promise in terms of high accuracy and low prediction 

mistakes. 

 

 

 

 

METHODOLOGY 

Phase 1:  

Gather the necessary drive test data using extensive field 
measurements. The process of log file collection using the 

TEMS DT kit. 

Phase 2:  

The basic radio frequency (RF) parameters, namely the 

reference signal received power (RSRP) and main cell 
identity (PCI), are extracted using field test measurements, 

specifically drive test data. The RSRP measurement refers to 

the received signal reference power, while PCI stands for the 

received signal dominant cell. The ACTIX post-processing 

tool can be utilized to obtain the necessary data.  

Phase 3:  

The CW measurement points are extracted using the ATOLL 

9955 RNP tool by entering DT log information in CSV 

format.  

Phase 4:  

Involves fine-tuning the specific propagation model for each 

selected site using the assistance of extracted continuous 
wave (CW) measurements. An identical procedure should be 

followed for each individual spot. 

Phase 5:  

The identification of the most influential "K" variables for the 

final tuning of the model was based on the evaluation of 

initial parameter tuning outcomes and comparison with the 
standard model (SPM model) for path loss calculation.  

Phase 6:  

The final model was determined by selecting the "K" factors 

identified in the Stage 5 study. The final propagation model 

is refined by incorporating variable factors, namely K1, K2, 

K4, and K5, while keeping all other parameters fixed at their 

standard model values. 

 

Phase 7: 

The path loss was calculated by considering the height of the 

transmitting antenna (h=40) and the distance (d) ranging from 

100m to 3000m, for both the standard propagation model 

(SPM) and the recently adjusted suburban model. Identified 

the path-loss delta between SPM and the recently adjusted 

suburban model.  

Phase 8 : 

Analyze the usable region and range of the  SPM model that 

can be used in suburban regions in Sri Lanka. figured out 

which variables were most likely to cause the SPM model's 

results to diverge from reality. 

 

RESULTS AND DISCUSSION 

  Table II : K1 to K5 parameters  

 

 

 

 
 

According to the findings shown in Table 1, it is observed 

that the SPM models K1, K2, and K3 exhibit significant 

deviations from the parameters of the tune-up model. 

 

 

 

 

 

 

 

 
                                      

 
Fig. 2: K1 variation of sample sites 

 

 

 

 

 

 

 

 

 
Fig. 3: K2 variation of sample sites 
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Distance Standerd Model Pathloss Sub Urban Model Pathloss

100m 97 97

200m 106 107

400m 115 117

600m 121 122

800m 125 126

1000m 128 130

1200m 130 132

1400m 132 134

1600m 134 136

1800m 136 138

2000m 137 140

2500m 140 143

3000m 142 145

 

 

The examination of the K1 and K2 parameters for the sample 

sites reveals a pattern of scattered behavior. 

 
Table III: Pathloss vs. Distance of SPM and Sub Urban Model 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 4: Pathloss Variation with Distance of SPM and Sub-Urban Model 

 

According to the path loss study of both models, it is observed 
that within a radius of 600m, both models exhibit similar 

coverage. However, beyond this radius, the standard model 

demonstrates excessive coverage. 

 
Fig. 4: Deviation of actual and predicted coverage 

 

The path loss between two antennas is the ratio of transmitted 

to received power, which is commonly stated in dB. It 

comprises all potential loss factors caused by interactions 

between the propagating wave and any objects between the 

transmitting and receiving antennas. The radio signal is 

weakened due to path loss during radio wave propagation 

over a channel, and fading processes occur. 

While there are many different mechanisms underlying the 

propagation of electromagnetic waves, they are commonly 
attributed to the following: diffraction, reflection, refraction, 

and scattering. Inside structures, the path between the 

transmitter and the receiver may be either non-line-of-sight 

(NLOS) or line-of-sight (LOS). The electromagnetic waves 

travel along diverse courses of differing lengths when radio 

systems lack a line of sight (LOS) and the presence of walls 

and floors results in significant diffraction loss and many 

reflections from various objects. As the distance between the 

transmitter and receiver grows, the interaction between these 

waves results in multipath fading at a particular place and a 

drop in field strength. Analyzing fig 4 clearly shows that the 
SPM model creates coverage simulations based on standard 

parameters, and that in order to produce an accurate 

prediction, the gap must be identified and precise tuning must 

be performed.. 

 

CONCLUSION 

A propagation model for the LTE 2600MHz TDD band in Sri 

Lanka can be developed by employing various sets of field 

measurements conducted in the target regions. These 

measurements can be subjected to pre- and post-processing 

techniques to refine the model.  The utilization of the tune-up 

model enables the generation of forecasts that exhibit a level 
of accuracy that is in line with expectations. 

According to the findings in Table 1, the SPM models K1, 

K2, and K3 display considerable deviations from the tune-up 

model values. Also, the K1,K2 and K3 values for the sample 

sites reflect a pattern of dispersed behavior. Based on the 

analysis of the K1 to K5 parameter and the variation pattern 

observed in the K1 and K2 sample sites, it can be concluded 

that the divergence in path loss of the standard propagation 

model primarily arises from improper settings of the K1, K2, 

and K3 parameters. In addition to that, the digital terrain 

models of Sri Lanka that are now being used need to be 
updated in order to reduce the amount of variance. However, 

the normal propagation model will work fine for the coverage 

simulation as long as the radius does not go above 600 meters. 
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Abstract - Information and Communication 

Technology (ICT) integrated to Agriculture is one of the 

most important tasks in order to achieve sustainable 

agriculture. Agriculture is one of the important sectors 

and the key issues to be addressed these days are the food 

sustainability and security. The recent COVID-19 

pandemic has also reiterated the importance of food 

security for a developing nation such as Sri Lanka’s. This 

COVID-19 has made us all dependent on digital 

technology, but we have to consider for increasing 

investment in technologies to help small-scale farmers 

that will yield far-reaching benefits long after the 

pandemic has passed. Permanent Crop Clinic 

Programme (PCCP) which is a plant pest and disease 

diagnostic and recommendation service implemented 

through the farmer group structure. According to the 

PCCP concept, the aim of the PCC is to provide beer 

advice on pest management to farmers when their crops 

are ill. The main objective of the proposed study is to 

develop a framework for ICT integration in agriculture 

taking into account the Sri Lankan agricultural sector 

observing the PCC program objectives. To enhance the 

research, a systematic review of the literature will be 

conducted to identify various domains and approaches of 

research, existing frameworks for ICT integration and 

global invasiveness for ICT integration in the agriculture 

sector. The Study will also survey major barriers and 

challenges in ICT integration and enhance local 

productivity, access market information and boost the 

GDP percentage gain from agriculture in the Sri Lankan 

economy.   

Keywords: ICT integration, Agriculture, Sri Lanka, 
Permanent Crop Clinic Programme, GDP (Gross domestic 
product) 

I.   INTRODUCTION 

Information and Communication Technology (ICT) 
is widely used for sharing information. It encompasses 
various devices, networks, mobiles, services, 
applications, sensors, and basic tools like mobile 
telephones, radios, televisions, and satellites. ICT is 
rapidly developing worldwide, leading organizations 
and individuals to focus on providing products and 
services using ICT approaches [1]. In the agricultural 
sector, integrating ICT is crucial for achieving 
sustainable development in Sri Lanka. Sustainable 
agriculture aims to produce long-term crops and 
livestock while minimizing environmental impact and 
improving the economic stability and quality of farming 

activities [3]. ICT in agriculture, also known as e-
agriculture, involves the innovative use of ICT in rural 
areas, encompassing conceptualization, design, 
development, evaluation, and application [4]. The text 
explores how farmers have embraced the modern 
agricultural sector and its extension services. It 
examines their participation, institutional contribution, 
and the procedures used in crop clinics. Additionally, it 
delves into farmers' perspectives on crop clinics, 
focusing on the content's relevance and appropriateness, 
the significance of crop clinics as an educational 
program for farmers, and their role in promoting 
sustainable agriculture [5].   

The text analyzes the integration of farmers into the 
modern agricultural sector and its extension services, 
including their involvement, institutional support, and 
the methods employed in crop clinics. It also 
investigates farmers' viewpoints on crop clinics, 
emphasizing the importance and suitability of the 
content, the value of crop clinics as an educational 
initiative for farmers, and their role in advancing 
sustainable agriculture. 

The Permanent Crop Clinic program, known as 
PCCP, is a farmer group structure called Crop Clinics 
(CCs) that provides a plant pest and disease diagnostic 
and recommendation service. This program brings 
accurate and up-to-date information to farmers in 
developing countries, enabling them to effectively care 
for their crops. Similar to a health center for humans, 
plant health clinics advise farmers on pests and diseases. 
Farmers bring samples of their diseased plants to plant 
doctors who diagnose and prescribe safe, affordable, 
and locally available pest management solutions. PCCP 
was launched in Sri Lanka after global plant clinic 
training in 2009, linking various stakeholders in the 
country's plant health system. 

II. METHODOLOGY 

Computing and Information System can improve the 
effectiveness and efficiency of the organization [11]. 
This study takes an explorative approach to address the 
under-investigated problem of ICT integration in the 
agriculture sector in Sri Lanka. By focusing on 
discovering the main limitations and barriers to 
integrating ICT in agriculture in the rural areas of Sri 
Lanka, this study provides suitable solutions to help 
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farmers and increase ICT literacy in the agricultural 
departments of every region. 

The major objective of this research study is to 
introduce a conceptual framework for promoting ICT 
integration in the agricultural sector in Sri Lanka. To 
conduct this research, the limitations and barriers of 
integrating ICT in rural farmers should be identified. 
Additionally, the latest technologies, methods, and 
frameworks introduced by the government and past 
research studies should be identified. Meeting with 
agricultural officers to discuss their service problems 
and the problems faced by farmers will provide insight 
into the current situation and common issues in the 
agricultural field. This information will help identify 
areas where ICT integration can solve these problems in 
Sri Lanka's agricultural sector. 

The Permanent Crop Clinic Program is studied in 
parallel to gain a comprehensive understanding of its 
benefits for farmers and how ICT is integrated to 
enhance its effectiveness. Finding solutions to these 
issues is crucial for improving the sustainability of the 
agriculture sector and the well-being of farmers. 
Information and Communication Systems have 
employed various research methodologies to investigate 
these problems, with the main objective being to 
identify the current state of the farming domain. The 
methodology used in this research study is illustrated in 

Figure 1. 

 

III. DATA COLLECTION AND ANALYSIS 

A. Primary Data 

The questionnaire was designed according to the 
individual and organizational factors of the staff of the 
Gannoruwa Agriculture Department. Questionnaires 
were distributed manually and through an online survey 
tool. The survey was conducted to identify issues faced 
by the farmers and also identify the status of the ICT 
knowledge of the farmers and the agriculture staff and 
the current status of the usage of ICT devices. 

B. Secondary data  

Secondary data for this research study were 
collected through various data collection methods, 

including research reports, data from the Department of 
Agriculture and Seed Certification and Plant Protection 
Centre, seminar papers, articles from journals, and the 

Internet. The validity and reliability of the research 
findings were assessed using questionnaires, interviews, 
and relevant literature. Additionally, the study utilized 
the SPSS analyzing tool for statistical analysis. 

IV. RESULTS AND FINDINGS 

When considering past research studies on ICT 
integration in agriculture, numerous studies have been 
conducted worldwide on technology development, 
application development, and model development in  

the agricultural sector. The figures provided 
summarize a few of these studies and help identify the 
different domains related to the study. 

Most of the research studies have focused on 
integrating new innovative technologies into the 

Figure 2: Summery Table of past 
researches 

Figure 3: Pie Chart of Past 
Researches 
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agricultural sector. The recent COVID-19 pandemic has 
led to a shift in people producing their own food and 
preferring locally sourced products. As a result, the 
latest research has explored how to effectively use 
modern technologies such as drones, sensors, and ICT 
tools to manage harvesting periods, reduce wastage, and 
ensure better market prices. These studies primarily 
revolve around big data and aim to provide effective 
solutions for farmers and agriculture officers. The goals 
include improving the technical education and skills of 
farmers, increasing internet connectivity in rural 
farming areas, and promoting the use of smart 
technology among farmers. 

A. Integration ICT PCCP  

Most farmers in the PCCP come with either a 
diseased crop or a photo of the affected crop. Integrating 
image processing systems into the PCCP would greatly 
benefit farmers as they would be able to identify crop 
diseases or pest infections without having to meet with 
AI experts. Additionally, there is a vast database related 
to the PCCP that can be utilized. By developing an ICT-
based system, farmers can access solutions for specific 
crop illnesses without the need for physical meetings 
with plant doctors. This integration of ICT into the 
PCCP would help farmers enhance their agricultural 
products and reduce time wasted on in-person meetings. 

The Permanent Crop Clinic Program currently relies 
on manual data entry due to a lack of ICT knowledge 
among Agriculture officers and farmers. To address 
this, I recommend that the government provide 
workshops, training sessions, and conferences focused 
on ICT-based systems for the agriculture sector. 
Additionally, there are existing ICT-based systems that 
are underutilized, so it is important to motivate 
agriculture staff to increase their usage of these tools. 
The government should conduct regular training 
sessions for staff to ensure they are equipped with the 

necessary skills to integrate ICT into the program. 

B. Questionnaire Survey Analysing 

The collected data from the questionnaire was 
analyzed using SPSS version 20, a specialized tool 
designed for analyzing scientific data related to social 
science. This tool is capable of handling a wide range of 
data variable formats. The analysis of the collected data 

is presented in this section, including a comparison of 
each response based on the importance of the questions. 

C. Demographic Analysis 

These variables were analyzed using the tool to 
analyze and recognize the pattern of respondents and 
other effects of them to the other results. 

The analysis of the responses for these demographic 
variables reveals that 66.7% of the individuals are male 
and 33.3% are female. The majority of respondents hold 
a Bachelor's degree (43.3%), followed by those with a 
Master's degree (33.3%). Additionally, 10% have a 
postgraduate degree, while only 6.7% have a diploma or 
certificate of vocational training. Among the 
respondents, 30% have a professional ICT qualification, 
while 70% do not. 

 

In terms of job roles, the majority are designated as 
Agriculture Instructors (43.3%), followed by Assistant 
Directors (26.7%) and Agriculture Officers (13.3%). All 
respondents have at least one year of experience, with 
40% having 11-15 years, 26.7% having 16-20 years, 
20% having 6-10 years, and 6.7% having over 20 years 
of experience. This study encompasses a diverse range 
of experience levels. 

V. DISCUSSION AND CONCLUSION 

The growth of ICT in the last decade has presented 
numerous opportunities to address challenges in 
agriculture. ICT can be integrated into various activities 
within the agriculture sector, including communication 
within organizations, sharing farming knowledge with 
farmers, resolving crop-related issues, and improving 
technology adoption among farmers. To facilitate these 
activities, government intervention is necessary. 
Governments should establish policies, rules, and 
regulations to promote the integration of ICT in the 
agriculture sector. By doing so, the government can 
serve as a foundation for the effective and reliable 
development of Sri Lanka's agriculture sector. The 
following visual representation illustrates the role of 
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ICT in the agriculture sector, depicting how ICT is 
integrated into various agricultural activities. 

According to the findings, accurate and reliable 
information is crucial for farmers and those involved in 
the farming industry to effectively manage their 
activities. The lack of visibility in information regarding 
crop selection, cultivation, and sales has led to a decline 
in the farming sector, which in turn impacts the 
economic growth of the country and the overall lifestyle 
of individuals. Therefore, it is imperative to ensure 
timely access to accurate information for informed 
decision-making within the farming community. 
However, the scattered storage of agricultural data 
across various departments and private organizations 
poses a challenge in accessing the right information at 
the right time. 

A. Proposed Framework 

According to the findings were conducted by 
interviews and survey questionnaires among the farmers 
and agricultural staff members, a conceptual framework 
has been created to overcome the identified limitations 
and barriers to ICT integration in Sri Lanka. The 

following framework shows the concept of that 
proposed framework. 

VI. RECOMMENDATIONS FOR FURTHER 

RESEARCH 

Researchers are continuously conducting numerous 
similar studies due to the absence of a comprehensive 
database that exclusively includes all the research 
conducted on the integration of ICT in agriculture. To 
address this limitation, this research proposes the 
establishment and maintenance of a database 
specifically for agricultural journals and online books 
related to agriculture. This database would serve as a 
platform for knowledge sharing and benefit individuals 
interested in the agricultural sector. 
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Abstract— The creative economy is a paradigm for 

developing an economy through value creation and 

innovation. Creative tourism is a model developed under 

the creative economy to enhance tourist experiences 

through creative tourism experiences. This study has been 

conducted to understand the opportunities and issues of 

developing creative tourism experiences to achieve 

economic development related to Ramayana tourism in Sri 

Lanka. Sri Lanka Tourism Promotion Bureau launched 

the Ramayanaya Trail with the private sector to target the 

Indian market over to Sri Lanka for religious reasons and 

other travel purposes. The study was conducted under the 

qualitative research approach to achieve the research 

objectives; to identify the opportunities to develop creative 

Ramayana tourism products in Sri Lanka to achieve 

economic development and to understand issues of 

developing creative Ramayana tourism products in Sri 

Lanka. By considering Ramayana tourism in Sri Lanka as 

a single case, the case study research design has been 

adopted for this study. The sample population includes tour 

operators and travel agents in Sri Lanka who are 

contributing to Ramayana tourism. 20 qualitative 

interviews were conducted to collect primary data from the 

sample and by the field observations, the findings of 

primary data collection were further verified. This study is 

important for the future development of Ramayana trail 

tourism between Sri Lanka and India.  

Keywords— Ramayana, creative, economy, tourism, 
development  

I INTRODUCTION 

The creative economy is a key driver of economic growth in 
the global context. Creative tourism is a platform to enhance 

tourist experiences through innovative ideas, experiences, 
activities, environments, processes and persons to add value 
to tourism products. Ramayana Tourism, Ramayana Yathra 
or Ramayana trail is a special interest tourism segment under 
the cultural and religious tourism nowadays. According to 
Valmiki’s Ramayana epic, India and Sri Lanka have a 
significant relationship with the transferring of Ramayana 
characters among each country. Ramayana sites in Sri Lanka 

include the places considered captive places of Seetha, Rama-
Ravana battlefields and places related to King  

 

Ravana. The scope of this study is focused on exploring 
opportunities to develop creative tourism with Sri Lankan  

Ramayana tourism. The purpose of this study is to adopt the 
creative tourism concept, one of the recent trends for Sri 
Lankan Ramayana tourism to achieve creative economic 
development by gaining the objectives; to identify the 
opportunities to develop creative Ramayana tourism products 
in Sri Lanka and, to understand issues of developing creative 

Ramayana tourism products in Sri Lanka. 

II LITERATURE REVIEW 

The concept of creative economy emphasizes  a paradigm of 

economic development and innovation by value creation in 
creative ideas transformed in to products or services (Insuasti, 
Burbano , Medranda , Rodríguez , & Guerrero , 2022) 
Creative economy is acting as a relationship role between 
creativity and economies by elaborating how people earn 
money from creative ideas (Suciu , 2008). According to 
(Levickaitė, 2011), the creative economy is based on ideas 
based capital rather than the physical capital in business 
industries. Advertising, Architecture, Art, crafts, Design, 

Fashion, Film, Music, performing arts, Publishing, Research 
& Development, Toys and games, software, Television & 
radio and computer games are the fifteen creative industries 
sectors and areas listed by (Howkins, 2007) which can be 
merged with creative economic performances. Creative 
economy is a key driver of long-term economic development, 
including relationships with creative supply chains, creative 
technology, regional development and global 

competitiveness ( Deloitte, 2021).  

Creative tourism is a new form of tourism that the potential 
to change existing models of tourism development and to 
make a contribution to diversifying and innovating the tourist 
experience (Richards G. , 2009). Richards explains further 
the meaning of creative tourism as; “tourism which offers 
visitors the opportunity to develop their creative potential 
through active participation in learning experiences which are 

characteristic of the holiday destination where they are 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

305 

 

 

undertaken” (Richards , 2015). In the same source, 

Richards has highlighted 3 key principles of creative tourism; 
offering opportunities for personal creative development, 
increasing engagement by enabling visitors and their hosts to 
be creative together and linking the creative activities to the 
destination. The model of innovative tourism product 
development for the development of new tourism products is 
based on three fundamental components; identifying 

destinations’ core resources on which innovative tourism 
products should be based; determining the transformative 
experiences provided by these products, and establishing the 
design of product development processes (Santos, Ferreira, 
Costa, & António , 2020). According to Stipanović and 
Rudan , creative tourism can be recognized as a special form 
of tourism that creates a new dimension and authentic 
experience that meets the modern traveler’s need for 

creativity and participation in various workshops, educational 
programs and a variety of creative activities including arts, 
heritage, nature, and the destination’s peculiarities 
(Stipanović & Rudan , 2014). Al-Ababneh has explained four 
areas of creativity; creative person, creative product, creative 
process, and creative environment. According to the author, 
creativity means “the production of novel and useful ideas in 
any domain”, which refers to the generation of ideas and it 
can be considered as a strategy for innovation and promotion. 

Therefore, Al-Ababneh explained creativity can impact 
tourism as a creative area, tourism products, skills 
development and performance development. “Tourism links 
to creativity through several creative activities in destinations 
that can create ‘special interest tourists’ or tourists consuming 
creative performances” (Al-Ababneh, 2017). According to 
the author the concept of creative tourism can be linked with 
special interest tourism and the concept of niche markets of 

tourism. 
 
Sadeghnia & Amiryazdani have explained creative tourism 
as an opportunity for understanding the religious and spiritual 
beliefs of a destination (Sadeghnia & Amiryazdani , 2018). 
According to the authors, a creative tourist is mostly 
concerned with meeting his spiritual needs and he seeks self-
knowledge and not mere pleasure, creative tourism refreshes 

the religious tradition of the self and the other. Thus, a 
creative tourist can be explained as a new spiritual seeker in 
contemporary tourism traveling to seek existential 
experiences. According to Hassani and Bastenegar (2016), a 
pilgrimage-destination journey is a unique experience for 
tourists because it gives the spiritual experience a social 
dimension and also gives the social experience a spiritual 
aspect. The travelers gain  spiritual experiences by reaching 

destinations and locations which are immortal and dignifying 
with the social-spiritual relationship ( Hassani & Bastenegar 
, 2016) 
 Sri Lanka has a distinctive significance on the Ramayana 
tourism concept since it was the land of two principal 
characters; Ravana and Vibishana in Sri Lanka who have a 
high significance value related to Valmiki’s Ramayana with 
a variety of related Sri Lankan attractions with Ramayana tail. 
According to Krishnaswami (2017), the concept of the 

‘Ramayana trail’ can be defined as the places on the land 
(India and Sri Lanka) that walked Rama and Seetha 

(Krishnaswami, 2016). According to the latest statistical 
analysis of the ten major source markets, tourists from India 
represented a large number of international arrivals. In 2017 
there were 384,628 Indian tourists arriving with an 18.17 
percent share. This is increased in 2018 as 424,887 of arrivals 

and 18.2 percentage shares (Annual Statistical Report, 2017). 
According to the Sri Lanka Tourism Promotion Bureau 
(2015), Sri Lanka tourism has taken this advantage to 
promote Ramayana as a tourism product in Sri Lanka since 
2004. The survey findings (Council, 2020) estimate that 
238,586 workers are involved in the creative industries in Sri 
Lanka. With 8,208 million employed workers at the national 
level, that amounts to almost three percent (2.9 percent) of 

the economically active workforce.  
 Kasempholkoon (2011) has explained the significance of the 
concept of ‘creativity’ to the economy of Thailand. Under the 
concept of ‘creative economy’, Thailand’s tourism has 
adopted the creative tourism concept to add value and 
enhance the visitor experience on ‘Ramakian’, the Ramayana 
epic-based tourism products in Thailand. According to the 
author, Thailand has invented a variety of creative Ramayana 

tourism products including; cultural performances, food & 
beverages, new Ramayana stories, commercial brands, 
computer games and other local products with relevance 
‘Hanuman’ the monkey colonel who considered an epic hero 
of Ramayana in the Thai context. Fernando and Sarangi 
(2017) have done their study related to Ramayana tourism in 
Sri Lanka and the authors have recommended their 
suggestions to promote Sri Lankan Ramayana Tourism 

combined with other prominent niche tourism markets.  
Objectives of the study 
With the factors identified by the literature study, the 
researcher developed the first research questions for this 
study to identify opportunities to develop creative tourism 
performances with Ramayana tourism in the Sri Lankan 
context to achieve economic benefits with the viewpoint of 
creative tourism. The second research question also focused 
on the investigation of the issues of developing creative 

Ramayana tourism products and services in Sri Lanka. The 
first question of the study is developed as; ‘What are the 
opportunities to develop creative Ramayana tourism products 
in Sri Lanka to achieve economic development?’ and the 
second research question is developed as; ‘What are the 
issues of developing creative Ramayana tourism products in 
Sri Lanka?’. Based on these two research questions, the 
researcher has developed the two research objectives of this 

study as follows; to identify the opportunities to develop 
creative Ramayana tourism products in Sri Lanka to achieve 
economic development; and, to understand issues of 
developing creative Ramayana tourism products in Sri 
Lanka. 

III THE METHODOLOGY OF THE STUDY  

 
This study has adopted the qualitative research approach to 

understand the significance of amalgamating Ramayana 

tourism and creative tourism concepts through the 

experiences, views and ideas of particular respondent 

groups. Through the case study research design, 
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the researcher was able to achieve the objectives of the study 

in the Sri Lankan context by direct intensive observations of 

Ramayana tourism in the Sri Lankan context as one case. The 

population is included with 20 respondents including tour 

operators, travel agents and tourist guide lecturers who 

contribute to Ramayana tourism in the Sri Lankan context. 

Among nonprobability sampling techniques, the researcher 

adopts multiple sampling techniques including purposive 

sampling to define the sample as per the research purpose and 

snowball sampling to identify the most relevant respondents 

who are actively contributing to the research area. Semi-

structured interviews with above mentioned stakeholders of 

Ramayana tourism and participant observations in Ramayana 

sites were implemented during the primary data collection. 

Under the inductive analysis approach, the researcher has 

adopted the content analysis tool to determine the existence 

of certain words, themes, or concepts within qualitative data 

from interviews and field observations. 

IV FINDINGS AND DISCUSSIONS  

 

A. Core Resources for Ramayana Tourism in Sri 

Lanka 
 
According to the model of innovative tourism (Santos, 

Ferreira, Costa, & António , 2020) new tourism product 

development is based on identifying destinations’ core 

resources on which innovative tourism products should be 

based. Thus, the study has been focused on understanding the 

core resources of existing Ramayana tourism in the Sri 

Lankan context which can also be considered also the 

opportunities for Ramayana tourism. The Ramayana is an 

ancient Sanskrit epic written by sage Valmiki around 500 

BCE to 100 BCE which follows Prince Rama's (from 

Ayodhya city of modern Northern India) quest to rescue his 

beloved wife Sitha from the clutches of Ravana (in 

Lankapura/Sri Lanka) with the help of an army of monkeys 

of Hanuman (Wight, 2014).  

By the comparison with Kasempholkoon’s study (2011) has 

been done in the Thailand context; among the core resources 

of Sri Lankan Ramayana tourism, the density of Ramayana 

legend-related sites can be positioned at the first place. 

Kasempholkoon (2011) has included the main 3 regions of 

Thailand which has a significant role in Thailand’s 

Ramayana tourism. The Sri Lankan Ramayana trail includes 

more than 44 Ramayana tourism sites related to Ramayana 

characters including Rama, Seetha, Lakshman, Hanuman and 

Ravana (Duraiswamy, 2014). Ramayana tourism is expanded 

geographically in the South Asian Region including Sri 

Lanka and India with the direct relevance with Valmiki’s 

Ramayana epic. Further, Thailand, Laos and Vietnam also 

promote Ramayana tourism even those destinations have no 

direct relevancy with Valmiki’s Ramayana epic. In this 

advantage, the over 44 Ramayana-related sites can be 

considered as the core resource of Ramayana tourism in Sri 

Lanka. The above 44 included highly devoted Hindu and 

Buddhist temples known as; Munneshwaram temple-Chilaw, 

Manaweri temple- Chilaw, Thirukoneshvaram temple- 

Trincomalee, Divurumpola temple- Welimada, Seetha 

Amman temple- Seethaeliya, Gayathree Peedam- Hawaeliya, 

Sri Bhakta Hanuman temple – Ramboda, Vibhishana Shrine- 

Kelaniya temple, Panchamuga Anjanair Temple – 

Wellawatta which are highly devoted by Hindu pilgrimage 

tourists from India. This is another unique factor, enhances 

the value of core Ramayana resource locations in Sri Lanka. 

Tourism statistical details from 2009 to 2019 continuously 

provide the evidence for the highest arrival of the Indian 

tourist market, which has taken the number one of the top ten 

source tourist markets of Sri Lanka. This is another core 

resource to implement creative Ramayana tourism in Sri 

Lanka. The findings of qualitative interviews with tour 

operators and tourist guide lecturers have expanded the level 

of tourist markets that can be attracted for Ramayana tourism 

in Sri Lanka. When it considers other potential core market 

resources for Ramayana tourism; Hindu devotees who 

believe Ramayana in Malaysia and Singapore have been 

mentioned by a considerable number of respondents. In 

additionally, South Africa, the United Kingdom, France and 

the United States of America are the potential markets 

mentioned by the respondents. Self (2010) has explained the 

movement of the Hindu population from India to other 

regions in the world and at the present. The high-end Hindu 

tourist markets of the above countries are another core 

resource for profitable creative Ramayana tourism 

developments in Sri Lanka. As per the map, the Ramayana 

site distribution of Sri Lanka has covered all provinces in Sri 

Lanka and the majority of sites are distributed in Uva, 

Central, Southern, Northern and Wayamba provinces which 

included rural areas to be developed. Creative economy is a 

key driver of long-term economic development and regional 

development to meet global competitiveness (Deloitte, 2021) 

thus, above mentioned core resources for creative Ramayana 

tourism can be recognized as key opportunities to 

perform creative economic development in Sri 

Lanka.  
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Map 1: Ramayana sites in Sri Lanka 

Source: Primary data collection (2022) 

 

B. Transformative experiences of creative 
Ramayana tourism with four areas of creativity 

 

The concept of creative economy encourages 
economic development through creative ideas 

transformed into products or services (Insuasti, 

Burbano , Medranda , Rodríguez , & Guerrero , 
2022) Therefore, Richards (2015) explains the 

significance of sharing experiences by tourism 

products by creative tourism performances of 

travel destinations. This study has explored 
transformative experiences of creative Ramayana 

tourism by referring to four areas of creativity, 

suggested by Al-Ababneh (2017) as; (i) creative 
person; (ii) creative product; (iii) creative process 

and; (iv) creative environment. 

Transformative experiences by creative persons:  

Al-Ababneh (2017) has explained the 
significance of involving creative persons in 

creative activities to add value to creative tourism 

products. Kasempholkoon’s study (2011) has 
elaborated the role of local communities as the 

creative persons who are adding creative 

ingredients to the ‘Ramakian tale’, the Thai 
version of Ramayana by transforming 

experiences in to several innovative products, 

souvenirs, new entertainment (like movies, 

comics or animations) and cultural tour programs 

to support modern market and recreation. This 
has explored the availability and contribution of 

creative persons in the Sri Lankan context who 

are transforming creative experiences with 

Ramayana tourism in Sri Lanka. The key finding 
exhibits the lack of availability of creative 

persons and their contribution to creative 

Ramayana tourism in Sri Lanka.  The primary 
data collection based on qualitative interviews 

and observations show that, the tour operators 

who are catering for Ramayana tourism 
contribute by creating Ramayana tour packages 

including a variety of types of Ramayana site 

visits and religious activities in Hindu temples 

with minimal levels of transforming creative 
ideas. When tour operators create Ramayana tour 

packages, some of them have developed thematic 

Ramayana tour packages based on key Ramayana 
characters based locations as; Rama tours, Seetha 

tours, Hanuman tours and Ravana tours (Personal 

communication, 2022). One respondent 
suggested expanding more educational 

opportunities in University tourism degree 

programs, guiding courses and other stages to 

improve the knowledge of Ramayana tourism and 
skills to develop tour packages and itineraries 

through creative persons’ involvement. 

 
Transformative experiences by creative products 

and services:  

Kasempholkoon’s study (2011) has described, 

the creative utilization of innovative products and 
services under the concept of creative economy 

in Thailand context and how those practices are 

linked with creative Ramayana tourism. 
Concerning the factors elaborated by 

Kasempholkoon’s study, this study has explored 

the availability of creative products and services 
in Sri Lankan Ramayana tourism. Table I is 

summarized the findings of Kasempholkoon’s 

study and observations found in the Sri Lankan 

context 
Table I – Creative Ramayana tourism products 

Type of Product or 

services 

Innovative 

elements in 

Thailand 

Observations in the 

Sri Lankan context 

Cultural 

performances for 

tourism promotion 

traditional cultural 

performance - 

khon dramas, 

shadow plays and 

puppet shows as 

Not found 

traditional or 

cultural 

performances linked 

with Ramayana 
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tourist attractions tourism 

New-Invented 

Ramayana 

performances 

“Hanuman Meets 

Seven Heroes” by 

Chaiyo Film 

(Thailand) and 

Tsuburaya 

Production (Japan) 

in 1974, which 

created by mixing 

both Hanuman 

character as King 

Rama’s great 

soldier with 

Japanese hero 

character. 

‘Ravana-The untold 

legend A Ballet-

Opera’ - scripted by 

Bhadraji Mahinda 

Jayathilaka which 

performed on 

January 2018 at the 

first time. Not linked 

with creative 

Ramayana tourism 

promotion. 

Community based 

tourism activities 

Tha Hin village in 

Lopburi province 

stands from times 

to times the 

famous homemade 

chalk soil industry. 

People there 

promote their 

chalk soil industry 

by the “belonging” 

Ramayana tales: 

King Rama’s 

arrow fell in 

Lopburi land then 

the soil there 

became white 

chalk soil. 

Not found 

community based 

tourism activities 

related with 

Ramayana tourism 

programs 

Innovated food 

services 

Rama taking bath 

(rice with cooked 

pork and Thai 

morning glory in 

gravy), Lakshman 

taking bath (a 

recipe made from 

noodles) and 

Seetha taking bath 

(a recipe made 

from pure 

vegetable and 

gravy) are three 

innovated food 

products with main 

Ramayana 

characters 

Sri Lankan tour 

packages promote 

Indian and other 

food services. Not 

found innovated 

food services linked 

with Ramayana 

Commercial 

brands 

“Hanuman 

battery” (Hanuman 

in his star-spring 

yawn character), 

“Hanuman match” 

(flying Hanuman) 

or “Hanuman rice 

pack” 

Not found innovated 

commercial brands 

with Ramayana 

characters 

Video games and 

comics 

Video games and 

epics with epic 

hero Hanuman 

No innovations 

observed linked 

with Ramayana 

tourism 

Souvenirs Innovated 

souvenirs 

reflecting key 

Ramayana 

characters; 

Hanuman, Rama, 

Sri Bhaktha 

Hanuman temple of 

Ramboda and 

Seetha Amman 

temple innovated 

souvenirs for 

Seetha and 

Tosokan (Ravana) 

are available with a 

range of verities 

(key tags, mugs, t-

shirts, ornaments 

and masks)  

visitors (Hanuman 

statues & 

commemorative 

plates) other 

attractions have no 

innovated souvenir 

varieties.  

Leisure and 

adventure activities 

Ramayana themed 

water park in Na 

Chom Thian 

Flying Ravana 

zipping line 

adventures in Ella – 

an innovative 

adventure tourism 

experience 

Source: (Kasempholkoon, 2011) and (primary data 
collection, 2022) 

 

The summary of the above table shows the 

availability of transformative tourism products 

and services in Thailand which provides new 
experiences for tourists and recent performances 

of Sri Lankan Ramayana tourism.  

 
Transformative experiences by creative 

environments: 

According to Al-Ababneh (2017), the creative 

environment of tourist attraction is another 
important factor that, influence on visitor’s 

experiences in creative tourism. Kasempholkoon 

(2011) has elaborated on how creative economic 
concept and creative Ramayana tourism has 

encouraged to development of creative 

environments in Thailand to transfer unique 
experiences for Ramayana tourists in Thailand; 

It is sighted that Ramayana tales are widely 

and variously applied for cultural tourism. 
One of the most interesting points is to 
travel “follow King Rama’s paths” in 
meaningful sites related with local 
Ramakian where are believed once the real 
scene of the great. Besides, traditional 
Ramayana performances not only publicize 
Thai culture but also support and make 

affords for local artists, who are encouraged 
to preserve all these artistic branches. 

 

According to Kasempholkoon (2011), the 
Tourism Thailand Organization (TTO) has 

developed creative environments in local 

Ramakian sites like Samo Khon Mountain, 
Rama’s Arrow Shrine, Sappaya Mountain by 

developing creative cultural and community-

based activities. Local communities in Tha Hin 

village in Lopburi province contribute to the 
famous homemade chalk soil industry and people 

there promote their chalk soil industry by the 
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“belonging” of Thai Ramayana trail as; King 
Rama’s arrow fell in Lopburi land and then the 

soil there became white chalk soil. This effort can 

be interpreted here as a creative way to turn 

cultural capital into commercial profits to achieve 
creative economic goals through creative 

Ramayana tourism. 

According to Kumar and Singh (2015) Hindu 
pilgrim tourists in India have shown high 

expectations for eight attributes namely 

attractions, accommodations, food & beverages, 
transportation, tourism services, attitudes of 

locals, security and safety and infrastructural 

facilities. Hindu pilgrimage tourists prefer to get 

experiences from sacred geography including 
rivers, trees, and ponds marked by shrines for 

particular deities, sanctified artifacts and objects, 

and temples; sacred specialists such as priests, 
religious gurus, monks and ascetics in the site and 

sacred performances like temple rituals (daily and 

seasonal), processions, festivals, feasts, religious 
sermons and religious conferences (Shinde, 

2018). According to the above researches’ 

concerns, the creative environment is a 

vulnerable element for Hindu tourists who are the 
core resource of Ramayana tourism to 

emotionally engaged with the attraction based 

experiences.  
 

The existing study done in the Sri Lankan context 

has identified the lack of creative environments 

to promote Ramayana tourism. The physical 
evidence of Sri Lankan Ramayana sites 

(including the facts and information that 

influencing to development of the trustworthiness 
of the tourist, availability of shrines, religious 

activities and other creative performances and 

contribution of local communities) is needed to 
the good site image (personal communication, 

2022). The primary data observed through field 

observation proved that there is an insufficient 

level of creative environments in Sri Lankan 
Ramayana tourism sites. According to the 

observations; Ussangoda National Park, Kanniya 

hot water spring, Ramasethu of Mannar, Ravana 
Cave of Ella, Chariot Path, and Gurulupotha are 

popular significant sites in Sri Lankan Ramayana 

trail but there is a lack of creative environments 
and physical evidence has at the sites to promote 

creative tourist experiences. When this scenario 
is compared with the case of Thailand explained 

by Kasempholkoon (2011), in the Sri Lankan 

context there are very minimal opportunities for 

local communities to gain economic benefits 
from Ramayana tourism-related sites.   

 

C. Issues of developing creative Ramayana 
tourism products in Sri Lanka as a driving 

element of creative economic development 

 
According to Howkins (2007), Advertising, 

Architecture, Art, crafts, Design, Fashion, Film, 

Music, performing arts, Publishing, Research & 

Development, Toys and games, software, 
Television & radio and computer games are the 

fifteen creative industries sectors and areas listed 

that can be merged with creative economic 
performances. Kasempholkoon (2011) has 

elaborated on how Thailand tourism creatively 

merged the above components with creative 
Ramayana tourism in Thailand. This study has 

investigated the issues of developing creative 

Ramayana tourism as a driving element of 

tourism industrial development in the Sri Lankan 
context. The core issues identified through 

primary and secondary data collection can be 

summarized as follows; 
 

Inability to national level policy implementation 

to promote creative economic practices in 

tourism  
As per the findings of a British Council-

commissioned survey in 2018, The State of 

Social Enterprises in Sri Lanka, found that 13 per 
cent of social enterprises in Sri Lanka are also 

creative enterprises. The report of finding (British 

Council, 2020) has highlighted several areas 
including tourism and hospitality, Ayurveda, 

culinary arts, beauty culture and etc. and the 

government’s responsibility of clear visioning to 

stream line those values with tourism industry;  
 A more streamlined government focus on 
the tourism industry with a clear vision for 
policy development in the coming years is 
also essential. A strategic plan is required 
with capable personnel and consistent 
standards to cater to needs of tourists and 
promote the hospitality industry and give it 

more value. 
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Lack of government visioning, policy-making 
and planning to promote creative economic 

practices at national level and amalgamate with 

the tourism industry is a major existing issue in 

Sri Lanka, as per the findings through the 
literature survey of this study. 

Lack of contribution of key stakeholders to 

promote creative tourism with Ramayana tourism 
in Sri Lanka 

The majority of respondents who participated in 

the qualitative interviews of this study raised the 
lack of contribution of key stakeholders and 

suggested expanding the involvement of 

stakeholders to promote creative performances 

with Ramayana tourism in Sri Lanka. As the key 
governing bodies, the Sri Lanka Tourism 

Development Authority, Sri Lanka Tourism 

Promotion Bureau, Department of Archaeology, 
Central Cultural Fund, Wildlife Conservation 

Authority, Coastal Conservation Authority and 

provincial councils should have a common vision 
to promote Ramayana tourism in Sri Lanka with 

creative performances and Sri Lanka Tourism 

Development Authority has the major 

responsibility of policymaking. The involvement 
of local transportation providers, accommodation 

services, food and beverage service providers, 

and local community engagement with existing 
Ramayana sites are the suggested areas by the 

respondents to improve new experiences with 

core Ramayana tourism products in Sri Lanka. To 

recover this lack of contribution scenario among 
the stakeholders, all the stakeholders should have 

a common vision and mission to develop 

Ramayana tail with future forecasting. With the 
direct contribution of the above stakeholders, it 

will be able to add value to Ramayana tourism 

products in Sri Lanka as per the explanation of 
Kasempholkoon’s study (2011). 

Insufficient recognitions and innovations on 

Ramayana tourism as a driving factor of 

economic development in Sri Lanka 
According to the literature survey of this study, 

Sri Lanka has had a continuous growth of the 

Indian tourist market from 2009 to 2019. As the 
nearest neighbor country to Sri Lanka with direct 

relevancy to the Ramayana epic and the 

advantage of diplomatic and socio-cultural 
relationships Sri Lanka has plenty of 

opportunities to promote Ramayana tourism 
among Indian tourists rather than Thailand. 

Further, the above-discussed finding of this study 

highlights the potential of high-end and other 

Hindu tourist markets potentials from Malaysia, 
South Africa, France, Germany, the United 

Kingdom and the United Nations of America to 

attract future tourists for Ramayana tourism in Sri 
Lanka. Even in this kind of scenario, the findings 

of this study also highlighted the Sri Lanka 

Tourism Development Authority’s insufficient 
recognition of Ramayana tourism as a driving 

factor of economic development. According to 

the observations of this study, the Sri Lanka 

Tourism Development Authority is taking actions 
to collaboratively promote Ramayana tourism 

with tour operators by arranging promotional 

events but the observation has not recognized the 
contribution of the Sri Lanka Tourism 

Development Authority to creating long-term 

innovative experiences attached with Ramayana 
tourism products in Sri Lanka as per the 

highlights in the Table-I.   

 

V RECOMMENDATIONS AND 
CONCLUSION 

 

According to the above discussion grounded on 
this study, from 2004 to the present Sri Lanka has 

19 years old experience in Ramayana tourism and 

Sri Lanka has directly relevant Ramayana sites 

with Valmiki’s Ramayana epic, customer tail and 
a range of stakeholders to promote creative 

Ramayana tourism similar with the Thailand’s 

context but the findings proved that, Sri Lanka 
has no so far taken sufficient level of actions to 

improve creative tourism experiences to achieve 

creative economic goals. When Sri Lanka, is 
compared with the Thailand context, Sri Lanka so 

far has not taken advantage of the concepts of 

creative economy and creative tourism to develop 

qualitative innovations in Ramayana tourism. 
Thus, the below recommendations can be 

highlighted here to adopt creative economy and 

creative tourism concepts for relevant 
innovations in Sri Lankan Ramayana tourism. 

The study recommends developing a national-

level holistic vision of creative economy and 
innovative industries. Under the national 
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framework, the Sri Lanka Tourism Development 
Authority as the major Destination Management 

organization should develop national-level 

policies to promote creative tourism concepts in 

Sri Lanka to achieve creative economic goals. 
From the viewpoint of creative Ramayana 

tourism Sri Lanka Tourism Development 

Authority should recognize the range of 
stakeholders in Sri Lanka Ramayana tourism who 

can add value through innovative tourism 

experiences as per the highlights given in this 
study related to the Thailand context. These 

recommendations can be implemented to achieve 

creative economic development by implementing 

creative tourism performances in Sri Lankan 
Ramayana tourism. 
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Abstract—The research paper discusses a community-

based project called "C-2022" in Sri Lanka, aimed at 

empowering middle-aged children aged 6–11, 

particularly those from marginalized communities, by 

fostering holistic development, emotional intelligence, 

social skills, and critical thinking abilities. The project, 

initiated at Ashoka Primary School, aims to address the 

unique challenges faced by these children caused by the 

corona-virus disease of the 2019 pandemic and the 

country's economic recession. The study emphasizes the 

importance of a student-centered approach to fostering 

positive values, self-expression, emotional intelligence, 

and critical thinking for personality development. The 

project involved a qualitative research design, with 185 

children in grades 3, 4, and 5 engaged in recognized 

personal development activities. The research highlights 

the importance of using holistic approaches and 

psychological theories to improve the personality 

development of marginalized children through targeted 

interventions. It recommends improving the 

effectiveness of personality development projects by 

fulfilling basic needs, cognitive growth, social learning, 

and community involvement to foster empowered 

individuals capable of facing life's challenges confidently. 

Keywords—critical thinking abilities; personality 

development; middle childhood; self-concept, self-esteem 

I. INTRODUCTION  

Middle childhood is a crucial phase in a child's life, 

involving the formation of social skills, self-concept, 

and socialization abilities. However, children from 

families facing economic hardships due to the 

COVID-19 epidemic and the country’s economic 

recession may encounter challenges in their 

personality development. In marginalized 

communities like industrial free trade zones in Sri 

Lanka, these difficulties are amplified due to limited 

access to resources and support systems. 

 Delgoda Ashoka School, located near the Biyagama 
Free Trade Zone, educates around 250 students, most 

of whom are children of Free Trade Zone employees. 

The recent pandemic and economic downturn have 

adversely affected these children's lives, leading to 

financial hardship and family disruptions. Social 

problems such as domestic violence, parental 

abandonment, family fragmentation, and fathers' drug 

addiction further compound the challenges faced by 

these children, putting them at a higher risk of abuse. 

To address these issues, the "Community-Based 

Project 'C'-2022" was launched at Asoka Primary 
School, aiming to empower children aged 6 to 11 

years, especially those from marginalized 

communities. The project focuses on their holistic 

development, emotional intelligence, social skills, and 

critical thinking abilities. 

The researcher undertakes this research paper to 

conduct a comprehensive evaluation of a community-

based project done by the researcher. Within, the paper 

carefully assesses the overall effectiveness and 

efficacy of the project. 

The study emphasizes the importance of an inclusive 

and student-centered pedagogical approach that 
fosters positive values, self-expression, emotional 

intelligence, and critical thinking. Understanding the 

significance of personality development during middle 

childhood can help educators and policymakers design 

effective interventions and initiatives to support the 

overall growth and well-being of children in 

marginalized communities.         

mailto:ashokakumara@gmail.com
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The Biyagama Free Trade Zone in Delgoda, Sri 

Lanka, has experienced significant economic 

hardships due to the COVID-19 pandemic and 

recession. This condition has led to challenges in the 

personality development of children aged 6–11. The 
family environment is characterized by limited 

resources, maternal or paternal abandonment, 

disrupted family dynamics, domestic violence, low 

education, and family members engaged in anti-social 

activities. These experiences and extreme poverty 

negatively impact children's overall well-being and 

personality development. The presence of diverse 

patterns of upbringing within a family holds 

paramount importance in shaping a child's personality 

development. In contrast, a child raised in an 

unfavorable family environment is inherently prone to 

developing a fragile personality (Al-Momani et al., 
2022). Therefore, it is crucial to enhance the 

personalities of these children to help them cope and 

thrive in their challenging family environment. 

A. Rationale 

Personality development during middle childhood 

significantly impacts a child's social, emotional, and 

cognitive aspects. Early interventions focusing on 

positive values, emotional intelligence, and social 

skills can foster well-rounded personalities and 

increase resilience. Sri Lankan Free Trade Zone 

workers’ children face unique challenges like 

abandonment, domestic violence, and orphan care, 

making their holistic development crucial. The 

personality development project aims to empower and 

support their holistic growth. 

B. Goals, Objectives, and Scope of the Work. 

The personality development project aims to empower 

middle-aged children at Delgoda, Ashoka, primary 

school by enhancing their social, emotional, and 

cognitive aspects. The project focuses on identifying 

challenges faced by Biyagama Free Trade Zone 

workers and designing targeted activities and 

interventions to address their needs. It also aims to 

facilitate opportunities for self-expression, creativity, 

and personal growth through artistic, educational, and 

recreational activities. The project fosters a sense of 

belonging and community among the children, 

encouraging peer support and mutual understanding. 

The project evaluates the impact of experimentally 

utilized activities on their emotional intelligence, 

social skills, and critical thinking abilities. The project 

involved programming activities using fun and 

engaging approaches, such as artistic activities, role-

play games, physical exercises, storytelling, public 

speaking, and music training. The final session 

included a talent show concert. 

II. REVIEW OF LITERATURE 

Research conducted by the Women's Center among 
Katunayake Free Trade Zone workers revealed that 

57% of respondents experienced various diseases, 

including colds, fever, eye diseases, stomach ailments, 

diarrhea, aches, tiredness, depression, headaches, skin 

diseases, weight loss, backaches, chest pains, 

sleepiness, and breathing difficulties. Lack of sleep, 

long working hours, lack of free time, inadequate 

nutrition, poor living conditions, lack of privacy, 

supervisors, and irregular mealtimes are causes of 

diseases. The monthly wage in these free trade zones 

is around $40, while in factories outside the zones, it 
is around $38. Unattainable production targets and 

unsanitary conditions contribute to the health issues 

faced by workers, both inside and outside the free trade 

zones. Most of the students of the Asoka primary 

school in Delgoda, Sri Lanka, are children of these 

chainless enslaved people from Industrial Free Trade 

Zones in Sri Lanka, who earn foreign exchange for this 

country and suffer severe labor exploitation and other 

abuses (Roger McKenzie Monday, 2022). 

UNESCO emphasizes the importance of holistic 

personality development in children, encompassing 
intellectual, emotional, social, and physical aspects. 

Key points include Early Childhood Development 

(ECD), Inclusive Education, Social and Emotional 

Learning (SEL), Child-Centered Approaches, Play-

Based Learning, Cultural and Linguistic Diversity, 

and Physical Activity and Health. ECD is crucial for 

lifelong learning and personality development, while 

inclusive education fosters a sense of belonging and 

empathy. Play-based learning promotes creativity, 

problem-solving, and social skills. UNESCO's 

mission also emphasizes the importance of physical 

activity and a healthy lifestyle in a child's 
development, as it positively impacts their mental and 

emotional well-being (Lompscher, 1982). 

A. Theoretical Framework 

The development of social and personality attributes 

in middle-aged children (aged 6–11) is a complex 

process shaped by numerous factors. Various 

theoretical perspectives illuminate the pathways 

through which children undergo social development 

and construct their personalities. This section delves 
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into prominent theories and approaches that enrich our 

comprehension of this intricate phenomenon. 

B. Sigmund Freud's Psychoanalytic Theory 

Sigmund Freud's psychodynamic approach (1905) 

underscores the role of unconscious processes in 
shaping personality development. It places particular 

emphasis on early childhood experiences, notably the 

Oedipus complex and Electra complex, in the 

development of children in their mid-ages (Freud, 

1905). This theory provides valuable insights into the 

interplay of the id, ego, and superego, which 

collectively mold behavior and emotional 

development. 

C. Abraham Maslow's Motivational Theory  

Abraham Maslow emphasized the importance of 

achieving specific needs, including physiological, 

safety, love, belongingness, esteem, and self-

actualization needs. A hierarchy of needs, such as 

extreme deprivation and insecurity, can lead to 
fixation on physiological and safety needs, which can 

negatively impact future happiness. This fixation can 

result in neurotic mental health problems like anxiety 

or depression (Maslow, 1943). 

 

D. Jean Piaget's Cognitive Development Theory 

Piaget's Cognitive Developmental Approach 

highlights the cognitive processes in children's social 

and personality development, focusing on stages of 

cognitive growth that influence social interactions and 

self-understanding. In the concrete operational stage 

(ages 6-11), children develop sophisticated mental 

operations, logical reasoning, and an understanding of 

conservation and reversibility. Piaget's theory helps us 

understand how cognitive growth and personality 

development intertwine during the mid-childhood 

years (Bebane, 2021). 

E. Behavioral Theory (B.F. et al.): 

Behavioral theories, often associated with Skinner and 

Watson, emphasize the role of external factors and the 

environment in shaping personality. They believe that 

behavior is learned through conditioning, and thus, 

personality can be modified through reinforcement 

and punishment (Malone, 2017). 

 F. Social Learning Theory: 

Albert Bandura's social learning theory emphasizes 

observational learning and modeling in shaping 

behavior and personality. Children learn by observing 

others' behaviors, acquiring traits through imitation 

and reinforcement, and adopting behaviors by 

emulating role models (Firmansyah & Saepuloh , 

2022). 

G. Self-Concept Approach:  

Carl Rogers' personality theory places a central 

emphasis on the self, specifically the concept of self-

concept. Self-concept, in this context, encompasses a 

wide range of factors. The way an individual tends to 

behave in a self-actualizing manner drives personal 

growth, resulting in a collection of transformative 

experiences. These experiences, once modified and 

represented within one's conscious awareness, 

together form the essence of an individual's self-

concept. This self-concept is a fundamental 

cornerstone of Rogers' client-centered therapy and his 
overall understanding of personality (İsmail & Tekke 

, 2015). 

H. Social Interaction approach 

In the theory of interaction analysis, Burn posits 

instruct children in perceiving the world accurately, 

fostering the exchange of love with others, and 

promoting genuine and unpretentious interactions 

without falsification, evasion, or deception. This 

guidance aims to prepare young individuals for life in 

the real world (Al-Momani et al., 2022).  

    III.   METHODOLOGY 

This study investigates the experiences and 

perceptions of middle-aged children aged 6–11, 

particularly from marginalized communities, at 

Ashoka Primary School. The research uses a 

participatory observation approach involving 185 
children from grades 3, 4, and 5 at the school. The 

sample was intentionally chosen to address unique 

challenges due to economic hardships and 

complexities in their family and community 

environments. 

The researcher actively participated in the children's 

activities and closely observed their behaviors, 

interactions, and responses. These observations 

provided valuable insights into the children's 

engagement and enthusiasm for the project activities. 

Interviews were conducted with selected children 
based on specific family issues to understand their 

experiences, challenges, and transformations due to 

their participation in the Personality Development 

Project. Open-ended questions allowed children to 

express their thoughts and feelings. 
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Semi-structured interviews were conducted with the 

school principal, teachers, and randomly selected 

parents regarding the positive development of 

children's personalities due to the impact of the 

personality development project. 

Data collected through observations, interviews, and 

focus group conversations were analyzed through 

thematic analysis. Themes and patterns emerging from 

the data were identified, allowing for a comprehensive 

understanding of the children's experiences and the 

impact of the Personality Development Project. 

The implementation of the research will involve three 

groups of children in Grades 3, 4, and 5, with one 

group having two hours in the program and six hours 

in the community each day. 

The project's timeline spanned from August 10, 2022, 

to January 20, 2023, comprising a total of 19 sessions. 
Notably, the initial session was the Welcome Session, 

and the concluding event featured the Kids Talent 

Show. 

Anticipated impacts of the project encompass 

enhanced mental health and overall well-being, 

particularly beneficial for children grappling with 

anxiety and other mental health concerns. The project 

aimed to fortify socialization skills, bolster self-

concept, and elevate self-confidence among the 

participating children. 

During the project, the researcher actively participated 
in the Children's Day festivities, where they 

contributed storybooks to the children. The 

culmination of the project was marked by the Grand 

Kids Talent Show, which served as a poignant 

reflection of the significant outcomes achieved 

throughout the six-month initiative. 

A. Ethical Considerations 

Ethical considerations were of utmost importance in 

this study. Informed consent was obtained from the 

parents or guardians of the participating children, and 

the anonymity and confidentiality of the participants 

were strictly maintained. The research was conducted 

in an environment that ensured the comfort and well-

being of the children. 

IV. RESULT & DISCUSSION 

The Personality Development Project identified 

several behavioral issues and symptoms of anxiety 

disorders among children. These included persistent 

crying, feeling tense and fidgety, being clingy, 
outbursts of being out of control, irritability, and 

attention deficit hyperactivity disorder (ADHD), 

aggressiveness, defiance, agitation, loud and 

impulsive responses to questions, and worrying facial 

expressions. Constant crying is often an expression of 

emotional distress and anxiety. Several children 
exhibited signs of heightened anxiety levels, such as 

nervousness, restlessness, and fidgeting. Clinginess, 

particularly in social situations, indicates underlying 

anxiety and a need for reassurance. Outbursts of 

uncontrolled behavior and emotional reactions 

indicate emotional instability. Irritability and mood 

swings are common, reflecting emotional turbulence. 

Some children exhibited symptoms consistent with 

ADHD, such as impulsivity, hyperactivity, and 

difficulty focusing. Aggressiveness, defiance, 

agitation, loud and impulsive responses, and worrying 

facial expressions are also common. 

The study reveals that students' behavioral issues and 

anxiety symptoms are influenced by extreme poverty, 

domestic violence, family disruptions, the use of 

corporal punishment, and public criticism.These 

factors can lead to emotional distress, behavioral 

problems, and disruptions in their emotional and 

psychological development. Teachers often fail to 

consider the emotional well-being of their students and 

use harsh punishments to control misbehavior. 

TABLE I. WORK PLAN – SAMPLE ACTIVITIES 

 

Activities in  

19 Sessions 

Impacts/Outcomes/Results 

 

Physical Exercise 

& Activities 

Learn social interaction and gain self-

confidence. Developing physical ability 

allows kids to have more fun while making 

friends and learning team bonding. 

Children    Songs It improves spatial reasoning and cognitive 

ability, is fun, and sparks an interest. 

Dramatic 

activities Role-

playing 

Develop imagination, spark new thought 

processes, and give new experiences. Build 

self-esteem. 

Public speech 

and debates 

Overcome stage fright and feel confident 

when performing in front of a crowd. 

Artistic Activities Help express thoughts and creativity. Build 

a sense of pride and self-confidence. 
Reading 

Storybooks  

Reading storybooks Promotes brain 

development and sparks the imagination. 

Improve language and emotions. Develop 

cognitive ability and broaden vocabulary 

and life experiences.  

 

The program emphasized a range of physical exercises 

and engagement to enhance social interaction, boost 

self-assurance, foster teamwork, and strengthen 

connections among children. Additionally, it 

incorporates exercises designed to address stage fright 
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and social phobias, along with interactive role-playing 

and dramatic activities. These endeavors assist 

children in cultivating empathy, refining social 

aptitude, honing their focus, and gaining insights into 

the emotions of others. The program also aids in 

conquering stage fright and social phobias while 

nurturing self-perception and self-esteem.  

A. Impact of the Personality Development Program:  

The Personality Development Program adopted a 

multifaceted approach designed to enhance the well-

being and personal growth of middle-aged children. It 

encompassed a wide array of activities, each serving 

specific purposes aimed at fostering positive attributes 

and abilities among the participants. 

B. Promoting Physical Fitness and Social Interaction  

Physical exercises and activities played a central role 

in the program. These activities were instrumental in 

cultivating physical strength, enhancing social 

interactions, and promoting teamwork. They provided 

children with an opportunity to form connections with 

their peers while engaging in various forms of physical 

exercise. These activities not only boosted their self-

assurance but also instilled a sense of teamwork, 

underscoring the importance of cooperation in their 

social development. 

C. Addressing Stage Fright and Social Phobias: 

One of the critical aspects of the program was its 

approach to addressing stage fright and social phobias. 

Through targeted exercises and activities, children 

were encouraged to confront their fears and anxieties 

related to public speaking and performing in front of 

an audience. This was a pivotal step in building their 

self-confidence and reducing the inhibitions 

associated with social interactions. 

D. Interactive Role-playing and Dramatic Activities: 

 Interactive role-playing and dramatic activities were 

integral components of the program. They played a 

significant role in enabling children to understand 

different perspectives, develop empathy, and refine 

their social aptitude. These activities allowed 

participants to explore the emotions and experiences 

of others, ultimately contributing to their overall 

emotional intelligence and social skills. 

E. Encouraging Artistic Expression:  

The program strongly encouraged artistic expression 

as a means for children to channel their thoughts, 

feelings, and creativity. Artistic activities facilitated 

self-expression and provided a platform for children to 

convey their emotions. This not only enhanced their 

artistic abilities but also nurtured their sense of self-

expression and creativity. 

F. Building Peer Support and Bonding: 

The Personality Development Program created a sense 

of community and belonging among the children. 

Through their participation in various activities, 

children developed a deeper connection with their 

peers, fostering mutual understanding and peer 

support. This communal aspect of the program was 

vital in enhancing the emotional well-being of the 

participants. 

G. Developing a Positive Self-Concept:  

A significant outcome of the program was the 

development of a more positive self-concept among 

the children. As they engaged in various activities and 

experienced personal growth, they began to perceive 

themselves in a more positive light. This shift in self-

perception resulted in increased self-assurance and 

belief in their abilities. 

Improving Communication Skills and Fostering 

Creativity:  

The program also succeeded in enhancing the 

communication skills of the children. They became 

more articulate, expressive, and confident when 

interacting with their peers and adults. Moreover, the 

encouragement of creativity and imaginative thinking 

was a significant aspect of the program, contributing 

to the development of innovative problem-solving 

abilities. 

The researcher created a welcoming environment for 

children to openly discuss their issues, gaining their 

trust and encouraging them to share their experiences.  

For example, an  8-year-old kid from grade three who 

initially displayed aggressive behaviour and was 

labelled as a mischievous boy in the school 

transformed significantly after being assigned minor 

responsibilities and receiving praise. This 

transformation was evident in their performance 

during the Talent Show, where he excelled in the lead 
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role of `MAHADENAMUTHTHA’ folk drama, 

showcasing leadership qualities. 

Through experimental observations, researchers 

closely monitored various aspects of the children's 

experiences, including their enthusiastic involvement, 

responses, and feedback. Furthermore, the study 

highlighted the particular inclination of middle-aged 

children towards aesthetic activities and group 

performance. 

The personality development program made a 

significant difference in the student's overall well-

being, and the children exhibited a reduction in social 

anxiety disorder (SAD) and attention deficit 

hyperactivity disorder (ADHD) symptoms. It is a 

massive reduction of around 30-40%.    

The researcher faced difficulties obtaining 

participation from a limited number of children in a 

program due to low school attendance and cultural 

restrictions. One child, an Islamic faith-affiliated 

child, rejected taking part in the stage play. 

The program and research identified various themes 

and patterns emerging from the data collection 

methods. These patterns were evaluated through 

observations and interviews with the principal, 

teachers, and randomly selected parents.  

TABLE 2:  IDENTIFIED THEMES AND PATTERNS 

Theme or Pattern 

Evaluated 

by 

Observation 

Evaluated 

by 

Interviewees 

Increased Self-Confidence Medium Medium 

Improved Social Interaction High High 

Artistic Expression Medium Medium 

Overcoming Fears High High 

Peer Support and Bonding High High 

Positive Self-Concept Medium Medium 

Communication Skills High High 

Creativity Medium Medium 

 

The Personality Development Program proved to be a 

comprehensive initiative that significantly impacted 

the well-being and personal growth of middle-aged 

children. The findings suggest that targeted 

interventions can effectively address behavioral issues 

and anxiety symptoms among children, equipping 

them with vital life skills and a positive self-concept. 

         V. CONCLUSION 

The research demonstrates the significance of targeted 

interventions in promoting personality development 

among marginalized children. By examining results 

through multiple psychological theories, including 

psychoanalysis, motivation, cognitive development, 

psychosocial stages, behaviorism, social learning, and 

self-concept, the study underscores the complexity of 

factors influencing children's development. It 

emphasizes the need for comprehensive approaches 

that consider early experiences, basic needs, cognitive 

growth, behavior modification, social learning, and 

self-perception in shaping children's personalities. 

                          VI. RECOMMENDATIONS 

The study suggests several recommendations to 

improve the efficacy of personality development 

projects for middle-aged children in marginalized 

communities. These include holistic program design, 

basic needs fulfillment, cognitive growth alignment, 

positive reinforcement techniques, social learning 

initiatives, self-concept enhancement, and community 

involvement and sustainability. These interventions 

should address emotional resilience, cognitive growth, 

social skills, and self-esteem concurrently while 

fostering positive self-concept and self-esteem. By 

collaborating with parents, teachers, and local 

community members, these recommendations can 

foster empowered and resilient individuals capable of 

navigating life's challenges confidently.  
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Abstract— Entrepreneurship has captured the attention 

of both scholars and policymakers during the last 

decades. The main reason is the growing need for 

entrepreneurs who accelerate economic development by 

generating new ideas and converting them into 

profitable ventures. The study reveals that religion plays 

a significant role, with 70% of participants making 

decisions based on religious background when starting a 

business. Family support is another crucial factor, as 

38% of parents express satisfaction with their child 

pursuing self-employment. However, the current 

business culture in Sri Lanka is viewed negatively by the 

majority, with 72% believing it favors a single person 

and 68% perceiving influence from senior businessmen. 

Despite society's overall recognition of entrepreneurship 

(65.3%), there remains a negative setback (42%) in 

supporting university students. Additionally, 53.1% 

perceive their living environment as conducive to 

entrepreneurship.  These findings inform the 

development of a framework for analyzing socio-

cultural factors influencing vocational education 

students' entrepreneurial engagement. Further research 

in this area can contribute to fostering entrepreneurship 

and formulating effective policies that support 

entrepreneurship development 

 

Keywords— Entrepreneurial activity, 

Entrepreneurship, Entrepreneurial emergence, 

Socio-cultural environment, Cultural factors 

 
I INTRODUCTION 

The strength of the remaining higher education system 

is such that both the public and private sector high 

educational institutes are not capable of absorbing 

even a quarter of the annually qualified students. Sri 

Lanka annually produces nearly 25,000 graduates and 

bachelor’s degrees from all high educational institutes 

of the country in different fields of study (CEIC Data, 

2022) The problem of unemployment could have been 

more severe if at least most qualified students were 

annually recruited to the high educational institutes. 

This number is being increased annually due to the 

increase in the annual student intake to higher 

education from those who are qualified for the General 

Certificate of Education Advanced Level (GCE A/L) 

Examination. However, the economy is still not 

capable of absorbing these graduates as employees (V  

Kanagasingam 2021) either through the mechanism of 

market forces or the direct involvement of the 
Government. It is observed that university students 

have a reluctance to take risks related to the enterprise 

which is a creative task. It can be observed that there 

is a very low attendance of University Students in 

Entrepreneurship. A very profound and focused 

intervention on entrepreneurship needs to be made by 

all relevant sectors in the country (MDPI, 2020). Its 

main objective is to identify the socio-cultural factor 

that affects Vocation Education students to become 

entrepreneurs. Recognized the reason for those factors 

to affect Sri Lankan Vocational Students to become 
entrepreneurs. Suggestions to avoid those socio-

cultural factors to become entrepreneurs. 

 
II. TYPES OF SOCIO-CULTURAL 

FACTORS 

Within the realm of entrepreneurial development, 

socio- cultural factors wield a profound influence, 

particularly in developing nations such as Sri Lanka. 

As such, this study encapsulates the impact of five 

pivotal socio-cultural factors: religion, family, 

business culture, value and attitude, and locality. 

A comprehensive examination of these factors 

provides a holistic framework for dissecting the 

intricate dynamics that shape graduates' decisions 

mailto:danusgalagoda@gmail.com
mailto:taravidanapathirane@yahoo.com
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and the creation of new businesses. 

 A RELIGION 

The role of religion in shaping economic behavior is 

a well- explored dimension, with seminal works by 

Broom and Selznick (1968) and Weber (1930) 

highlighting the connection between religious 

doctrines and entrepreneurial conduct. Religion, a 

ubiquitous phenomenon, influences societies across 

the spectrum, consequently exerting a tangible 

impact on economic development and 

entrepreneurial pursuits (Olatunji, 2010). 

B FAMILY 
The significance of family norms as a determinant of 

entrepreneurial behavior is underscored by Ajzen's 

theory of deliberate behavior, as cited in Kruger, 

Reilly, and Carsrud (2000). Empirical research 

conducted by Singer (1972) and Nanayakkara (1999) 

emphasizes the integral role of the family in 

nurturing positive entrepreneurial attributes and 

transmitting values that foster entrepreneurial 

initiatives.BUSINESS CULTURE 

Sri Lanka grapples with the dual challenges of high 

graduate unemployment and a lack of enthusiasm for 
entrepreneurship (Arunathilake and Jayawardena, 

2010). Negative perceptions of business abound, 

necessitating a paradigm shift in the prevailing 

business culture. This shift entails transforming the 

perception of entrepreneurship from a mere avenue of 

self- employment to a dynamic force driving 

innovation and value creation. Education is pivotal in 

this transformation, propelling a renewed emphasis on 

entrepreneurship and catalyzing a cultural shift 

(Weeratunga, 2010). 

C VALUE AND ATTITUDE 

In the entrepreneurial sphere, attitudes assume 
paramount importance, shaping behaviors and actions 

(Robinson,Stimpson, Heufner, &amp; Hunt 1991). 

Values, as enduring beliefs, offer essential insights into 

the motivational drivers that steer entrepreneurial 

pursuits. Acknowledging the role of values and 

attitudes is crucial for comprehending the intricate 

forces that guide entrepreneurial thought and action 

(Ajzen, 1982). 

     D LOCALITY (LOCATION) 

The strategic location of businesses stands as a 

linchpin in entrepreneurship and small business 
development. Proximity to resources, accessibility, 

and local conditions exert a profound influence on 

entrepreneurial outcomes (Llian and Yasuo (2005). 

Within this context, this study elucidates the role of 

location as a moderator, amplifying the relationship 

between individual determinants, external factors, 

firm characteristics, and firm performance (Blackman 

(2003), Ogundele (2007). 

 
III LITERATURE REVIEW 

A CONCEPT OF SOCIO-CULTURAL 

ENVIRONMENT 

The social-cultural environment, in relation to 

entrepreneurship, can be described as consisting of 

all the elements of the social system and culture of a 
people which positively or negatively affect and 

influence entrepreneurial emergence, behavior, 

performance, and entrepreneurship development in 

general. In other words, the social-cultural 

environment consists of all elements, conditions, 

and influences that shape the personality of an 

individual and probably affect his attitude, 

disposition, behavior, decisions, and activities. Such 

elements consist of beliefs, values, attitudes, habits, 

forms of behavior, and lifestyles of persons as 

developed from cultural, religious, educational, and 

social conditioning, (Bennett and Kassarjian, 1972; 
Adeleke et.al, 2003). 

B  SOCIAL FACTORS AND 

ENTREPRENEURIAL ACTIVITY 

In the entrepreneurship community literature, three 

elements of network relations stand out as essential to 

theoretical and empirical research on the 

entrepreneurial process (Hoang and Antoncic, 2003; 

Johannisson, 1988, 1998): the nature of the content 

that is exchanged between actors (e.g. social capital 

and intangible resources, such as emotional support) 

(Bates, 1997; Light, 1984; Zimmer and Aldrich, 
1987), the governance mechanisms in community 

relationships (e.g. trust between entrepreneurs and 

venturing partners) (Larson, 1992; Lorenzoni and 

Lipparini, 1999), and the network structure created by 

the crosscutting relationships between actors (e.g. the 

ability to use cohesion and structural holes to discover 

and boost entrepreneurial returns) (Burt, 1992; 

Hansen, 1995). 
 

Embedded ness and relational networks 

Understanding entrepreneurship as a social 

phenomenon allows us to draw on the well-

developed more general kinds of literature on social 

capital and social networks. Given the central 

proposition that networks of relationships represent a 

valuable resource (Nahapiet and Ghoshal, 1998), 

many of the insights of social capital theory relative 

to entrepreneurial undertaking can be found in the 

social network literature (Casson and Della Giusta, 
2007). As distinct from rational preference 

perspectives, the social embeddedness perspective 

emphasizes that, in embedded contexts, 

entrepreneurial agency, that is the ability to garner 

entrepreneurial ideas and the assets to develop them, 
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is shaped by implicit norms and social mores. The 

underlying idea is that, although entrepreneurs 

generally hold some of the resources necessary to 

create a business (e.g., ideas, knowledge, and 

competence to run the business), generally they also 
want complementary resources which they obtain 

through their contacts (e.g. information, economic 

capital, labor) to produce and deliver their goods or 

services (Aldrich and Zimmer, 1986; Cooper et al., 

1995; Greve and Salaff, 2003; Hansen, 1995; 

Ribeiro- Soriano and Urbano, 2009; Teece, 1987). 

This view of social capital is closely associated with 

the emphasis positioned by Coleman (1993) on 

community structures as a mechanism of social 

control, which, in turn, is additionally linked with the 

predominant culture in a specific society. 

 
Social capital is defined as the tangible and virtual 

sources 

that facilitate actors'‟ attainment of goals and that 

accrue to actors through the social structure (Portes, 
1999). Social networks are the relationships through 

which one receives possibilities to use financial and 

human capital - relationships in which ownership is 

not fully the property of an individual, but is jointly 

held among the contributors of a network (Burt, 

1992). 

C CULTURAL FACTORS & 

ENTREPRENEURIAL ACTIVITY 

From anthropology From an anthropology 

perspective, attention to social and cultural factors 

related to the creation of a new business has provided 

interesting contributions to the understanding of 
entrepreneurship, especially through the study of 

social constraints (Garlick, 1971; Kennedy, 1988; 

Wiewel and Hunter, 1985) and collective approaches 

(e.g. family business, community-centered business, 

ethnic or organizational entrepreneurship) to 

business formation and growth (Benedict, 1968; 

Davis and Ward, 1990; Kleinberg, 1983; Parker, 

1988, among others). Much of the research in 

entrepreneurship that considers cultural variables has 

followed Hofstede‟s (1980, 2001) seminal work 

showing how culture is manifested in a variety of 
forms, and how cultural values at individual or 

societal levels are influenced by national culture. In 

contrast to the Parsonian concept of culture as a 

relatively monolithic force inside a nation and 

Hofstadter‟s dimensions developed from data in the 

corporate setting, these students view culture as 

fragmented by institutional orders which may or may 

also not align with national culture (Busenitz et al., 

2000; DiMaggio, 1997). Although ordinary research 

has shown cultural variables to have an influence on 

entrepreneurship, cultural variables in many 

instances have been theorized and modeled as 

moderating entrepreneurial outcomes (Hayton et al., 

2002). In sum, central procedures for understanding 

the role of social and cultural factors revolve around 
the concepts of networks and embeddedness‟ 

(Granovetter, 1985, 1992), and the research stream 

based on Hofstede‟s (1980, 2001) dimensional 

cultural framework. Accordingly, when a person 

creates a business in a specific cultural environment, 

this business displays that cultural environment, for 

example, characteristics such as strategic orientation 

and growth expectations for the business. Using 

Hofstedes (1980) concept of culture, researchers 

have in general hypothesized that entrepreneurship is 

facilitated by cultures that are high in individualism, 

low in uncertainty avoidance, low in power- distance, 
and excessive in masculinity (Hayton et al., 2002). 

The results of such cultural complexity are being 

explored by an eclectic group of economists and 

sociologists around the idea of how culture provides 

justifications for individuals'‟ actions and effects in 

economies of worth to us all collectively (Berger,1991; 

Carsrud and Johnson, 1989). These environmentally 

relevant patterns of behavior lead to the formation of 

different cultural values in special societies, some of 

which influence the decision to create new 

businesses. This suggests that greater attention must 
be given to the interactions among cultural 

dimensions and the conception of culture that 

approves of greater complexity in relation to other 

characteristics of the environment. Thus, culture, as 

distinct from political, social, technological, or 

financial contexts, has relevance for economic 

behavior and entrepreneurship (Shane, 1993; 

Shapero and Sokol, 1982). 

 

According to this view, the main domains of life 

and how they affect entrepreneurial behavior are 

conceptualized and measured inside the context of 

distinct institutional orders - for example, the family, 

the religions, the market, the professions, the state, 

and the agency (Thornton, 2004; Thornton and 

Ocasio, 2008). The first focuses on the impact of 

national culture on combination measures of 

entrepreneurship such as national innovative output or 
new businesses created. One of the difficulties in 

examining the cultural effects in relation to 

entrepreneurial activity is the lack of a precise and 

often understood definition of culture (McGrath et 

al,1992). 
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IV SRI LANKAN UNIVERSITY 

STUDENTS AND UNEMPLOYMENT 

The university education system in public universities 

must be reoriented to meet the challenges of graduates 

to produce global graduates. The existing teaching and 

learning methods should be changed to match the 

necessities of the industry. The university system 

needs to be restructured, involved with quality and 

relevance, and introduce job-oriented programs to 

match local and international needs. 

 
V METHODOLOGY 

A RESEARCH DESIGN 

The methodology adopted for this research is 

predominantly qualitative, employing a combination 

of literature review and targeted interviews with key 
informants across various domains. To gain a 

comprehensive understanding of entrepreneurial 

dynamics, the Focus Group Discussion (FGD) 

method was employed, facilitating diverse insights. 

Additionally, a case study approach was utilized to 

delve deeply into the subject matter. The data 

gathered from both government and non-government 

sources, though occasionally divergent, are consistent 

and reliable. Qualitative analysis takes precedence, 

supplemented by relevant quantitative data, 

contributing to an extensive exploration of variables 
and relationships within the context of Sri Lanka. 

 
B POPULATION AND SAMPLE. 

This study specifically focused on Vocational 

University Students, specifically those enrolled in 

NVQ level 6/7 programs. The sample consisted of 50 

students hailing from two institutions: University of 

Vocational Technology (40 students) and University 

College Ratmalana (10 students). A purposeful 

sampling technique was applied, ensuring the 

inclusion of pertinent participants. 

 
C DATA ANALYSIS. 

During the data analysis phase, the collected 

information underwent meticulous organization and 

structuring. Qualitative data was amassed through 
techniques such as focus group discussions (FGDs) 

and targeted interviews with key informants. The 

details garnered from these qualitative sources were 

systematically examined and categorized, aligning 

with relevant topics. The analysis process aimed to 

uncover overarching themes and provide a 

comprehensive understanding of the entrepreneurial 

dynamics in the Sri Lankan university student 

population. 

 

Table 1. Items of Part 01 in the Questionnaire 

Question  Response Options 

01. Gender  01.Male 

02.Female 

03. Prefer not to say 

02. Age  01. 20-25 
02. 25-30 

03. 30-35 
 
Table 2. Items in Part 02 (A - Religion) of the 
Questionnaire 

Question  Response Options 

01. What is your religion?

  

01. Buddhist 

02.Christian/Catholic 
03. Islam 

04. Hindu 

02. Are there any sermons 

on business 

(entrepreneurship) in your 
religion?  

01. Yes 

02. No 

03. No Idea 

03. If there are religious 
sermons about business, do 

you agree with the rules of 
the religion?  

01. Yes 
02. No 

03. Maybe 

04. Do you care about the 
doctrines of the religion 

you believe in before you 
start a business? (Example 

- Creating a New Business 
Opportunity for Meat)

  

01. Yes 
02. No 

03. Maybe 

05. If you have a new 

business idea, can you 

expect some help from 
your religious members 

(Temple, Church, etc.) to 
make it work? Ex-

Financial Support | 
Providing business advice 

and Knowledge  

01. Yes 

02. No 

 03. Maybe 

 
Table 3. Items in Part 02 (B - Family) of the 
Questionnaire 

Question  Response Options 

01. Are there any 
entrepreneurial members 

in your family right now?
  

01. Yes 
02. No 

02. Do you have a legacy 
business experience in 

your family background?
  

01. Yes 
02. No 
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03. What would be the 
reaction of family 

members if you refused a 
job at an institution and 

planned to start your own 
business?  

01. Very Satisfied 
02. Satisfied 

03. Neither Satisfied nor 
dissatisfied 

04. Dissatisfied 
05. Very Dissatisfied 

04. What do your family 
members think about 

your future career?
  

01. I should do a 
Government Job 

02. I should do a private 
sector white collar Job 

03. I should do My own 
Business 

04. I should go abroad 
for a job 

05. They have no idea 

05. If you are planning to 
start a business, can your 

family help you with 
capital for that business?

  

01. Yes 
02. No 

03. Maybe 

 

Table 4. Items in Part 02 (C - Business Culture) of the 
Questionnaire 

Question  Response Options 

01. Is the current 

business culture in Sri 
Lanka suitable for new 

entrepreneurs?  

01. Strongly disagree 

02. Disagree 
03. Neutral 

04. Agree 
05. Strongly agree 

02. Do you believe that 

the Sri Lankan business 
network has been 

invaded by some people?
  

01. Yes 

02. No 
03. Maybe 

03. Do seniors in the 
business culture in Sri 

Lanka influence 
newcomers?  

01. Yes 
02. No 

03. Maybe 

04. Are the successful 
businesses that have 

emerged in Sri Lanka of 
good quality?  

01. Yes 
02. No 

03. Maybe 

05. Does the current 

business culture suit the 
university student?

  

01. Yes 

02. No 
03. Maybe 

 

Table 5. Items in Part 02 (D - Value and Attitude) of the 
Questionnaire 

Question Response Options 

01. What is your opinion 

about society's attitudes 
towards a businessman?

  

01. Very Good 

02. Good 
03. Fair 

04. Poor 

05. Very Poor 

02. Do entrepreneurs get 01. Strongly disagree 

more respect from society 
compared to other regular 

employees?  

02. Disagree 
03. Neutral 

04. Agree 
05. Strongly agree 

03. Are you satisfied with 
the value that an 

entrepreneur has in 
society?  

01. Yes 
02. No 

03. Maybe 

04. Do University 
students agree on the 

attitude of the students 
towards 

entrepreneurship?  

01. Strongly disagree 
02. Disagree 

03. Neutral 
04. Agree 

05. Strongly agree 

 
Table 6: Items in Part 02 - Locality/Location of the 

Questionnaire. 

Question  Response Options 

01. Are you live in?
  

01. In an urban 
environment 

02. In a semi-urban 
environment 

03. Village 
04. Slum estate 

02. Does the area in 

which you live influence 
your entrepreneurial 

attitudes?  

01. Strongly disagree 

02. Disagree 
03. Neutral 

04. Agree 
05. Strongly agree 

03. Are Your 
Acquaintances Focusing 

on Entrepreneurship?
  

01. Yes 
02. No 

04. Do you see the 
environment in which 

you live as conducive to 
business?  

01. Yes 
02. No 

05. If you are just starting 
your own business, is the 

environment you live in 

conducive to 
implementing your ideas?

  

01. Yes 
02. No 

03. Maybe 

 

VI RESULTS AND DISCUSSION 

A  FINDINGS 

This research tried to investigate whether the 

students in a particular culture. I used a questionnaire 

that consisted of 20 questions. The questionnaire was 

conducted with 50 students who study at a Vocational 

university. The questionnaire was distributed to find 
out how socio-cultural factors affect their business 

mind. Socio-cultural factors and their types consist of 

five parts. Further, it was to find out the socio-

cultural effect on students' minds.  

B DEMOGRAPHIC DETAILS OF 

PARTICIPANTS  
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Demographic information provides data regarding 

research participants and is necessary for the 

determination of whether the individuals in a 

particular study are a representative sample of the 

target population for generalization purposes in 
research. Fifty students filled out questionnaires as 

the Part 01 category of participants in the current 

study. Most participants were males (68%). 

Regarding the participants’ age, I found that 80% of 

participants are in the 20-25 age category. Regarding 

the medium of instruction that they preferred, 84% of 

participants are in the University of Vocational 

Technology and 84% of students have an idea about 

becoming an entrepreneur. 

C  RELIGION 

Within the exploration of the intricate relationship 

between religion and entrepreneurship, this section's 
findings offer an intricate connection between 

religion and entrepreneurship. Among respondents 

with diverse religious backgrounds, around 81.6% 

acknowledged differing religious views on 

entrepreneurship. Roughly 70% expressed alignment 

between their entrepreneurial efforts and religious 

beliefs. A diverse range of approaches emerged, with 

28% willing to separate religious opinions from 

business pursuits.  

 

The influence of religious institutions on 
entrepreneurial aspirations was also highlighted. 

             D  FAMILY 

The impact of family dynamics on fostering an 

entrepreneurial mindset is discussed here. Among 

participants, 90% hailed from non-business families. 

Notably, 28.6% shared a heritage of family business 

involvement. Family attitudes significantly influence 

career paths, with various sentiments expressed 

regarding deviating from conventional employment. 

The study unveils preferences for secure employment 

among Sri Lankan families and showcases their 

intricate role in shaping entrepreneurial outlooks. 
E  BUSINESS CULTURE 

This section delves into the influence of business 

culture on students' entrepreneurial orientation. 

Findings indicate varying perspectives on business 

culture compatibility for new entrepreneurs. 

Responses to questions about the current business 

climate showed 62% perceiving a positive attitude, 

while seasoned entrepreneurs' influence and quality 

perceptions were explored. The intricate dynamics of 
Sri Lanka's contemporary entrepreneurial landscape 

are illuminated. 

            F  VALUE AND ATTITUDE 

Insights into the impact of values and attitudes on 

university students' entrepreneurial pursuits are 

discussed. Responses concerning society's views on 

businessmen showed diverse opinions, with 68% 

agreeing that entrepreneurs command more respect 

than regular employees. Contentment with societal 

esteem, university students' attitudes, and 
perspectives are explored, revealing the complex 

interplay of values and attitudes in shaping the 

entrepreneurial landscape. 

             G LOCALITY (LOCATION) 

This subsection examines the impact of locality on 

university students' entrepreneurial viewpoints. 

Living environments influence entrepreneurial 

aspirations, with 10% urban, 80% semi-urban, and 

10% rural dwellers. The interplay between living 

environments and attitudes is scrutinized, 

highlighting the role of local peers in nurturing 

entrepreneurial spirit. Overall, the living environment 
is perceived as conducive to business endeavors, 

showcasing the intricate connection between 

geographical context and entrepreneurial 

perspectives. 

 

VII  CONCLUSION 

In conclusion, this comprehensive study delves into 

the interaction of varied socio-cultural factors that 

form university students' entrepreneurial aspirations 

within the context of the state. The evolving landscape 

of upper education and therefore the substantial gap 
between the number of qualified graduates and 

obtainable opportunities intensify the requirement for 

a targeted intervention in entrepreneurship. This 

analysis underscores the profound influence of faith, 

family dynamics, business culture, values and 

attitudes, and neighborhood on students' 

entrepreneurial attitudes and choices. 

 

Religious beliefs, tangled with numerous cultural 

backgrounds, showcase their impact on students' 

entrepreneurial orientations. The study illuminates 

however non-secular values influence students' 
alignment of business 

endeavors with their religion, light the quality of 

decision-making during this context. in addition, 

family dynamics emerge as a major determinant in 

shaping students' entrepreneurial aspirations. The 

influence of family attitudes, career preferences, and 

therefore the inheritance of business  legacies 

contribute to the range of ways students take. 

 

The exploration of business culture's influence 

reveals the nuanced relationship between the 
prevailing business environment and students' 

propensity towards entrepreneurship. Notable 

findings concerning the compatibility of the business 
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culture with new entrepreneurs, the impact of 

seasoned entrepreneurs, and therefore the perceived 

quality of offerings contribute to our understanding of 

how students navigate the up-to-date entrepreneurial 

landscape. 
 

Values and attitudes function as a cornerstone, 

shaping students' perceptions of social group attitudes, 

respect, recognition, and fellow students' views on 

entrepreneurship. These insights underline the 

involved interaction of social values and beliefs in 

influencing students' entrepreneurial journeys. 
 

The role of the neighborhood, determined by urban, 

semi-urban, rural, or slum environments, additionally 

deepens our understanding of how geographical 

contexts impact students' entrepreneurial 

orientations. The study unveils the variable degrees 

of influence native environments wear on students' 

entrepreneurial mindsets, and light the importance of 

those contexts in fostering associate degree 

entrepreneurial schemes. 
 

Collectively, these findings emphasize the 

multifarious nature of entrepreneurial development, 

influenced by a myriad of socio-cultural factors. To 

bridge the gap between the growing variety of 

graduates and obtainable opportunities, stakeholders 

ought to collaboratively produce an associate degree 

atmosphere that encourages and supports 
entrepreneurship. By recognizing the involved 

interaction of faith, family, business culture, values, 

attitudes, and neighborhood, policymakers, 

educators, and entrepreneurs alike will work towards 

fostering a spirited entrepreneurial scheme in the 

state. This analysis sets the stage for future studies to 

turn deeper into these factors and their multifarious 

impact on students' entrepreneurial choices, paving the 

means for interventions that drive entrepreneurial 

growth and contribute to the general economic and 

social development of the state. 

 

VIII RECOMONDATIONS 

To reduce the negative impact of socio-cultural 

factors on entrepreneurial aspirations, it is 

recommended to investigate the business concepts 

within different religious philosophies to stimulate 

the entrepreneurial mindset of students. Efforts 

should also focus on encouraging parental support for 

entrepreneurship and creating an entrepreneurial-

friendly environment within families. Additionally, 

addressing the negative impact of the current business 

culture by fostering a supportive environment for new 

entrepreneurs is crucial. This can be achieved through 

initiatives that promote entrepreneurship as a 

respected career choice, highlight success stories of 

local entrepreneurs, and facilitate collaboration 

between established entrepreneurs and aspiring 
students. Universities should implement 

comprehensive entrepreneurship programs, including 

courses, special programs, awareness campaigns, and 

public spaces that foster collaboration and knowledge 

exchange. By implementing these recommendations, 

it is possible to mitigate the negative effects of socio-

cultural factors and create an empowering 

environment for student entrepreneurs. 
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Abstract— This study was conducted to find out important soft 

skills for diploma and certificate holders for successful 

employability and to find out the gap between possession of each 

skill and employer expectations. Teamwork, time management, 

flexibility, self-management and interpersonal skills are the top 

five soft skills expected by the industry for TVET certificate 

holders while communication skills, time management, 

teamwork, planning and organizing and leadership skills are the 

top five soft skills for the TVET diploma holders. Results prove 

that there is a significant soft skills gap between industry 

expectations and possession of skills by the TVET diploma and 

certificate holders except for critical thinking skills for 

certificate holders (p < 0.05). Employers expect teamwork and 

flexibility /adaptability skills in nearly equal proportion from 

the TVET diploma and certificate holders for employment while 

other skills tested are expected at a higher level from the TVET 

diploma holders than certificate holders. This study may help 

TVET students to identify the skills they have to improve for 

successful employability as well as helpful to the TVET teachers 

for teaching. Finally, this information can be utilized for 

developing Curricular and NCS and also should be addressed in 

pedagogical training. 

Keywords— employability; soft skills; TVET 

   I INTRODUCTION 

Today, most organizations seeking sustainable advantages for 
their businesses are moving towards flatter hierarchies. Such 
organizations expect employees to have more skills not only 
technical skills but also good social skills, life skills and 
leadership skills in order to achieve high performance. 
According to the sources of the data of the Ministry of Skills 
Development and Vocational Training, which is the largest 
TVET courses provider in the country, the employability rate 
of TVET graduates is nearly 50% and therefore half of the 
TVET graduates do not enter the labour market as expected. 
Therefore, minimizing the skills gap between the graduate and 
the industry is a wide concern in order to achieve a high 
employability rate. Although technical skills are prioritized 
when developing National competency standards and 
curricula for the TVET sector there is minimal emphasis on 
soft skills like leadership skills and social skills. The 
importance of these soft skills may be varied with the National 
Vocational Qualification levels. Therefore, it is a current 

requirement to understand the gap of non-technical skills on 
employability in order to develop existing National 
competency standards and curricula and finally ensure the 
employability of TVET graduates. 

   II  LITERATURE REVIEW 

A number of studies proved that assigning soft skills has a 
major role in employability. Soft skills are important for 
employment in several ways; in the job-search process, 
candidates with soft skills are more likely to enter the labour 
market and be hired, important for retaining a position, and 
finally, soft skills lead to success on the job [6].  

Soft skills competencies are transferable from job to job, from 
company to company, and from one economic sector to 
another [3]. It is difficult to find a common definition of soft 
skills as it varies across countries and surveys prove difficult 
without common understandings or definitions of skills [6]; 
[2]. Soft skills are defined as the “desirable qualities for 
certain forms of employment that do not depend on acquired 
knowledge” [1]. According to [6], “Soft skills refer to a broad 
set of skills, competencies, behaviors, attitudes, and personal 
qualities that enable people to effectively navigate their 
environment, work well with others, perform well, and 
achieve their goals”. A meta-analysis, done by [6], analyzed a 
database of nearly 400 studies relevant to soft skills and 
identified five dimensions of soft skills as communication, 
social skills, Higher-order thinking skills (problem-solving, 
critical thinking, and decision-making), Self-control, and 
positive self-concept. [8] found in their meta-analysis that 
Communication skills, Teamwork, Problem-solving, 
Creativity, Interpersonal Skills, Leadership skills, Self-
management, Flexibility/adaptability, Critical thinking, Time 
management, Planning and organizing, Analytical skills and 
Decision-making. Curricular of NVQ courses in Sri Lanka 
contain employability modules such as workplace 
communication management, problem-solving and decision 
making, leadership and teamwork. “Employability is a set of 
achievements – skills, understandings and personal attributes 
– that makes graduates more likely to gain employment and 
be successful in their chosen occupations, which benefits 
themselves, the workforce, the community and the economy” 
[10]. 
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   III  METHODOLOGY 

Fourteen soft skills were identified by literature review and 
listed in a self-administrative questionnaire to collect data.  
Findings of [8] and [6] in their meta-analysis and soft skills 
which focus on the employability modules of NVQ courses 
were used for this study. The sampling frame was managers 
and officers in the registered companies listed in the chamber 
of commerce in Galle, Matara and Hambantota districts and 
companies in the Koggala BOI Zone. Ninety-four medium 
and large-scale organizations were used for this study. 

Participants were requested to indicate the level of importance 
of these skills for certificate holders and diploma holders 
separately using a five-point Likert-type scale ranging from 
Not at all important to extremely important. They were also 
asked to rate the usual level of possession of each skill by the 
graduates against a five-point Likert-type scale ranging from 
Dissatisfied to Extremely Satisfied. A similar questionnaire 
design was employed by [11] for the simultaneous collection 
of importance and possession of skills. The conceptual 
framework is depicted in Fig. 1. A total of 94 questionnaires 
were distributed. Data collection was done both online via 
Google Forms and by meeting the participants. The response 
rate was 60%. Fifty-six respondents sent back the answers 
fifty-two respondents were selected for analysis and four 
respondents were rejected due to insufficient information. 
Descriptive statistics and inferential statistics were performed 
to analyze the results. 

 

Fig.1 Conceptual framework 

  IV  RESULTS AND DISCUSSION 

Quantitative data analysis was done through paired sample t-
test and independent sample t-test using SPSS version 20. 

Importance and possession of soft skills in TVET certificate 

holders 

The most important skills identified by the employers were 
teamwork followed by time management. The mean score 
reflects that communication skill is very important for TVET 
certificate holders. Other thirteen skills were identified as 
moderately important skills by the employers. According to 
mean values, employers were moderately satisfied regarding 
the level of critical thinking skills of TVET certificate holders. 
Employers were slightly satisfied regarding the possession of 
the other thirteen skills of certificate holders. Possession of all 
fourteen skills by the TVET certificate holders is lower than 
the employer's expectation (Table 1). 

NVQ Level 3 qualified persons are to be worked under general 
supervision with significant responsibility for the quantity and 
quality of output while NVQ Level 4 qualified persons are to 
be worked under broad guidance and evaluation with 
complete responsibility and also with possible responsibility 
for the quantity and quality of the output of others and 
therefore Level 4 qualification provides for full craftsmanship/ 

workmanship [9]. In this context, craftsman-level employees 
should work with teams and time management, and flexibility/ 
adaptability skills may be required to work successfully within 
the teams. The importance of time management, and critical 
thinking, was within the first five soft skills as per the results 
of employability research done by [5]. A pairwise comparison 
of the importance and possession of each skill for TVET 
certificate holders is shown in Table 1. 

The highest mean difference between importance and 
possession of soft skills was self-management followed by 
time management while the lowest mean difference was 
observed in certificate holders. 

The significant probability values of 13 skills namely 
communication, teamwork, problem-solving, creativity, 
interpersonal, leadership, self-management, flexibility/ 
adaptability, time management, planning and organizing, 
analytical, decision-making and initiative are less than 0.05. 
Therefore, there is a significant gap between the possession of 
these skills for TVET certificate holders and the expectations 
of the employers. The significant value for critical thinking 
skills is higher than 0.05. Therefore, there is no significant 
difference between the possession of critical thinking skills in 
TVET certificate holders with the expectations of employers. 

Important possession of soft skills in TVET diploma holders 

According to the employer perspective, the most important 
skills identified by the employers were communication skills 
followed by time management. However, all fourteen skills 
were identified as very important skills. Employers are 
moderately satisfied with the possession of all skills except 
analytical and leadership skills in TVET diploma holders. 
They were slightly satisfied with the possession of analytical 
and leadership skills in TVET diploma holders. 

NVQ Level 5 qualified persons are to be worked in self–
directed and sometimes directive activity while Level 6 
qualified persons are to be worked in managing processes with 
complete accountability for determining and achieving 
personal and/or group outcomes and they are involved in 
supervision and process management [9]. Communication 
skills and teamwork are necessary for acquiring and 
maintaining a job. Significant differences were observed 
between the importance perceived and competence attained in 
teamwork and leadership in hospitality industry students in 
Malaysia [4].  According to [12], employers in the industry 
said that technical graduates in Malaysia have adequate 
technical skills but employers are still not satisfied with the 
communication skills, interpersonal, critical thinking, 
problem-solving and entrepreneurial skills possessed by those 
graduates. Communication, time management, teamwork, 
planning and organizing skills and leadership skills are 
important for supervision and process management. Problem-
solving and critical thinking are high-order thinking skills [6]. 
High-order thinking skills, as well as problem-solving and 
leadership skills, are also mostly required by higher 
management positions. The importance and possession of 
each skill for TVET diploma holders are in Table 1. 

Possession of all fourteen skills by the TVET diploma holders 
was lower than the employer's expectation (Table 1). The 
significant probability values of all skills tested are less than 
0.05 except for self-management skills. Therefore, there is a 
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significant gap between the possession of these skills for 
TVET diploma holders and the expectations of employers. 

Comparison of the importance of soft skills between TVET 

diploma and certificate holders expected by employers. 

Level comparison of the importance of soft skills was tested 

using the independent sample t-test and the mean scores and 

the significant values are listed in table 2. The mean score of 

the importance of each skill was higher in diploma holders 

than in certificate holders (Table 1). However, there was no 

significant difference between diploma holders and 

certificate holders in the importance of teamwork and the 

importance of flexibility/ adaptability skills as significant 

values were greater than 0.05.  Further, significant values for 
the other twelve skills were lower than 0.05. Therefore, there 

were significant differences in the importance of these skills 

for employability between diploma and certificate holders. 

 V   CONCLUSION AND RECOMMENDATION. 

This study reveals that communication skills, problem-

solving skills, creativity, interpersonal skills, leadership, self-

management, critical thinking, time management, planning 

and organizing skills, analytical skills, decision-making skills 

and initiative are required at different levels by the 

employees. It is clearly understood that the job 

responsibilities of diploma and certificate holders are 

different as per the level descriptors of NVQ levels described 

in [8]. Further, the results of this research clearly show that 

there is a skill gap between skills required by the industry and 

the possession of soft skills in TVET diploma and certificate 

holders. According to [7], technical graduates pay less 

emphasis on general subjects such as communication skills, 
information and communication technology and the English 

language. Therefore, it can be concluded that soft skills 

components in curricula do not fulfil industry requirements 

or teaching of soft skills or practical exposure to improve the 

soft skills of students are not adequate.  

Soft Skills are transferable skills and improving soft skills is 

life lifelong process. Soft skills cannot properly be improved 

through regular classroom lessons. Hence, it is recommended 

to guide and monitor the improvement of the soft skills of 

students throughout the study period including 

extracurricular activities. Students should be given the 

opportunity to improve their soft skills during the on-the-job 
training period too. However necessary National 

Competency Standards and curricular revisions should be 

done as per the requirement. Finally, TVET teachers should 

be aware of the importance of soft skills for student’s 

employability and this area should be properly included in 

pedagogical training. 

 
 

 

 

 

TABLE 1. IMPORTANCE AND POSSESSION OF SOFT SKILLS

  

  

Skill 

 Mean values  

Certificate Holders  Diploma Holders  

Importance Possession Sig. (2-tailed) Importance Possession Sig. (2-tailed) 

1 Communication skills 3.6875 2.8298 .000 4.3750 3.0833 .000 

2 Time management skills 3.8750 2.8511 .000 4.2917 3.2083 .000 

3 Teamwork 4.0417 2.8723 .000 4.2917 3.1667 .000 

4 Planning and organizing        3.4583 2.6170 .000 4.2083 3.2083 .000 

5 Leadership skills 3.5208 2.5957 .000 4.2083 2.8750 .000 

6 Problem-solving 3.5000 2.7021 .000 4.2083 3.2083 .000 

7 Interpersonal skills 3.7083 2.9787 .000 4.1667 3.2500 .000 

8 Flexibility/ adaptability 3.7917 2.9362 .000 4.1667 3.0833 .000 

9 Self-management skills 3.7083 2.8298 .000 4.1667 3.1250 .000 

10 Critical thinking 3.3542 3.0213 .494 4.1250 3.0833 .000 

11 Creativity 3.6250 2.7660 .000 4.0833 3.2083 .001 

12 Decision making 3.5417 2.6383 .000 4.0417 3.1250 .000 

13 Initiative 3.5417 2.7660 .000 4.0417 3.2917 .000 

14 Analytical skills 3.2083 2.4894 .000 4.0000 2.8750 .000 

 
TABLE 2. LEVEL COMPARISON OF THE IMPORTANT OF SOFT SKILLS 

 

 

Skill 

Sig. (2-tailed) between 

certificate and diploma 

holders 

Importance of communication skills .000 

Importance of Teamwork .149 

Importance of Problem-solving .002 

Importance of Creativity .029 

Importance of interpersonal skills .029 

Importance of Leadership skills .001 

Importance of self-management .032 

Importance of flexibility/ adaptability .060 

Importance of critical thinking .001 

Importance of time management .035 

Importance of planning and organizing .003 

Importance of analytical skills .001 

Importance of decision-making .027 

Importance of Initiative .019 
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Abstract— This study is conducted to find out the Factors 

affecting on  Small Businesses in Mahipalagoda Grama 

Niladari Division during the COVID-19 Period. The research 

questions are, how small businesses worked during the 

COVID-19 period in the Mahipalagoda Grama Nialadari 

division? and what are the factors affecting during the 

COVID- 19 period on small businesses? The objectives of the 

studies are, to review of the small businesses during the 

COVID-19 period in the Mahipalagoda Grama Niladari 

Division and to find out factors affecting during the COVID- 

19 period on small businesses. In this research, critical issues 

were raw - material shortage due to transportation issues, 

inability to use the employees optimally due to health 

guidelines, demand decline due to loss of income of people, 

delivery issues, order cancellation, etc.  

Keywords— Covid-19 Period, Factors, Small Business  

 

INTRODUCTION  

The sudden outbreak of a deadly disease called COVID-19 

shocked the entire world. Government of Sri Lanka decided 

to shut down all areas in the country on 13th  March 2020 

with the risk of COVID-19 pandemic. This situation 

challenged the business system and forced business 

owners. The real impact of the pandemic was felt by Sri 

Lanka around mid-March 2020. Thereafter with more and 

more infected cases being detected specially through 
persons arriving from abroad and the government 

introduced the 14-day quarantine program for all those 

arriving from foreign countries and all those who meet 

infected persons. With the increasing number of infected 

cases more and more quarantine centers were established, 

and self-quarantine system was introduced. Subsequently, 

curfew and lockdown of some areas was introduced as a 

measure to control the spread of the virus. With this 

situation most of the economic activities were severely 

affected (M.R. Roshana, Mubarak Kaldeen and A.R.F 

Rifna Banu 2020). Small businesses play a major role in 
economic activities (James Robinson, Navaneethakrishnan 

Kengatharan 2020). COVID-19 virus was a very new 

experience for a country like Sri Lanka. The government 

put in place various laws to control the virus. Many 

businesses were affected by this action of the government. 
In the face of this situation many businesses reduced  their 

 production During this virus period, small 

businesses in Sri Lanka were severely affected. Sales of 

many small businesses declined. Profits of small businesses 

fell as sales declined. The financial condition of many small 

businesses had collapsed. Small business owners reduced 

their production activities. Some businesses have been 

closed for a long time. There were also job losses for 

regular employees in small businesses. (M.R. Roshana, 

Mubarak Kaldeen and A.R.F Rifna Banu 2020) According 

to this situation, in this research would have to find out how 
the factors affect small businesses. This research studied 

the impact of various factors on small businesses on small 

businesses were studied. 

OBJECTIVE 

To investigate on the factors influencing during the covid-

19 period on the small business owners in mahipalagoda 

grama niladari division  

 Research questions  

The following questions were studied in this research:  

▪ How small businesses worked during the COVID-19 

period in the Mahipalagoda Grama Nialadari division?  

▪ What are the factors influencing during the COVID- 19 

period on small business owners?  

 Limitations of the research: The sample size limited only 

to the Small Business Owners in Mahipalagoda Grama 

Niladari Division.  

 

The sample drawn includes both males and females. This 

was done by targeting all small businesses in the Grama 

Nialadhari Division. Structured questionnaire was 

developed and presented to small business owners, who 

mailto:iwanthanirmal@gmail.com
mailto:padmashagl@yahoo.com
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obtained data from them and analyzed the data. Data was 

gathered on sub-factors of Business income, Business 

expenses, Production, Quantity of Production, Prices of 

raw material, Attendance of employees.  

Study Location: 

Administrative District of Gampaha bears the area in extent 

of 1387 square kilometers (139,140 hectares) and twice 

larger than the area of Colombo District. Gampaha District 

is covered 38% of total area of lands in western Province 

and 2.1% of area of lands in Sri Lanka. Gampaha District 

is one of the 25 districts of Sri Lanka, the second level 

administrative division of the country. It is the most 

populous district of Sri Lanka. There are 1386.7Sq Km land 

area, 1177 Grama Niladari divisions and 2.391 million of 

population in Gampaha District. There are major towns in 

Gampaha district such as Weweldeniya, Pasyala, 
Weliweriya, Kadawatha, and Yakkala etc. 230 

Mahipalagoda Grama Niladari Division is situated in 

Yakkala Town. There are 5.2 Sq. Km land area and 1896 

of population in Mahipalagoda Division. The incredibly 

famous Attanagllu Oya flows near this area.  

LITERATURE REVIEW 

The COVID-19 pandemic The COVID-19 outbreak 

(previously 2019-nCoV) was caused by the SARS-CoV-2 

virus. This outbreak was triggered in December 2019 in 

Wuhan city in Hubei province of China. COVID-19 

continues to spread across the world. (Warwick Mc Kibbin 
and Roshen Fernando 29 February 2020). The COVID-19 

pandemic and accompanying economic crisis have opened 

an immediate opportunity to protect a microSME and their 

employees from the worst effects of the COVID-19 

pandemic. The COVID-19 pandemic is affecting  hundreds 

of thousands of people globally including business and a 

micro-SMEs operator. In perspective of business 

sustainability (Raja Suzana Raja Kasim1, Fakhar Shahzad2 

and Wan Suzanna Aafanii Adeeba Wan Ibrahim3,2020) 

According to Sri Lankan GDP, the businesses can be 

categorized as three aspects. That is Agriculture sector, 

Industry sector and Service sector. (Central Bank Report 

2018)  

 Small Business The Small Medium Enterprise (SME) 

sector has been identified as an important strategic sector 

in the overall policy objectives of the Government of Sri 

Lanka (GOSL) and it is seen as a driver of change for 

inclusive economic growth, regional development, 

employment generation and poverty reduction. SME sector 

is envisaged to contribute to transform lagging regions into 

emerging regions of prosperity. (National Policy 

Framework for SME Development). A small business is a 

business that owns and operates independently and has no 
power in the field (Institute of Small Business 

Administration of USA) Businesses with less than 25 

employees are called small businesses (Department of 

Census and Statistics Sri Lanka 2013/2014). The term SME 

is used to denote micro, small, and medium enterprises. 

Different countries use different definitions for SMEs 

based on their level of development. The commonly used 

yardsticks are total number of employees, annual turnover, 

and total investment. In the Sri Lankan context, the SME 

policy framework defines SMEs based on the number of 

employees and annual turnover. The category of Small and 

Medium sized Enterprises (SMEs) is made up of an 
enterprise which employ less than 300 employees, and 

which have an annual turnover not exceeding Rs.750 Mn. 

In this context, micro enterprises are also read with SMEs 

for any policy related measures. (Ministry of Industry and 

Commerce 2016)  

Financial Factors Alexander W. Bartik (2020) could be 

able to certification; Small businesses employ almost fifty 

percent of American workers. Yet, our results underscore 

the financial fragility of many small businesses, and how 

deeply affected they are by the current crisis. In our sample, 

which is skewed toward retail sales, we found that 43 

percent of businesses were temporarily closed, and that 
employment has fallen by 40 percent. This represents a 

shock to America’s small firms that has little parallel since 

the 1930s. Our results suggest that many of these firms 

have little cash on hand, which means that they will 

dramatically cut expenses, take on additional debt.  

Production Factors According to D.P. Gunawardana 

(2020), the market for handicraft products in the local 

market is limited and was catering to the tourism sector. 

This market was affected badly with the Easter Sunday 

attack and was recovering slowly when the COVID 19 

threat came. They do not have any problem on raw 
materials or continuing production but marketing the 

products will be a big issue. It is mainly the rural folk who 

are engaged in this trade using mostly skills passed down 

from generations. (The Impact of COVID19 on the MSME 

Sector in Sri Lanka May 2020). Warwick McKibbin and 

Roshen Fernando (2020) have shown Trade has been 

significantly affected by the outbreak. Thus, benchmark the 

percentage increase in the cost of production in Chinese 

production sectors during the period of COVID19. 

AlexAnder S. KritiKoS (2020) said that Entrepreneurial 

activities may influence a country’s economic performance 

by bringing new products, methods, and production 
processes to the market and by boosting productivity and 

competition more broadly.  

Employee Participation Raja Suzana Raja Kasim Prior 

(2020) have shown to the COVID-19 outbreak, when 

questioned on the overall productivity of the workforce as 

employees work virtually, more than half of the 

respondents claimed somewhat concerned, 30% expressed 

very concerned while 10% claimed that they were not 

concerned. Warwick McKibbin and Roshen Fernando have 

shown the current recommended incubation … 5 period for 

COVID-19 is 14 days, an average employee in a country 
would have to be absent from work for 14 days, if infected. 

Absence from work indicates a loss of productive capacity 

for 14 days out of working days for a year. The third 

component of the labor shock accounts for absenteeism 

from work due to caregiving family members who are 

infected. Around 70 percent of the female workers would 

be care givers to family members. According to 

Overcoming the Covid-19 Pandemic report, the Covid-19 

pandemic has brought micro and small businesses to a 
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grinding halt; more than 50% of the businesses claiming to 

be non-functional after the crisis. Some of the businesses 

still in operation are reporting sharp declines in their 

revenue. Due to the downward trend in businesses or total 
shutdown of the enterprises, millions of workers associated 

with it have either lost their job or are being paid less or are 

on the verge of losing their jobs. (IMF report of 

Bangladesh,2020)] COVID-19 virus had various effects on 

business during the period. That were, 43 percent of 

businesses were temporarily closed, and that employment 

has fallen by 40 percent in America. Alexander W. Bartik 

(2020) increases in the cost of production in Chinese 

production sectors during the period of COVID-19 

Warwick McKibbin and Roshen Fernando (2020), Absence 

from work indicates a loss of productive capacity for 14 

days out of working days for a year. Warwick McKibbin 

and Roshen Fernando (2020).  

 

METHODOLOGY 

 Descriptive Survey Method used to conduct this study. 

Because it ensures a more accurate sample to gather 

targeted results in which to draw conclusions and make 

important decisions. Since the allocated amount for the 

research is limited and therefore the surveys are relatively 

inexpensive and are useful in describing the characteristics 

of a population. Mainly, this research focused on Selected 

the sample population, Developed the questionnaire, 
Distributing and collecting the questionnaire for sample 

population, Identifying and Categorizing the data that 

collected through the questionnaires, analyzing the data 

that have been collected and categorized. Review, Analyze 

and interpret the findings and make suggestions. This 

research considered all small business owners in Gampaha 

district as the population. The research was conducted in 

the Gampaha divisional area, targeting those who run small 

business. 230 Mahipalagoda Grama Niadhari division is 

the area was selected as the accessible population. Samples 

were All small business owners in 230 Mahipalagoda 

Grama Niladari Division (55 Owners) and Five Public 
Officers in 230 Mahipalagoda Grama Niladari Division 

(Grama Niladhari Officer, Samurdhi Officer, Economic 

Development Officer, Public Health Inspector, Agriculture 

Development Officer) The data collection for this research 

was done in several sections. That was Questionnaire forms 

and Interviews. Information was collected from small 

business owners using a structured questionnaire. 

Information was also obtained from the relevant 

government officials in the area to further increase the 

veracity of the information obtained. This research was 

conducted based on the second wave of COVID19 in Sri 

Lanka.  

This research is conducted under a formal supervision. The 

target group based on this research is 230 Mahipalagoda 

Grama Niladhari Division. Data were collected by 

providing a questionnaire to small business owners. The 

data obtained were analyzed using Excel computer 

software. A pilot survey was performed to formalize the 

questionnaire and structured questionnaire was developed 

to obtain the data. Data was also collected from government 

officials to certify the data obtained. Computer software 

was used to analyze the collected data. The data obtained 

can be classified into two categories. That is Quantitative 
data and Qualitative data. Excel computer software was 

used to analyze the data. In analyzing the data, attention 

was paid to the factors that Mean, Mode, Median, Standard 

Deviation and correlation of the questions. Qualitative data 

was represented by suggestions. Those suggestions were 

filed on several major topics. The information was 

tabulated using above analyzing methods. 

   

 

RESULTS AND DISCUSSION 

 

Figure 1 Factors that led to reduction of goods 

The analysis of factors contributing to the reduction of 

goods provides crucial insights into the challenges faced by 

businesses. Understanding these factors is pivotal in 

devising strategies to address production issues. Factors 
such as raw material shortages, increased production costs, 

supply chain disruptions, or market demand fluctuations 

could be potential contributors to this decline. By 

identifying these elements, businesses can focus on 

mitigating these challenges, whether through diversifying 

suppliers, optimizing operations, or adjusting production 

schedules to meet market demands more effectively. 

 

Figure 2  Change the cost of the business 

The observed changes in the cost structure of businesses are 

indicative of the financial challenges encountered during 

the period under study. It could encompass various cost 

elements such as raw materials, labor, utilities, or 

operational expenses. This analysis is critical in 
understanding the cost dynamics and the impact on profit 

margins. Strategies to manage and control these escalating 

costs, such as renegotiating supplier contracts, optimizing 

resource utilization, or exploring alternative cost-effective 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

334 

 

 

measures, are pivotal for sustaining business operations 

and ensuring profitability. 

 

Figure 3. Major changes of the businesses 

The identification of major changes implemented by 

businesses signifies their adaptability and resilience in 

response to adverse conditions. These changes might 

encompass shifts in business models, alterations in product 

lines, adoption of new technologies, or changes in 

operational processes. Analyzing these alterations sheds 
light on the agility of businesses to navigate challenges and 

evolve to meet evolving market demands. This information 

can guide other businesses facing similar challenges in 

devising innovative strategies to pivot and sustain 

operations during uncertain times. 

 

Figure 4. Factors that led to the decline in employee attendance 

Understanding the factors contributing to the decline in 

employee attendance is crucial in addressing workforce 

management issues. It might include factors such as health 

concerns, transportation challenges, family obligations, or 

dissatisfaction due to work environment changes. 

Identifying these factors is vital in implementing measures 

to improve attendance, such as providing flexible work 
arrangements, enhancing workplace safety protocols, 

offering employee support programs, or addressing 

underlying concerns that impact employee morale and 

commitment. 

The research findings shed light on several critical issues 

affecting small businesses during the COVID-19 period. 

One notable discovery was the financial instability 

experienced by most small businesses, attributed to 

stagnant sales despite escalating costs. The primary culprits 

identified were the soaring prices of raw materials and 

labor, leading to a decline in production. 

Additionally, government regulations and inadequate 

transportation facilities emerged as significant obstacles, 

hampering worker attendance. Surprisingly, employee 

dismissals in these small businesses remained remarkably 

low during this challenging period. 

Furthermore, the survey highlighted prevalent challenges 

among business owners, notably a lack of management 

knowledge and complexities in the raw material supply 

chain. It also revealed a common scenario where entire 

families depended on a single business for their livelihood. 

The research substantiated Alexander's findings that 

revealed a 40 percent temporary closure rate among 

businesses and a corresponding 40 percent decrease in 

employment. Despite these setbacks, businesses adapted 

with various changes, managing to retain their workforce. 

The findings echoed the financial fragility experienced by 
small businesses, indicating a lack of sales growth and 

increasing operational costs. This aligns with global 

observations by experts like Warwick McKibbin and 

Roshen Fernando, who noted cost hikes in Chinese 

production sectors during the pandemic. 

Moreover, the research pinpointed significant hurdles faced 

by business owners, primarily the surge in raw material 

prices and workforce absence due to government 

regulations. Notably, diminishing consumer demand and 

regulatory compliance further exacerbated the decline in 

production. Product expiration and returns also contributed 

to reduced production rates. 

The study validated the impact of government-mandated 

quarantines, with employees being absent for the 

recommended 14-day COVID-19 incubation period. This 

absence significantly affected productivity, corroborating 

Warwick and Roshen's analysis of labor shocks during the 

pandemic. Additionally, employees' reduced working 

hours directly correlated with decreased workplace 

productivity. 

Moreover, caregiving responsibilities for infected family 

members further impacted absenteeism, particularly among 

female workers. This finding underscored employees' 

prioritization of their families' safety during the pandemic. 

 

CONCLUSION: 

In summary, the research delineated a landscape of 

challenges faced by small businesses during the COVID-

19 period, emphasizing financial instability, operational 

hurdles, and workforce management difficulties. The 

findings not only confirmed the struggles documented by 

prior studies but also illuminated nuanced issues, such as 

family-dependent businesses and the multifaceted impacts 

of government regulations. 

Understanding these challenges is crucial for devising 

targeted support mechanisms and strategies to bolster the 

resilience of small businesses in the face of future 

disruptions. Addressing knowledge gaps among business 

owners, streamlining supply chains, and developing 
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flexible work models are imperative to navigate 

uncertainties and fortify the sustainability of small 

enterprises in post-pandemic economies. 
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Abstract— This research was conducted to identify strategies 
used by ESL teachers engaged in Emergency Remote Teaching 
(ERT) to overcome the challenges in using activities for 
developing speaking skills at the secondary level grades of 1C 
schools in the Colombo Education Zone. The study used mixed 
approach and survey research design. A sample of 75 teachers 
of English was selected and a questionnaire and semi structured 
Zoom interviews were used to collect data. Data was analyzed 
using both quantitative and qualitative techniques. It was found 
that conducting debates was the most challenging speaking 
activity for the ESL teachers and getting students to do act outs 
was the least challenging one. Lack of interaction of students, 

teachers’ lack of time to teach the vocabulary and structures 
required for speaking activities, inhibition of students, lack of 
sufficient time for students to practice and get prepared for oral 
tasks and lack of teacher training were some of the major 
challenges for effective implementation of speaking activities in 
ERT situations. ESL teachers also used a number of effective 
strategies such as redesigning of the content to match ERT 
environment, use of grammar games, use of online polls and 
incorporating the videos, cartoons and power points to make 
speaking lessons more interesting. It was recommended to 
organize School Based Professional Teacher Development 
(SBPTD) programmes that target development of ESL teachers 
at secondary level.   

Keywords— ERT Challenges, ERT Strategies, ESL teachers, 
government schools, secondary level  

I. INTRODUCTION   

A. The background of the study  

  
The teaching and the administrative experiences of the 
researcher in the context of government schools in the 
Colombo Education Zone in the Western Province of Sri 
Lanka helped to identify the research problem investigated  
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in this research study. Thus, current study is related to 
Emergency Remote Teaching (ERT) of the English  language 
at the secondary level grades (Grade 6 - 11) of government 
schools in Sri Lanka.   

B. Emergency Remote Teaching in Sri Lanka  

In contrast to experiences that are planned from the 
beginning and designed to be online, emergency remote 
teaching (ERT) is a temporary shift of instructional delivery 
to an alternate delivery mode due to crisis circumstances. 
Many recent research, however, use the terms “online 
education” or “online learning” to refer to ERT situations. As 
described above online education and ERT are two different 
types of education. Therefore, this usage cannot be 
considered as an accurate description of the type of education 
that existed in many educational institutes around the globe 
during the COVID19 pandemic period as well as during the 
crisis situation in Sri Lanka in year 2022. During both time 
periods Sri Lankan teachers volunteered to conduct ERT 
sessions from grades 1-13 from their homes according to a 
timetable set by their schools. 

C. Rationale of the study     

Although online ERT was a very useful mode of education 
in many government schools in Sri Lanka during the 
abovementioned time periods, teachers and students at all 
levels encountered many challenges in ERT situations from 
primary grades to the post-graduate level.  

Wijewardene (2021) argues, a large population in Sri Lanka, 
comprising school-going children and university 
undergraduates, faced disruptions to their studies due to the 
pandemic’s devastating effects. She further claims that the 
abrupt transition from the traditional face-to-face classroom 
methodology adopted in English teaching to undergraduates 
into online learning and blended learning modes created 

mailto:sunilkularatne6@gmail.com
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many problems, ranging from internet connectivity issues to 
the inability to possess online learning devices due to 
economic crises.  

 

D. The Research Problem      

The researcher observed that the most significant challenges 
that are specific to the ESL practitioners at the secondary 
level stem from the lack of interaction of majority of the 
students as they find it difficult to communicate in English 
due to their poor L2 speaking skills. As a result, the ESL 
teachers who try to use text book activities for developing the 
oral skills of students during ERT sessions at secondary level 
are confronted with the major problem: how to develop 
students’ oral skills through various speaking activities such 
as role plays, discussions, oral presentations and debates 
amidst their poor interaction and poor L2 skills. This is the 
central problem identified for the current research study.  

E. Research objectives  

1.To identify the challenges encountered by the ESL 
teachers engaged in emergency remote teaching in using 
activities such as role plays, discussions, oral presentations 
and debates for developing speaking skills at the secondary 
level grades of government schools in Sri Lanka.   

 
2. To identify the strategies used by ESL teachers to face 

the challenges of emergency remote teaching in using 
activities such as role plays, discussions, oral presentations 
and debates for developing speaking skills at the secondary 
level grades of government schools in Sri Lanka.  

  

F. Limitations of the Study  

This study has two major limitations as mentioned below. 
Therefore, generalization of the results should be done 
cautiously.   

• In the sampling process the purposive sampling method 
is to be used.  

• The sample was selected from 1C type schools only. 
(There are four types of schools in the Colombo 
education zone: 1AB – 29 schools, 1C – 42 schools, 
Type 2 – 39 schools, Type 3 – 14 schools). 

These limitations were caused by the constraints such as the 
accessibility to the population, expenditure, restraints of time 
and lack of resources.  

II. REVIEW OF LITERATURE  

A. Theoretical Perspectives    

According Haythornthwaite et. al. (2007) online learning 
does mean following through a tutorial program, the kind of 
online learning being promoted and enacted in educational 
institutions, communities of practice, and online groups and 
communities are based on principles of collaboration, 
dialogue and conversation, active structuring of learning, and 
open sharing of resources and experiences. They further 

elaborate that online learning appears under the names 
asynchronous learning networks. Computer–supported 
collaborative learning and e–learning.   

 

 

B. Existing Empirical Evidence    

Many recent studies, both local and foreign, have highlighted 
common challenges encountered by ESL teachers in teaching 
speaking Skills during the COVID19 pandemic. Some 
studies also have suggested effective strategies to overcome 
those challenges. However, there was a dearth of studies 
related to the specific challenges encountered by teachers 
ESL teachers engaged in ERT in using activities such as role 
plays, discussions, oral presentations and debates for 
developing speaking skills. Anugrah (2021) identified 
several factors that the teachers found as challenges in 
teaching speaking skills during the COVID19 pandemic in 
Indonesia. According to his discovery, the challenges related 
to teaching speaking via online learning were:1.) lack of 
interaction, 2.) lack of knowledge about software for online 
learning 3.) lack of ways to apply various teaching method. 
In a study conducted in North Sumatra by Siregar (2021), 
following challenges have been identified: 1.) the students 
did not have smartphones or Androids, 2.) Students’ laziness 
during online learning, 3.) poor internet connection and   the 
value of face-to-face instruction for speaking abilities.  

Since it was of paramount importance to identify the 
strategies to overcome challenges of ESL teachers for the 
current study, another three studies found in literature;
 Başal (2013) and Howshigan & Nadesan (2021) are 
significant as they have identified some strategies to 
overcome some of the challenges of ESL teachers in ERT 
situations. Başal (2013) recommends the techniques such as 
usage of; videos, presentation tools, Web 2.0 tools, videos 
from virtual classroom, authoring tools to combine texts, 
images, video and linking within the material using 
hyperlinks within the material for words, phrases, video or 
audio components and direct the students to explore the 
subject matter. Howshigan & Nadesan (2021) also have 
made few suggestions to improve online learning 
experiences.   

“It is recommended that to enhance online education in 
general, provide electronic technology to access, free 
broadband packages, and increase internet speed are few 
ideal ways to ensure online teaching and learning 
effectiveness.” (Başal, 2013, p.55)   

According to Tiwari (2020) it is important to use digital tools 
and resources that teachers have been using and are 
comfortable with. They point out that keeping things simple 
would yield better results. For example, if teachers are not 
able to make videos, they should encourage students to make 
videos.  

All three materials suggest practical solutions to overcome 
the challenges of online teachers. However, suggestions of 
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Basal (2013) and Tiwari (2020) are very much relevant as 
they give strategies for ESL practitioners.  

 

  

III.   METHODOLOGY  

A. Research procedure  

 TABLE1: SUMMARY OF THE RESEARCH PROCEDURE  

      
Objective  

  

Research 

Phase  
Participants  

Research 

Instruments  
Methods of 

Data  
Analysis  

 
Objective 

I & II 

 

 

 

Phase I  

65 teachers of 
English 

who 

conducted 

ERT sessions 

at the 
secondary 

level 
grades in 1C 

schools of 
Colombo Edu. 

Zone 

Questionnaire 
  

Quantitative  

      

 
Objective   

 I & II 

 

 

Phase II  

10 teachers of 
English 

who 

conducted 
ERT sessions 

at the 
secondary 

level 
grades in 1C 

schools of 
Colombo Edu. 

 
Semi- 

Structured 

Interviews 

  
Qualitative  

    

The research was both quantitative and qualitative. As such 
mixed approach was used. Research design was survey 
research design. Target population of the study was 742 
teachers of English in Colombo Education Zone. Accessible 
population was 150 teachers of English from 1C schools in 
the Colombo Education Zone. As such samples of 75 
teachers of English who teach at secondary level of 1C 
schools in the Colombo Education Zone were selected using 
purposive sampling method. A self-administered 
questionnaire and semi structured Zoom Interviews were 
used to collect data. First, the questionnaire, which consisted 
of 24 questions, was administered among 65 teachers of 
English who conducted online English lessons for secondary 
level students in (1C) schools Colombo education zone. 
Next, another ten (10) teachers of English were interviewed.   

Data were analyzed using both quantitative and qualitative 
techniques. As per the quantitative analysis, responses of 
questions 1-24 of the questionnaire were analyzed using MS 
Excel which finally generated tables and graphs. Responses 
of 10 semi structured interviews were analyzed using content 
analysis techniques. The method of Three Cs of Data 
Analysis (Codes, Categories, and Concepts) was used.  

IV. RESULTS AND DISCUSSION  

A. Questionnaire  

From the preliminary descriptive questions (Question 1-6) it 
was found that 42% of the participants were actively engaged 
in ERT sessions during COVID19 pandemic period as well 
as during the period of economic crises in 2022. Then, 57% 
of the participants conducted ERT sessions only during 
COVID19 pandemic period in 2021 and 3% of the 
participants were engaged in ERT sessions only during 
economic crises in 2022. The preliminary descriptive 
questions also revealed that 85% of the participants used 
supplementary teaching materials and online resources in 
addition to classroom textbooks during ERT sessions.  

TABLE 2 MOST CHALLENGING SPEAKING ACTIVITY FOR TEACHERS  

       

  

Rank 
Conducting 

role plays 
Conducting 

debates 
Conducting 

discussions 

Getting 

students to 

do oral 

presentations 

Getting 
students 

to do 
act outs 

 1  
7  41  4  10  4  

 2  16  17  17  11  5  

 3  10  4  24  19  8  

 4  19  1  10  16  17  

 5  13  2  10  9  31  

      

  

Question 07 of the questionnaire was designed to find the 
most challenging speaking activity given in the text book for 
ESL teachers, when they carried out ERT sessions at 
secondary level. Table 2 demonstrates the rank order from 
the most challenging to least challenging (ranked from 1 to 
5) those speaking activities. It was found that conducting 
debates was the most challenging speaking activity and 
getting students to do ‘act outs’ was the least challenging one.  

From questions 8 to 17, the participants were given (10) 
statements of different challenges which were supposed to be 
encountered by the ESL teachers engaged in ERT in using 
activities for developing speaking skills. The participants 
were requested to mark their opinion by selecting 5 - point 
Likert scale (from strongly agree = 5 to strongly disagree = 
1). From the analysis and interpretation of responses of all 65 
participants it was found that majority agreed that: (a) the 
students were reluctant to interact with others when they 
were sent to Zoom breakout rooms, (b) teachers did not have 
sufficient time to teach the vocabulary  required for speaking 
activities, (c) inhibition of students was a major challenge for 
effective implementation of speaking activities, (d) students 
did not  have a sufficient time to practice and get prepared for 
oral presentations, debates or discussions as they often got 
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disconnected due to signal issues, (e) secondary level 
students were reluctant to participate in oral tasks when 
compared to primary and advanced level students (f) students 
made a lot of grammar mistakes  and  teachers  found it 
difficult to correct them.  

In section three, from questions 18 - 24 the participants  were 

requested to mention briefly the strategies that they used to 

overcome (six) 6 common challenges of ERT in using 

activities such as role plays, discussions, oral presentations 

and debates for developing speaking skills. Some of the 

strategies used to help students to get rid of their inhibition 

during ERT sessions were; (a) scaffolding with vocabulary 

input and gradually withdrawing from it, (b) creating a 

friendly, informal atmosphere for discussion. Using online 
videos and audio clips related to pronunciation, using online 

pronunciation dictionaries and using ELSA speak app were 

common strategies used to teach pronunciation, stress and 

intonation required for speaking activities. Some of the 

strategies used to teach vocabulary and grammar required for 

students to get engaged in speaking activities were: (a) 

sending PowerPoint presentations related to required 

vocabulary and grammar in advance, (a) using short movie 

clips and stories in the internet that are related to development 

of vocabulary and grammar. Some of the strategies used to 

overcome the difficulties in correcting students’ grammar 
mistakes during speaking activities in ERT sessions were: (a) 

correcting mistakes of each student via WhatsApp and 

sending feedback personally, (b) recording Zoom sessions 

and discussing common mistakes.   

 

B. Interviews   

From the semi structured interviews with the 10 teachers 
of English, it was found that majority of the ESL practitioners  
face a number challenges such as lack of interaction of 
students during speaking tasks, inhibition of students due to 
lack of L2 knowledge as well as due to presence of parents 
and family members during ERT sessions, students’ 
difficulties  to adjust to the limited  time for preparation for 
speaking tasks, difficulty of conducting role plays 
simultaneously like in face to face classes, challenges of 
correcting students grammar and vocabulary during speaking 
task,  lack of  resources like laptops and mobile phones, poor 
attendance of students, and lack of  teacher training. Lack of 
support from the Ministry of Education (MOE) and Zonal 
Education Office was a major concern of all 10 participants. 
About 80% of them stated that they need training on handling 
packages such as Zoom and MS Teams as well as training on 
using online games and tools such as Bamboozle, Kahoot and 
Jamboard.  

Despite those challenges about 60% of them use variety 
of strategies to overcome those challenges. Some of the 
common strategies used to overcome some of  the challenges 
were: (a) making use of WhatsApp to send the speaking 
topics, grammar and vocabulary needed for speaking tasks in 
advance, (b) using WhatsApp to give individual feedback 

and correct grammar and vocabulary related to speaking 
tasks (c) getting help of IT teachers, family members or 
parents of students to overcome teachers’ lack of training (d) 
having short informal conversations with students on how to 
overcome inhibition, (e) buying data cards for students, (f) 
getting students to share the devices with family members or 
peers, (g) conducting online English lessons at convenient 
time for students are some of the strategies identified during 
the interviews.  Thus, the researcher was able to achieve the 
two research objectives to a greater extent. However, the 
generalization of the results should be done cautiously as the 
sample of the study was limited to 75 teachers and the 
researcher used the purposive sampling method. 

  

V.  CONCLUSIONS AND RECOMMENDATIONS  

A. Conclusions related two objectives    

• With regard to the challenges encountered by the 
ESL teachers engaged in ERT in using activities for 
developing speaking skills at the secondary level grades, it 
can be concluded ESL practitioners have taken initiative to 
conduct ERT sessions in their respective schools amidst 
many challenges such as lack of interaction of students, 
inhibition of students, slow connections lack of knowledge 
and practice for teachers on various online tools and games 
such as Jamboard, Bamboozle, etc.   

• With regard to strategies identified to overcome 
challenges of, it can be concluded that ESL practitioners 
have used number of effective strategies such as redesigning 
the content to match the ERT environment, using grammar 
games, online polls, Zoom break out rooms, incorporating 
the videos, cartoons, power points to the existing and making 
lessons more interesting and appealing to secondary level 
ESL learners.  

B. Recommendations    

• Recommendations for ESL Teachers   

It is recommended to participate in workshops, training 
programmes that help ESL practitioners to acquire skills of 
designing online ESL content, especially on promoting 
speaking skills of students. It is also recommended to 
participate in workshops, training programmes that help ESL 
practitioners to acquire skills of making use of tools, games 
and software available online.  

• Recommendations for Principals  

School Principals should take steps to minimize the poor 
attendance of students in the online English lessons at the 
secondary level. It is also recommended to organize SBPTD 
programmes that target development of online ESL 
practitioners at secondary level.  

• Recommendations for Zonal Education Offices, 
Provincial Department of Education and MOE  

It is recommended to allocate funds to provide training 
programmes for ESL teachers to conduct online lessons.  
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Abstract— Public speaking is considered a crucial skill that 

is classified under the intellectual and practical skills that should 

be mastered by English language learners. However, many 

second language learners in Sri Lanka lack the motivation to 

speak in English. Neuro-Linguistic Programming (NLP) 

techniques offer a potential solution to improve speaking 

abilities, particularly in public speaking. One such NLP 

technique is "Outcome Orientation," which emphasizes setting 

clear goals for language learning and communication. This 

study aims to investigate the effectiveness of using the NLP 

technique of "outcome orientation" to enhance the public 

speaking abilities of English language learners. The study 

primarily focused on addressing two specific research questions. 

1). How effectively can the selected NLP technique be used in 

teaching public speaking in English? 2). How will the learners’ 

learning experience be in learning to do public speaking in 

English using the selected NLP technique? This was a classroom 

action research. A pre-test and post-test as well as a quasi-

experimental research design was carried out, employing the 

mixed method of both quantitative and qualitative methods. The 

participants of the study were 40 students from advanced-level 

classes at a government school in Sri Lanka. Quantitative data 

were collected through pre-tests and post-tests. Qualitative data 

was collected through a focus group discussion. In an effort to 

achieve the research aims, an NLP workshop for participants 

was conducted prior to the post-test. A qualified English 

language teacher was invited to take part in the study as an 

external observer and tester. Paired sample t-test and thematic 

analysis were employed to analyze the data. The findings of the 

study reveal that the implementation of the NLP technique can 

have a significant effect on the public speaking of advanced-level 

students. Besides, the NLP technique can be a valuable asset in 

boosting students' public speaking skills.  

Keywords— English language learners, motivation, Neuro 
Linguistic Programming (NLP), outcome orientation, public 

speaking 
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I INTRODUCTION  

Background 

The history of language education has been focused on 
finding more efficient methods to teach second or foreign 
languages. According to Richards & Rodgers (2001), despite 
the emergence of novel approaches, these methods have been 
insufficient in developing language learners' proficiency, 
especially in speaking. Neuro-Linguistic Programming (NLP) 
has been proposed as a modern approach to address this gap 
and enhance English language learners' abilities in various 
aspects (Zhang et al., 2023). 

NLP is an interpersonal communication system that 
combines Neuro, Linguistics, and Programming (Siddiqui, 
2018). It facilitates learning by linking linguistic, 
psychological, and pedagogical information (Moscoso, 2018). 
Developed in the 1970s by Dr. Grindler and Dr. Bandler, NLP 
helps individuals tap into their potential and strength, 
motivating them positively to achieve maximum results in 
various aspects of life (Gran, 2021). 

NLP, originally known as a tool for self-motivation and 
personal growth, has recently gained recognition in the field 
of education (Carey et al., 2010). Similarly, NLP is recognized 
as a supportive tool that can aid educators and students in 
cultivating exceptional abilities, including critical thinking, 
academic success, emotional intelligence, self-confidence, 
and empathy (Begum et al., 2022). According to Silva (2017), 
NLP enables a person to comprehend how cognition is 
processed (neurologically) and how this affects behaviour and 
decision-making. With the use of this educational tool, 
students may learn about and comprehend how the brain 
functions, as well as how to alter their thoughts and behaviours 
in order to fulfill the requirements of any human activity. 
Jayanthi (2021) claims that it is considered a highly effective 
tool in many countries, and there is an increasing demand for 
formal NLP method training among educators. Also, helps 
learners make positive changes in their thinking patterns that 
lead to improved outcomes. 

Teaching English as a foreign language has seen significant 
changes in recent decades, aiming to improve learning 
outcomes and school effectiveness (Richards & Rodgers, 
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2001). However, student motivation to learn foreign 
languages remains a challenge. To address this issue. English 
language teachers worldwide are integrating NLP-based 
activities into their classes to improve listening, speaking, 
reading, and writing skills (Siddiqui, 2018). 

Though English as a second language has been taught in Sri 
Lanka for decades, according to Gunawardana and 
Karunarathna (2017), English Language Teaching (ELT) in 
Sri Lanka is commonly viewed as unsuccessful. Despite 
recent efforts to address teaching and learning problems, 
desired outcomes have not been achieved. Moreover, many 
second language learners in Sri Lanka lack the motivation to 
speak English (Wijayatunga, 2018), and do public speaking 
often due to shyness and anxiety. It has been proven by many 
scholars, such as Ningsih (2016), Carvajal, Santiago & Salazar 
(2021), and Saraswat (2023). NLP techniques offer the finest 
solution for this matter, with Outcome Orientation being one 
such technique. Setting clear goals and focusing on the 
process are essential for overcoming public speaking barriers. 
NLP advocates "outcome orientation," which means being 
clear about your end goals, as it guides your efforts toward the 
desired outcome (NLP Well-Defined Outcomes, 2021). For 
instance, a student may aim to speak without referring to a 
paper. Using the SMART technique (Specific, Measurable, 
Achievable, Relevant, and Time-bound) is recommended 
(Blaine & Hornyak, 2012). Emphasizing the process over the 
outcome is key, and planning with the desired outcome in 
mind is crucial (Javadi & Asl, 2020). This study aims to 
explore how NLP's outcome orientation can enhance the 
public speaking skills of English language learners. 

Research Problem 

Though English as a second language has been taught in Sri 
Lanka for decades, the interest of ELT learners is not at the 
expected level (Wijayatunga, 2018). The current researcher 
has observed that schoolchildren were weak in oral 
communication, particularly in public speaking. The Pre-test 
(speech) given by the researcher proved that phenomenon. It 
seems that existing teaching methods have not adequately 
motivated learners to speak English in public. The necessity 
of a new method of language teaching is a timely need today. 
Hence, the current study aimed to determine how far NLP can 
help develop students' public speaking skills. This study also 
emphasizes the need to integrate NLP into our educational 
system to educate both teachers and students. 

Research Objectives and Hypothesis 

• To evaluate the effectiveness of using a selected NLP 
technique in teaching public speaking skills in 
English 

• To explore the learners’ learning experience in 
practicing public speaking skills using the selected 
NLP techniques 

Hypothesis (Ha) - There is a significant improvement in 

public speaking skills in English language learners 

using the selected NLP technique. 

Null hypothesis (Ho) - There is no significant improvement 

in public speaking skills in English language learners 

using the selected NLP technique 

Ethical Considerations 

To begin the study, the researcher obtained permission 
from the school principal to work with selected students. The 
participants were given a consent form, and their agreement to 
participate in the research activities was confirmed. The 
consent form provided information about the study's purpose 
and process (Karunarathna, 2020). Additionally, the 
researcher discussed the study's procedure with an English 
language teacher from the same section (A/L) at the school, 
who was invited to participate as an external observer and 
tester. 

II LITERATURE REVIEW 

An Overview of Neuro-Linguistic Programming 

Silva (2017) reveals that Neuro-Linguistic Programming 

(NLP) has its roots in Richard Brandler in the 1970s. Silva 

(2017) further explains, that after studying psychology 

Brandler found that when someone thinks positively about a 

difficult event, it ceases to be worrying.  Consequently, 
Brandler realized that how you think about something is key 

to how you experience it. This discovery has been termed 

“Modelling Human Excellence” in NLP. Bandler and Grinder 

created mental models based on language and behavior 

patterns that are applicable in various life domains, such as 

work, school, and interpersonal relationships (Silva, 2017). 

NLP comprises three components: "neuro," pertaining to the 

nervous system; "linguistic," involving words, images, and 

sounds; and "programming," which refers to the process that 

governs our thought patterns (Gran, 2021). From the 

perspective of NLP, individuals are viewed as active 
participants with consistent, structured connections among 

neurons, language, and mental processes (Gran, 2021). 

According to Gehlbach and Robinson (2021), NLP is a 

psychological discipline focused on internal cognitive 

processes. The primary function of NLP is to assist 

individuals in enhancing their self-communication and 

managing adverse emotions and stress (Nompo et al., 2021). 

Adding more to this idea Jayanthi (2021) states that NLP is 

thinking about thinking and it is the study of the mind and 

self-awareness, aimed at personal growth and achieving 

outstanding results in various life areas. It provides tools for 

self-improvement and education, serving as a self-motivation 
tool for reaching goals and altering behavior and mindset. 

Implementation of NLP Techniques in the Field of 

Education 

Though NLP was originally developed and used for 

psychological matters, it has proven that it holds potential in 

the field of education as well. According to Bandler (1985), 
a co-founder of NLP, NLP is fundamentally an educational 

approach that aims to empower individuals to harness their 

own cognitive abilities. This idea was verified by Keezhatta 
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and Omar, (2019) stating that NLP techniques and resources 

can be applied in educational settings to form perceptions of 

student interactions, behaviors, learning outcomes, and 

teaching effectiveness. A crucial skill in NLP is the ability to 

identify individuals' thoughts and extract relevant 
information to enhance the learning process for students 

(Jahan et al., 2022). Moreover, NLP provides a practical tool 

for enhancing the connection between teachers and learners, 

fostering collaborative learning environments (Keezhatta and 

Omar, 2019). When combined with traditional methods, NLP 

provides deeper insight into their cognitive processes during 

the learning process. (Zhang et al., 2023) 

 

Use of NLP Techniques in English Language Teaching 

As a self-motivation tool, NLP has been recently introduced 

to the education system in many countries. Hence, NLP plays 

a vital role in teaching English as a second language. 

Richards & Rodgers (2001) introduce NLP as a 

supplementary tool applied in the field of second or foreign-

language instruction in order to assist learners in becoming 

excellent performers.  According to Pishghadam & Shayesteh 

(2014), NLP is a complementary tool used by language 
teachers to support language learning. This idea was further 

elaborated by Tarnopolsky (2016) concluding that learning 

NLP gives teachers a chance to build positive relationships 

with their students. Henni (2018) explains that NLP has 

gained recognition as a valuable resource for enhancing 

language instruction effectiveness. Rayati (2021) investigates 

the positive effect of NLP techniques in English Language 

Teaching (ELT). NLP additionally aids language educators 

in enhancing the learning environment and conducting 

helpful, efficient interactions, ultimately leading to improved 

academic achievements (Anjomshoaa et al., 2021).Among 

the four language skills, speaking is an important skill for 
language learners to be competent with.  Carvajal, Santiago, 

and Salazar (2021) concluded in their study that using these 

strategies can increase oral dexterity more effectively than 

using conventional or traditional procedures. 

Correspondingly, Kizi, (2021) did a similar research to 

investigate the differences between English-speaking 

students studying the conventional and NLP methods.  The 

study concludes that there is a significant impact of the NLP 

method on developing the English-speaking skills of the 

students. According to Li (2018), NLP is an effective model 

for a valuable and productive English public speaking course. 
Moreover, Hallett (2020) points out, NLP can develop public 

speaking skills by providing techniques to build rapport with 

an audience, communicate better, have greater mental 

resilience, achieve outcomes, improve confidence, and 

achieve goals according to the SMART acronym. 

Research Gap 

According to Nunan (1991), for most people, developing 

speaking ability is the most crucial component of learning a 

second language or a foreign language. Its success is 

determined by how well one can communicate in that 

language. Although the English language is taught from 

grade 1 in Sri Lankan schools, many second language 

learners lack the motivation to speak in English 

(Wijayatunga, 2018). As stated above, though it is proven that 
NLP helps to overcome this matter, no research paper that has 

been written regarding this problem in the Sri Lanka context 

could be found. Thus, this study primarily focuses only on 

how the outcome orientation technique helps to improve 

public speaking skills in English among Sri Lankan upper 

secondary students that were not studied before in the Sri 

Lankan context.   

III METHODOLOGY  

Research Design 

This research was a classroom action research. A before-and-
after (pre-test and post-test design) quasi-experimental 
research design was carried out, employing the mixed method 
of both quantitative and qualitative methods. 

For collecting quantitative data, pre-test (speaking) and post-
test (speaking) were given to the participants, before and after 
the treatment in order to find the answers for the first research 
question. 

A qualitative data-collecting method involving a focus group 
discussion was conducted at the end of the study with the 
intention of achieving the second research objective, 

Setting, Participants, and Sampling Procedure  

The setting of the research was a government boys' school in 
Colombo, Sri Lanka which offers grades from 1 to 13. Grades 
1 and 2 learn English as Activity Based Oral English (ABOE), 
while grades 3 to 11 learn English as a link language, and 
grades 12 and 13 learn General English. 

The target population for the study was the Advanced Level 
(grades 12 and 13) students. Due to time constraints and the 
focus of grade 13 students on their upcoming G. C. E. 
Advanced Level examination, the accessible population was 
selected from the newly enrolled grade 12 students. Two 
classes were chosen as the sample using the purposive 
sampling method. Since it is a boys' school, 40 male 
participants (all the students of the selected two classes, 22 
from one class and 18 from the other class) were selected for 
the study. 

Methods of Data Collection 

Pre-Test and Post-Test: The study utilized pre-tests and post-

tests as quantitative data collection methods to assess 

participants' public speaking skills. Both tests were speaking 

assessments, and the external observer and the tester 

evaluated the tests to avoid bias. The speaking rubric 

proposed by O’Malley and Pierce which has been proven 

effective for secondary school students by Sari & Sembiring 

(2019) in their study, was used to evaluate students. The 

rubric assessed five components of speaking skills: 
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pronunciation, fluency, grammar, vocabulary, and 

comprehension. Participants were asked to deliver a prepared 

speech on any topic, with three days given for preparation. 

Pre-tests were conducted within a week, with 5 to 8 speeches 

taken each day. After the introduction of the selected NLP 

technique, participants delivered post-test speeches on the 

same topic, with a similar preparation period and assessment 

process. 

Focus Group Discussions: Qualitative data was collected 

through focus group discussions with the participants after 

conducting the post-tests. The 40 students were clustered into 

05 groups with 08 students in each group. The researcher 

asked questions from each group to explore their learning 

experience of English using NLP. 

 

Treatment: After conducting the pre-tests, the researcher 

conducted a four-hour NLP workshop for the students, 

focusing on the "Outcome orientation" technique, one of the 

NLP pillars. The workshop covered theoretical and practical 

aspects of NLP, using a PowerPoint presentation, video clips, 

physical activities, writing and drawing exercises, and 

entertainment activities. Students learned how to set aims and 

goals and develop a process to achieve them. They were 

encouraged to focus on the process rather than the outcome 

and were taught correct body postures and how to overcome 

negative thoughts using the "pink elephant" concept when 

preparing and performing the speech. They were also asked 

to practice their speeches in front of a mirror and how to use 

the "self-two" strategy to overcome performance obstacles. 

Finally, students were given the opportunity to construct aims 

related to their public speaking for the upcoming post-tests. 

IV RESULTS AND DISCUSSION 

This study aims to find answers to the two research questions 
that try to determine the use of the selected NLP technique in 
public speaking skills in English. Tests (pre-test and post-test) 
and focus group discussions were conducted on the sample of 
the study.  

Effect of the Selected NLP Technique on Public Speaking 

Skills in English   

 Results of the first objective set for the study, i.e.: 
“To evaluate the effectiveness of using the selected NLP 
technique in teaching public speaking skills in English”, and 
answer for the first research question, i.e.: “How effectively 
can the selected NLP technique be used in teaching public 
speaking in English?” is discussed in this subsection. The pre-
test and post-test evaluated the public speaking abilities of 40 
students based on four criteria: pronunciation, fluency, 
accuracy, and vocabulary as given in O'Malley and Pierce’s 
speaking rubric. Each criterion was weighted with a maximum 
score of 4, resulting in a maximum total score of 16.  

 According to the sample size and the assumption, a 
t-test was taken. The results of the paired sample t-test of the 
pre-test and post-test are illustrated in Table 1. According to 

the results, the analysis reveals significant improvement in 
students' speech skills after the introduction of the "Outcome 
Orientation" NLP technique. The average mean value 
increased from 5.9 in the pre-test to 13.9 in the post-test (Table 
1), indicating the effectiveness of the treatment. The p-value 
of the two-tailed test is 0.000 (1.9245E-28) and it is less than 
the Alpha value (0.05). Consequently, it rejects the null 
hypothesis (Ho) that there is no significant improvement in 
public speaking skills in English language learners using the 
selected NLP technique. At the same time, the hypothesis (Ha) 
of the study that there is a significant improvement in public 
speaking skills in English language learners using the selected 
NLP technique is accepted. The observed value of the mean 
difference (8.05) is statistically significant.  

 Therefore, according to the results of pre-test (M = 5.9 , SD = 
1.9) and post-test (M = 13.9, SD = 1.4), it can be concluded 
that there is a statistically significant improvement in public 
speaking skills in English language learners using the selected 
NLP technique t(39) = -29.8, P = 0.000.    

PAIRED SAMPLE T-TEST RESULTS 
     

  Pre-test Post-test 

Mean 5.9 13.9 

Variance 3.6 1.9 

Observations 40 40 

Standard Deviation 1.9 1.4 

Hypothesized Mean Difference 0   

Df 39  
t Stat     -29.8  

P(T<=t) two-tail 1.9E-28   

Learning Experience of Learners in Practicing Public 

Speaking Skills Using the Selected NLP Techniques: 

Results of the second objective set for the study, i.e.: “to 
explore the learners' learning experience in practicing public 
speaking skills using the selected NLP techniques”, and 
answer for the second research question, i.e.: “How will the 
learners’ learning experience be in learning English using the 
selected NLP technique?” is discussed in this subsection. 

To achieve the second objective, the researcher conducted 
focus group discussions with the participants after the post-
tests. The students' responses were transcribed and 
categorized into themes to analyze their perceptions of 
developing English speaking using the NLP technique. 

 Based on the focus group discussion data, the participants' 

perceptions towards developing English speaking using the 

NLP technique are categorized into six major themes. as; i. 

previous experience and preparation, ii. motivation and NLP  

technique iii. support and encouragement, iv. post-test 

experience, v. reflection and growth and experience with 

NLP technique, vi. future use of NLP technique. 

a) Previous Experience and Preparation: The 

researcher found that 78% of the participants reported having 

previous experience doing public speaking in English, while 

22% had not. When asked about how they prepared for those 

speeches, 63% of the students mentioned not following any 
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special method. Some students (12%) admitted to copying 

stories from books or the internet, while only 3% sought help 

from their sister and class teacher. 

b)  Motivation and NLP Technique: In the theme of 

motivation, it was observed that 93% of the participants 

indicated being motivated and following the NLP technique 

for post-test speech preparation, while 7% followed it but not 

consistently. S 30 mentioned, “I started to think in a new way 

that the teacher taught us, it was a good motivation for me to 
be prepared for the speech” Furthermore, Many students 

(53%) felt more confident when practicing and making 

speeches.  Some students (17%) initially felt shame but 

improved gradually with practice. S 38 declared, “I felt more 

confident than ever before”. While S 10 claimed, “First I felt 

shame if my family members hear me practicing an 

ENGLISH speech because I have done such a thing never 

before, but gradually I felt to do this very well”.  Apart from 

that, as stated by S 14,“I thought I would not be able to do 

this well since I’m very lazy, but whenever I have negative 

feelings, I reminded the strategies and stories taught by the 
teacher in the workshop. That is why I could do my speech 

better than the first”. Students noted they struggled due to 

laziness but relied on NLP strategies to do better. 

Additionally, 13% of students expressed determination to 

practice well, while 5% saw it as an opportunity for 

recognition. Another 5% of students admitted to being 

inconsistent in their practice, feeling bored and lazy at times. 

Support and Encouragement: The fifth question asked by the 

researcher was “What were the responses of your family 

members regarding your work/practice at home?”The 

majority of students mentioned positive family responses, 

with parents and siblings supporting and appreciating their 

efforts in practicing English speeches using NLP techniques. 

S 13 noted, “Actually my mom was very happy seeing me 

practicing English speech that I had done never before. It 

meant a lot to her. And I saw her happy tears when she was 
appreciating me”. Some students even inspired their family 

members to use NLP for self-improvement. For instance, S 2 

stated “It was my sister who was kidding me when I was 

practicing the speech in front of the mirror. She thought that 

I was crazy. Later on, I explained to her the techniques taught 

(NLP) by the teacher. She said that she also wants to follow 

the same techniques not only to develop her English-speaking 

ability but for the betterment of her future also”. Apart from 

that, parents and siblings played a crucial role in encouraging 

students and providing them with opportunities to showcase 

their public speaking skills. It was very apparent in the 
response given by S 22, “My father had secretly listened to 

me when I was practicing the speech at home. Then he was 

very happy about my enthusiasm and he encouraged me to do 

the welcome speech at our annual family gathering”. 

 Post-Test Experience: In response to the post-test 

speech, the majority of students reported improved 

confidence, fluency, and engagement with the audience. They 

mentioned using NLP techniques to overcome nervousness 

and deliver their speeches more effectively. S 24 stated “Not 

like the 1st speech(pre-test), this time I could do the speech 

confidently from the beginning. And achieved my goal. I 

used NLP techniques to overcome nervousness, deliver my 

speech fluently, and engage with the audience well” while S 
6 claimed “At the beginning, I felt so uncomfortable and 

shame, then suddenly I followed the techniques taught by the 

teacher, then could end up my speech according to the aim (I 

do the speech without stammering within 3 minutes) set by 

me earlier. At the same time, they were pleased to see the 

positive response from the audience, and some felt a sense of 

accomplishment in achieving their speech goals with the help 

of NLP techniques.“I was stuck one time when I was doing 

the speech, but the ‘self two’ technique helped me in that 

event to overcome my weakness and end up my speech 

nicely” (S 28). Additionally, S 31 declared“ I felt very happy 

when I saw the audience staring at me silently seining that 

they like the way I spoke”. 

Reflection and Growth and Experience with NLP 

Technique: The students reflected on their experience with 
the NLP technique and acknowledged significant 

improvements in their public speaking skills and confidence. 

“I feel I have improved a lot after following NLP techniques” 

(S 23). Conversely, S 36 claimed, “Thanks to NLP, now I’m 

confident enough to do public speeches to any audience”. 

Also, S 27 stated, “This is such a best method we ever found 

to learn not only English but any other subject and work too”, 

while S 38 expressed, “teacher’s guidance and motivation 

mean a lot for us to make this success” These statements 

advocate that they credited the teacher's guidance and 

motivation for their success and found the NLP technique to 

be motivating not only for English learning but also for other 
subjects and tasks. They expressed gratitude for the impact of 

NLP on their language ability and overall growth. 

Future Use of NLP Technique: All students enthusiastically 

expressed their commitment to using the NLP technique in 
the future to achieve their life goals. They firmly believed that 

the techniques they learned during the study would be 

invaluable in their personal growth and success in various 

areas of life. 

V CONCLUSIONS AND RECOMMENDATIONS  

Conclusions   

This research paper examines the integration of NLP 
(Neuro-Linguistic Programming) in enhancing public 
speaking skills in English language teaching. The study 
focuses on the NLP technique "Outcome Orientation," as one 
of the pillars of NLP coaching. The conclusion of this study in 
accordance with two objectives is discussed in this sub-
section.  

Based on the analysis of quantitative data, the first 
research objective can be concluded that the NLP technique 
"outcome orientation" has a notable impact on enhancing 
public speaking skills among English language learners. 
Consequently, it can be concluded that the implementation of 
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this NLP technique in the educational context leads to 
substantial improvements in students' public speaking 
abilities.  

Based on the analysis of qualitative data investigated 
against the second research objective, it can be concluded as 
the same as the first objective, NLP techniques positively 
impact students' public speaking skills and language 
proficiency. Integrating NLP principles in language education 
creates a supportive environment, empowering students to 
communicate confidently and effectively. The use of NLP 
techniques fosters self-reflection, a growth mindset, and 
resilience. Feedback from participants showed that the NLP 
technique inspired confidence in preparing and delivering 
English speeches, and students acknowledged their progress 
and appreciated the teacher’s support. 

Recommendations  

The paper recommends further research with larger 

sample sizes and longitudinal studies to better understand the 

sustained benefits of NLP interventions on students' public 

speaking skills and language proficiency. Integrating NLP 

techniques into language curriculum design is suggested 

based on the study's findings to enhance students' language 

ability and public speaking skills. To effectively implement 
NLP techniques in language classrooms, comprehensive 

professional development and training for language teachers 

on NLP principles and strategies are recommended. 

Personalized support should be provided to students who need 

additional help in developing their public speaking skills. 

Encouraging the use of multimodal instruction and 

incorporating multimedia resources can complement NLP 

techniques in the curriculum. Implementing these 

recommendations can cultivate articulate and self-assured 

communicators with essential language skills for academic 

and real-world success. 
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Abstract – Table of Specification (TOS), or is called as 

Test Blue Print contextually, is a significant theory-laden 

techniques to be utilized in developing valid and reliable 

written tests despite either in primary, secondary or 

tertiary level of educational assessment. And TOS 

provides an overall picture whether the written tests are 

aligned to cognitive levels suggested in Bloom’s taxonomy 

and balance the knowledge assessments categorically 

among low-order and higher-order knowledge 

accumulation. A descriptive survey was conducted to 

identify whether University lecturers are willingly 

following the so-called knowledge assessment 

requirement in undergraduate level technology courses. 

Fifty three lecturers responded for the online survey 

questionnaire distributed via emails. Qualitative data was 

thematically analysed and quantitative data was 

statistically analysed via graph and percentages. 

Significantly the survey revealed that majority of the 

lecturers are unaware of TOS and they have not been 

using it in written test development. 

 

Keywords - Knowledge Assessment, Table of Specification 

(TOS), Teacher-made tests, Test validity and reliability, Test 

development 

I. INTRODUCTION 
Testing is solemn in education as it depicts the 

effectiveness of the teaching-learning process, and eventually, 
testing makes a perpetual influence on student affairs in due 
course so that it should be legitimate in construction, 
implementation, and evaluation. As teacher-made tests have 
been the major source of drawing inferences about college-
level student achievements, such  

tests ought to be valid and reliable to get done the task. 
Test construction needs aligning to certain theoretical and 
empirical concerns targeting legitimacy; one such attempt  

has been Table of Specifications (TOS) which is a two-
way grid that demonstrates the interrelationships among test 
items and instructional objectives (Musah, Al-Hudawi, Tahir 
& Kamil, 2015; Gul, 2016; Osebhohiemen, 2019).  

 

 

 

Table of Specifications has long been used in test 
construction (Weis, 1976; Dills, 1998; Fives & DiDonato-
Barnes, 2013; DiDonato- Barnes, Fives & Krause, 2014; 
Musah, Al-Hudawi, Tahir & Kamil, 2015) but empirical 
research outcomes show that college teachers lack knowledge 
and skills which need for accurate development of TOS (i.e. 
Osebhohiemen, 2019, p. 80; Jugar, 2013, pp. 5 – 7). As it has 
been observed in the local university context, lecturers are not 
aware about the use of TOS and its applicability. Hence, it 
would be noteworthy inquire about the use of TOS among the 
local university academic staff. 

LITERATURE REVIEW 

The question on hand is, thus, finding out ‘what does TOS 
do for testing?’ Notar, Zuelke, Wilson, and Yunker (2004) 
affirmed that “the use of a table of specifications can provide 
teacher-made tests validity” (p. 115). Gul (2016) and Owen 
(2018) also held the same notion that Table of specifications 
improves test validity. The Table of Requirements (TOS) is a 
valuable educational assessment tool that describes the 
distribution of content across different cognitive levels and 
learning goals, assisting in the design of balanced and holistic 
assessments. It helps educators align their assessments with 
the intended curriculum, ensuring a fair and representative 
assessment of students' knowledge and skills. TOS guides the 
creation of tests by assigning a question rate related to each 
topic and cognitive level, avoiding overemphasis on some 
areas and ignoring others. This leads to more valid and reliable 
assessments, as it takes into account the diversity of the 
content and the perceived needs of the learning objectives.  

The Table of Specification (TOS) is an important tool in 
educational assessment because it provides a structured 
framework for designing assessments that accurately reflect 
the program's learning goals. TOS helps educators ensure the 
validity, reliability, and fairness of assessments by 
consistently linking content to cognitive levels and learning 
outcomes. By assigning the distribution of questions to 
different topics and cognitive domains, TOS avoids bias and 
overemphasis on certain areas, promoting a comprehensive 
assessment of knowledge and skills.  
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TOS improves instructional planning by emphasizing the 
relative importance of each topic, allowing educators to 
allocate instructional time more effectively. It also helps 
students focus their academic efforts on the areas to be 
assessed, reducing unnecessary stress and promoting better 
academic results. In addition, TOS contributes to the 
transparency of assessment design, promoting a clear 
understanding of the assessment process among students, 
educators, and other stakeholders. This transparency helps 
maintain the quality and integrity of the assessment process, 
consistent with educational goals.   

Test validity is a questionable attribute in tests it seems 
indiscernible on the face of a test but it is a fixed property of a 
test (Wolming & Wilkstrom, 2010, p. 118). Test validity 
means the degree to which the evaluations or judgments we 
make as teachers about our students can be trusted based on 
the quality of evidence we gathered (Wolming & Wilkstrom, 
2010; Owen, 2018). Undoubtedly, test validity entrusts the 
quality of testing. Another form of checking the test quality is 
reliability which is an inseparable property of tests as it shows 
the amount of measurement error associated with test scores 
(Frisbie, 1988, p. 55). In addition, test item analysis supports 
eliminating misleading test items, items which can be used in 
later measures and items which could be having higher 
reliability in a test (Quaigrain & Arhin, 2017, p. 2). 

 

A. Test validity and reliability 

The highly interrelated but conceptually different 
properties of a test, validity and reliability, supports the test 
developers to understand whether test measures the intended 
cognitive capabilities. To assure the authenticity of a test, 
types of validity and types of reliability must be ensured 
(Alias, 2005). Face validity is crucial in ensuring that test-
takers proceed and try their best on a test. A test that is other 
than what it claims to be measuring – absence of face validity 
– may discourage students from continuing with the test. 
Therefore, determining whether a test possesses face validity 
does not require the opinion of an expert. Content validity 
needs the opinion of an expert as it shows consistency between 
the syllabus content, test objectives and test contents. If the 
test contents cover up the test objectives and representative of 
the syllabus, it could be said that the test has the content 
validity. 

Three types of classroom test reliability can be found, 
namely: internal consistency, inter-rater and intra-rater 
reliability (Black, 1999). Internal consistency refers to 
consistency of objectives among the items of a test (Alias, 
2005). i.e. if the items of a test measure the same set of 
objectives related to test modes, then the internal consistency 
of a test is met. Inter-rater reliability refers to if the different 
raters give almost the same marks for same quality answers in 
a test (Gisev, Bell & Chen, 2013). Doubts to inter-rater 
reliability come when the raters give different marks for the 
same quality answers. Intra-rater reliability refers to marks 
given by the same teacher for the same answer at different 
occasions. If the teacher is tired of marking answers when time 
goes on and starts giving low marks, intra-rater reliability 

issues come. Inter-rater and intra-rater reliability can be 
increased by a marking scheme or a marking rubric which is 
pre-designed and guided to mark answer scripts.  

 

Then, how could the reliability and validity of a test be 
kept? Several measures can be employed in that regard. 
Deciding on a test objective, designing and developing a test, 
evaluating the test and test administration are the typical 
activities followed in the assessment process (Alias, 2005). 
Test objective can be formulated via ABCD format (Khan et 
al., 2012). It assits designing and developing a test. With the 
well-written objectives of a test, designing and developing the 
test is started. As many test items to be developed and covered 
the syllabus, test development process is critical. This task can 
be achieved via continuing with the Table of Specification 
(TOS). TOS is the best means of setting the match between 
syllabus and cognitive levels. Content validity of a teacher-
made test can be theoretically achieved with the TOS. In the 
first row of the TOS associated with cognitive levels – which 
is the cognitive levels emphasized in Bloom’s Taxonomy or 
SOLO Taxonomy. The first column deals with the topics and 
subtopics covered in the syllabus and percentage coverage of 
the content is shown in the second column. Further, TOS 
shows the number of items to be developed on each topic or 
objective proportionally to the time allocation. And item 
format (MCQs, restricted/extended response items) can also 
be given in the adjacent column. TOS supports determining 
marks for each objective/topic and overall weightage allocated 
(Alias, 2005). Deciding the test format, though it has been 
done typically looking at previous tests, needs careful 
attention balancing the different formats as selection type 
items (MCQs, True/False, matching items and filling the 
blank items) measure factual knowledge and supply type 
items (Structured essay and Open-ended items) measure depth 
knowledge on the content covered. Typically, test validity 
increases with selection type items. Conversely, essay type 
items take considerable time in marking the answers whereby 
it needs greater effort ensuring intra-rater and inter-rater 
reliability of a test. Test item construction can reduce the 
validity and reliability of a test due to many reasons like poor 
language usage, context of the problem, and ease of 
understanding. Further, ambiguous questions, questions 
which have different interpretations and bias questions might 
affect the test validity and reliability.  

Test evaluation may also be a considerable attribute in 
student assessment. Evaluation is twofold: formative and 
summative. Formative assessments target small groups of 
students, also called in-course or continuous assessments, 
items are subsequently analyzed and decide the reliability. 
Feedback could be accommodated and revised for the test, but 
summative assessments come at the end and analysis is 
performed after the test. Feedback would be important for the 
next batch.   

 Test item analysis is done to identify the quality of test 
items. Two statistical techniques can be used to estimate item 
quality, namely Difficulty Index and Discrimination Index 
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(Mahjabeen et al., 2017). Difficulty index value 0.5 is said to 
be good for norm-referenced test (Alias, 2005) 

 
 

III. STUDY QUESTIONS AND OBJECTIVES 
The following research question and objectives appear to 

be deemed appropriate in achieving the intended study 
purpose. 

A. Research questions  

What is the level of awareness of the use of table of 

specification among university lecturers? 

B. Objectives 

1. To what extent are the University lecturers conversant 

with the procedures of constructing table of 

specification? 

2. To what extent are the University lecturers using table 

of specifications in developing teacher-made tests 

 

III. METHODOLOGY 

 
As this study is to understand the existing phenomena of 

the study problem, a descriptive survey research design was 
employed (Salaria, 2012, p. 8) and data gathered via survey 
questionnaire which emailed to respondents in the 
University of Vocational Technology. Similar type of 
questionnaires has been frequently employed in survey 
research data collection in quite similar studies conducted in 
many disciplines including education (i.e. Odiagbe, 2017, p. 
72; Musah, Al-Hudawi, Tahir & Kamil, 2015, p. 195). Survey 
questionnaire consists of ten closed-ended questions to find 
out the attitudes about using the TOS in teacher-made tests 
and it was piloted with a few academics before distribution 
to the sample. Piloted survey questionnaire was further 
revised and distributed to the sample which consist of fifty-
three respondents (n=53) and invited to fill it online. 
Collected data was qualitatively and quantitatively analyzed 
to answer the two study questions.  

 

Though it has been understood that teacher-made tests 
should meet psychometric properties like validity and 
reliability, the practice could differ from what is practised. 
Thus, to understand the effect of table of specifications in 
improving validity and reliability in teacher- made tests in any 
educational context, descriptive survey research (quantitative 
dominant) is applicable as such an attempt undoubtedly 
amplifies issues in the existing body of knowledge and 
practice. 

 

V. DATA ANALYSIS AND INTERPRETATION 

Survey respondents belong to   different technology 
disciplines of the University. They undertake students’ 
assessment, namely continuous and final assessments, in the 
respective technology areas. One of the duties of them is 

developing theoretical written papers for undergraduate 
students in respective technology areas.  As per the responses 
received, 23% of the lecturers are from Hotel and Tourism 
Management, 19% of ICT, 15% from Food Technology, 11% 
from English Language and rest of respondents represents 
Education Technology, Mechatronics, Industrial 
Management, Manufacturing Technology etc. Significantly, 
the survey found out that 69% of the lecturers have not 
attended any training or workshop related to student 
assessment and only 31% of lecturers have received training 
on student assessment and evaluation.  

 

Fig.1 depicts that 67% of the lecturers are not aware of 
TOS. The finding is not favorable as there is a higher 
probability of having invalid and unreliable written 
assessments for undergraduate students in many fields of 
technology studies. Further, the final results cannot be 
acceptable, and the assessment related decisions are 
questionable due to this factor. 

 

Fig. 1 Question wise responses 

Table 1 shows question wise responses for the survey 
questions. Many lecturers are willing to know about TOS but 
a little attention has been paid over the issue due to 
unawareness of the role played by TOS in written test 
development and its validity and reliability. Similarly, though 
38% of lecturers are aware of TOS, only 35% of lecturers are 
using it. 

  

15% of lecturers know the advantages of TOS while 35% 
know and 50% said that they do not know it totally. These 
figures show that lecturers should have an exposure to TOS 
and its advantages. Finally, survey asked whether lectures are 
aware of the relationship between TOS and validity. Only 
54% lecturers are having a command of practice over the use 
of TOS in written test development.  

 

 

 

 

 

 

33%

67%

Do you know about TOS?

Yes No
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TABLE 1 

QUESTION WISE RESPONSES 

Question Yes Somewhat No 

4. If ‘No’ for 

question no 3, would 

you like to know 

about TOS? 

81%  19% 

5. Have you used 

TOS when you 

develop written test 

papers? 

35%  65% 

6. Do you know the 

advantages of using 
TOS in developing 

teacher-made tests? 

15% 35% 50% 

7. Do you know the 

relationship between 

TOS and test 

validity? 

19% 27% 54% 

 

Survey results are insightful and comprehensive for 
scholars and academics as they perform a sort of accountable 
duty for students and society. Test results demonstrate how 
well the teaching-learning process has been organized and 
planned to aim at the achievement of educational goals and 
needs of a country. If the educators are blind about 
implications of some theoretical concerns such as TOS 
specially in assessment, variation between the objectives and 
outcomes would be higher.  

VI. CONCLUSION 
The study aimed at identifying the awareness of lecturers 

about TOS and its benefits in test written development. Survey 
affirmed that the lecturers, around 68% respondents of the 
sample, were unaware of such a significant and essential 
theory-based practical application for teacher-made test 
development. Further, psychometric attributes of test, validity 
and reliability, highly rely on test development and item 
development. If the assessors are unaware of theoretical and 
practical concerns of test development certainly test validity 
and reliability could not be assured thereby the test 
authenticity would be lost.   
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Abstract— English Medium Education (EME) is a 

popular concept and is often used from primary to 

tertiary education. In school education, selected subjects 

are offered under English Medium Instructions (EMI) 

and at the tertiary level, most of the courses are offered 

under EMI. Even students who get an opportunity to 

select the medium of instruction at school, are not getting 

a chance to do the same at the tertiary level, apart from a 

few courses. The majority of Sri Lankan students follow 

the school education in Sinhala or Tamil (first language). 

Once they move to the tertiary level, they have to continue 

their study in English (second language). As a result, 

students are facing challenges and issues. Therefore, this 

study aims to find out the challenges students faced in 

understanding subject content due to the change of 

medium of instruction from first language to second 

language. This qualitative study was done as a case study 

of 15 students who are following Telecommunication 

Engineering (NVQ level 6) at a Technical College in Sri 

Lanka. A face-to-face interview was conducted to review 

the challenges in depth. Data were analyzed based on 

thematic analysis. Findings reveal that students who had 

exposure to EMI during school time are performing well 

at the tertiary level with fewer difficulties. Unlike reading, 

writing, and listening, students are afraid to speak in 

English. They face challenges in enhancing their English 

language while attempting to understand the subject 

content. Some practical solutions can be suggested to 

overcome challenges under EMI. EMI can be applied to 

the teaching-learning process from primary education 

onwards. Well-trained and professionally qualified 

English teachers should be recruited for technical colleges 

to enhance grammar, vocabulary, and other aspects of 

language.  

 
Keywords—Bilingual Education, Challenges, English Medium 

Education, English Medium Instruction, Tertiary Education 

I INTRODUCTION 

English is considered a universal language in which all can 

communicate. There is no doubt that everyone is trying to 

learn this due to the excessive demand for English globally. 
It is the world's second-largest native language. (Britannica, 

n.d.) English is a West Germanic language of the Indo-

European language family. It originated in England and is 
used as a dominant language in the United States, the United  

 

Kingdom, Canada, Australia, etc. English is used as a lingua 

franca all over the world. Now it is used all over the world as 

a global language by creating many opportunities. English is 

used in many fields such as business, technology, education, 

and health. Especially in the field of education, it has many 

advantages as well as disadvantages because Sri Lankans use 

it as the L2. In the 19th century, the Education System in Sri 

Lanka started conducting teaching and learning in English 

medium. EMI can be defined as teaching academic subjects 
using English. Commencing EMI was a great step in the 

process of education. In EMI classes, students have dual 

tasks. One is that students learn their academic content in 

English medium and the other is students get an opportunity 

to cultivate English language proficiency (ELP). Also, EMI 

is about speaking and writing in the classroom hence, 

students will develop listening and reading skills as well. The 

commencing of EMI was a huge process and it took a long 

time to be implemented. In history, missionary schools which 

were started by the Dutch and British provided education 

through the medium of English. Moreover, the Sri Lankan 

education system reflected mainly on the British model. At 
the beginning of the 19th century, there were two types of 

schools; charity and village schools and the others were 

grammar and public schools. However, during the latter 

stages of British rule, three types of schools emerged. They 

were English (private) schools, Anglo Vernacular schools, 

and Vernacular schools. Anglo-Vernacular schools or 

bilingual schools were established to produce officials who 

could work in the government sector. These schools provided 

instructions in the local language at the lower level and 

English at the higher level. Most Asian countries which were 

under the British Colonization started to switch their medium 
of instruction to English for their educational purposes. 

However, those colonized countries had doubts about the use 

of English for future purposes. They were not sure whether to 

continue education with the colonial language or the local 

language. Sri Lanka as an Asian country faced this issue. So, 

Sri Lanka continued English medium education from the 

school level to the tertiary level. This was the starting point 

of EMI in Sri Lankan secondary-level education. Even 

though most of the students studied secondary education in 

their first language, more students wanted to follow the 

mailto:elt19b139@uovt.ac.lk
mailto:anoma@uovt.ac.lk


 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

354 

 

 

courses that were available in English medium under tertiary 

education. The reasons can be the validity of the course is 

higher when it is learned in English medium and it is easy to 

find jobs that are related to the field. On the other hand, most 

of the world-recognized courses are offered only in English 
to keep the recognition of the institutions. Though English 

medium is optional in secondary education in Sri Lanka, for 

some courses English medium is compulsory at the tertiary 

level. Once the students finish their secondary education, they 

enter to the tertiary-level education. Most of the students 

follow their secondary education under Sinhala medium and 

Tamil medium instructions but when they move to the tertiary 

level, they have to follow courses in English medium. A 

student who goes thirteen years of education in their first 

language will face several challenges when they change their 

medium of instruction at the tertiary level. Apart from a few 

courses, most of the world-recognized courses are conducted 
in English at the tertiary level because of the concept of 

globalization. The constitution of Sri Lanka has allowed 

being educated in English. Therefore, students who study at 

universities, colleges, vocational institutes, and other higher 

national institutes experience a different educational 

environment which is different from the school environment. 

They face difficulties such as understanding new subject 

content and interacting with lecturers and instructors and 

language issues such as spelling pronunciation and 

vocabulary. 

Research Problem 

The purpose of this study is to find out the challenges faced 

by students of technical colleges in understanding the subject 

content due to the change of medium of instruction from 

Sinhala at the secondary level of education to English at the 

tertiary level in Sri Lanka because many students follow their 

secondary education in Sinhala. Once they finish their 
secondary education, they are ready to start their education at 

one of the higher educational institutes.  Currently, most 

students select technical colleges to continue their higher 

studies and most of the National Vocational Qualification 

courses are conducted only in English medium, so students 

have to face numerous challenges as they have to switch their 

medium of instruction when they start their higher education.   

Research Objectives 

 

The objectives of the research are,  

1. To find out whether teaching materials and 

learning materials used for teaching become 

challenging in understanding subject content 

2. To explore the language aspects that become 

more challenging when understanding subject 

content in class or at exams 

3. To identify the challenges students, face when 
using technical terms in understanding subject 

content 

II LITERATURE REVIEW 

An overview of English Medium Education in Sri Lanka 

English was introduced to Sri Lanka with the arrival of the 

British in 1796. It was spread in the system of Education 

chronologically. English was the language of administration 

under the British rule. Also, it was the language of higher 

education and school education. The Christian missionaries 

started teaching English in Sri Lanka. From 1796 to 1948, 

English was the medium of instruction. English was 
considered a ladder to achieve high positions. Schoolchildren 

were given the privilege of having their education through 

Sinhala and Tamil. However, English was one of the subjects 

of the school curriculum and was the of instruction in the 

universities and other higher educational institutions 

(Sanmuganathan,2017).  EMI can be defined as the use of the 

English language to teach academic subjects in countries 

where the first language of the majority of the population is 

not English. "For EMI courses, the delivery of content, whole 

class interaction, the learning materials, and the 

demonstrations and assessment of learning outcomes (such as 

oral presentations, assignments or tests) should be in 
English’’ (Dearden & Spain, 2021).  

EMI at the School Level 

Many researchers have investigated how English education 

works and the pros and cons of it. Mahawatta (2012) has done 

research that foreshadows difficulties that students face in 
Bilingual Education (BE). According to her, many schools all 

over the country conducts BE program. It is done by using 

EMI for selected subjects such as Mathematics, Science, and 

Technology including Computer Literacy and Social Science. 

It is expected that students will be confident in the language 

when they finish secondary education. In Sri Lanka, students 

will differ from one another based on the exposure to the 

language they are having. Yet, many surveys have found that 

students of BE in schools face several difficulties in Speaking 

English. The reason can be negligence of speaking in English 

in the classroom. Moreover, Illeperuma (2022) defines 

English as the language of science. When we had to shift to 

the English medium, we did not have any difficulties since 

the technical words in English used in our daily lives. But 

when learning science in Pali or Sanskrit, it is difficult 

because we never use such words in our daily lives. Some 

studies were carried out to discuss BE program (BEP) 

strengths and issues. Nanayakkara (2017) divides issues that 
are related to BEP into two categories.  They are policy and 

implementation-level issues. According to his study, there is 

no exact policy to make circulars. As well policy is not 

addressing the ways to solve issues in BEP. Moreover, he 

states that it is important to introduce a new circular that 

should include what subjects and number of subjects to be 

taught, curriculum development, assessment, BE teacher 

development, and recruitment and training programs 

available. This will be important if respected authorities pay 

attention to the above factors to develop BEP.  The above 

studies discuss a large of EMI. Many researchers have 

pointed out that there are many opportunities and challenges 
of BE at schools in Sri Lanka. 

 

EMI at Tertiary Level 

Unlike schools, English is used as a medium of instruction at 

the tertiary level. Higher educational institutes conduct 

courses in English medium. Even though this is challenging, 
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neither students nor lecturers can skip this process. Navaz 

(2016) finds out that the medium of instruction in many 

universities is English for Science, Engineering, and 

Medicine.  First-language learners face many challenges 

when they switch their medium to second language. Many 
researchers have focused their attention on this. According to 

some of the studies, it was revealed that some of the 

drawbacks in the successful implementation of English 

medium education in the university were; the training 

provided for the lecturers had not improved their teaching 

methodology to teach the content through English and the 

absence of a standardized university policy towards 

languages and multilingualism that provided strategies for 

BEP. Moreover, Neranjani (2021) expresses many 

researchers have identified that the lack of experience of the 

teachers of subject matter in the development of language by 

balancing both language and content objectives is the one of 
shortages in Sri Lankan universities. Also, most instructors or 

lecturers are not aware of using language to teach pedagogy. 

It can be considered as demotivation for students because 

they are not able to complete their tasks due to inadequate 

instructions in English. Therefore, most students identify that 

the content they learning as a burden. Each research 

foreshadows the challenges students face when they are 

learning under English medium instructions. It depicts that 

both school education and tertiary education bear the above 

challenges and issues. Though most of the previous research 

had been done to investigate the challenges as a medium of 
instruction in English at the school level and universities, 

there is less research finding the challenges of EMI in 

technical colleges in Sri Lanka. Students at universities face 

many challenges due to the change of medium of instruction. 

Many researchers in Sri Lanka have addressed the above 

issues and have made recommendations. However, no 

research has been conducted to talk about technical education 

which is currently most important. Therefore, this research 

aims to fill the above gap by discussing the challenges of EMI 

for students who study at technical colleges in Sri Lanka. 

III METHODOLOGY 

Research Method 

The study was done as a qualitative study because the 

researcher wanted to find out the challenges students face 

when they are following NVQ courses in English medium. 

The researcher’s determination by doing this qualitative 

study is to find out the students’ perceptions in-depth whether 

the teaching materials and learning materials used for 

teaching become challenging in understanding subject 

content, to explore the language aspects that become more 

challenging when understanding subject content in class or at 
exams and to identify the challenges students face when using 

technical terms in understanding subject content. Students 

who are following NVQ-level courses have to refer to 

materials in English. So, it is a major challenge. Doing a 

qualitative study will help to explore students' points of view 

or their ideas in depth and it helps to elicit the students’ views 

about challenges they face when understanding the subject 

content under EMI. 

Research Design 

Under the qualitative approach, the researcher focuses on a 

case study. This case study was done to identify the 

challenges deeply. The word “case study” itself describes a 

study of a single case which are related primarily to people, a 

program, or a particular institute or organization. The case 

study focuses on a single entity and it has some boundaries 

which are clearly defined. The reason to do this study as a 

case study is that the challenges students face at College of 

Technology, Galle cannot relate with the students who are 

studying at every technical college. By doing this case study, 
the researcher can suggest for future researchers to conduct 

the same study as a survey to find out the challenges. This 

case study helps to elicit the issues of students who studied 

their secondary education in Sinhala or Tamil face when they 

switch their medium to tertiary education. 

Population & sample 

This case study was done at one of the technical colleges in 

Sri Lanka. One reason to select a technical college apart from 

universities and other higher educational institutes is that 

most of the students’ option to follow a course that is relevant 

to the field they like to work. Technical colleges provide a 

wide range of courses that students can select for their 

interests. Also, they provide knowledge, skills, and training 

for every course. Among 33 colleges, the College of 

Technology (CoT), Galle was selected to conduct the case 

study because it provides different course categories and a 

higher number of students are currently studying in this. Also, 
technical colleges provide certificates and NVQ level 1-6 

courses. All certificate courses and NVQ level 1-4 courses 

are conducted in the first language and NVQ level 5 and 6 

courses are conducted only in English. Therefore. These 

courses are valid in foreign countries and many opportunities 

are available in the world of work. Another reason is this 

NVQ framework is very famous among the young generation 

nowadays. Therefore, most students prefer to follow NVQ 

courses and they continue up to NVQ level 7 (degree level) 

which is offered by the University of Vocational Technology, 

Ratmalana. The population was students who studied 

Telecommunication Engineering (NVQ level 6) at CoT, 
Galle.  There are 33 students in the course and among them, 

15 students were selected under simple random sampling. 

The sample was limited to 15 as the questions asked at the 

interview covered a wide area and the researcher aimed to 

find out the opinions of the students in depth. Therefore, the 

convenient number for the researcher was 15.  Both clever 

and weak students were in the sample to identify the 

challenges. 

Data Collection Procedure 

The researcher used primary and secondary data to conduct 

the study effectively. The primary data were collected 

through a face-to-face interview and the secondary data were 

collected through previous research articles which are 

relevant to the study. The interview was conducted within a 

day. It was conducted at CoT, Galle. Three and a half hours 

were spent to interview 15 students. Each student was 

interviewed by spending 10-15 minutes. Interviewees 
participated in the interview actively and shared their 
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opinions for asked questions. Students were taken one by one. 

Questions were prepared to cover the three objectives. 13 

questions were asked from interviewees to get a clear idea 

and to find out the challenges they face when they switch 

their medium of instruction from Sinhala or Tamil to English. 
Some questions were divided into sub-questions. Sub-

questions helped to get the point of view of students on EMI 

in depth. Before interviewing with the sample, questions were 

piloted with 4 students who were not in the sample. All the 

questions were asked in English. It was difficult to get the 

students’ views as they had to provide the answers in English 

too. Therefore, the questions asked at the interview were 

translated into Sinhala by considering the convenience of the 

interviewees. They gave the real ideas they had when learning 

under EMI. New questions were included after conducting 

the pilot. Those questions were based on listening to lectures 

and speaking in classrooms in English. Data were analyzed 
under the thematic analysis. 

IV ANALYSIS & DISCUSSION 

This chapter critically analyses the challenges and opinions of 
15 participants who are studying Higher National Diploma in 
Telecommunication Engineering (NVQ level 6) at the College 
of Technology, Galle 

Attitude towards EMI 

After 13 years of school education, students move to follow 

their higher education in a university or any other higher 

educational institute. There is no doubt that most of the 
courses are conducted in L2. Students who have followed 

primary and secondary education in their first language face 

many difficulties once they start to follow the courses in L2. 

Therefore, they have different attitudes to EME. Since the 

commencement of the course, many participants have felt an 

interest and a fear as it was a novel experience for them. The 

below quotations show their feelings toward the course, 

P8 stated “I had an interest to follow the course as it is in 

English medium because this is my first time following a 

course in English medium. I did a self-study on grammar and 

read English newspapers to improve my English language” 

 P10 stated “I had an interest in learning a course in English 
medium because I had a target to learn 20 English words per 

day” 

Certain participants stated that they felt ambitious to follow 

the course in English medium because it is a ladder to achieve 

higher positions in the job market. They directly stated that 

they get a chance to follow NVQ level 7 (degree) after 

following level 6. Therefore, it is evident that the majority 

have a positive attitude towards EMI. It depicts that EMI is 

an exciting opportunity anyone should undergo at the tertiary 

level. 

Previous Exposure to English 

The participants had the above attitudes because the 

individual participants had a different exposure to English.  

Given this theme highest number of students had followed 

different courses before commencing the Telecommunication 

Engineering (NVQ level 6). However, only 4 participants had 

followed courses in English such as Computer Hardware 
Technician (NVQ level 5), English Diploma, and Business 

Management Diploma. Other 11 participants had followed 

courses such as Information and Communication Technology 

(ICT), Life skills course, and electrical course in Sinhala. It 

depicts that only a few participants had exposure to English 

before entering the CoT, Galle. The below quotation shows 
the comment P4 has given on his previous exposure to 

English 

 “If anyone has exposure to English, he or she will be able to 

manage any course in English medium” 

It suggests that previous exposure to English can influence to 

continuation of a course in English. Most of the students 

study their primary and secondary education in first language. 

However, in tertiary education, most of the courses are 

conducted in English medium. P4 had learned English 

medium from grades 1-8 and after grade 8, he changed the 

medium of instruction because of the difficulties in subjects 

like Science and Mathematics. 
P4 stated “I learnt in English medium from grade 1 to 8. 

However, I switched to Sinhala medium because I had 

difficulties in learning subjects like Science and 

Mathematics. I had low marks for them on term tests” 

 All other participants had followed their school education in 

their first language. All were Sinhalese. So, they had learned 

it in Sinhala medium. P4 who had studied in English medium 

at school faced fewer difficulties than the other participants 

who had studied in Sinhala medium. For instance, P4 claimed 

that, 

“I have less problem while studying the course because of the 
EME at school time” 

The above analysis shows the medium of primary and 

secondary education directly influences the medium of 

tertiary education. If anyone has a previous experience with 

the English medium, he or she can manage the courses which 

are taught in the English medium. It suggests that previous 

exposure to English influences tertiary education. This is a 

direct quote told by one of the participants at the interview.  

“Language is the major thing. If anyone is confident in 

language, there is no matter with the subject content” (P4) 

The above facts prove that the impact of the medium of 

instruction during primary and secondary education makes an 
impact on the challenges students face in understanding 

subject content in English medium. 

Understanding of Teaching-Learning Materials in English 

 

Most of the tertiary-level courses are offered in English 
medium. So, participants have to refer to teaching and 

learning materials in English. They help to give a better 

understanding of the subject content. All participants 

expressed that they were given teaching materials such as 

PowerPoint presentations and handouts. Also, they use PDF 

documents, library books, newspapers, and past papers as 

learning materials.  All teaching materials are used in English 

medium concurrently the medium of learning materials is 

chosen by the learner according to their level of 

understanding.  Therefore, participants face some difficulties 

while referring to them. The highest number of participants 

have difficulties while referring to teaching learning 
materials in English. Below are quotations how the 

challenges participants face while referring to them, 
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“Some words are difficult to understand because of the heavy 

content” (P9) 

“When referring to workshop reports, usage of passive voice 

makes confusions in understanding some concepts” (P6) 

In contrast, the least number of participants could understand 
them on average. They use Google Translator or a dictionary 

to get the meaning of difficult words. Sometimes, they asked 

lecturers to explain it. Therefore, they have found alternatives 

to understanding teaching and learning materials that are 

given in English medium. They familiarize difficult words by 

using them several times in different contexts.  Below are 

some of the ideas of participants, 

“Some words in the PowerPoint presentations are difficult to 

understand. Therefore, I use a dictionary to find the meaning” 

(P9) 

“I use a Google translator when reading websites to get the 

information because some words are difficult to understand” 
(P13) 

Participants get a chance to select the medium of instruction 

while referring to learning materials because they are used by 

learners to get a deep idea about the subject content. It 

depends on the learner’s necessity and convenience. An equal 

number of participants like to read books and other learning 

materials in Sinhala and English medium. Certain 

participants choose Sinhala for the following reasons. 

• P9 likes to read books in Sinhala medium because 

of difficult words. He said that he needs to use a 

dictionary whenever he referring to English books. 

• P12 needs to refer to books in Sinhala medium 

because he is not able to understand the content 

easily with real meaning. When he reads English 

books, he feels that he cannot get the same meaning 

compared to Sinhala books. 

Similarly, some participants prefer to read books in English 

even when they have difficulties. Below are some quotations 

to reveal the reasons for choosing the above medium. 

“It is easy to refer to books in English medium because 

everything related to the course are available in English” (P7) 

“Most of the time we are using foreign resources such as 
articles, and websites to get a better understanding. 

Obviously, they are available in English. Therefore, I always 

want to go with English materials” (P10) 

“I have a desire to learn English. English learning materials 

are a good opportunity for me to improve English” (P1) 

Less number of participants prefer to have mixed language to 

understand teaching learning materials well.  They choose 

mixed language because it is easy to understand the concepts 

rather than getting overall meaning in English.  

“I understand the meaning of English words by looking at 

Sinhala words. Therefore, I prefer mixed language to read 

learning materials” (P11) 
The majority face challenges when referring to teaching and 

learning materials because of the language in contrast, few 

participants face challenges because of the subject content. 

The above facts and quotes foreshadow that teaching learning 

materials becomes challenging in understanding subject 

content. 

Effects of Language Aspects in Understanding Subject 

Content 

There are four main aspects of language. They are phonology, 

morphology, syntax, and semantics. English is a combination 

of everything. All participants have issues with grammar, 

spelling, and vocabulary. No one was able to express that one 

particular aspect was difficult because everyone has issues 

comparatively in every aspect. They face the above 

difficulties both in classrooms and in exams. Most 

participants’ idea was that many problems occur at the exam 

than in the classroom. Respectively, P11, P1 and P4 states 
that, 

“Grammar, spelling, vocabulary become challengeable at the 

exam. In the classrooms, we can work cooperatively when 

difficulties appear” (P11) 

“Lack of vocabulary is the most difficult part in the 

classroom.” (P1) 

“Grammar is used automatically but does not know the 

purpose. Also, when writing words, spelling is not correct 

always. If we write 100 words, 25 words may be wrong in 

spelling” (P4) 

Therefore, every language aspect becomes challenging when 
understanding subject content in the classroom and on the 

exam. By considering the above factors, it is concluded that 

language aspects can be influenced in understanding subject 

content. 

Challenges in Understanding Technical Terms 

Each course of technical college provides knowledge, skills, 
and training for a particular field. Therefore, during the 

course, students learn technical terms. They differ from each 

other. Technical terms are also used in English medium. The 

majority expressed that technical words are difficult to 

understand at first glance.  P8 states that he has many 

difficulties in understanding technical terms. Therefore, he 

writes down it and asks it from the lecturer at the end of the 

session. P11 states that first he finds the meaning and then he 

sees how that word is used in a sentence. Most participants 

agreed that they refer to a dictionary or Google translator to 

get the meaning of the word. The below ideas further clarify 

challenges in understanding technical terms.  
“It is difficult to understand at first but gradually I get familiar 

with them” (P12) 

“By drawing pictures, I remember technical terms” (P2) 

Most number of participants felt that the technical terms were 

getting difficult because of the language. In contrast, the 

lowest number of participants’ opinions was that technical 

terms are difficult because of the subject content. However, 

certain students faced difficulties in understanding technical 

terms because of both. The below facts summarize the 

solutions they have found to understand technical terms 

• It is easy to memorize when the technical terms are 
learned with pictures. 

• Technical terms get familiar because of the 

repetition throughout the course. 

• Dictionary, google translator, chat GPT helps 

students to find the meaning of technical words. 

• The more attention should be given to the usage of 

technical terms in a sentence. It enables us to 

understand them in the context. 
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• Deep explanation makes it easy to understand 

technical terms. 

 

V CONCLUSIONS 

This study reveals that, the challenges students faced while 
studying Telecommunication Engineering (NVQ level 6) 

under EMI at the College of Technology, Galle. By analyzing 

the data, the researcher can draw conclusions based on the 

research questions. According to the analysis, it is proved that 

teaching learning materials have become challenging in 

understanding subject content because of the medium of 

instruction. Therefore, the medium of instruction can be 

influenced in understanding subject content while referring to 

teaching and learning materials such as PowerPoint 

presentations, handouts, websites, books, and other reference 

materials in English. As every material relevant to the course 

is available in English, most participants prefer referring to 
them in English. It suggests that though they have challenges, 

they need to build a sound background knowledge of English. 

It helps to develop the understanding of EMI in their future 

studies as well. Once they have finished following the course, 

they can start following the degree (NVQ level 7) at the 

University of Vocational Technology (UoVT), Ratmalana. 

These challenges will be a ladder to continue to the degree in 

English successfully. Also, analysis foreshadows that 

language aspects have an impact on understanding subject 

content. Every participant has issues with more than one 

aspect such as grammar, vocabulary, spelling, etc. The 
knowledge of language aspects is essential in understanding 

subject content, also it can affect speaking, listening, reading, 

and writing. Further, they feel fear of speaking in common 

places due to lack of vocabulary and they make many errors 

in writing due to poor grammar. Spelling can have an impact 

on writing in the classroom and at exams. Finally, 

participants face difficulties in understanding technical terms 

because of the medium of instruction. 

Recommendations 

 

Considering the analysis, the researcher can suggest relevant 

solutions to overcome challenges under EMI.  Participants 

have switched their medium of instruction from L1 to L2 

once they have started to follow the tertiary level. It is the root 

of where challenges occur. Reading strategies can be applied 

to avoid challenges while referring to reading materials in 

English. Participants can break up readings into chunks if it 
is heavy content. While referring to websites, they can use a 

dictionary to get the meaning. During the delivery of 

presentations, they can note down difficult concepts that 

should be clarified later. More assignments should be given 

to refer to materials. Then students get an opportunity to read 

more and more. Instructors can apply reading circles, and 

peer reading in the classroom to avoid challenges in 

understanding teaching learning materials in English. EMI 

should be applied since primary education. To implement 

EMI, teachers should be provided with proper training 
programs. EME should be encouraged in rural and urban 

equally. It will develop participants’ proficiency in English. 

Once they switch the medium of instruction from L1 to L2, 

they will be able to continue the teaching-learning process 

with fewer challenges. Moreover, separate sessions should be 

implemented to develop grammar, spelling, and vocabulary. 

Reading newspapers and watching films can have a positive 

impact on developing vocabulary. Apart from the subjects 

related to the course, an English period can be included per 

day. Well-trained and qualified English teachers should be 

recruited for technical colleges. Language skills such as 

speaking, reading, writing, and listening are equally 
important in EMI classrooms. Though participants manage 

reading writing and listening, they have issues in speaking. 

Therefore, speaking should be encouraged since school 

education. Respective authorities should pay attention to 

enhancing speaking skills in technical colleges. Also, current 

techniques like mind mapping, flashcards, and word cards 

will help to get a better understanding of technical terms. 

Workshops and field trips can be conducted to familiarize 

them. The researcher can recommend the above solutions to 

overcome challenges under EMI after a thorough study of the 

data analysis. 
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Abstract— The English Language is taught as a compulsory 

subject in the curriculum of schools in Sri Lanka. Although 

the students have been learning English for thirteen years of 

schooling, the students have not reached the expected 

competent level in English especially, in speaking. However, 

many qualified and competent non-native English teachers 

who have obtained degrees and diplomas have been 

recruited in the schools and they have improved their 

speaking skills. They might have used many strategies to 

develop their speaking skills. The current study focused on 

exploring the strategies used by English teachers to improve 

their speaking skills. Eighteen English teachers from nine 

provinces of Sri Lankan government schools were selected 

as the sample. A semi-structured interview was conducted 

as the research tool and a narrative technique was adopted 

to obtain qualitative data. The data was analysed using 

thematic analysis. According to the analyzed data, having an 

English-speaking family background, engaging in activities 

related to English in schools, neighbours’ and friends’ 

interaction, and developing reading, listening, writing skills, 

and speaking skills itself were affected positively to improve 

speaking skills. Furthermore, reading books, listening to 

songs, speeches, and news, writing speeches, poems, and 

essays, speaking to him or herself, talking to the mirror and 

the pet, and use of technology were some identified 

strategies. It could be recommended that four skills of 

English should be developed to improve speaking skills and 

practice speaking skills as much as possible assist to in 

developing speaking skills. Moreover, it could be 

recommended to use the explored strategies to improve the 

speaking skills of the students in Language classrooms.  

Keywords: English teachers, speaking, develop, strategies,  
Language classroom  

IX. INTRODUCTION   

  
Language of the colonial Sri Lanka was influenced mostly 
by the British. Colebrook Commission prioritized English 
education and English language was given priority other 
than Sinhala and Tamil in the country. According to 
V.J.M. Lokubandara, the real gap in Sri Lankan society is 
not based on religion, ethnicity money, or caste but it is 
based on language. It is the gap between those who know 

English and those who don’t know English. Due to this, 
different varieties of Sri Lankan English have emerged and 
the people who are fluent in English use Standard Sri 

Lankan English (SSLE) while the ones who are not 
familiar with English, speak nonstandard Sri Lankan 
English which is called not-pot English. SSLE, generally 
known as Sri Lankan English consists of the Sri Lankan 
way of pronunciation. With the introduction of English as 
a subject from grade 3 in 1956 and grade 1 in 1997 the gulf 
between these two varieties of English was reduced to 
some extent. But the exposure to English in the schools 
was limited and it is reflected in the students in the schools 

of Sri Lanka even in the present. Therefore, it can be 
identified a significant drawback in speaking among the 
students.  Being a government English teacher for 13 years 
of service I observed that, there is a significant drawback 
in speaking English. Although English has been taught in 
schools as a subject, the students are not competent enough 
to speak English, especially in rural areas. Further, I have 
witnessed how the students struggle to speak when they 
get the opportunity to communicate in English. However, 

the teachers of English have improved their speaking skills 
and they are fluent speakers of English. Thus, the 
researcher will explore the strategies used by English 
teachers to develop their speaking skills in order to use 
them in the language classroom in the current study. 
Although many narratives were available, about 
developing the speaking skills of the students, less research 
was done on the experience of teachers in developing their 

speaking skills using their strategies. As there is a research 
gap the researcher wants to fill this gap by researching how 
English teachers themselves develop their speaking skills 
through their experience. The following research question 
will be looked at:   

A. Research Question  

What strategies did the teachers of English Language use to 
improve their speaking skills?  

X. LITERATURE REVIEW  

A. Speaking Strategies   

The main objective of this research is to explore the strategies 

used by English teachers to develop their speaking skills in 
order to use in English language classrooms. Thus, it needs 
to understand what is meant by strategies. Nunan (1999, 
p.171) states that learning strategies that are used by learners 
are the mental and communicative procedures that help to 
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learn and use the language. Therefore, learners may have long 
retained about structure, sentence patterns, and vocabulary if 
they use speaking strategies to improve themselves. 
Similarly, Cohen (1998, p. 66), Rahmadeni, Amri, and Adnan 
(2013, p. 413) present that if the learners are aware of many 

possible strategies while learning and using the language, the 
learners will be able to learn the language easily. Moreover, 
the use of strategy motivates the learner towards learning. 
The study carried out by Pawlak finds that the use of speaking 
strategies motivates learners. (Pawlak, 2011). Further, he 
explains that the speaking skills of learners can be improved 
by the use of strategies and these speaking strategies help to 
overcome the difficulties that arise in the communication 
process. (Pawlak, 2018). Similarly, a study done by Varela 

(1999) with learners of English as a second language who use 
different speaking strategies to improve speaking finds that 
the ones who use speaking strategies are more successful in 
conveying their ideas to others. Thus, exploring the strategies 
used by teachers to improve their speaking skills will aid the 
learners of English to improve the learners’ speaking skills.  

As the strategies are different from one learner to the other, 
the learner should be able to select the appropriate speaking 
strategy to use to improve herself or himself according to the 
level of him or her. Lopez, (2011), reveals that the speaking 
strategies should be selected by the learners according to their 
language proficiency. As there are many speaking strategies, 
the learners can select the speaking strategies to improve their 
speaking skills by considering the level of the learner. The 

teachers of the language classrooms can assist the students in 
selecting the appropriate strategies. When considering more 
strategies, Huang and Naerssen (1987) provide some 
speaking strategies such as using the target language to 
communicate, thinking in that language, talking to oneself, or 
reading to get the models for speaking. Similarly, Cohen and 
Olshtain (1993), mention another four strategies such as 
planning, thinking in two or three languages, searching for 
target language forms in various ways, and paying attention 

to grammar and pronunciation after conducting some 
speaking activities with 15 advanced learners of English as a 
foreign language. Kawai (2008) explores some strategies that 
are used in the classroom in order to avoid breakdowns while 
speaking. According to him in-class discussions, practicing 
speaking daily basis, starting discussions with peers, and 
relying on stop-gap are the strategies. A study to explore the 
effect of strategy training on the development of oral 
presentation skills by Varela in 1999 found that speaking 

strategies improved the oral performance of the students. 
Further, he says that strategies such as grouping, selective 
attention, cooperation, self-talk, note-taking, and self-
assessment improve oral presentation (Varela,1999). Many 
scholars have suggested many strategies that are used to 
improve speaking skills. Among them, Lyman (1981), 
suggested that activities like information gap activities, think 
Pair Share and Role play enhance speaking skills whereas  
Wragg& Brown (2001) mention group activities improve oral 

communication as the students have more opportunities to 

ask questions than work individually. A similar idea is 
presented that engaging in group work and pair work 
enhances speaking skills as they provide opportunities to 
increase chances of speaking (Brown,2001, Green, 1989 & 
Nation,1989). There are many scholars who suggest that role 

play plays an important part in improving speaking. Among 
them, Ladouse(1995) mentions that role-play provides 
various communicative techniques and improves fluency, 
developing interaction and motivation in the classroom. 
Volya (2009) has presented many strategies used by the 
learners in his study such as speaking with friends, speaking 
with an English teacher, trying to find an English speaker, 
talking to themselves in English, taking English courses, 
making dialogues, listening to English music, and watching 

English movie. Moreover, Shumin (2002) states that 
producing short utterances to communicate enables adult 
learners to engage in small talk which is a good strategy to 
improve speaking skills.  

XI. METHODOLOGY  

This study employed a qualitative research paradigm and a 

narrative style to explore the strategies used by English 
teachers to develop their speaking skills and semi-structured 
interviews were used as the research tool. The Purposive 
Sampling technique was used to choose the sample for the 
study.  Hence the population is English teachers in Sri Lanka 
consists of Eighteen English teachers employed in schools 
and universities. These teachers belong to nine provinces of 
Sri Lanka.   

  
XII. ANALYSIS AND DISCUSSION  

A. Family and School Community  

Family and school community was one of the themes that 
emerged from the discussions.   

“My mother used to tell the English words and phrases while 

she was doing her work in the kitchen and when I made 

mistakes she corrected them on the spot.” (p 1)  

 This particular participant had exposure to the English 
language from her childhood because of her mother. 

Listening, using vocabulary, and memorizing that vocabulary 
might improve her fluency in speaking.   

“I used to read books a lot, most of the text related to modules 

and love stories written by Sidney Sheldon, and Nelson 

DeMille”. (p 3)  

 She further mentioned “I chose the books that suit my 

interest, so I engaged in reading with pleasure.”(p 3)  

 Dubin and Olshtain (1997, p.97) point out some benefits of 
extensive reading. According to them, extensive reading 
provides pleasure and satisfaction as the students read on 
their own and it has an effect on writing and speaking skills. 
Thus, she might improve her speaking ability through 
extensive reading. Although she did not speak English at 
home, her strong willingness to read might help her to 
improve her speaking skills. Thus, it can be identified in her 
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story, that reading is one of the important strategies to 
improve speaking.  

 “My father had to go abroad and we had to accompany him 

and we stayed for 3 years there and my speaking development 

started after this incident.” (p 2)  

This particular participant had to move to a totally 
Englishspeaking environment and it provided excellent 

exposure to the English language. There she was compelled 
to learn and use the language.  

 “Once we came back, we maintained the language but we 

had difficulty in retaining what we learned there, therefore 

my parents brought out the rule we should speak in English 

at home.” (p 2)  

It was seen in her story that she had the opportunity to use the 
language as much as possible. Many critics have mentioned 

that repetition is an effective way to improve speaking. It 
helps to memorize the phrases, vocabulary, and structure. 
Thus, the use of language might assist her to develop her 
speaking skills.  

“In the English period, we had a nice teacher who 

communicated in English and the Western music teacher had 

a good English background. So, I got the opportunity to speak  

English” (p 4)  

When considering the school environment this particular 
participant got the opportunity to communicate in English 
during these two periods as both the teachers were good in 
English.   

“In school, I participated in the English Day competitions, 

especially for recitation, dictation, and creative writing and 

I used to practice the poem in front of the mirror to check my 

pronunciation, body language, and facial expressions.” (p 5) 

As she got the opportunity to participate in the competitions, 

this particular participant was able to improve her vocabulary 

and pronunciation. Having sound knowledge of vocabulary 

and pronunciation is really helpful in improving speaking.  

When the speaker lacks vocabulary, it affects the fluency of 
that speaker. Similarly, if the speakers are unable to produce 
correct pronunciation, they do not speak. Thus, both 
vocabulary and pronunciation are integral parts of speaking. 
She used to practice in front of the mirror in order to have 

correct pronunciation. It is a good strategy for a learner to 
correct the mispronouncing of the words. Based on the 
analysis of the gathered data, it can be inferred that being 
exposed to language both at home and in school is an 
effective strategy for enhancing speaking abilities.  

B. Neighbours’ and friends’ interaction  

  
Friends' and neighbours’ interaction was one of the themes 
that emerged from the discussions.   

“Burger family moved into our next door and there was a 

five-year-old Burger child who was going on and on talking 

in English. When we got together, we talked in English and  

talking improved because of that Burger child.” (p 6)  

Above is one of the statements given by one of the 
participants whom the researcher interviewed. She 
mentioned that she was able to develop her speaking skills 
mainly because of her neighbour. Shehadeh (2011), mentions 
that learning happens through face-to-face interaction and 

shared processes. This is also valid for language learning 
where interaction and sharing ideas are major components of 
developing language skills.  

 “Basically, I did not speak with my friends in English. I think 

there should be interaction to improve speaking.” (p 5)  

 This statement was given by another participant and from her 
story, it can be understood that she did not speak in English 
with anyone but she practices the strategy of speaking to 

herself. She did it as a habit. Perhaps her strategy of talking 
to herself may influence her to improve her speaking ability.  

“We formed a circle with our friends and we had seven 

members in the circle. In this circle, one friend had to read a 

small storybook in one day and others had to listen to it. 

There we could catch pronunciation, vocabulary, and some 

structure. It was a rotating circle that each one had to present 

every day.” (p 7)  

This particular participant and her friends understood that 
there was a drawback in speaking English when compared to 
the others in the school. Thus, they took this step to improve 
their speaking skills. Actually, peer interaction provides good 
opportunities for students to improve their language. When 
the environment is friendly and free, the students attempt to 
speak with errors and they produce utterances without any 
fear. This helps to develop speaking skills.  “We maintained 
vocabulary books and shared them among us.” (p 7)  

 It was seen in the stories that lack of vocabulary is one of the 
reasons for poor speaking ability and the above participants 
had used a good strategy to improve vocabulary with the 
assistance of friends. According to Schmitt & Carter (2000), 
vocabulary is a crucial part of learning a foreign language. 
Furthermore, August, Carlo, Dressler, and Snow (2005), state 
that one who has a limited vocabulary is shown less engage 
in oral communication with peers. A successful strategy for 

improving speaking skills is to maintain peer interaction. 
This has been identified as an effective strategy.  

  

C. Utilizing Strategies  

  
Nunan (1999, p.171) states that learning strategies that are 
used by learners are the mental and communicative 
procedures that help to learn and use the language. Almost all 
the participants used one or more strategies to improve their 
speaking skills. One particular participant stated, “I talked 
with my pet in English as a habit then I was able to reduce 
my fear of talking”. (p 8)  

It was seen in her story that she used the strategy of talking to 
her pet dog as a habit, which helped to reduce her fear of 
speaking in English. Thus, this particular participant uses the 
strategy of talking to the pet in order to overcome her anxiety 
to speak in English and it might help her to improve her 
speaking skills.   
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“Listening to the lectures conducted by the university, 

listening to native speakers of English and speakers of SSE 

helped to reduce anxiety and helped to improve speaking.” 

(p 5)   

In this scenario, she had anxiety but she was able to overcome 

it little by little by using the strategy of listening. She mainly 
listens to the native speakers of English as well as the 
speakers of SSE.  

“I am a music lover and I used to listen to English music like 

songs by Bonny. Based on the meaning and sounds I used to 

sing along with the singer. Then I could improve my accent.” 

(p 1)  

 She has the habit of listening to music and singing, and she 

was able to get familiar with the accents of the native 
speakers.  

 “I wrote everything and wrote the speeches, poems, songs, 

and essays and they helped me a lot to improve my 

speaking.”( p 5)  

 The above statement was given by another participant. It was 
seen in her story that writing influences speaking. It is crucial 
in improving speech. There is an interrelationship between 
writing and speaking. The strategy of writing poems, stories, 
speeches and songs might help her to improve her speaking. 
“The number one strategy is to speak with my sister and the 

other members of the family.” (p 2)  

This was from another participant. When someone has the 
practice of using language, it builds up the self-confidence to 
speak in front of others. Her self-confidence might help her 
to improve her speaking skills. The number two strategy 
would be reading out loud, for example,  

“If I mispronounce a word, I will take a book and read it 

aloud.” (p 2)  

This was uttered by the same participant and reading silently 
and reading aloud were used as strategies by many 
participants whom the researcher interviewed. Huang, W 
(2010) had done research on the effects of reading aloud on 
the English pronunciation of Chinese EFL learners. In that 
research, he found out that reading aloud significantly affects 
improving pronunciation.  

 “I had an idea to become a public speaker and I went in front 

of the classroom and practised.” (p 1)  

 Because of the desire to be a public speaker, this particular 
participant developed her speaking ability and confidence by 
speaking in front of a real audience in the classroom. Thus, 
she got the experience of interacting with the audience. 
Providing opportunities to practice speaking in authentic 
contexts to have real-world experience can help the learners 
to improve their speaking abilities. (TESOL Journal,2016). 

Another strategy for developing speaking skills is using 
reallife situations to practice, as suggested by teachers who 
have shared their experiences.   

“I watched movies, and listened to interviews, songs, and 

discussions.” (p 8)  

Thus, this participant watched and listened to English movies, 
news and discussions. Watching and listening take place 

simultaneously when watching the movies. Listening is a 
fundamental skill in developing speaking. As Goss (1982) 
stated, by listening to native speakers, the learners are able to 
listen to new vocabulary, and phrases and also can learn how 
these phrases and words have been used in the sentences. 

Similarly, it facilitates learning grammar and the usage of 
grammar in a proper way when producing speech. Thus, 
watching movies, and listening to interviews and discussions 
are other strategies to improve speaking skills.  

  

D. Use of Technology  

  
According to, Bahadorfar and Omidvar (2014), technological 
tools such as the internet, podcasts, video conferencing, 
videos, and speech recognition software are the best tools for 

teaching speaking.   

“I followed YouTube videos such as the TEDx talk, and mind 

your language programs. Usually, I downloaded these videos 

and listened to them again and again.” (p 1) According to 

this participant, she had the habit of following YouTube 

videos related to speaking.   

“I mostly google for pronunciation, meanings, and synonyms 

and I used to watch free lessons conducted by British 

teachers on YouTube.” (p 9)  

This participant too googles unfamiliar words and their 
pronunciation. Although these participants belong to 
different age groups, they get the help of technology to 
develop their speaking skills. Thus, another strategy explored 
was the use of technology to improve speaking such as 
listening and watching YouTube videos and surfing the 
internet for unfamiliar words and their pronunciation.  

V. CONCLUSION AND RECOMMENDATION  

  
This research aimed to find out the strategies used by 

English teachers when improving their speaking skills to use 
them in the English Language classroom. The results indicate 
that the teachers of English have used at least one or many 
strategies to improve their speaking skills through the journey 

of developing speaking skills. They have used them 
consciously or unconsciously. The results depict that English-
speaking family background and school environment play a 
significant role in developing speaking skills. It shows that 
English-speaking family backgrounds and the school 
environment provide more exposure and affect improve 
speaking skills positively. Similarly, communicating with 
neighbours and friends in English has a great impact on 

improving speaking. According to the results obtained, it can 
be understood that the teachers of English utilized strategies 
such as loud and silent reading, listening, writing, and 
practising speaking with themselves, others, the mirror, and 
the pet. It can be stated that improving other skills such as 
reading, writing, and listening assist in developing speaking 
skills. Other than these strategies, the results depict that peer 
interaction, the use of technological devices, and surfing the 
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internet have a successful impact on improving the speaking 
skills of teachers. Most English teachers have utilized the 
strategy of speaking to themselves, to the mirror, to a pet, or 
with others while the skill of writing has less impact on 
developing speaking skills as a strategy. Similarly, listening 

to videos related to speaking, native speakers, and SSLE 
speakers are other strategies that positively improve speaking 
skills among English teachers according to the analyzed 
results. The results showcase that the use of some strategies 
has a different impact on developing speaking as the use of 
strategies is dependable and varied from learner to learner. 
Especially, listening to music is not very helpful to one 
participant while some other participants found it assists to 
improve their speaking skills. As there is a generation gap 

among the teachers interviewed, the teachers who belong to 
the digital era prefer to use modern technology to enhance 
their speaking such as surfing the internet to find correct 
pronunciations of unknown words and get used to online 
dictionaries than use dictionaries manually. By considering 
the findings, the following recommendations can be 
mentioned. In order to develop the speaking abilities of 
learners in the English language classroom, teachers can 

employ the strategies used by the interviewed English 
teachers. It is recommended that individuals should improve 
their listening, reading, and writing skills to enhance their 
speaking skills, as these skills are interdependent and 
interdependent. Speaking with friends is also an effective 
strategy to improve speaking ability. Individuals may speak 
with themselves, pets, or a mirror to develop their speaking 
skills. Both loud and silent reading is important, and 
practising pronunciation and learning vocabulary is also 

beneficial for improving speaking skills. Moreover, writing 
speeches, poems, stories, and essays influence speaking and 
it is one of the effective strategies to improve speaking. 
Furthermore, listening to songs, conversations, and speeches 
by native speakers or SSLE speakers is really helpful in 
developing speaking skills. It can be recommended that 
technology-integrated strategies such as watching standard 
YouTube videos that are related to speaking and referring to 
online dictionaries and e-books improve speaking skills. 

Having an English-speaking family background provides 
more exposure to the English language and more exposure to 
language is an advantage for developing speaking skills. 
Similarly, participating English English-related activities in 
schools and peer interaction also positively affect improving 
speaking. The findings and recommendations in relation to 
the current study could be used to develop speaking skills 
among English language learners not only Sri Lankan context 
but other ESL learners of foreign contexts. As there is less 

research available related to stories of English teachers about 
how they develop their speaking skills in the Sri Lankan 
context, more research is encouraged to be conducted to 
enhance speaking skills.  
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Abstract— E-learning is a learning platform that helps 

students with their learning by providing a variety of 

learning resources. E-learning is widely used globally 

with the support of new technologies and the latest 

electronic devices. This paves the way for 

communication for course work at any academic level 

for students to learn irrespective of geographical 

location despite barriers due to poor transportation 

facilities, restrictions under pandemic circumstances, 

and so forth.  E-learning is cost-effective, time-saving, 

and an effective way to enhance learning skills 

additionally with technological knowledge. When the 

global education system was threatened by the COVID-

19 pandemic, most countries around the world resorted 

to e-learning systems to avoid the deterioration of the 

educational process.  This study mainly focuses on 

examining how effective e-learning is in the Sri Lankan 

school education context. The target population is the 

Grade 12 students who follow the “Technology 

Stream’’ for their A/L especially IT as one of the 

subjects. They were selected from two “Type 1AB’’ 

schools in the Kandy Educational Zone. The sample 

comprised of twelfth grade students. Thirty students 

from each school were selected randomly for the 

sample. This is an exploratory study that strived to find 

more information about how effective e-learning is in 

the context of Sri Lankan schools. The data collection 

was conducted using a structured questionnaire and the 

finalized data was taken into consideration to identify 

how effective the e-learning platform was among the 

selected group of students. The key finding of this study 

is that most of the students in the sample group have a 

for preference e-learning and they effectively learned 

through e-learning. This is proved by the data gathered 

and summarized from the responses to the 

questionnaire. Though the sample size was limited, a 

higher percentage of students used to learn e-learning 

effectively for their learning.   
Keywords—e-learning, effective 

 

I. INTRODUCTION 

The revolution in the learning landscape has been brought 

about by the delivery of training and education through 

networked interactivity and various technologies for 

knowledge collection and distribution (Fry, 2000).  

 

This chapter starts with the signpost of the willingness 

toward current research trends in “E-Learning’’. Among 

the different modes of learning that have emerged, e-

learning has gained attention for its time-saving, cost-

reducing, and knowledge-disseminating capabilities. By 
utilizing electronic devices such as computers, laptops, 

tablets, smart boards, and mobile phones, along with a 

reliable internet connection and relevant applications, e-

learning facilitates the teaching-learning process, 

benefiting both educators and learners. E-learning activates 

learning in small or large groups of learners as well as 

individuals.  

 

Computer literacy and time management skills are 

improved in students by e-learning. This study is concerned 

with how e-learning helps students in selected two “Type 

1AB’’ schools in the Kandy Educational Zone. Most of the 
leading schools in Sri Lanka continued with e-learning with 

the closure of schools following COVID-19. The majority 

of the students in urban areas were able to continue their 

learning process through electronic devices. This study 

focuses on involving students of Grade 12 who follow the 

Tech stream for A/L as the target group with permission 

from the principals of the selected schools. It is our 

responsibility to make the students keep pace with the 

rapidly changing world dealing with the latest facilities to 

be on par with the international setting. 

This study aimed to assess the effectiveness of e-learning 
among school children, with a specific focus on the inputs 

across e-learning platforms. To achieve this objective, the 

researcher randomly selected 60 students from Grade 12 

Technology classes in two "Type 1 AB" schools located in 

the Kandy Educational Zone. It is crucial to assess how e-

learning influences student learning outcomes, engagement 

levels, and overall educational experiences. Therefore, this 

study investigated the effectiveness of e-learning in two 

"Type 1 AB" schools in the Kandy Educational Zone, Sri 

Lanka, with a particular emphasis on secondary students. 

 

Some of the benefits e-learning provides for learners 
include the inspiration to study more effectively in an 

innovative environment. E-learning is not free from 

mailto:elt19b239@uovt.ac.lk
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negative effects either. Poor social interaction, limited 

feedback from the teacher, inaccessible to others, and 

unavoidable cheating are among the most prominent 

negative effects of e-learning. 
 

• Research Problem 

E-learning has emerged as a transformative learning mode, 

offering students and teachers new opportunities for 

engaging and effective educational experiences. This study 

investigates the effectiveness of e-learning in two "Type 1 
AB" schools in the Kandy Educational Zone, Sri Lanka, 

with a specific emphasis on secondary students. By 

examining the benefits, challenges, and overall impact of 

e-learning in this context, the research aims to contribute to 

understanding the role of e-learning in secondary 

education. The findings of this study will provide valuable 

insights to students, teachers, and educational 

policymakers, enabling them to enhance the quality and 

effectiveness of e-learning practices in similar settings. 

• Research Questions 

1. How do students adapt to e-learning? 

2. How students do time management when involved 

in e-learning? 

3. How do students overcome technical issues when 

using electronic devices? 

4. What are the negative influences that could be 

possible with some electronic devices? 
 

• Research Objectives 

The objectives of the research are, 

1. To identify the nature of interest learners, have 

towards e-learning. 

2. To assess how e-learning enhances the quality of 

learning. 

3. To identify how e-learning is helpful for their 
learning. 

4. To distinguish the improvements identifiable after 

using e-learning. 
 

II. LITERATURE REVIEW 

 

A.  Introduction 

This chapter is composed of significant examples from the 

previous studies done with the A/L students in two “Type 

1AB” schools in the Kandy zone. The main reason to 

conduct this research was there isn’t any research 

conducted to discuss the effectiveness of e-learning in the 

Sri Lankan school context. Therefore, the researcher hoped 
to research to find out more about the effectiveness of e-

learning in the school context. This chapter 

comprehensively discusses the effectiveness of e-learning 

in Sri Lanka.   

 

’’Impact of COVID-19 in Sri Lankan Education System” 

the article by Panchami Jayawardhana (2019) refers to 

education as ‘’the most important weapon ‘’. With that, this 

researcher hopes to get a positive entry to the present study. 

The effectiveness of E-Learning in schools has been a 

widely discussed topic recently as the COVID-19 

pandemic reached Sri Lanka in 2020. This is sometimes 
referred to as linking electronic devices with school 

students to continue their education uninterrupted. 

B. Similarities and Differences between Traditional 

Learning and E-Learning 

There are similarities and differences between traditional 

learning and e-learning.  Learning is defined by Robert 
Gagne as “A change in human disposition or capability that 

persists over some time and is not simply ascribable to 

processes of growth”. Moving on e-learning was defined 

by the NCSA as “The acquisition and use of knowledge 

distributed and facilitated primarily by electronic means”. 

NCSA comes with many more definitions and explanations 

of e-learning by mentioning how effective e-learning is not 

only for learners but also for others. Moving on to the 

comparison of these two topics the main similarity between 

them is that both of them are methods of learning. Usually, 

learning is done by rarely using electronic devices while e-
learning is always done by using electronic means.  

C. Globalization and E-Learning in Sri Lanka 

Globalization which can be described as the increasing 

connectedness and interdependence of cultures and 
economies in the world, is recognized as one of the main 

causes for e-learning to spread all over the world. As e -e-

learning is capable of educating and training learners at a 

distance, in a globalized society e-learning has become 

very important. As Sri Lanka is a third-world country, it 

also has connections with foreign countries. Therefore, in a 

globalized world, as Sri Lankans e-learning is very 

important to us too because it has provided us many 

opportunities to follow courses, diplomas, degrees, etc. 

which are conducted by foreign lecturers. So, we are gifted 

with the opportunity to learn from a distance. 

D.  Global E-Learning  

Most of the countries started e-learning around in year 2000 

with the impact of updated electronic devices introduced in 

the world trade market. With the COVID-19 pandemic 
schools and universities were closed globally and in March 

2002, over 1.2 billion students in 186 countries were closed 

due to the COVID-19 pandemic. After that e-learning 

played a major role as an online learning platform. Finally, 

it proved online learning was working well in the year 2020 

in an unexpected manner.  

 

III. METHODOLOGY 

 

A. Research Method 

The study was done as a qualitative study because the 

researcher wanted to assess the effectiveness of e-learning 

among school students. The researcher’s aim in doing this 

quantitative study is to find out the students’ perception in 

depth regarding the e-learning platform. Doing a 

quantitative study will help to explore the extent to which 
the e-learning platform is effective for users.  
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B. Research Design 

Under quantitative research, the researcher focuses on 

exploring information about the effectiveness of e-learning 

by distributing a questionnaire. This survey focuses on a 

double entity with several limitations which are clearly 

defined. The reason for doing this study is to see how 

effective e-learning is for the students who study the A/L 

Technology stream at St. Sylvester’s College, Kandy, and 

Vidyartha College, Kandy cannot relate with the students 
who study the A/L Technology stream at other schools in 

Sri Lanka. By doing this study, the researcher can suggest 

that future researchers conduct the same research to explore 

more about the effectiveness of e-learning in the Sri Lankan 

school context. This study helps to elicit how effectively 

these students engaged in e-learning during the COVID-19 

pandemic. 

C. Population & sample 

The total population is grade 12 students who follow the 

A/L technology stream in Type 1AB government schools 

in Sri Lanka. The target population is grade 12 students 

who follow the A/L technology stream in Type 1AB 

schools in the Kandy Educational Zone. The accessible 

population is 30 students from each school and there were 

60 students in this research. These students are around 17 

and 18 years old and all the students are in the areas 

contiguous to Kandy. They all sit for their A/L examination 
in the technology stream and the most specific point is all 

60 students follow ICT as one of their subjects.  

• Data Collection Procedure  

The researcher collected data by distributing a printed 

questionnaire to every student on a selected date and a 

scheduled period. The time selected was 2 hours from 

one school day. Throughout the time the researcher 

was available at the school to for ask any help or 

clarification about the questionnaire. The 

questionnaire consisted of 40 questions and the whole 

questions covered the objectives of the research. Some 
questions are MCQs and some are Likert scale 

questions.  

IV. ANALYSIS AND DISCUSSION 

In this analysis the researcher delves into the insightful 

responses gathered from the questionnaire, shedding light 

on valuable data and trends. The questionnaire aims to 

identify the effectiveness of e-learning, various online 

tools, the latest technologies used for learning, the preferred 

learning methods of students as well as the other factors 

that might influence their learning process. From the 

beginning of the survey, it was observable that the students 

had an idea about what e-learning is. Out of those 60 
students, 51 students know how to define e-learning 

properly. The preference of students towards e-learning is 

different from each other. Some of the students like to 

engage in e-learning while some of the students use e-

learning as they do not have any other option to continue 

their education. According to this survey results majority 

of the students prefer e-learning. The preference of students 

towards e-learning is different from each other. Some of the 

students like to engage in e-learning while some of the 

students use e-learning as they do not have any other option 

to continue their education. It can be proved by considering 
the data gathered through the questionnaire distributed 

among the students. In school S1 19 out of 30 students 

prefer e-learning and 10 out of 30 students prefer e-learning 

to some extent. The responses received through the S2 are 

completely different from the responses received from S1. 

Seven students among 30 students would prefer e-learning 

while 17 of them would prefer e-learning to some extent. 

The majority of the students from both schools started 

using e-learning during COVID-19 because the schools 

introduced online learning. As young students, they know 

how to operate electronic devices properly. Though they 

overcome severe challenges they manage by themselves to 
continue their work. SMART phones and laptops are 

widely used for e-learning and Wi-Fi routers and mobile 

hotspots are the main source that provides internet for these 

devices. These students didn’t have connection errors as 

they all live in and around Kandy. As these students are 

known as 21st-century learners they know how to deal with 

these devices electronically. Out of 60 students, 44 of them 

agreed with the statement ‘’ E-learning is most time saving, 

a less expensive and effective mode for learning’’.  

 

Embracing challenges while learning new technologies is 
an effective way to expand an individual’s abilities and 

skills. By accepting new skills, the learners can be exposed 

to novel experiences that offer them rewards and 

enjoyment. 29 Students mentioned that they always accept 

challenges and enjoy learning with new devices. Zoom is a 

popular online software extensively used by students for 

virtual communication, and learning and one of the most 

developed online software for e-learning. 57 Students upon 

60 students mostly used Zoom software for their learning. 

It's 95% of the overall comments given by the students. In 

this survey majority of the students spend more than 3 

hours on online learning platforms. The 13th question 
comes up with what the students were able to do using their 

digital devices. The researcher created four answers that are 

very familiar to the students as they are mostly engaging in 

studies using online platforms. 

The largest amount of students can download and view 

online audiovisual materials and presentations using their 

digital devices. The effect of connection errors and the 

problems in devices cause some students with severe 

difficulties. Though they face difficulties in viewing online 

audiovisual materials and presentations, they try to manage 

by overcoming these issues. 17 students have this matter 
when they engage in online learning. 28.66% of the 

selected group have this issue. The support given by the 

teachers and the schools was moderately helpful for both 

groups of students. While the online classes were there 

students had to deal with other activities too. 23 Students 

had good time management skills while 35 students had it 

to some extent. When talking about the sufficient 

knowledge they gained through the e-learning platform 17 

students mentioned they got sufficient knowledge through 

e-learning. There were 41 students (68.33%) who 
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mentioned they got sufficient knowledge to some extent 

through e-learning. In overall conclusion, it can be 

mentioned that most of the students get sufficient 

knowledge through e-learning platforms.  
 

Traditional classrooms played a crucial role from the 

beginning of the teaching-learning process. With the 

development of the technology, the world became a global 

zone. 50% of schools prefer online classrooms because 

they can download and repeatedly watch and listen to the 

lessons while 30% mentioned they have to pay the same 

effort for both learning platforms. A minority of the 

students mentioned they were very comfortable in the 

traditional physical classroom. Students normally engage 

in several activities while they engage in their learning 

process. Though they had to change their physical 
classroom learning due to COVID-19 they had to be 

involved in such activities in the e-learning platform too. In 

this survey, the researcher tried to search for the most 

engaging activity they were involved in. It’s seen the 

students mostly engaged in individual and group activities. 

Few of the students were involved in pair activities. E-

learning often enhances one’s familiarity with electronic 

devices. One question discussed asking if they have any 

improvement using electronic devices after engaging in e-

learning. 19 students stated that definitely they had an 

improvement on the other hand 34 students were there who 
improved their skills to some extent. There were only 7 

students who moderately developed themselves. In an 

overall decision, it can be stated that all the students 

developed their skills in using electronic devices after 

engaging in e-learning.  

Students can overcome several technical issues during the 

e-learning process. First of all, they have to ensure that 

there is a stable internet connection and updated devices. 

The majority of the students use both mobile hotspots and 

Wi-Fi routers to overcome technical issues. That was how 

they managed technical issues when they were involved in 

e-learning. Digital approaches in e-learning have much 
more potential to develop greater motivation for learning. 

Animations, videos, PowerPoint presentations, and 

SMART boards are such learning approaches that make 

learning engaging and captivating. 73.33% from S1 and 

43.33% from S2 mentioned animations and videos were the 

digital approach that motivated them to learn. 10 Students 

mentioned PPT’s motivated them to learn. It was clearly 

shown a higher percentage of students motivated 

themselves in e-learning by watching animations and 

videos. Students have different interests when learning 

subjects online.  
 

Some students do not like to study some subjects online and 

they like to study some subjects online. One question was 

there to know the subject they like to learn online out of the 

subjects they learn. 22 Students from S1 and 19 Students 

from S2 like to study “Information Technology” in the 

online platform. When considering the data of the two 

schools 68.33% of the whole population of 60 students like 

to learn IT on the e-learning platform. There were only 4 

students who liked to study “Science for Technology’’ 

online and 13 students mentioned they liked to study 

“Engineering Technology’’. 4 students from S2 wanted to 

learn “Bio-Systems Technology’’ in the online classroom. 

The average is 13.33% for BST. The majority of the 
students liked to learn IT on online platforms while the 

minority of the students liked to learn SFT in online 

classrooms. 42 Students stated the main advantage of e-

learning is it trains more independent learners in the 

learning process. One survey question asked what 

specifically e-learning is good for. 30 students meaning 

50% out of the whole population stated e-learning is 

specifically good for managing interactive self-study and 

tutorials. 20 Students mentioned e-learning was 

specifically good for reducing learning time. Learning 

digitally by staying at your own pace is more profitable, 

time-saving, convenient, and effective for most learners. 
This question reviews the experience of students with e-

learning from home digitally. 32 Students learn at their own 

pace comfortably and for 9 students, their situational 

challenges are not suitable. Out of the whole population of 

students 53.33% population study digitally at their paces 

comfortably. More than 50% of the whole population does 

not have any uncomfortable experiences with online 

learning digitally. In short, a preponderance of the students 

have a positive experience in e-learning digitally at home. 

V. CONCLUSION 

Investigating the effectiveness of e-learning in a school 
context was a successful endeavor. The researcher was able 

to prove that the students acquire e-learning and get success 

in this platform. E-learning was favorably accepted by 

students as an effective tool of learning. Specially with the 

impact of COVID-19 e-learning played a wise role in 

keeping the students engaged and updated in their learning 

process. E-learning can be defined as an effective tool 

because it enhances the delivery of instructions and 

develops knowledge acquisition skills by providing enough 

resources to students for learning. Likewise, students felt a 

very positive attitude towards e-learning which supported 

their continuous learning style a successful one. In this 
sense, students get the chance to motivate themselves and 

learn independently by dealing with the latest technology 

instruments. Therefore, e-learning can be considered one of 

the best learning strategies that can be adopted for teaching 

and learning. It enhances students’ technology skills too.  

In conclusion, this research can further establish the 

Effectiveness of E-Learning in two “Type 1AB” schools in 

Kandy Zone. Researchers assert that the provision of 

education can no longer be restricted to a single school but 

can be extended throughout the country through distance 

learning and the integration of e-learning solutions. That is 
why Sri Lanka provided common e-learning platforms to 

students who are in rural areas with fewer facilities to learn 

during the COVID-19 pandemic. There was so much 

evidence that shows the effectiveness of e-learning in the 

Sri Lankan education context is successful. Not only the 

Type 1AB schools but also all the types of schools are 

already experienced and experienced as well as will try to 

experience e-learning platforms to give the latest online 

experience to the students in Sri Lanka.  
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Abstract— Language plays a vital role in communication 

during lectures. Significantly, in a multilingual classroom that 

employs English as the medium of instruction in the teaching-

learning process. English is used as a common language for 

students with different native languages. Yet, it is significantly 

noted that the undergraduates of UoVT have faced challenges 

in speaking English though they are following English 

medium degrees. Therefore, this study focused on discussing 

the challenges of speaking among UoVT mechatronics 

students. The main objective of the study is to identify the 

challenges faced by students during speaking activities. This 

paper is developed by administering questionnaires that 

consist of closed and open-ended questions among forty 

students of UoVT from the mechatronics department. And 

also conducted an interview with the 10 students from the 

same sample and conducted interviews with 3 lecturers. This 

study concluded that the undergraduates of UoVT faced 

challenges in speaking English such as lack of vocabulary, 

knowledge of grammar, feeling uncomfortable, frustrated, or 

worried when speaking English, not having a healthy 

environment to talk, shyness etc. This study was supportive of 

coming to the conclusion and remedial measures for these 

challenges such as making learner friendly environment, 

adding more speaking activities in the curriculum, and 

planning activities to enhance the learners’ vocabulary, 

grammar, and pronunciation to develop learner’s speaking 

ability etc. 

Keywords— Challenges, Speaking, Pronunciation, 
Vocabulary, Grammar 

I INTRODUCTION  

Today English has become a part of everyday life and it is 

the language that connects people from different regions, 
cultures, religions, and nations and it plays a vital role in 

human life. Learning English is important and people try to 

learn it. According to Chaney (1998), Speaking is the 

“process of building and sharing meaning through the use 

of verbal and non-verbal symbols in a variety of contexts. 

Speaking is a productive skill in the oral mode. It is the skill 

that gives us the ability to communicate effectively and it is 

more complicated than it seems at first and involves just 

pronouncing words. One of the English language skills that 

must be mastered by any foreign language learner is the  

 

ability to speak. The common issue that emerges from 

anybody who needs to know one’s ability in a foreign 
language is whether he/ she is capable of speaking English 

or not. According to Nunan (1991),  

the most important aspect of learning a second language or 

foreign language is mastering speaking skills. In most cases, 

the students are unable to speak fluently although  

they can understand the English texts. When learning 

English as a second language (ESL), students face a lot of 

challenges. 

When they come to the university level, they face many 

challenges in speaking activities. Therefore, students need a 

range of speaking tasks that encourage considerable 
independence by relying on extensive oral practice. The 

speaking activities are conversations, interviews, 

discussions, and academic presentations. Each speaking 

task needs to be productive purposeful, interactive, 

challenging, safe authentic. At the University of Vocational 

Technology (UoVT) mechatronics undergraduates are 

offered an English module titled “Communication Skills to 

assist them in following subject-related content which is 

offered in the English medium. However, as is the case in 

many higher educational institutions, this has not shown any 

favorable results. Hence, the main purpose of this survey is 

to identify the challenges faced by B. Tech Mechatronics 
students during speaking activities at the University of 

Vocational Technology (UoVT) in order to develop their 

speaking skills. Therefore the following research question 

will be looked at: 

What are the challenges faced by mechatronics students 

during their speaking activities at UoVT? 

 

II LITERATURE REVIEW 

A. Definition of Speaking  

According to Akbari (2015), In the 21st century, the English 

has become  an inseparable part of the educational 

curriculum in most  countries where English is used as a 
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second language or foreign language. It is considered as a 

global language  and every part of human life is connected 

with it. Ur (2002) stated that among the four skills of 

language,  speaking  seems intuitively the most important 
and difficult skill for ESL and EFL learners.There are many 

definitions of the word “speaking” that have been presented 

by researchers in language learning. According to Brown 

(1994), speaking is an interactive process of constructing 

meaning that involves producing receiving, and processing 

information. Among the four skills speaking is the first and 

foremost skill that is needed for human beings because they 

spend more time interacting orally with each other. When 

speaking English, pronunciation, fluency, vocabulary, 

grammar, and comprehension are the basic components. 

Here, both researchers give a vivid explanation of the 

definition of speaking and how speaking helps the learners 
understand the language. Hughes (2003), stated that there 

are some proficiency descriptions of speaking English such 

as accent, grammar, vocabulary, fluency, and 

comprehension. When learners try to speak, they have to 

focus on their pronunciation, structure of grammar, accent 

and vocabulary. According to the above definitions 

speaking is not a single process. It is a collection of several 

factors such as pronunciation, vocabulary, grammar etc. 

Previous research proves that people cannot learn a 

language without many that people cannot learn a language 

without many opportunities for meaningful repetition. Oral 
language interactions and the opportunity to produce 

language in meaningful tasks provide the practice that is 

very important to internalize the language. Krashen (1988) 

examined the relationship between listening and speaking 

skills. He stated that when students speak, their speaking 

provides evidence that they have acquired the language. 

This idea led some teachers to jump quickly from speaking 

teaching to reading and writing teaching. When students 

learn English, speaking is significant to support their ability 

to apply the language. 

According to the above, speaking is an important and 

crucial part of second language learners. Almost all the 
researchers have highlighted the necessity of speaking and 

the challenges of speaking. Also, suggestions are very 

important to improve the speaking ability of students. 

Through interesting activities, the speaking ability can be 

improved. From the above discussion on the literature 

review, it can be concluded that various learning, especially 

speaking challenges may occur in the way of mastering the 

speaking skills of second and foreign language learners. 

The challenges may be inhibition, lack of vocabulary, 

grammar, pronunciation, fear of mistakes, being unfamiliar 

with the socio-cultural system of communication and so 
many others. 

 

B. Importance of Speaking 

In the present world, communication plays a crucial part in 

achieving success in all fields. Language is used as a tool 

for communication. Speaking skill is the most important 
skill for acquiring foreign or second language learning. 

Among the four language skills, speaking is considered to 

be the most important skill in learning a foreign or second 

language. In the modern world, it has become common to 

prove the candidates' talents at the time of their job 

interviews and many of the selections are based on the 

performance of the interview. The job applicants have to 

participate and prove themselves in debates and group 
discussions where the performance or oral communication 

skills of the candidates are primarily measured. Besides, the 

professionals have to give oral presentations as they have 

to promote the products or their companies or give training 

to other colleagues. Furthermore, an effective speaker can 

impress the audience a lot and gain their complete attention 

and maintain the same speed until the end of his/her speech. 

So the audience is fully in their speaker's speech. they 

sometimes forget the real world and put their complete 

attention on the speech. According to Ur (2000), of all the 

four language skills called listening, speaking, reading, and 

writing, speaking is the most important one that is very 
necessary for effective communication. 

The significance of speaking is indicated by the integration 

of other language skills. Speaking helps learners develop 

their vocabulary and grammar skills and then better their 

writing skills. Students can express their emotions and 

ideas; say stories; request; talk, discuss, and show the 

various functions of language. Speaking is of vital 

importance outside the classroom. Therefore, language 

speakers have more opportunities to find jobs in different 

organizations and companies. These statements have been 

supported by Baker and Westrup (2003) who said that 
learners who speak English very well can have a greater 

chance of better education, finding good jobs, and getting a 

promotion 

   III METHODOLOGY  

 
This descriptive study primarily contains a quantitative and 
qualitative study. This study was done to investigate the 
challenges faced by UoVT mechatronics students in 
speaking English. In this event, the views of stakeholders 
were analyzed through a questionnaire with the aim of 
investigating participants’ views on the challenges they 
faced in speaking English. and semi-structured interviews 
were used as the research tool. The Purposive Sampling 
technique was used to choose the sample for the study. 
Hence the population is mechatronics students of UoVT 
(2019/2020, 2021/2022). Also, 10 students and 3 lecturers 
were selected to conduct the interview. In this study, 
interviews and results of the questionnaires, as well as 
findings from works of previous researchers, were 
incorporated in the content analysis section, while they will 
integrate into a general discussion to provide a broader 
perspective of the challenges faced by UoVT mechatronics 
students in speaking English. 

   IV RESULTS AND DISCUSSION 

C. Perception of Speaking English 

 Contradictory ideas were expressed by the participants 
regarding the English language. According to the results 
obtained through According to the results obtained through 
interviews with both lecturers and students, the following 
ideas were highlighted.  

 Student 1 – “I like English very much because it is very 
important for us to find a job”  
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 Similarly, the majority of students prefer English and they 
are aware of the importance of English. The fact that it is 
very important for us to find a good job highlights that there 
is a strong need for English. These words bring out a strong 
explanation of the need for English. 

 It is obvious that in the future, English will have a great 
demand in the job market. Speaking is a major skill in 
learning English. The students who obtained less 
performance in the presentation in the assignments were 
selected for the study. Most of the students find it difficult 
to speak English fluently. Majorities of students prefer 
speaking in their mother tongue rather than in English in the 
classroom.  

  Student 2 –“ I want to speak English fluently because 
communicate with other nationalities”. 

The above statement reveals the importance of speaking 
English. Therefore, speaking ability undoubtedly helps 
them to communicate with others all around the world. 
Some results got from questionnaire. 

   

Figure 1: Frequency of getting opportunities to speak 
English in the classroom 

 
With regard to Figure 1, most of the students (67.6%) stated 
that “sometimes” only they got a chance to speak English 
during the lessons while 27% of them “very often” got a 
chance. However, a few (6.6%) of them have not said that 
they “never” get a chance to speak at class. This is 
obviously a positive sign of a university that is taught in 
English. Students should be given a chance to speak in 
English. Yet, it will be better if they are given a chance 
more often than sometimes. 

Figure 2: Students’ view on knowledge of vocabulary 

According to Figure 2, the Majority of the students 
accepted there is a vast knowledge of vocabulary is 
important (93.5%) while very few students (6.5%) said 
“no”. Therefore, it is obvious vocabulary is important for 
speaking ability. According to the interview also students 
stated that vocabulary is important to speak fluently and 
lack of vocabulary is one of the main barriers to speak. 

Therefore, vast knowledge of vocabulary important factor 
to learn English. 

D. Challenges Encountered by the Students 

Many reasons that influence speaking challenges can be 

clearly seen through the research. Lack of vocabulary, 

shyness/fear of making mistakes, lack of opportunities, 

lack of practice, lack of motivation, poor pronunciation, 

lack of language structure, and lack of confidence are the 

challenges given in the interview. The results display the 

challenges of speaking among mechatronics students. 

Here, there were some statements given by the students 

during interviews. 

 Student 1-“I find it difficult to speak in English. I don't 

know how to use the proper words in the proper place. 

Also, I don't know relevant grammar structures. So I think 

that it is wrong what I say.” 

The above statement was said by one of the mechatronic 

students and it reveals the students faced some barriers 

when they spoke with others. One of the lecturers also 
stated that my students are reluctant to speak in English 

because they lack what they want to say clearly. This is the 

reason that students do not try to speak in English. As 

lecturers, they think that grammar is very important in 

speaking but at the same time, they emphasize that 

speaking English is also important. The students say that 

speaking is difficult because they tend to think about 

grammar and vocabulary. Thus, as per my experience, there 

needs to be a common way of looking at speaking English. 

Otherwise, they become stressed about speaking in 

English. Shyness is the next significant reason for speaking 

challenges among students. Most of the students are shy to 
use a language that is not familiar to them. They hesitate to 

speak in a language that is foreign to them. Another 

speaking challenge that is connected to shyness is the fear 

of making mistakes. Fear is a psychological factor that 

makes the process of learning difficult. Fear is created by 

bitter learning experiences or lack of confidence associated 

with English language learning. One of the students 

presented his idea regarding that, “I fear speaking English 

because I think they will laugh at me when I make 

mistakes.” 

According to him, he does not even try to speak in English 
because he has a thought which is engraved in his mind that 

he would be mocked by others when making mistakes. This 

is a barrier to improving his English-speaking skills. 

 
Student 1- “ I need constant practice in speaking 

English because practice is an effective way of 
familiarizing the language.” 

According to the above statement,  practice can support the 
improvement of speaking skills. One should be confident  
enough in a particular language to Sri Lankan students, they 
should have the confidence to use it accurately and 
properly. 

E. Suggestions Given by the Lecturers  

According to the interview, Lecturers said the 

‘Communication skills’ module helped the students to 
improve their speaking ability because most of the students 

came from A/L. They have done their A/L in their mother 
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tongue. Therefore, this is the first and foremost opportunity 

to learn their degree in English medium, and also the 

‘Communication skills’ module helped the students to 

overcome their challenges in speaking English. 
 

Lecturer A-“Students should reschedule their learning 

styles or patterns”. 

The above statement demonstrated the inducement of self-

interest, no one is gifted to speak fluently. Students have to 

maintain self-improvement and they can improve their 

speaking skills through technology sources such as 

YouTube, Facebook, Tedtalks online dictionaries etc. 

 Lecturer B – “It will be better if role plays are there, some 

based on topics, and students can perform.” 

 Akbari (2016) also stated that learning strategies are 

special tools for enhancing the learning capacity of 
learners; adopting a special kind of learning strategy may 

boost the understanding of the learners. The above 

statement stated that adding more speaking activities to the 

curriculum will change students' speaking performance and 

give them chances to overcome their speaking barriers.  

Lecture C – “If they are not familiar with the subject matter. 

Combining with other modules they have to do some 

presentations not only in ‘communication skills’ lecturers 

but also in the other modules’ lecturers also help them to 

improve students’ speaking skills.” 

They are not very familiar with the subject matter. 
Therefore, combining English is a tool to communicate 

their subject matter. One of the lecturers said “The main 

obstacle of speaking is lack of vocabulary that’s why 

students hesitate to speak fluently. Sato (2003) also stated 

that students fail to join in the English discussion because 

of their vocabulary problems and fear of making mistakes 

resulting in their inability to speak English well. 

 

V CONCLUSIONS AND RECOMMENDATIONS  

The result of the interview significantly indicated that 

mechatronics undergraduates are reluctant to speak English 

though they are doing an English medium degree. 
Therefore, they tend to speak very little or not at all. As a 

result, the improvement of the speaking skills of students 

may not take place. This study investigated the factors that 

affect these challenges of speaking English. Additionally, 

the mistakes made by the undergraduates when speaking 

English also examined. At the same time, suggestions for 

developing speaking ability were stated by the participants 

and the lecturers. 

According to findings, they constantly face numerous 

challenges related to English speaking such as not 

understanding what others say, others cannot 
understanding what is being said to them, others want to 

code-switching when talking, feeling uncomfortable when 

speaking, feeling frustrated or worried, lack of vocabulary 

to talk. As a whole lack of vocabulary to talk and feeling 

uncomfortable when speaking is the most common issue 

they face. 

According to the participant’s comments on mistakes they 

made when speaking, it can be noticed that pronunciation 

difficulties, the accent they use when speaking, use of 

grammatically incorrect sentences, or unsuitable and 

incorrect words, stammering while speaking and keeping 

long pauses while speaking are most common mistakes, 

they have done in speaking in English. 
As reasons for these mistakes and challenges, the 

participants stated that lack of speaking practice, poor 

pronunciation and accent due influence of mother tongue, 

not having enough vocabulary to talk, not having good 

knowledge of grammar, shyness, and lack of confidence to 

speak, due to that, afraid of making mistakes or phobia, 

lack of opportunities to speak, absence of a supportive 

environment and lack of support from others such as family 

members, friends and lectures in developing their speaking 

ability. 

The last chapter of this research report is reserved for some 

recommendations related to the findings and conclusion of 
the survey conducted. Recommendations can be given 

through the participant’s suggestions. According to that, it 

is recommended that the negative attitudes of the students 

regarding speaking English should be changed into positive 

ones. In order to do that, it is compulsory to change the 

environment. The environment should be learner-

motivated one where the learner is inspired to use English 

and understand its importance. Raja and Selvi (2011) 

highlighted that the “environment highly affects the 

improvement of speaking English”. This was apparently 

revealed from the students ‘responses that they did not have 
a good environment to use English. Therefore, it is 

recommended to create a student-friendly environment 

where they are open to speaking in English freely through 

activity-based learning. At the same time, motivation and 

reinforcement should take place to add more value to this 

process. 

Pronunciation, lack of knowledge of grammar, and lack of 

vocabulary are the other main obstacles to speaking English 

as mentioned by the participants. It is obvious that 

pronunciation and vocabulary are the most important 

aspects of English speaking. Therefore, special activities 

such as speeches, language games, debating, news 
bulleting, and role plays should be carried out to improve 

the pronunciation, grammar structures, and vocabulary of 

the students. 

At the same time, it is recommended lecturers use new and 

interesting methodologies to teach the subject content only 

in English. This will help the students to build more interest 

in English and this will be motivation for them to speak in 

English. Finally, the students should be given more chances 

to speak only in English in class. Lecturers also gave some 

suggestions to improve their students’ performance such as 

adding new teaching methodologies to the curriculum, 
Students should read related to the English language and 

also increase their self - interest otherwise they cannot 

overcome those challenges. 
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Abstract— Most Sri Lankan students face challenges 

when it comes to communicating effectively in English 

and engaging in class discussions or various 

conversational topics. The reasons for this are the 

complexity of the speaking skill and the impact of 

major psychological factors such as anxiety, shyness, 

lack of self-confidence, and lack of motivation. This 

research was carried out to explore the effects of main 

psychological factors on grade six students’ second 

language speaking performance at 

Kg/Mw/Mawathagoda Rivisanda Central College. The 

objectives of the research are to find out the 

psychological problems faced by learners speaking the 

English language and to identify the reasons for those 

psychological problems. This explanatory study was 

carried out by the administration of a questionnaire to 

a sample of forty students to reveal the effect of the 

main factors as well as an interview conducted with 

five teachers of English, which are teaching these 

students. According to the findings, the majority of 

students' poor speaking abilities are caused by 

psychological issues including anxiety, shyness, a lack 

of self-confidence, and lack of motivation, which in 

turn cause a number of issues such as less vocabulary, 

shyness, and fear of making mistakes. The study made 

some recommendations for education, such as the 

necessity of creating a suitable environment for 

motivating students to practice speaking in class and 

encouraging their motivation and confidence by 

organizing various speaking activities. Also, for a 

better level and fluency, students should practice 

speaking English both inside and outside of the 

classroom. The researcher was able to verify the 

psychological factors affecting English among lower 

secondary-level English as a Second Language (ESL) 

learners.  

Keywords- psychological factors, second language 
learning, self-confidence, speaking activities, speaking 

skill 

I INTRODUCTION  

Language is important because it is one of the main 
ways to communicate and interact with other people 
around us. It keeps us in contact with other people. 
English is an international language and has become 
the most important language for people in many parts 

of the world. In present-day society, students cannot 
be ignored in learning English. As an international 
language, English is commonly used by all countries 
in the world. English is used as a second language in 
Sri Lanka. Speaking is an interactive activity that 
involves the sharing of information and, if necessary, 
the listener's response. It is among the four essential 
language skills. (Reading, writing, listening, and 
speaking). It implies that students can interact with 
others to further their ideas, hopes, and objectives. In 
addition, people who know a language are referred 
to as speakers of that language. Learning English as 
a second language is considered a challenging task. 
It is even more difficult for some undeveloped rural 
area students. Students in those areas face numerous 
challenges while learning English. Speaking English 
is considered one of the best tools for 
communication. For many language learners, 
expressing themselves orally might be difficult due 
to psychological barriers and the struggle of finding 
suitable words and phrases. As a result, they often 
face issues in effectively conveying their views and 
choose to remain silent.  

Students cannot ignore the reality that English is the 
universal language for technology and worldwide 
trade given the significance of the English language. 
In this perspective, the teaching and learning of a 
language is seen as a contributor to the development 
of individual abilities. It is believed that the main 
psychological factors in teaching speaking are 
anxiety, shyness, lack of self-confidence, and lack of 
motivation, as well as the need to reduce students' 
difficulties. Therefore, reducing these obstacles and 
factors in the classroom allows learners to engage in 
discussions, particularly in oral interactions, and 
enhances their English speaking performance. 
Teaching speaking is an important aspect of 
language instruction because it gives students the 
chance to improve their oral proficiency through 
engaging in speaking activities, discussions, role-
plays, interviews, and conversations that 
demonstrate their areas for improvement and the 
strategies used by the teachers.  
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English teachers must actively encourage their pupils 
to speak given that speaking is crucial for English 
learners. 

II LITERATURE  REVIEW 

Speaking is a fundamental language skill that holds 
significant importance for students, enabling them to 
become effective communicators. It serves as a 
means to express oneself in various situations and 
convey a sequence of ideas among individuals within 
a community. This involves the utilization of verbal 
and non-verbal symbols within a specific language, 
context, and situation. Speaking is a multifaceted 
cognitive and linguistic ability. A child obtains 
knowledge by engaging with individuals in their 
immediate environment using their mother tongue. 
Every normal adult can speak in his native language 
without effort and this skill is a natural one. 
However, speaking in a foreign language is not 
instinctive and necessitates conscious effort 
throughout the entire process. Lindsay and Knight 
(2006:57) stated that speaking is a creative skill. It 
involves putting a message together, communicating 
the message, and interacting with other people. 
According to Fulcher (2003:23), speaking is the oral 
use of language to communicate with others. Making 
decisions is a part of speaking. Through speaking, 
students must decide how to interact with others and 
build social connections. Traditional teaching 
methods usually included copying the teacher and 
remembering or responding to movements Richards 
(2008:2). All of these behaviors reflect the sentence-
based proficiency typical of audio-lingual and other 
drills- or repetition-based techniques from the 1970s. 
In brief, speaking allows us to express emotions and 
have discussions with others. It involves using words 
and phrases collaboratively to convey meaning. 
Speaking means exchanging intended meanings and 
correcting someone’s speech to produce the 
preferred effect on the listener (O’Malley, 1996:59). 
It involves converting meaning between two or more 
persons, and it is always related to the context. 
Speaking is not only used to interact with other 
people but also used to get information. Moreover, 
language experts have proposed many definitions of 
speaking. Brown (2000, p.265) stated that “when 
someone can speak a language it means that he can 
carry on a conversation reasonably and 
competently”. He further said that the successful 
acquisition of language is generally the ability to 
achieve perfect goals through collaboration with 
other foreign-language speakers. In speaking 
activities, the students usually get some problems 
that make it difficult to speak anything. Shy in 
speaking, having a lack of vocabulary, or being 
afraid of using sentence patterns are some reasons for 
that. Lack of opportunities for practice is an 
important contributing factor to speech failure 
(Thornbury, 2005:28).  

Second language learning (SLL) focuses on 
understanding how individuals acquire a second 
language, often referred to as a target language, and 

the associated learning process. Learning a second 
language involves the social role that language plays 
in the community. It serves as an acknowledged 
method of communication for individuals who speak 
a language other than their mother tongue. Second 
language learning is different from bilingual 
learning, where a student learns two languages 
simultaneously. The psychological influences of 
positive or negative attitudes from nearby society 
can be critical. That is why it needs constant and 
conscious strength on the part of the student to 
overcome various psychological interferences. In 
every learning situation, human psychology plays a 
significant role. English speaking is a language skill 
that is highly affected by human psychology. 
According to Haidara (2016) in his research on the 
psychological factor that affects negatively the 
English-speaking performance of English learners in 
Indonesia. This study used a descriptive qualitative 
research design. A theoretical review, field notes, 
observations, and unstructured interviews made up 
the research methodology. The participants were 20 
students.  

Authors reveal that speaking is considered one of 
the most important skills in learning English but 
many language learners find it difficult and they need 
much effort to produce suitable words in English 
(Nijat, Chandran, Atifnigar, Selvan, and 
Subramonie, 2019). The goal of their research is to 
identify psychological reasons that prevent 
Malaysian primary school students from speaking 
English fluently and to suggest possible solutions 
from the point of view of the students to remove 
these barriers. More research shows that students’ 
anxiety levels had a negative relationship with their 
speaking performance (Park and Lee, 2005). Some 
other speaking difficulties faced by learners are 
inhibition, nothing to say, low participation, and 
mother tongue use in their speaking classes 
(Lukitasari, 2003). Another result of this 
investigation establishes that learners did not 
improve their speaking skills because they had not 
learned three components of speaking; vocabulary, 
grammar, and pronunciation. 

Urrutia and Vega (2010) revealed that students’ 
speaking performance was influenced by their lack 
of vocabulary, shyness, and fear of being insulted. It 
was also shown that students’ collaboration, self-
confidence, vocabulary knowledge, and the class 
environment helped them to increase their speaking 
skills. Furthermore, they stated that playing games 
would always be an important part of learning a 
second or foreign language. In the process of 
teaching English, they have emphasized the value of 
selecting games. Students can learn about speaking 
in a fun and relaxed way by playing games, which 
are inspiring and motivating experiences. Also, they 
noted that games helped students to believe in 
themselves, and create a good atmosphere inside the 
classroom. They utilized eight types of games, 
including caring-sharing, guessing, and storytelling 
games. They helped students to communicate orally 
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and to gain confidence in speaking. Also, during the 
process of implementation, students overcame their 
fear of making mistakes as a natural process when 
they were playing. As a result, there was no time 
limit, and the majority of students were able to 
express themselves and speak orally. 

Ibrahim, Ali, Al-mehsin, and Alipour (2022) this 
research observed psychological factors affecting the 
language-learning process in Saudi Arabia and the 
impacts of flipped learning as a kind of technology-
based instruction on Saudi Arabia students’ 
motivation, anxiety, and attitude. The population 
was 58 students at the intermediate level from one 
high school in Riyadh City, Saudi Arabia, who were 
selected and assigned to two equal classes. The 
participants were chosen based on a nonrandom 
sampling method. One experimental group and one 
control group were included in this investigation. 
Motivation, anxiety, and attitude were the 
independent variables, and flipped learning was the 
dependent variable of this research. 

Park and Lee (2005) studied the connection between 
second language learners’ anxiety, self-confidence, 
and speaking performance. About one hundred and 
thirty-two learners in Korea participated in their 
study. The results of this research showed that 
students’ anxiety levels had a negative relationship 
with their speaking performance. Teshome (2018) 
the purpose of the study was to investigate the 
psychological factors affecting students’ academic 
performance among freshman psychology students 
at Dire Dawa University. The participants of the 
study were 16 first-year students. The sample of this 
study was taken through a purposive sampling 
technique. To collect data, questionnaires, and 
observation checklists were used. The findings of 
this study also revealed that there was a significant 
relationship between psychological factors and 
students’ academic performance. 

Yuliana (2020) investigated the relationship between 
psychological elements and speaking ability, as well 
as which psychological factors have the greatest 
influence on English speaking ability. This research 
was quantitative research with a descriptive 
approach and used a questionnaire as the research 
instrument. To select the participants, purposive 
sampling was used in this research; seventy-five 
students who had finished all of the speaking 
subjects became the participants in this research. 
This current research aims to further verify the 
previous findings. 

 

 

 

 

 

 

 

III RESEARCH OBJECTIVES 

This study addresses the following research 
objectives:  

•  To classify the psychological 

problems faced by learners speaking 

the English language who come from 

rural areas. 

• To investigate the main reasons for 

these psychological factors. 

IV METHODOLOGY 

This design of the study was based on the main 
psychological factors affecting speaking in English 
among lower secondary-level ESL learners. The 
researcher selected grade 6 students for this study. 
This study uses both quantitative and qualitative 
approaches, owing to the fact that participants' verbal 
and written responses were vital in any research 
involving human participants. A quantitative 
approach was very helpful to collect information 
from the grade 6 students using a questionnaire. The 
qualitative approach followed the interview method. 
It was helpful to provide information about a range 
of ideas and experiences of the teachers regarding 
their students' speaking abilities. 

The target population was one hundred and twenty 
students from grade six students in Kg/Mw/ 
Mawathagoda Rivisanda Central College. The 
sample of this study was forty students and five 
English teachers. Mawathagoda Rivisanda Central 
College is located in the Mawanella Education Zone, 
Kegalle district. The school is situated in the corner 
of Aranayaka village. Aranayaka village is a rural 
area in Mawanella, Kegalle district of the 
Sabaragamuwa Province. This school is categorized 
as a Type 1 AB school and operates as a government 
mixed school, offering education up to grade 12. The 
sample of forty students including twenty boys and 
twenty girls were selected from grades 6A, 6B, and 
6C at Mawathagoda Rivisanda Central College. 
Also, five teachers of English who teach the above 
students were selected from the same school. Details 
of the students from these classes are as follows. Six 
boys and eight girls were selected from the grade 6A 
class, and eight boys and seven girls from the grade 
6B class. Also, five boys and six girls were selected 
from grade 6C based on the student ratio. This 
sample of students was selected by using a simple 
random sampling technique. 

In this study, for collecting data about the 
psychological factors affecting students’ English 
speaking performance, two different types of 
questions were included in the questionnaire; close-
ended questions and open-ended questions that 
required students to give short answers, and the 
sample of students could have the freedom to express 
anything they want relating to the questions asked. 
First decided on the main questionnaire. Twenty (20) 
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questions were arranged logically in this 
questionnaire. Some of them required the students to 
answer “yes” or “no” and some were to tick 
appropriate answers from the number of choices. 
Some questions required them to write their own 
opinions and justifications. The questionnaire was 
divided into two sections. The first section was 
general information. It had 5 questions to give a 
general overview of students’ choice to learn 
English. Section two is considered the main 
psychological factors affecting speaking. In this part, 
it is also divided into five categories. Those are 
motivation, anxiety, attitude, self-confidence, and 
shyness. It attempted to give the participants' 
perceptions about the influence of these factors, the 
causes as well as the possible solutions to overcome 
them. This questionnaire was administered to the 
students in English. The forty selected students were 
taken to one classroom to write the answers and at 
that time this questionnaire was explained using both 
Sinhala and English languages and the students 
expressed their opinions in both English and Sinhala 
languages.  

The interview was conducted with the teachers to 
gain further information about the main 
psychological factors that hinder students from 
speaking English. Semi-structured interview 
questions were used to gather details from five 
teachers of English to answer the research questions. 
They gave answers based on their opinions and 
experiences and mentioned various measures they 
use to improve their student's speaking ability. 

V RESULT AND DISCUSSION 

This study aims to find out the main psychological 

factors that affect lower second-language learners’ 

speaking performance. This section is about 

students’ and language teachers’ opinions and 

views. Because they help to answer the research 

questions. 

• Problems Faced By Students in 

Speaking in English 

The results found from the student’s questionnaire, 

have given a deep insight into the research 

objectives and the topic. Speaking is considered by 

the students as being the most critical skill of the 

others. Most pupils like learning English because it 

is used intensely in educational settings and the 

curriculum. The percentage of 82% indicates that 
students like learning the English language as they 

can develop their level of speaking, improve their 

accent as well as understand what others say. The 

amount of 18% claim that they have no desire to 

learn English. 

 

37% indicate that the main purpose of learning 

English is to go abroad. Because students also need 

to go to another country. So they mainly focus their 

attention on another country. 28% of the 

respondents have selected to get a job because most 

of their target in learning English is for getting only 

a job. Because in present-day society without using 

English, we cannot do any kind of job. So their 

target is only getting a job.  Furthermore, 25% of 
students like to learn English for further studies 

because their language and speaking skills will be 

developed. 10% indicates that learning English is 

for communication because the focus of language 

teachers is to create an environment where the 

students engage in classroom interaction. The 

participants did not respond for other purposes of 

learning English. 

 

Most of them believe that their level is in general. 

The percentage is 45%. They think they can speak 

English normally. And they believe their English 
speaking level is at a common level.  On the other 

hand, 28% of them believe that they are talented in 

English because of their ability to understand what 

other says. 

 

The portions of 32% of students prefer discussion to 

share their knowledge and opinions because it helps 

them to develop their level in the language and to 

increase their motivation. And they can discuss with 

the teacher which increases their speaking ability 

because they can correct their language with the 
help of a teacher. 20% of students like the interview 

to increase their vocabulary and confidence. With 

that, they can communicate with their friends.   

 

The majority of students agree that they are hesitant 

to engage since they are anxious to express their 

needs due to nervousness. The high percentage of 

55% shows the student’s inhibition. When 

considering this, it seems that inhibition is the main 

difficulty for more than half of the students. The 

next students clarified that fear of making mistakes 

was the problem encountered by them in practice.  
 

VI THE PSYCHOLOGICAL FACTORS 

AFFECTING SPEAKING 

Findings reveal that most of the students are 

suffering from the main psychological factors such 

as motivation, attitude, anxiety, shyness, and lack of 

self–confidence. The results reveal that the students 

face problems that make them poor in speaking 

English. 
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RESPONSES TO THE QUESTIONNAIRE 

 
 Strongly

 

Agree
 

Agree
 

Neutral Disagree
 

Strongly
 

disagree
 

Motivation  

Q-6. Learning 

to speak 

English is 

important 

because you 

will need it for 

your future. 60% 18% 23% 0% 0% 

Q-7. Do you 

agree that 

motivation is 

needed to 

improve your 

English 

language 

ability? 78% 5% 18% 0% 0% 

Q-8. Your 

parents feel 

that it is very 

important for 

you to learn 

English. 73% 13% 15% 0% 0% 

Q-9. Learning 

to speak 

English is 

important 

because other 

people will 

respect you 

more if you 

can speak 

English. 35% 13% 53% 0% 0% 

Anxiety 

Q-11. You 

would get 

nervous if you 

had to speak 

English to a 

tourist. 25% 28% 43% 0% 5% 

Q-12. You 

tremble when 

you know that 

you are going 

to be called 

into the 

speaking 

class. 15% 35% 35% 15% 0% 

Q-13. You are 

afraid that 

other students 

will laugh at 

you when you 

speak English. 25% 33% 28% 8% 8% 

Attitude 

Q-14. You 

tend to give 

up and not pay 

attention when 

you don’t 

understand 

your English 

teacher’s 

explanation of 

something. 20% 15% 20% 8% 38% 

Q-15. You 

enjoy English 

speaking 

activities in 

your class 33% 13% 23% 15% 18% 

more than 

your other 

subject 

activities. 

Self-

Confidence 

Q-16. You 

never feel 

quite sure of 

yourself when 

you are 

speaking in 

English in 

your class. 5% 8% 48% 15% 25% 

Q-17. It 

embarrassed 

you to 

volunteer an 

answer in 

your speaking 

class. 3% 8% 33% 30% 28% 

Q-18. You 

always feel 

that other 

students speak 

English better 

than you. 18% 18% 40% 10% 15% 

Shyness 

Q-19. Do you 

agree that 

shyness is the 

main obstacle 

to speaking? 0% 25% 35% 18% 23% 

 

• Motivation  

 60% of the sample strongly agree that English 
speaking is important, while 78% of the students 
responded strongly that motivation is an important 
factor for speaking English. Answering the specific 
reasons why they are motivated, 73% responded 
strongly agreeing with the parents’ emphasis on 
learning English. However, only 35% strongly 
agreed that English speaking is crucial for gaining 
respect.   

• Anxiety Equations 

 Anxiety is the most influential negative affective 
factor, which prevents learners from successfully 
processing speaking English. Students get nervous 
when they know that they will have to speak in front 
of their class or speak in English in their English-
speaking class and they will get that opportunity. The 
Percentage of 35%, of the students agreed with the 
statement. 33%of the respondents contend that their 
peers' laughter does not deter them from speaking 
English; instead, it serves as motivation to achieve 
their goals and learn from their errors, as they are all 
in the process of learning.  

• Attitude  

38% of students strongly disagreed with the 
statement of students who give up and do not pay 
attention when they don’t understand their English 
teacher’s explanation of something. A portion of 
33% of the students showed that they strongly agreed 
and they prefer to do English-speaking activities and 
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they enjoy English-speaking activities in their class 
more than their other subject activities.  

• Self Confidence 

The percentages of 48% of students argue that they 
lack of self-confidence in speaking sessions. They 
have a neutral idea about that. Because they do not 
trust themselves. A percentage of 33% gave a neutral 
opinion on the statement of being embarrassed to 
volunteer in students' speaking classes. They are 
reluctant to come forward because they lack self-
confidence. The students are afraid and reluctant to 
speak English in front of other students and think that 
they can speak English better than them. 40% of the 
respondents have a neutral opinion about this. Some 
students are strongly convinced that others can speak 
English better than them. For that reason, they are 
less motivated to speak in English in front of a 
community. Therefore, their English-speaking 
ability is quite low. 

• Shyness  

Most of the students 60% show strongly agree that 
shyness is the main obstacle because they do not 
have much chance to talk, they are afraid of students’ 
laughs as well as they are afraid of teachers’ 
judgment. 

  V DISCUSSION  

The results found from the student’s questionnaire, 

have given a deep insight into the research 

objectives and the topic. The results show that most 

of the ESL learners of grade 6 are in Kg/Mw/ 

Mawathagoda Rivisanda Central College. Consider 

speaking as the main skill among the other micro 

skills. In addition, most of the students are suffering 

from the main psychological factors such as anxiety, 

shyness, lack of motivation, and lack of self–

confidence. The results reveal that the students face 

problems that make them poor in speaking English.  
Among the selected sample of students, most of 

them showed a desire to engage in oral sessions as 

well as to speak English fluently inside and outside 

the classroom. Therefore, it is very important to 

learn how to speak English because it helps students 

to develop their level and reduce the problems that 

affect them to participate in the oral performance. 

Apart from that, the questionnaire showed that 

speaking is one of the common skills because it is 

the medium that can acquire the basic elements of 

language appropriately based on effective strategies 

and activities such as discussions, interviews, and 
conversations, role-plays, and storytelling provided 

by the teacher to improve the student’s 

pronunciation and vocabulary. Students also pay 

more attention to these kinds of activities because 

they also want to speak in English so they should 

improve their speaking ability as a result of it they 

are actively participating in these events.  

Furthermore, the importance of speaking, there are 

some problems such as fear of making mistakes and 

lack of vocabulary as obstacles to English language 

learners. The students feel shy and hesitant in their 

speaking performance because of the nature of the 

topic, students’ laughter, lack of vocabulary, and the 
main psychological factors. And also students feel 

anxious. Anxiety is the most influential negative 

affective factor, which prevents learners from 

successfully processing speaking English. It makes 

the students nervous and contributes to poor oral 

performance. When learners have low self-

confidence, it directly affects the students’ anxiety 

levels. Therefore, it is the main responsibility of the 

teacher to overcome these problems by providing 

students with relevant materials, technology, and 

comfortable surroundings. Students also enjoy 

speaking English because of that.  
According to the results obtained from the student’s 

responses, the main reason for the student’s 

weakness in speaking English is the negative 

influence of the main psychological factors. It 

showed shyness and anxiety affects students’ 

willingness because they feel stressed when they are 

asked to answer or speak. They are very shy to speak 

English because they have less number of words. 

And also they feel nervous when speaking in 

English and some of them are not interested in the 

teacher’s explanations because they cannot 
understand what teachers say. Apart from that, 

students’ lack of self-confidence and lack of 

motivation are other main 41 factors that affect the 

students speaking performance. Some students 

never feel quite sure of their self-confidence in 

speaking English. They are embarrassed about 

speaking English. Some students are strongly 

convinced that others can speak English better than 

them. For that reason, they are less motivated to 

speak in English in front of a community. Therefore, 

their English-speaking ability is quite low.  

According to the results, finally, it suggested that 
reducing these psychological factors helps to 

improve their speaking level to avoid their mistakes 

and increase their confidence and motivation in 

classroom speaking performance 

VI TEACHER’S OVERVIEW  

A semi-structured interview was conducted with five 
teachers to know about their opinions and 
perceptions concerning the influence of the main 
psychological factors on students’ abilities in 
speaking English. The purpose of using the interview 
was to gain more information about the negative 
effect of these factors on students' progress. 

• Reasons for Students' Failures to 

Speak English 

English is one of the most widely spoken languages 
in the world, and it has become a global language for 
communication. However, despite the importance of 
English, many people struggle to speak the language 
fluently and confidently. When considering the 
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responses on the students’ confidence and 
participation in oral expression sessions, the 
participants stated that the majority of the students 
do not have self-confidence in speaking the English 
language and do not participate in speaking activities 
due to a lack of basic language knowledge. It may be 
mentioned that their intake of English language is 
stopped from the stage of their primary education. 
For example, a lack of grammar and vocabulary 
knowledge causes some students to mix parts of 
speech when forming sentences, making it 
challenging to create meaningful ones. Among the 
responses of the participants, it has been mentioned 
that students lack vocabulary. Consequently, they 
limit their speaking because they are afraid of 
making mistakes, which leads to a loss of self-
confidence.  

Moreover, one of the participants added some details 
on similar issues. The participant stated that most of 
the students do not have self-confidence and only 
seem to have it because they fear making mistakes 
and mentioned some reasons for the loss of self-
confidence of the students. Those reasons are lack of 
basic speaking skills such as greeting, requesting, 
exchanging ideas, and giving opinions. The next 
point is a lack of motivation in speaking skills. And 
also, less background knowledge is another reason 
for students’ loss of self-confidence. According to 
the participant’s view, the students do not have good 
background knowledge of speaking skills. As a 
result, their performance is also not at a satisfactory 
level except for very few students. Another factor is 
the fear of making mistakes; even though they have 
some ideas, they are reluctant to voice them for fear 
of making a mistake that would make them look 
foolish. When considering the views of participants, 
stated that the main factor is that they do not focus 
on speaking English because more space is given in 
the classroom only for writing and teaching lessons. 
And according to that, the teachers have also rejected 
this. The reason for this is that there is a lot of noise 
in the classroom during the speaking activities, and 
the school is tempted not to implement the speaking 
programs due to the fact that it will interfere with the 
teaching activities. When considering respondents it 
is clear that lack of motivation, lack of self-
confidence, and student’s poor background of 
language knowledge directly affect their confidence 
in speaking English.  

• The Motivation of the Teacher  

All the participants said that it is essential for the 
teachers to encourage the students and mentioned 
that for this encouragement, various activities should 
be done inside the classroom as well as outside the 
classroom. And also it has mentioned that various 
activities have been used to improve the English 
speaking ability of the children in this school and the 
main thing was that a program called English only 
day program is running in this school. According to 
the findings, giving them the opportunity to present 
their speaking skills in English while engaging in 

teaching activities in the classroom is also a way to 
further encourage them. To motivate the students, all 
the participants suggested doing debates, speeches, 
and competitions. One of the main factors they 
mentioned is that not only in the school classroom 
but also outside the classroom in the school by doing 
various activities, students can be directed to speak 
English. Because it can motivate students to speak 
English.  

• Improving Students Speaking 

Abilities 

According to the responses it has been mentioned to 
use simplified environments that promote speaking 
skills. The participants said that they sometimes used 
pair work and group discussions. However, when the 
students are engaged in discussions, they tend to shift 
the medium of speech to their mother tongue. When 
the teacher moved around, they attempted to speak 
in English. The participant further said that 
sometimes used role-play and debate because they 
are time-consuming in a large class and rushed to 
complete the syllabus to cover the topics given in a 
term. 

According to the participants, try to use pair and 
group discussions, role-play, debates, and 
storytelling but only a few students participate and 
most of them keep quiet because they cannot speak 
the language and even change the medium from the 
target language to their mother tongue. The 
participant suggested that they allow them to listen 
to good speakers of English and get an idea about the 
various dialects and various English.  

VII CONCLUSION 

This study was intended to reveal the psychological 
problems faced by students from rural areas who are 
studying sixth grade in Kg/Mw/ Mawathagoda 
Rivisanda Central College while speaking English. 
According to the analysis, it can be stated that 
students face many difficulties when they are 
speaking English. Speaking English fluently is 
essential for effective communication in today's 
globalized society. However, students face 
difficulties when they are speaking English. 
Psychological factors significantly affect one's 
ability to express themselves fluently and 
confidently in English. Students are afraid to speak 
English because they think that if they do something 
wrong while speaking English, some people will 
laugh at them. Students should improve their self-
confidence because it also helps them to speak 
English in front of society without any fear. 
However, students' difficulties in the classroom are 
caused by their shyness, anxiety, lack of self-
confidence, lack of motivation, and fear of making 
mistakes, which are mostly influenced by key 
psychological issues. All these factors show the 
importance of the teacher’s role in determining 
student’s weaknesses and problems in speaking 
English. 
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To identify the main reasons for these psychological 
factors, the analysis chapter is concerned, it can be 
stated that responses from five teachers were 
analyzed. The exam-oriented teaching process that 
focuses only on reading and writing skills creates 
students who cannot speak English and neglect 
speaking skills. Therefore students are not interested 
the speaking activities inside and outside the 
classroom. In this sense, teachers should provide 
their pupils more opportunities to express themselves 
by providing speaking exercises, setting appropriate 
situations, and encouraging easy communication 
among the students. The teacher may help students 
develop more self-confidence by using various 
teaching techniques to help them feel less anxious 
and shy. Teachers can motivate by making lessons 
relevant and interesting, incorporating real-world 
applications of the language, and highlighting the 
benefits of language proficiency. Furthermore, the 
results gained from the questionnaire and interview, 
it is confirmed that poor learners' speaking 
performance is due to anxiety, shyness, lack of self-
confidence, and lack of motivation. These factors 
work together to significantly hinder both their 
linguistic growth and overall academic success. As a 
result, it becomes crucial for teachers to carefully 
consider and address the negative effects these issues 
have on students' academic advancement.  

Finally, the researcher can achieve the objectives of 
this study by finding out the learners' poor English 
speaking ability due to anxiety, shyness, lack of 
motivation, and lack of self-confidence.  
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Abstract - This study examined school leadership challenges 

and opportunities faced by school principals in the 

implementation of School-Based Management (SBM). The 

main purpose of this study is to identify the opportunities of 

school leadership in the implementation of SBM. This study 

was focused on the objective of investigating the challenges 

and opportunities of school leadership faced by school 

principals in SBM. The population of this study was the 

schools in Colombo District and the sample was 41 principals 

of the schools in Colombo Central Division of Colombo 

Education Zone. The study was undertaken through mixed 

methods and data were collected using questionnaire and 

focused group discussions. The collected data were 

statistically analyzed using the SPSS software. There are six 

dimensions under SBM such as school leadership, internal 

stakeholders, external stakeholders, school improvements, 

resource management, and performance accountability and 

school leadership are considered as an important dimension 

of SBM when implementing decentralization policies at school 

level.  The findings of the study stated that more than 90% of 

school principals face various opportunities in school 

leadership though there are challenges in school leadership of 

the implementation of SBM. Through the findings of the 

study, the implication has influenced further development of 

SBM.  

Keywords: School-Based Management, Dimensions of SBM, 

School leadership, Decentralization  

 

I. INTRODUCTION 

Globally, the concept decentralization process in 

educational management is described under the term 

“School-based Management” and it is a new and 

increasingly popular idea of the decentralization process in 

the education areas.  SBM has no ‘essential meaning’ but 

needs to be understood within a particular timeframe and a 

particular politics. Yet a key assumption on which it is 

based is that consistent and significant delegation is 

allocated to the school level of authority to make decisions 

within a broader framework of government guidelines and 

policies (Kimber, Megan & Ehrich, Lisa C.2011).  

The term SMB is defined in various ways in relation to its 

aims and objectives of school management. Site-based 

management is defined differently by various scholars, but 

usually includes these three components. First, there is a 

delegation of authority to individual schools to make 

decisions about the educational program of the school. This 

can include personal, finance and/or budget, and 

curriculum. Second, there is an adoption of a shared 

decision-making model at the school level by a 

management team that should include the principal, 

teachers, parents, community members, and sometimes 

students. Third, there is facilitative leadership at the school 

level to ensure follow -through of decisions (Levey, et.al, 

1998). Caldwell (2004) defines SBM in a system of public 
education as “the systematic and consistent 

decentralization to the school level of authority and 

responsibility to make decisions on significant matters 

related to school operations within a centrally determined 

framework of goals, policies, curriculum, standard and 

accountabilities (Abulencia, 2012).  

In the successful implementation of SBM, there are six 

dimensions such as school leadership, internal 

stakeholders, external stakeholders, school improvement 

process, resource management, and performance 

accountability that connect all school related activities, 

such as management, teaching and learning, teachers and 
students’ performance, and community interaction and 

school leadership is an important and leading dimension in 

the successful implementation of SBM. Therefore, this 

study mainly focusses on challenges and opportunities 

faced by school principals in school leadership.  

II. RESEARCH PROBLEM 

Though the initiation of SBM in Sri Lanka was started in 

1987 with the 13th amendment with the aim of 

decentralizing power to the periphery, SBM was 

introduced as a pilot project in 2006 which titled as the 

“Programme of School Improvement” (PSI). At present, 
according to the ministry circular PSI is being 

implemented in all the government schools in Sri Lanka 

since 2014. In SBM, the two constituent bodies: SDC and 

SMC encourage the implementation of SBM with the 

intention of increasing efficiency and effectiveness of 

school education. When it happens at school level, the two 

constituent bodies are managed by school leadership that 

confronts challenge as well as opportunities.  

Even though all types of schools in Sri Lanka are benefited 

in implementing SBM, some challenges have been arisen 

with school management. So, the purpose of this study is 

to find out the challenges and opportunities of school 
leadership in the implementation of SBM in Sri Lankan 

school context. Specially, the main intention of this study 

was to find out the challenges and opportunities faced by 

school principals when using SBM. 
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III. RESEARCH AIM AND OBJECTIVES 

The aim of this study is to investigate the challenges and 

opportunities faced by school principals in the effective 

implementation of SBM in Sri Lankan schools. In line with 
school leadership dimensions of SBM, the research study 

focused on two objectives. The objectives are: 

1. To examine the challenges and opportunities of school 

leadership in SBM 

2. To identify the impacts of the challenges and 

opportunities of school leadership 

 

IV. REVIEW OF LITERATURE 

A. What is school- based management? 

  All over the world, the decentralization process in 

educational management is described under the term 

“SBM”. SBM is a new and increasingly popular idea of the 
decentralization process in educational areas around the 

world (Valliamah and Khadijah, 2014).  According to 

Caldwell (2005), Decentralization of authority from the 

central government to the school level (Indigahawala, 

2014). Moreover, Caldwell, 2005; Barrera, et.al, 2009, A 

way to decentralize decision making power in education 

from the central government to the school level is known 

as SBM (Global Engagement and Knowledge Team, The 

world bank, 2015).  

Caldwell (2005) defined SBM is the decentralization of 

authority from the central government to the school level 
(Osorio F.B, et al, 2009). In the words of Malen, Ogawa, 

and Kranz (1990), “School-based management can be 

viewed conceptually as a formal alteration of governance 

structures, as a form of decentralization that identifies the 

individual school as the primary unit of improvement and 

relies on the redistribution of decision-making authority as 

the primary means through which improvement might be 

stimulated and sustained” (Osorio F.B, et al, 2009). 

SBM has many different names including site- based 

management, school-sited autonomy, school-sited 

management, school centered management, decentralized 

management, school-based budgeting, site-based decision 
- making, responsible autonomy, school-lump sum 

budgeting, shared governance, the autonomous school 

concept, school-based curriculum development, and 

administrative decentralization (Clune and White, 1988, 

and Delaney. J. G,1998).  

According to the World Bank (2007) SBM has become a 

very popular movement over the past decade and the World 

Bank program emerged out of a need to define the concept 

more clearly, review the evidence support impact 

assessments in various countries and provide initial 

feedback to teams preparing education projects. It focuses 
on major issues generally faced by implementers while 

designing and implementing SBM programmes and gives 

examples from several World Bank financed projects round 

the world that have SBM components. In addition, it also 

provides more in-depth analysis of a few country case 

studies where the process of decentralization of authority 

to the local level has taken place over the past decades 

(Medagama. R.S, et.al, 2016). 

B. Policies and Circulars on SBM in Sri Lanka 

Kannangara report in 1943 is the initiative point of SBM in 

Sri Lanka. The first Minister of Education, Hon. C. W. W. 

Kannangara chaired a committee of reform in 1943 that 
among many other reforms prepared the foundation 

principles for school-based management in Sri Lanka. It is 

stated in the Kannangara report (1943, p.26) that: 

“Very Jew in the country favor a perfectly slate controlled. 

system in which a Central administrative authority defines 

and prescribes virtually every aspect of/Is Organization, 

curricula, courses of study etc. The state system we discuss 

here is one in which control will be confined to what are 

called the externa of education, i.e., matters such as 

compulsory attendance, character of school buildings, 

medical inspection and health of children, size of classes, 

qualifications, salaries, and appointment of teachers and 
above all ownership of schools. We are agreed that the 

interna, i.e., those aspects of education for the promotion of 

which teachers and pupils are brought together, namely, 

curricula, courses of study, methods of instruction etc. 

should not be made subject to prescription by the stale” 

(Yatawara, 2007).  

Moreover, Report of the Education Reform Committee 

(1979, p. 35) states that the key role of the heads of schools 

should be recognized. It further states that the hierarchical 

structure that makes available 5-6 different administrators 

above the head of the school makes both the educational 
administration as well as school management difficult. It 

has suggested 'School Complexes', whereby several 

schools are identified as one institution for purposes of both 

administration and management (Yatawara, 2007).  

The 1982 reforms document of the Ministry of Education 

has also stated that 'the prescribing of uniform curricula, 

textbooks and examination standards on an all-island scale 

has had adverse effects.' Furthermore, in 1992 the circular 

on School Development Society was amended to give more 

authority to the school. Moreover, the 1984 report on 

management reforms of the Ministry of Education also 

recommended giving substantive delegation of power 
directly to the school level. It strongly viewed principals as 

front-line managers of the Ministry of education and 

recommended that adequate authority should be delegated 

to them (Yatawara, 2007).  

Moreover, according to Yatawara (2007), 1984 report on 

management reforms of the Ministry of Education also 

recommended giving substantive delegation of power 

directly to the school level. It strongly viewed principals as 

front-line managers of the Ministry of Education and 

recommended that adequate authority should be delegated 

to them and the 1984 management reforms were not 
systematically implemented, and responsibilities were not 

transferred to the principal as envisaged. Furthermore, the 

Ministry of Education has not followed up its policy by 

amending the necessary circulars, regulations etc., and in 

giving independence to the provinces to manage their 

affairs. Although education was one of the devolved 

subjects by the provincial council act of 1987, enacted as 

the 13th amendment to the constitution, the schools did not 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

384 

 

 

 

enjoy it as it only led to more layers of administration 

structures above the school without any devolution of 

power. 

C. School leadership in SBM   
In the article of Leadership in the 21st Century of Martin 

Roll Leadership Series, leadership is defined as a trait in an 

individual that enables him or her to influence the behavior 

of others to achieve a goal or to get them to do things, they 

would not otherwise have the skills or motivation to do.  

The school principals’ role is very important when the role 

of leadership comes to the effectiveness of SBM in schools. 

According to Botha 2006, the customary role of the school 

principal has therefore changed under SBM as decision-

making is shared among stakeholders. The current position 

of the principal renders not only authority, but also 

leadership, to the incumbent. As more and more countries 
worldwide implement SBM, principals are empowered and 

given more authority over what happens in their schools. 

School principals in these countries increasingly find 

themselves with the power to make on-site decisions such 

as how money should be spent, where educators should be 

assigned, and even what should be taught in the classrooms 

(in countries where there is not some form of centralized 

curriculum development). In the implementation of SBM, 

the jobs and functions of the principal would change from 

those of middle manager for the district to the leader of the 
school (Tanner and Stone, 1998). 

Although there are other factors, the leadership role of the 

school principal is widely regarded as the primary factor 

contributing to a successful relationship between SBM and 

school improvement and it is therefore an essential 

dimension of successful SBM. The SBM literature    is 

consistent in describing the school principal as the “key 

player in the decentralization and restructuring process” 

also touched upon this redefined leadership role of the 

principal when referring to principal leadership as the 

ability of a principal “to convince, inspire, bind and direct 
followers to realize common ideals”. The culture of a 

democratic order displayed in SBM requires school 

principals to exercise leadership that fully promotes 

participation of all stakeholders (Botha,  

2006). 

V. METHODOLOGY  

The study was conducted implementing mixed approach, 

gathering qualitative and quantitative data through the 

questionnaire and focused group discussion respectively.  

A. Population and Sample of the study 
The principals of all 41 national schools, 1AB, 1C, Type 

1 and Type 2 schools of Colombo central division of 

Colombo Zone were selected for data collection of this 

study.  

  B. Data collections instruments  

In this study, a questionnaire and focused group 

discussions were used for collecting primary data from 

principals of selected schools. The collected data were 

analyzed using SPSS software.  

 

VI. FINDINGS 

Data collected from questionnaire and focused group 

discussions clearly depicted the findings in this study.  

Based on the Likert scale method, a few statements were 

asked to identify the challenges and opportunities in school 

leadership faced by school principals in successful 

implementation of SBM.  In accordance with that, the 

findings of the first objective of study clearly elicit the 

challenges and opportunities of school leadership in 
successful implementation of SBM. 

The first statement of the questionnaire was to investigate 

about SBM helps to develop leadership skills. The below 

table and chart demonstrate the responses of the 

respondents.  It was found that 90% of principals in the 

education zones have opportunities to develop leadership 

skills in line with the implementation of SBM. Moreover, 

several challenges of principals were also identified in 

some schools. The findings especially elicited that training 

and guidance for school principals were given properly.  

The below tables and figures clearly analyze the findings 

of the first objective.  
 

TABLE I. SCHOOL- BASED MANAGEMENT HELPS TO DEVELOP 

LEADERSHIP SKILLS  

 

 

 Frequency Percent 

Valid 

Percent 

Cumulati

ve 

Percent 

Valid    Neutral 3 7.3 7.3 7.3 

   Agree 25 61.0 61.0 68.3 

   Strongly           

Agree 

 

13 31.7 31.7 100.0 

   Total 41 100.0 100.0  

 

 Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid Disagree 4 9.8 9.8 9.8 

Neutral 5 12.2 12.2 22.0 

Agree 22 53.7 53.7 75.6 

Strongly         

Agree 10 24.4 24.4 100.0 

 Total 41 100.0 100.0  
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Fig. 1 SBM helps to develop leadership skills 

 

Based on the responses of principals 61% of respondents agreed 

with the statement and 32% was strongly agreed while only 7% 

disagred. This finding was clearly shown that from the response 
level of more than 90% of respondents SBM helps for 

opportunity to develop leadership skills of principal. This clearly 

explains about how SBM helps for school leadership.  

 
TABLE II. TRAINING AND GUIDANCE IN SCHOOL LEADERSHIP TO 

IMPLEMENT SBM AT SCHOOL LEVEL 

 

 

Fig.2 Training and guidance in school leadership to implement SBM at 

school level 

As another finding of this study, principals were tested with 

the statements of getting training and guidance in school 

leadership to implement SBM at school level. Though the 

finding shows that proper training and guidance given to 

school principals were satisfactory, in some schools in 

backward areas were at an unsatisfactory level.  

   Principals were asked with open-ended question to find out the 

challenges of schol leadership. The responses that were given 

by principals are listed below in the table.  

 

TABLE III. CHALLENGES OF SCHOOL LEADERSHIP 

FACED BY SCHOOL PRINCIPALS 

According to the second objective of this study, it was 

found that the impacts of challenges and opportunities of 

school leadership influence on effective School-Based 

Management in various ways. Table- III clearly illustrates 

the impacts of challenges in a list. Failure in implementing 

SMC and SDC, Lack in acsessing resources, Students 

misbehavior, and decision-making problems are some of 

them. Moreover, as the impacts of opportunities in School 

Leadership of SBM, principals receive training and 

guidence to implement SBM effectively. This makes 
school management very sucsessful in achieving the aims 

of the schools.    

 

VII. CONCLUSION  

This study clearly depicts school leadership challenges and 

opportunities faced by school principals in implementation 

of SBM. Though there are opportunities to improve school 

leadership in line with SBM, actions should be taken to 

reduce the challenges of principals. As recommendations 

of the study, the existing challenges could be reduced and 

the opportunities could be improved more to strengthen the 
good relationship which should be prevailed among 

principals and the society, for the better functioning of SDC 

and SMC by organizing training activities for principals.  
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Abstract— Ability to speak in English is considered an 

invincible requirement in any field to secure a respectable and 

comfortable place on the pyramid of social level in Sri Lanka. 

Every year a considerable number of novice group of students 

enter into the world of work after the G.C.E Advanced Level 

Examination. The doubt arises whether every one of them 

would be the best suited for the high demand of the labour 

market as it seems that most of them lack oral proficiency of 

English. Hence, the main objective of this study was to 

investigate the reasons that obstruct the oral competence of 

English of grade 13 students of the national schools of Sri 

Lanka. Also, addressing of the research problem of employing 

CLT (Communicative Language Teaching) method in a class 

room context of English as the second language and potential 

obstructions to the advancement of oral competence of 

students in grade 13 was done with three hypotheses 

postulated and research questions. A mixed-method research 

framework was used in this study with direct class room 

observations, semi-structured interviews with the teachers 

and students, administering a questionnaire for students, 

testing of grammar, vocabulary and speaking skills of 

students and the analysis of the text book in relation to 

speaking skills as main research instruments to collect data. 

The findings revealed that students’ irregular attendance to 

classes, anxiety, self- esteem, lack of motivation and interest, 

prioritizing of main subjects, teachers’ ignorance of the use of 

CLT, demotivation, less preparation to class and frailties of 

educational authorities to organize teacher trainings, 

workshops and maintain systematical and regular process to 

assess teachers and students development through 

observations as the main factors that impede the oral 

progression of students of grade 13 in national schools of Sri 

Lanka. 

Key Words - Oral proficiency, CLT (Communicative Language 

Teaching), National schools, G.C.E(Advanced Level) 

examination. 

I. INTRODUCTION  

In the specific context of Sri Lanka, a linguistically diverse 

nation with multiple languages in use, the cultivation of 

spoken English proficiency has been accorded high priority 

within the educational framework. Grade 13, which 

denotes the final stage of secondary education, assumes a 

crucial role in preparing students for tertiary education 

and the professional realm. Nevertheless, despite the 

emphasis placed on English language instruction, there 

exist obstacles that hinder the progress of spoken English 

proficiency among Grade 13 students attending national 

schools. Understanding these limitations is crucial for 
educational policymakers, instructors, and learners alike, 

as it directly affects their ability to use language effectively, 

their academic achievements, and their future prospects. 

The objective of this research is to investigate and clarify 

the complex limitations that impede the development of 

English speaking skills among students in Grade 13 of 

national schools in Sri Lanka. By conducting a thorough 

analysis of these limitations, the aim is to offer valuable 

insights that can inform more efficient language teaching 

strategies and facilitate the improvement of English 

speaking skills at this critical stage of education. 

Aim and Objectives of the study 

 The main research aim of the current study, based on the 

central research question, was to achieve an in-depth 
understanding of the reasons that obstruct the oral 

communication of Grade 13 students of National schools in 

Sri Lanka. In order to achieve this main research goal, the 

following objectives were aspired to achieve. 

1. To investigate key constraints for majority of grade 13 

students in their pursuit of English oral proficiency. 

2. To explore the effectiveness of the instructional practices 

which direct students to improve their oral proficiency in 

the English language in such contexts as stated above. 

3. To examine the extent to which Communicative 

Language Teaching (CLT) is employed in grade 13 classes 
as a strategy for enhancing English oral proficiency. 

4. To suggest remedial measures to minimize those 

problems and also to accelerate their learning pace. 
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Research Problem 

It was a noticeable fact that grade 13 Advanced level 

students of Sri Lankan government schools find it much 

difficult to correspond in the English language and this in 

fact be largely cause to hamper their future achievements. 

Since Sri Lanka being a country with different ethnic 

groups, English language becomes the second language for 

majority of the students studying in Sri Lankan schools. 

Hence the acquisition of the English language and its oral 

fluency depend on multiple variables that consequently 
result in either the success or the failure of language 

acquisition. As the current study focused on the grade 13 

students in Sri Lankan government schools, the 

development of language fluency in English within the 

period of English language becomes challengeable. 

Therefore, this study will address the problem of 

employing CLT (Communicative Language 

Teaching) method in a class room context of English as the 

second language and potential obstructions for the 

advancement of oral competence of students. 

Research Questions 

Research Question 1: Do majority of grade 13 students in 

Sri Lankan government schools show a low or limited oral 

proficiency in the target language? 

Research Question 2: Do teachers of English in government 

schools use the communicative language teaching (CLT) 

approach in their classroom teaching? 
Research Question 3: Do teachers use the mother tongue of 

the students so often during the lessons for class room 

instructions? 

Research Question 4: Do teachers create a student centered 

or teacher centered teaching environment and do lessons 

which are all exam oriented? 

Research Question 5: What kind of attitude and enthusiasm 

or interest the students exhibit towards the subject of 

English? 

Research Question 6: How the school curriculum is 

designed related to the subject General English, the 

student’s text book and the teacher’s guide. 
 

Research Hypothesis 

Several hypotheses were proposed to address the research 

questions outlined earlier. 

Hypothesis 1: Grade 13 students in Sri Lankan government 

schools lack sufficient English oral proficiency. 

Hypothesis 2: Most Grade 13 General English teachers in 

schools do not use the Communicative Language Teaching 

(CLT) approach. 

Hypothesis 3: Inadequate student participation and teacher 

motivation may mutually contribute to students' oral 
proficiency issues. 

 

REVIEW OF LITERATURE 

The purpose of this chapter is to provide the reader with a 

general overview of the theories, approaches and methods 

that have been long persisting in the field of second 

language (SL) teaching and learning in light to the 

acquisition of second language oral competence. Various 

paramount scholarly ideas constructed through research 

done on the similar research area of this study further 

discuss the significant and most affective factors for the 
development and the encumbrance to the oral competence 

of the second language learners. Moreover, the affective 

factors that may provoke less oral competence among 

students are presented 

singly as the external factors, learners own limitations and 

the pedagogical concerns to the impediment of the oral 

competence. The most efficacious and productive teaching 

approaches and methods that are potential in attracting 

larger 

student’s participation in to the lesson and tasks and 

activities that can be followed in the classroom are also 

scrutinized in this. 

Oral Competence in the Second  Language 

It is often deemed to be the most indispensable factor 
among the acquisition of the second language (L2) skills is 
the ability to speak in a second language (L2) fluently. The 
conspicuousness of communicating one’s aspired ideas 
distinctively and coherently for every requisite purpose has 
urged the necessity of being fluency an increasingly 
predominant objective for L2 learners.Lazaraton 
(2014.p.118) expresses that speaking becomes the 
transmission of all the other language skills of writing, 
listening and reading when language instructors like 
teachers take on effective teaching approaches like 
Communicative approach (CLT) in a very prolific and 
constructive way in the class room. But, “The teaching of 
English has traditionally been considered as teaching and 
making the students aware of certain aspects of the language 
such as grammar, vocabulary, translation etc. In this way, 
the students are hardly provided with adequate practice in 
the development of communicative skill through speaking” 
(Littlewood, 1981; Richards, 2006 as in Mridha et al 
2020.p.2). Consequently, every L2 learners may find it 
difficult to enunciate their own desires, thoughts in the 
target second language even after many years of studying 
the language owing to the reasons that the language is learnt 
in its conventional written manifestation with a minimal use 
and development of oral proficiency of students. 

Affective Factors relevant to the oral competence in the 

second language  

• Self Esteem 

When educating oral communication in English as the 

second language it is essential that the teacher has to 

contemplate that our emotions, or the affective 

domain, have a consequential effect on second 

language learning. One of influential factors in the 

affective domain is self-esteem. Brown (2000, p.142) 
investigated the manners of how learners’ self-esteem 

influenced their communicative activity in the focused 

language and it is revealed that even though a language 

learner is competent enough in communicating, it does 

not inevitably correspond with “a high eagerness to 

communicate”. This competence moreover is integral 

with attitudes, values and motivations, concerning 

language its features and uses and integral with 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

388 

 

 

 

competence for, and attitudes toward, the interrelation 

of language with the other code of communicative 

conduct (Hymes 1972 as in Peterwagner 2005). 

 

• Anxiety 

Anxiety which considered one of predominant 

affective factor which has the potentiality to hinder the 

education process is usually admitted to be 

accompanied with feelings of restlessness, 

disappointment, self-distrust, agitation, or bother. 

Anxiety of language is regarded as agitation or fear 

transpiring when a learner is aspired to perform in the 

second or foreign language. It has been admitted that 

average anxiety can generate one’s concentration on 

studying, whereas, extreme anxiety is potent to 

influence negatively on learners’ achievements and 
advances mal performance through fear, agitation and 

self-distrust. 

• Motivation 

Motivation becomes one of significant factors for each 

and every one to acquire anything. As Cohen (2010) 

states that motivation which is considered as an 

effective procedure, is subjected to have regular 

conversions. As mentioned above motivation is 

accepted as a predominant factor for every process 

related to learning teachers in every classroom context 

have to make an extra attempt to get their students 
motivated and to be interested to the learning 

environment. 

• Influence of the mother tongue 

The use of learner’s mother tongue in the class room 

has been presented with two contradictory 

perspectives of the scholars in many research. Recent 

trends in the field of linguistics emphasize that use of 

the students’ mother tongue in language teaching and 

learning is a linguistic human right of the students 

(Kangas et al,1994 as in Sanmuganathan, 2017, p.623). 

Therefore, the proponents of the communicative 
approach have given due recognition to the students’ 

mother tongue in their teaching strategies. Translation 

is seen as a useful pedagogical device and therefore, a 

reasonable use of the mother tongue is recommended 

(Richards and Rodgers, 2001, p.88). 

Teaching methods and approaches to develop the oral 

competence of the second language learners 

• Communicative competence 

Communicative competence is a combination of four 

different competences. To be communicatively 

competent, according to Hymes means that a person, 

apart from having grammatical competence, knows if 

an utterance is feasible or not, if it is appropriate or not 

and also if it is accepted usage (Tornberg, 1997 as in 

Törnqvist,2008, p.06). Communicative competence 

concerns four different ways of language acquisition 

as follows that ultimately directs the learner to be 
thrive in the oral competence of the second language. 

The communicative language teaching (CLT) 

Earlier, in Sri Lanka second language teaching (SLT) and 

foreign language teaching has generally had its prominence 

more than on grammatical competence than considering the 

improvement of students’ communication skills. The major 

objective in relation to communicative language teaching 

methods is to make students to be self-assured speakers for 

different real-life contexts, through continuous speaking 

practices and peer group cooperation.CLT, as an approach 

than a method of teaching, surpasses the limits of rigid 
methods and techniques. “The theoretical position on the 

nature of language and on teaching and learning. CLT, aims 

to make communicative competence, the goal in the 

language teaching by providing attention that involve in 

any type of interaction or transaction”. (Richards and 

Rogers, 2001, p.90) 

Various aspects of the Communicative Language 

Teaching 

• A language is learnt by the students through the 

application of language to communicate. 

• In class activities should be designed with an intention 

of reaching the goals of accurate and meaningful 

communication. 

• Being fluent is a significant aspect of communication. 

• Communication requires the amalgamation of the 

divergent skills of the language. 

• Grammatical or linguistics competence is not 
considered the only components for the CLT, but it 

necessitates all the constituents of communicative 

competence as well. 

• Language is used in extemporize or impetuous 

contexts. 

• As learning and teaching technique Dialogues are used 

since they involve communicative functions and also, 

they can be used spontaneously. 

Three types of instructional material related to the 

Communicative Approach 

The communicative approach involves three types of 

instructional material: text- based, task-based and realia 

(Richards and Rodgers, 2001 as in Karunarathne, n.d, 

p.02). According to Karunarathne (n.d) the use of textbooks 

in the language class room for class room activities is called 

Text-based teaching and the Task-based teaching requires 

different      games, role-plays, simulations and any sort of 
classroom activity that fortifies target language 

communication in the classroom and also realia which 

refers to reliable teaching material such as newspapers, 

signs and posters in the target language. 

Other approaches related to the progression of oral  

communication in the English Language.  

• Pupil-centered teaching approach 

This approach is based on the use of pupil – centered 

teaching methods rather than the practicing of teacher 

– centered teaching context in the class room. “A 

reconstruction of the traditional teacher’s role is 

expected in a classroom functioning under the 
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principles of communicative teaching. Traditionally, a 

teacher’s role was to provide correct models of 

language and corrective feedback (Littlewood, 1981as 

in Karunarathne, n.d, p.4). 

• Oral Approach / Situational Language Teaching 

The oral approach is a method in which children to use 

whatever hearing they get from their surroundings. 

They also take help from the context to understand and 

use language. The target is to develop the skills in the 

individual so that he can communicate and function 

independently. This approach helps in the 

development 

of reading and writing skills (Richards and Rodgers, 

2001). 

• Direct Method 
The direct method was the outcome of the reaction 

against the grammar translation method. It was based 

on the assumption that the learners of foreign and 

second language should directly think in English. This 

method is against the translation of written and oral 

text and focuses on telling the meanings of the words 

through action, demonstration or real objects. This 

method focuses on directly thinking, doing discussion 

and conversation in second language (Richards and 

Rodgers, 2001, p. 82). 

METHODOLOGY 

The current study employs 60 female students and 60 male 
students studying in grade 13 classes of a national boy 

school and a girl school in Panadura area as the sample for 

the questionnaire and 12 English Language teachers from 

both the schools and 30 students, equally 15 from each 

school as the sample for the interview for this research. 

This study employed a purposeful sampling technique 

which is also known as purposive and selective sampling,  

In order to satisfy the objectives of the study a mixed 

method of both combination of qualitative and quantitative 

research methods was used to reach the end desires of 

reaching the answers needed by combining the two 
approaches. 

To enhance the research, both inductive and deductive 

methods were employed, enabling a more thorough 

investigation of questions arising from the research topic. 

Since this study uses mixed method of the combination of 

both the qualitative and quantitative, the use of the 

inductive approach may address the research questions 

over the reasons behind the barriers that obstruct the oral 

competence of English language of grade 13 students of Sri 

Lankan national schools. 

ANALYSIS OF DATA 

Students’ language proficiency at the O/L examination. 

The following table represents the data collected through 

the students’ questionnaire about the grades obtained by the 

students of both the schools for the English language at the 

G.C.E Ordinary level examination. Statistical data of the 

above were sorted out according to the gender of the 

participants and the stream of subjects followed by the 

students at school.  

 
TABLE 1 -STUDENTS ‘LANGUAGE PROFICIENCY AT THE 

O/L EXAMINATION. 

 A                        B C     S      W        
Boy’s School (Science) 50% 26.6%  13.3% 10     -  
Girl’s School (Science) 53 33         6.6    6.6     -  
Boy’s School (Arts) 26 40       16    13      3  

   Girl’s School (Arts)                       33         10        20       26     10 

 
According to the above table it is apparent that only 41% 

of students from the total number of respondents (120) have 

got through the English language with an “A” grade. 

Among them female participants from the Girls’ school 

have exceeded the number of male students. Further the 

total number of all grades (A, B, C, S) obtained except 

failures 

Future goals of students 

The aspired future targets of the students after the GCE 

(A/L) examination was identified through the questionnaire 

and students from both schools irrespective of streams of 

subjects, wish to enroll for higher studies, to be self-

employed, to be employed and to study .Among them 55 

students wish to continue higher studies here in Sri Lanka 

which holds the maximum percentage and 15 students wish 

to go overseas to continue the studies.40 among the 

remaining respondents expect to be employed with no 
interest to go for higher studies after the Advanced Level 

examination. The other remaining 10 hope to be self-

employed. It further communicates that female students 

have more tendency towards go for higher studies locally 

or in overseas as the percentage to be employed after 

Advanced Level examinations shows female students have 

lower interest than the boys. 

TABLE: 2 FUTURE GOALS OF STUDENTS  

Targets Girls’ School Boys’ School 
Frequency Percentage Freq Percen 

To enroll for higher 
studies 

30 50% 25 41% 

To be employed 15 25% 25 41% 
To be self employed 05 09% 05 9% 
To study overseas 10 16% 05 9% 

Exposure to the English language 

TABLE 3: EXPOSURE TO THE ENGLISH LANGUAGE 

  

  
                Often                             8% 

                Sometimes                              8% 

                Never 17% 

                Rarely                             58% 

                   Always                                                                     88% 

 

The above demonstrates that majority of students rarely get 

an opportunity to speak in the English language outside the 

school and among them equal number of students with the 

percentage of 8 have stated that the availability of 

opportunities are received so often, always and sometimes. 
The second highest percentage of students belong to the 

group where no opportunity is available for them to 

converse in English language. This analysis of the figure 

indicates that 
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most of the students come from families where English is 

not conversed. 

 

 

Linguistic and other possible hindrances to the oral 

communication in English 

TABLE 4: LINGUISTIC AND OTHER POSSIBLE HINDRANCES 

TO THE ORAL COMMUNICATION IN ENGLISH 
Grammar 11% 

Vocabulary 6% 

Both Grammar & Vocabulary 83% 

 

 

A deeper awareness to the existing situation with regard to 

the linguistic difficulties faced by the students. When 

considering the graph, it clearly manifests that a larger 

number of students find it difficult to use both grammar and 

vocabulary as a hindrance to the oral proficiency rather 

than encountering the difficulty individually. Between both 

grammar and Vocabulary, the least number of students find 

lack of vocabulary as a weakness of them when 
communicating in English. In addition to the above given 

answers, the following responses were made by the 

students (n = 30) for varied questions posed regarding the 

issues for 

oral communication in English at the interview held with 

them. 

 

Section Two- Interviews with teachers. 

It was assumed that rather than surveying through 

questionnaires on the classroom condition and other 

external factors that vastly hamper the progression of the 

use of CLT method as an effective tool for the progression 

of oral communication in English, conducting interviews 

with teachers would be more productive and successful 

mean of gathering data related to teachers’ experiences 

with regard to 

the aforesaid research problem. Twelve teachers from both 

the schools; six from each school equally were randomly 
selected in order to obtain the aspired relevant data. 

Questions for the teachers were based on three sections: 

Teachers’ personal and career related information, Class 

room context and students and School environment. 

Practicing of the CLT Method in class room 

Table 5 (n = 12)  
Aware of the CLT method 17% 
Unaware of the CLT method 83% 

 

The concept of the use of CLT (Communicative Language 

Teaching) as an effective teaching method was discussed 

with the teachers and 10 teachers among 12 (83%) were 

totally unaware of the mechanism behind the method 

whereas 02 teachers (17%) were well aware of the CLT 

method. Teacher’s use of Teachers’ guide is apparently low 

as 41% teachers do not often follow the book. Question 

posed on the way the teachers contribute to the improving 

of oral communication in English was honestly responded 
and the (Table 4.5) represents the way teachers from both 

the schools teach students in the class. Among them, it 

seems that priority has been given more towards the use of 

grammar and writing 

activities.  
The questionnaire revealed that a significant number of 

students cited grammar and vocabulary as their primary 

language difficulties, hindering their progress in speaking 

skills. The importance of language exposure at school for 

the students who either rarely meet an opportunity or never 

gain an opportunity to speak in English outside the school 

environment was foregrounded in the questionnaire. An 

interview was conducted with randomly selected 15 

respondents(students) from both schools could reveal that 

“the teacher of English has the responsibility to the pupils 

beyond the examination. Outside the classroom, in the 

institutes of high education and, ultimately, in their 
respective workplaces the pupils will need to use and 

understand English” (Maryslessor et al ,2014. p.88). 

Contrary to what the above scholars said, the data gathered 

from teachers’ perspective and experiences regarding the 

use of CLT revealed that teachers work on much pressure 

due to their responsibility of practicing students to get 

through the GCE (A/L) Examination at least with a simple 

pass mark. 

 

Hence, through their revelations it is clear that exam-

oriented class room context of grade 13 in Sri Lanka 
hinders teachers’ motivation and enthusiasm of using CLT 

method. As to extend up upon this, the findings of the study 

further conveyed that teachers most tend to follow the text 

book with grammar activities, grammar only, writing 

activities and past paper or model paper questions for grade 

13 students. This finding renders two implications to the 

study that the teachers try their best to improve the writing 

skills of students as writing will only be tested at the exam 

or teachers are totally ignorant of the use of CLT and 

improving the speaking skills of students. facts that 

students do possess several negative attitudes towards the 

practice of English speaking and also the General English 
period due to multitude reasons as fear for peer group 

humiliations, ignorance of the subject, 

lack of self-confidence etc.  

Moreover, students were questioned both at the interview 

and through the questionnaire about teaching and learning 

situation during the period of General English at school. 

Majority of students expressed that no assistance for the 

improvement for oral communication is given by the 

teachers and the school authority, instead teachers keep on 

teaching grammar and the lessons in the text book. After 

the interview of 13 teachers from both schools, it was found 
that all the teachers except 02 were not known about the 

CLT approach and its applicability to foster the speaking 

skills of the students. Teachers were also presented their 

difficult situations face in school when teaching English for 

grade 13 students extending their deeper displeasure over 

the irregular attendance, lack of enthusiasm, giving 

preference and priority for the main subjects etc. Spending 

four days observing 06 classes of both schools (03 from 

each school) in the English period was done and data was 
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recorded under two main domains of teachers and students’ 

situations. 

 The actual situation of the teachers and the students during 

the English period could be recorded where the majority of 
teachers showed no attempt to get students involved in 

speaking activities and creating an environment to expose 

the students to English-speaking surroundings. Students 

also behaved in classrooms during the English period in a 

less enthusiastic way that evoked lots of weaknesses that 

hindered the gaining of language oral proficiency. 

 

FINDINGS AND DISCUSSION 

The study was supported and guided by 6 main research 

questions and three hypotheses as mentioned before. 

Interpretations of the findings of the study are also to be 

discussed with relevance to the research questions and 
hypotheses. 

Speaking ability as the ability to express oneself and 

participate in real-time conversation/discussion in an 

appropriate and meaningful way is a fundamental aspect of 

“real-world” second language competence. Evaluating and 

assessing of the oral proficiency of second language 

learners can be done through many research instruments 

and activities already followed as presentations, interviews, 

discussions and debating. 

The rubric followed indicated that students’ level of oral 

proficiency was very low as many of them struggled hard 
to construct a sentence with correct grammar and tenses. 

Their inconsistent way of producing utterances, hesitation 

and frequent stammering during the speech further 

generated another phenomenon that most of them lacked 

exposure and practice in communicating in English. Hence, 

the first hypothesis of the research which was “Grade 13 

students in Sri Lankan government schools lack sufficient 

English oral proficiency” was realized too. 

Also, the findings of this study communicated the fact that 

most teachers utilized the mother tongue before and after 

the lesson was over. And it was revealed through the class 

room observation, and the teachers’ interview that during 
the time of lesson being conducted, their use of mother 

tongue was at a minimum level. 

Further, Dickson (1996), in his study for the National 

Foundation for Educational Research, entitled: Using the 

Target Language, states that using the “Target language 

(L2) promotes natural acquisition and that use of the 

mother tongue (L1) undermines this process by diverting 

attention from the object of pupils learning.” Hence, 

exposure to the language and getting students involved in 

to activities that enable them to interact in the English 

language would be a motivational factor to improve their 
oral proficiency. 

As to elaborate on the student textbook for A/L General 

English, the book is a perfect combination of creatively 

crafted activities that lead learners to get as much as 

exposure to the language while being engaged in to more 

group and pair activities. It was found that the amount of 

group and pair activities were high in number when 

compared to other 

activities. The writers of the text book have given ample 

opportunities to the teachers to practice different 

components of CLT method such as Task Based Language 

Teaching, Text based Language Teaching, realia etc. which 
ultimately navigate learners to develop their oral 

proficiency in English language. Hence, the findings of the 

data regarding the use of CLT in the class rooms, teachers 

ignoring of the maximum use of group activities and 

getting students involved in to the 

activities given in the text book etc. discuss a lot about the 

prevailing teaching learning system of grade 13 classes in 

Sri Lanka. 

 

CONCLUSION 

The main purpose of this study was to investigate the 

impediments to the oral progression of grade 13 students in 
Sri Lankan national schools as it was noticed that majority 

of them did not possess the required proficiency level. This 

study used a mixed method research design that relied 

mainly both on the qualitative and quantitative research 

approach for the sake of answering research questions, 

aims and addressing research hypotheses and research 

problem using different research instruments as interviews, 

questionnaires, class room observations, Testing of skills 

and Text book analysis. The data was collected with the 

above-mentioned different data collection methods which 

helped the researcher to triangulate the trustworthiness of 
the data. Though the investigation carried on with regard to 

the research problem of this study; the problem of 

employing CLT (Communicative Language Teaching) 

method in a class room context of English as the second 

language and potential obstructions for the advancement of 

oral competence of students in grade 13 of Sri Lankan 

national schools could be partly attributed to the lack of 

motivation, interest, of students and their irregular 

attendance to school, self-esteem and anxiety. This study 

has further emphasized the fact that the teachers’ 

demotivated attitudes, lack of knowledge and practice, 

teacher centered teaching situation for the exam oriented 
national curriculum also have expedited the malfunction of 

CLT with regard to the development of oral proficiency of 

students in grade 13. This situation needs to be considered 

by the educational authorities and school administration in 

order to help the teachers and students to exercise and 

augment the practice of CLT with its different approaches 

to accelerate the language exposure to the students to 

improve their oral proficiency in English. 

 

LIMITATIONS OF THE RESEARCH                                                          

It should be indicated that this study encountered certain  
limitations with regard to the process of data collection 

which was processed with 120 students and 12 teachers (06 

from  each school). The main limitation of the research 

could be 

identified with the selection of only two leading national 

schools in Panadura area in the Kalutara zone. The 

applicability of the data gathered and generalizing the                                                    
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findings to arrive to a conclusion related to the research                     

problem are limited only to two national schools and 

certain mismatches with the decisions would arise when 

considering other provincial schools in the zone. In 
addition, the two schools that were under the investigation 

are a boy school and a girl school.Hence, the students’ 

performances and reactions, behaviors at the time of 

supervision may be different and the research may have 

tendency to be biased due 

to gender differences. The selection of two grade 13 classes 

(one Arts class and a science class) from each two schools 

may also be considered a limitation due to variations in 

cognitive skills, competences and enthusiasm in acquiring 

the 

fluency in the language. 
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Abstract— The primary aim of Bloom's Digital Taxonomy is 

to gain knowledge on using technology and digital tools to 

facilitate students' learning experiences and outcomes. This 

research mainly focuses on connecting Bloom's Revised 

Taxonomy to Bloom's Digital Taxonomy features required for 

developing online learning activities to meet the demands of 

undergraduates. Bloom's Digital Taxonomy guides us through 

the variety of digital resources available and helps us decide on 

the learning experiences we want our students to have. Here we 

search how to apply Bloom's Digital Taxonomy to 

undergraduates. The activity's difficulty level will determine the 

most appropriate digital action concerning Bloom's Revised 

Taxonomy's cognitive levels. This study is mixed methods 

research. The questionnaire is designed in Google Form 

questionnaires. (About Technological Tools). The sampling 

method is the convenience sampling method. (Non-

probability)The collected data was used for analysis through MS 

Excel and data was represented through line graphs, tables, Ven 

graphs, and bar graphs. The findings revealed that Bloom's 

Digital Taxonomy has intervened in the undergraduate’s 

education, in disguise. Without proper attention or knowledge of 

BDT students try to learn with web tools.Besides, the results 

revealed that university has to apply BDT systematically so that 

students can easily apply digital verbs in their usual studies. 

Students are capable of web tools to some extent but the lack of 

facilities and knowledge to develop their learning through this 

new taxonomy. Here the research study shows a new aspect that 

universities should be concerned about immediately for 

university development and endurance. 

Keywords— - Bloom's digital taxonomy, Bloom's Revised 

Taxonomy, Higher Order Thinking Skills, Lower Order Thinking 

Skills. 

I. INTRODUCTION. 

The research comes up with an updated version of Bloom's 
Revised Taxonomy, its Bloom's Digital Taxonomy. Sri 
Lankan Education typically followed Bloom's Revised 
Taxonomy, which gradually takes lower-order thinking skills 
(LOTS) into higher-order thinking skills (HOTS). Their 
students are required to demonstrate higher-order thinking and 
creativity and content-related basic comprehension and 
competencies. In (BRT) Bloom's Revised Taxonomy, students 
use their books and papers, and teachers use PowerPoint 
presentations and simple instructional materials. But with 
time, instead of writing articles, students focused on blogging; 
instead of writing letters, they started Tweeting and e-mailing. 
Instead of keeping bookmarks on books, students began to 
keep their site bookmarks and highlighters through various 
apps like "Delicious." Instead of drawing on books, students 
use Canvas and Adobe Illustrator software to design notices 
and posters. In the past decade, new technological verbs such 
as googling, tweeting, and podcasting have emerged as word 
forms for site communication tools.Today's learners are 
interested in digital learning opportunities. Here, student 

activities are primarily associated with Web 2.0 technologies that 
enable collaboration, innovation, and individual inquiry. When 
considering all of this, there is a massive gap between the new 
generation's expected and educational outcomes. Bloom's 
Revised Taxonomy was Updated to Bloom's Digital Taxonomy 
as a solution for that gap. According to researchers in education, 
Educationists and governments worldwide are increasingly 
concerned about educating digital-age children, and 
practitioners have devised novel ways to combine these digital 
technologies with Bloom's Revised Taxonomy's structure, 
resulting in the creation of Bloom's Digital Taxonomy. 

Bloom's Digital Taxonomy is about using these digital tools 
to complete recalling, understanding, applying, analyzing, 
evaluating, and creating. The task is not just to provide 
technology infrastructure but also to provide mentoring and 
advice on using digital resources to interact with teachers and 
peers anywhere and at any time. Bloom's digital taxonomy 
(BDT) has given a framework, systematic guidance, knowledge, 
and related digital tools in academic and non-academic settings 
for teachers, instructors, and students. 

A. Background to the study. 

With the arrival of the COVID-19 pandemic, Sri Lanka's 

Whole Education underwent Online Distance Learning (ODL). 

At the same time, University Education also changed to 

distance learning sometimes. The need for digital Taxonomy is 

highly noticed in this situation. It also showed the importance 

of technology in the teaching and learning process. 

The ultimate learning experience for learners is created by 

integrating technology into the classroom and engaging pupils 
in higher-order thinking. Bloom's Taxonomy combined with 

digital resources produces an innovative learning environment 

where students are actively involved in their work. Usually, 

traditional face-to-face learning uses Bloom's Revised 

Taxonomy for Teaching Practices, student- centered methods, 

andragogy and pedagogies, and intrinsic and extrinsic learning 

methods in the teaching-learning process. The approach plays a 

huge role in filling the gap and making lifelong learners. I 

thought about applying Bloom's Digital Taxonomy for online 

learning to help the current situation continue the effective 

digital education process. 
The way today's pupils learn and absorb information has 

fundamentally changed. These pupils are the first in their 

generation to have grown up with modern technology, 

particularly educational technology. "In addition, these new 

generations of students have been heavily influenced by 

incorporating information technology (IT) into their lives. 

Therefore, the best question is how do we educate these more 

recent generations? How can we teach the Millennial 

Generation (Gen Z), specifically? 

 

 

mailto:bed18b116@uovt.ac.lk
mailto:deanfe2020@gmail.com


 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT) 

“Emerging Technologies and Skills for Resilient Industries” 
                       394 

 

B. Research objectives. 

• To identify a list of Technological Tools that educators 

and undergraduates could use to help apply Bloom's 

Digital taxonomy action verbs from lower-order thinking 

to higher-order thinking. 

• To identify the most appropriate technological tools for 

university education. 

• To determine the digital literacy of students on the 

above-listed technological tools. 

• To explore how undergraduates implement these 

technological tools for UOVT education. 

C. Limitations. 

The results cannot be generalized to a more significant 

population of all universities except Vocational Technological 

universities all around the country. 

Digital poverty: Some students have less or inferior access to 

devices to engage with digital approaches to learning. In 

addition, they may not have access to an internet connection 

with limited or no bandwidth, which could degrade the quality 
of their digital learning experience and the research study. 

II. LITERATURE REVIEW. 

A. Bloom's Revised Taxonomy. 

Bloom's Revised Taxonomy was modified and renamed 
"Bloom's Digital Taxonomy" by Churches (2009), who noted 
that the digital taxonomy is not only limited to the cognitive 
domain but also provides methodologies and tooling for 
conceptual comprehension. It highlighted the digital tools and 
verbs that corresponded to each stage. 

B. Bloom's Digital Taxonomy. 

Bloom's Digital Taxonomy is not about using the tools; it's 

about using the tools to encourage learning. (Navita Malik 

2016), There it highlights the fact that a variety of activities 

and methodologies used in smart classrooms assist teachers in 

achieving their educational objectives. All of Bloom's digital 

taxonomy domains, including High Order Thinking Skills 

(HOTS) and Low Order Thinking Skills (LOTS), are followed 

in Smart Board Classrooms by using various activities in 

teaching and learning. Also, the old concept objectives have 

transformed into a digital taxonomy for technology-facilitated 

classrooms. It also reflected various activities and 
methodologies for smart classrooms to achieve instructional 

objectives. Here, she considered instructional media used in 

face-to-face Smart Board Classroom but not the Online 

Distance Learning (ODL) technologies that could be used in 

the classroom. Here we can get only Bloom's Digital 

Taxonomy related to face-to-face classroom sessions. 

"Digital verbs" are defined as verbs employed in digital 

environments that change depending on their academic 

practice. Nikolic and Dabic (2016) Many of Bloom's Digital 

Taxonomy's suggested digital activities include editing, 

creation, sharing, and interaction. However, according to (Hart 

2015), using digital verbs in the academic context has two 

limitations. First, classifying digital tools given to 

theirappropriate level is complicated as many tools can be used 

for multiple actions. Second, the popularity of the tools varies 

depending on the circumstance. According to (ISTE 2003), 
technology assists in creating efficient and effective learning 

environments, and experiences offer a vast number of 

instructional strategies and curriculums that enhance student 

learning. 

According to N. Husain, F. (2021). The proposed model shows 

Bloom's model to create digital online assignments using ICT 

tools to add a new dimension to online assessment. His main 

objective is to utilize Bloom's taxonomy's common language and 

terminology to assess the learners depending on their needs and 

abilities to accomplish the targeted learning outcomes. Online 

teaching and learning could prove very effective if Digital 

Bloom's Taxonomy and ICT tools were utilized to design 
teaching-learning and assessments. 

Using Bloom's cognitive domain to connect with the Digital 

Bloom's taxonomy by integrating Information and 

Communication Technology Tools for creating online 

assessments can cater to the needs of different ability students 

during these pandemic times. If the online assessments are 

designed as per Bloom's teaching and learning taxonomy, this 

will help the educators to use the LOT skills to HOT skills to 

teach and assess their students in the most reliable way. 

(Emerald Insight 2020) study reveals that the students of ODL 

(Online and Distance Learning) are far better at using digital 

tools and activities: googling, Skyping, and collaborating. They 

are great at understanding and application levels and are 

involved in higher-order thinking tasks, such as publishing and 
podcasting. Unlike the learners, the teachers at the virtual 

university are using digital tools for Lower-Order Thinking 

Skills (LOTS). 

The authors conclude that the students and teachers at online 

universities are using digital tools frequently because of the 

demands of the Online Distance Learning (ODL) environment. 

These findings recommend further research to explore the 

factors that hinder the teachers' use of higher- order thinking 

skills in the online environment. The study suggests using 

Bloom's digital taxonomy in teaching-learning activities, such 

as curriculum, instructions, and assessment for recent 
generations. Because learners in the digital age are already 

deeply involved with digital tools, the findings may drive 

online and traditional higher education institutions to use 

digital pedagogy for instructional objectives. These 

technological tools are everywhere, and students are being 

exposed to a plethora of information. Digital Taxonomy 

advises that digital tools can be used in conjunction with 

traditional pedagogies to make learning experiences more 

significant and constructive. 

Additionally, instructors must adequately train in the theory 

of digital pedagogy and ways to apply Bloom's Digital 

Taxonomy into all phases of their teaching-learning. 

(Manochehri and Sharif 2010) measured attitudes toward 

learning with various classroom technologies. They found that 
technology increased students' capacity for self-directed 

learning and that overall acceptance of the technology was 

related to student perception of the relevance of the learning 

experience. (Mishra and Koehler 2006) addressed this 

approach and emphasized the necessity of discovering the 

connection of  technological,  pedagogical,  and  

contentknowledge. They argue for pedagogies that 
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incorporate interactive learning techniques, Web 2.0 tools 
with a social focus, micro-content orientation, and open 

access, all of which apply to a particular subject's content. 

 

III. METHODOLOGY. 

This study is mixed-methods research. The questionnaire 
design is going to combine elements of quantitative research 
and qualitative research to answer the research questions. The 
questionnaire is about Technological Tools and digital verbs 
that participants use. The sampling method is the convenience 
sampling method. (Non-probability) 

The total population is about 600. (Undergraduates of the 
University of Vocational Technology) 

The target population is
 approximately 150. (Undergraduates 2017/18, 
2018/19 B. Ed and ELT) 

Accessible population 40. 

Sample Ratio: - {40: 150} = {1:4} 

Table: 1 
 

Step Activity 

Step-01 Select the target population. 

Step-02 Select a convenient sample (who is familiar 
with Bloom's Taxonomy). 

Step-03 Create questionnaires. 

Step-04 Categorize questions. 

Step-05 Distribute questions. 

Step-06 collect responses. 

 

A. Research Design. 

This study is mixed-methods research. A mixed-methods 
study design is a way of gathering, analyzing, and presenting 
data. In a single study, "mixing" quantitative and qualitative 
research and methodologies. The sampling method is the 
convenience sampling method. (Non-probability) 

B. Research Sample. 

The selected convenience sampling method is (non- 
probability sampling). The sample will be taken from the 

population who are easy to reach. Here the researcher chooses 

undergraduates who are familiar with the concept of Bloom's 

Taxonomy and digital educational tools and should have 

attended Online Distance Learning (ODL). 

C. Total Population. 

UOVT undergraduates are the total population. These 
participants should have an interest in this research study. The 
criteria for the undergraduates who are familiar with the 
concept of Bloom's Taxonomy and digital educational tools, 
and they should have obtained knowledge about the teaching- 
learning process and experience in both online classes and 
face-to-face classes at the University of Vocational 
Technology.Ta 

Target Population. 

In this research, the researcher was dealing with Bloom`s 
Digital Taxonomy Digital verbs and apps (We 2.0 tools) that 
undergraduates use often and some web tools that not aware of. 
For each level Of BDT what extent undergraduates are involved 
with web tools and digital verbs associated with 6 levels 
remembering, understanding, applying, analyzing, evaluating, 
and creating perceptively. The target population is 
approximately 150. (Undergraduates 2018/19 2017/18 B. Ed 
and ELT B1 B2. 

D. Data Analysis Methods. 

Eighteen questions have been asked in the questionnaire 
underlying six levels of Taxonomy and undergraduates’ 
suggestions. The questions were developed one by one 
considering levels of remembering, Understanding, Applying, 
Analyzing, Evaluating, and Creating. And the digital verbs that 
consist in each level. Final questions are prepared to identify 
participants' suggested apps and suggestions on applying 
Bloom`s Digital Taxonomy for University Education. 

The questionnaire was made by the Google Forms platform 
and sent to the participants through WhatsApp. The researcher 
was able to collect data from 40 participants as expected through 
convenient sampling and the respondents answered all the 
questions. 

 

IV. ANALYSIS AND DISCUSSION. 
 

 

A. Remembering – Level 1 
 

 

Fig. 1.  (Remembering) 

Undergraduates have ranked Basic Searches as the highest 
rank at 66.7% including- search engines Google, Microsoft 
Edge, Firefox, and Internet Explorer. Search engines, 
sometimes known as "googling," are becoming essential 
components of student research. At its most basic level, (here) 
students are just typing a key term or phrase into the search 
engine's basic entry window. Beyond the core phrase or 
keyword, this talent does not refine the search according to the 
level. 
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Understanding – Level 2. 
 

 

Fig. 2.  (Understanding) 

In the second level (understanding stage) of BDT, the highest 

number of respondents 64.3% do summaries by using web 2.0 

tools, Mind map, WP-, web publishing – blog journals & 

simple page construction collaborative documents, wiki, 

Twitter. As second-highest score, 59.5% Diary/Journal 

(blogging, Myspaces, Bebo, Facebook, Bloglines, Blogger, 

Google Blogs). The least student usage is 31% for subscribing- 

to Bloglines, and Firefox extensions. 

 

 

B. Applying – Level 3. 
 

 

Fig. 3.  (Applying) 

75.6% of students stated that they use presentation tools- 
(Google Presentation, Impress, PowerPoint, Skype, Zoho 
presentation, interactive whiteboard, SonicPics, Keynote, 
collaboration using E-tools, audio and video conferencing). 
56.1% of students use simulation web tools to apply the 
concepts (Floor maps, graphic tools, Google Sketchup, 
Crocodile software simulating science experiments, Global 
Google SketchUp, Crocodile software). 29.3% of students use 
online games and simulations for the application-level 
minimum. 

Analyzing – Level 4. 
 

 

Fig. 4.  (Analyzing) 

For BDT fourth level (Analyzing level), respondents responded 

that they use spreadsheets often for analyzing things. It`s 54.8%. 

The tools related to that are Calc, Excel, and online spreadsheet 

tools. Their students learn data processing, manipulation, 

presentation, and analysis. The next highest used web tools are 

graph tools. It`s 50%. The tools included are a spreadsheet, 

digitizer, and online graphing tools). The least used is charts 

35.7%. Here include digitizer, mind mapping tools online tools. 

 

 

C. Evaluating – Level 5. 
 

 

Fig. 5.  (Evaluating) 

In the fifth level of BDT, 56.1% of respondents stated that 
they did an investigation. Internet, Online tools, camera, WP, 
GIS Google Earth, Google Maps, Flickr ArcView/Explorer 
web tools are used for that purpose. The next highest use of 
digital verbs at this level by respondents is Evaluation. It`s 
53.7%. WP or web-published –Report blog entry, wiki entry, 
web page, DTP, Mind Map, Presentation, the camera is used 
for that verb. Finally, undergraduates have used the least 
networking for evaluating the level of BDT. 

 

 

 

 

 

 

 



 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT) 

“Emerging Technologies and Skills for Resilient Industries” 
                       397 

 

D. Creating – Level 6. 
 

 

Fig. 6. (Evaluating) 

In the final phase, when comparing the percentages 
75.6% of undergraduates chose presentation tools as 
their final creating phase web tools they usually use. It 
is a significant amount compared to other percentages. 
It is the only web tool that exceeds half of the 
participants. All other tools are less than 50%. The next 
highest score in this creating phase is Filming web 
tools. It`s 43.9%. Undergraduates identify these tools as 
they create their outcomes tools. 

 

 
Objective 3: What are the most appropriate 
technological tools for university education? 

The categorized count of the apps (Web 2.0 
tools) mentioned for "remembering things": 

Table 1: Apps (Web 2.0 tools) students mentioned for 

"remembering things." 
 

Web 2.0 Tool Frequency Web 2.0 
Tool 

Frequency 

Google 8 Spreadsheet 2 

Notebook 7 Excel 2 

Facebook 6 Mind 
Map 

2 

Notebook 
Software 

3 Notepad 2 

Presentation 2 Moodle 1 

Wiki 2 Hot 
Potatoes 

1 

 

• Google is the most frequently mentioned tool, 
suggesting it's the most popular among respondents 
for remembering things. 

• Notebook (including variations like Notebook 
Software) is also highly favored, indicating a 
preference for traditional note-taking methods, even if 

in digital form.Facebook is mentioned several times, 
which might be surprising unless students use it as a 
collaborative tool or to save and share educational 
content. 

• A variety of tools are mentioned only once,showing 
diverse preferences among respondents. 

 
Table 2: The apps (Web 2.0 tools) students 

mentioned for "understanding things" 
 

Web 2.0 
Tool 

Frequency Web 2.0 
Tool 

Frequency 

Google 18 Social 
Bookmarking 

1 

Facebook 6 Creating 1 

Wiki 4 Twitter 1 

Yahoo 2 Blog 1 

Edu 
blogs 

2 Chrome 1 

• Google clearly dominates as the most frequently 
mentioned tool, suggesting it's the primary platform 
respondents rely on for understanding various topics. 

• Facebook and Wiki (likely referring to platforms like 
Wikipedia) are also frequently mentioned, indicating 
they are commonly used sources of information and 
understanding. 

• The presence of tools like Oxford Dictionary, Trivia 
Crack, and Flowcharts suggests diverse methods of 
seeking understanding, ranging from direct 
definitions to interactive quizzes and visual 
representations. 

• While Google is dominant, the diversity of tools 
mentioned reveals that respondents use a combination 
of search engines, social media, educational platforms, 
and specific apps for different understanding needs. 

Table 3 the categorized count of the apps (Web 2.0 tools) 

mentioned for "applying": 

Web 
2.0 Tool 

Frequency Web 
2.0 Tool 

Frequency 

Mind Map 18 Story 1 

PowerPoint 2 Correl 1 

MindMeister 2 Painting 1 

Spread 
Sheets 

2 Podcast 1 

Blog Journal 2 Google 
Docs 

1 
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• Mind Map is overwhelmingly the most frequently 
mentioned tool for "applying", indicating its 
popularity and perceived utility in this context. 

• Tools like PowerPoint, MindMeister, and Spread 
Sheets are also mentioned multiple times, suggesting 
their value in application-based tasks. 

• A variety of tools have been mentioned only once, 
showcasing a diverse set of preferences and perhaps 
the specific needs of certain tasks or subjects. 

• The presence of tools like Podcast, Vodcast, and 
Blog Journal suggests that respondents view content 
creation and sharing as a form of application in 
learning. 

 
Table 4: The apps (Web 2.0 tools) students think most suitable to 

use for analyzing stage 
 

Category Frequency 

Survey Tools 10 

Spreadsheet Tools 10 

Other 3 

Presentation Tools 2 

Database Tools 1 

Mapping/Planning Tools 0 

 

From the data, we can infer that: 

1. Survey Tools and Spreadsheet Tools are the most 
frequently mentioned tools, each with 10 mentions. 
This indicates a high preference for these tools 
among respondents. 

2. Other tools, including HubSpot, Google forms, 
Programming, and Charts, were mentioned 3 times. 

3. Presentation Tools, specifically PowerPoint, were 
mentioned twice. 

4. Database Tools (MySQL) were mentioned once. 

5. Interestingly, Mapping/Planning Tools were not 
mentioned, indicating a potential lack of awareness 
or usage of these tools among the respondents. 

Table 5: The apps that students use to evaluate a concept. 

 

Web 2.0 
Tool 

Frequency Web 2.0 
Tool 

Frequency 

Email 4 Twitter 2 

Gmail 3 Slack 2 

Email 
Threader 

3 Survey 
Monkey 

2 

Excel 2 Yandex 2 

Discussi on 
Boards 

2 Activity 
Apps 

1 

 

 

 

1. Email (including Gmail and Email in general) is the 
most frequently mentioned tool, indicating it's a 
commonly recognized tool for the evaluating stage. 

2. Email Threader is another popular choice, which is 
mentioned three times. 

3. Tools like Excel, Discussion Boards, Twitter, Slack, 
Survey Monkey, and Yandex are also mentioned 
multiple times. 

4. Several other tools like Duolingo, Power Point 
Presentations, Google Class Room, etc., are each 
mentioned once. 

 

 
Table 6: The frequency table about tools used for creating: 

 

Web 2.0 
Tool 

Frequen
cy 

Web 2.0 
Tool 

Frequency 

PowerPoint 19 Video Editing 
Tools 

1 

Edu Blog 5 Visual Studio 1 

Canva 4 Video Editing 1 

Photoshop 2 Adobe Premiere 
Rush 

1 

Word 1 Programming 1 

Project 1 Facebook 2 

Presentation 1 Adobe 
Illustrator 

1 

1. PowerPoint is by far the most frequently mentioned 
tool, indicating its significance as a preferred tool for 
creating something that participants learned 

2. Edu Blog is mentioned five times, showing its 
importance as an educational blogging platform. 

 
 

3. Canva, a graphic design tool, is mentioned four times, 
highlighting its usage for creating visually appealing content. 
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4. Tools like Photoshop, Word, and Video Editing 
Tools also appear in the list, suggesting participants 
use a mix of text, graphic design, and video tools for 
content creation. 

5. Other specific tools like Adobe Premiere Rush, 
Visual Studio, and Vodcast indicate specialized use 
cases like video editing, programming, and 
podcasting respectively. 

 
Objective 4: Do undergraduates have appropriate digital 
literacy upon above listed technological tools? 

 

1. Digital Literacy is a dominant theme among 
participants' opinions. It's evident that many 
respondents recognize the importance of digital 
literacy in the context of implementing technological 
tools in university education. They emphasize that 
having the necessary skills to navigate and use these 
tools is crucial. 

2. A significant number of participants have provided 
suggestions or recommendations. These 
suggestions typically revolve around the need for 
training sessions on digital literacy, the appropriate 
timing for introducing these apps, and the 
requirement for awareness programs for students. 

3. The opinions such as "Very helpful", "Very useful to 
apply, gain and experience the knowledge", and "All 
the above software helps to create assignments, 
presentations, articles" indicate a positive sentiment 
towards the implementation of technological tools in 
university education. Participants seem to believe 
that these tools can aid in their learning process and 
make tasks like assignments and presentations more 
manageable. 

4. However, there are also concerns regarding the early 
implementation of digital apps in education and the 
challenges faced by those with low digital literacy. 

 

How to implement these new tools to our learnings. 
1. Quizzes seem to be a popular suggestion among 

participants. Many of them believe that incorporating 
quizzes using the new tools can enhance the learning 
process. This could be due to the interactive and 
engaging nature of quizzes, which can help reinforce 
the learning material. 

2. Games are also suggested a few times, indicating the 
potential of gamification in education. Through 
games, students can learn while also being 
entertained, which might lead to better retention of 
information.Presentations, particularly with tools 
like PowerPoint, are another area where 
participants see potential. Incorporating 
presentations can allow students to visually and 
interactively engage with the content. 

3. Some participants have highlighted the importance 
of familiarizing students with the software. They 
believe that before diving deep into these tools, 
students should be given an introduction or 
orientation, which can smooth the transition. 

4. There are also suggestions related to 

material sharing and classroom management, 
suggesting the holistic integration of these tools in 
various facets of education – from content delivery 
to assessment. 

 

 
V. CONCLUSIONS AND RECOMMENDATIONS. 

Finally, it`s clear that BDT is not new to university 
education, but only touches a very narrow area of BDT. All 
the students have positive ideas about web tools and how to 
use them. Since the technology is there, obviously we can use 
it to understand things easily as technology is time-saving. 
These technological tools are more effective nowadays. It will 
save time and make it easier to direct students to studies. it's 
trending with the pandemic situation & and economic crisis 
occurring in the country & also it's better to enter the digital 
modern world too. law digital literacy is an identified problem 
in this study. Therefore should teach digital tools before 
implementation. Implementing new technology is 
challenging but good for the generation. Undergraduates do 
not have access to license apps. Financial problems occur 
when purchasing apps First, it is very helpful to have an 
introductory session on digital literacy in the orientation part 
of the course. It is good and needs technology facilities to 
implement. First of all, students must be aware of these apps 
and must learn how to use any of the apps for a particular 
purpose. 

Respondents suggested making the learning 
environment enjoyable with digital tools. small educational 
games throughout these apps, Puzzles, apps for classroom 
management strategy, platforms for education material 
sharing, PowerPoint presentations, games, internet 
homework assignments, and online grading systems with new 
technology that can be used for effective E-learning, 
understanding the lessons with mind map apps, Giving spot 
tests using these apps, use these apps to cooperate with 
students easily by sending learning materials, Small quizzes 
after the lesson using these apps, Ease the learning materials 
with apps, computerize the classroom, Evaluate their 
studies. Apps increase interest in learning subjects when 
used to deliver content. Respondents stated that it's better 
than traditional learning methods. 

 

VI. RECOMMENDATIONS. 

With the arrival of the COVID epidemic, 
undergraduates have engaged in Online Distance Learning 
(ODL) and that made this study easier to implement in the 
current situation as everybody thinking of technology to 
improve O.D.L. education. 

Based on the given findings several recommendations 
concerning Applying Bloom`s Digital Taxonomy for 
University Education. 

 

 

 

 

   

These recommendations are as follows. 

• Carry out a program to increase digital literacy about these 
web tools and skills. 
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Respondent recommendation: “I think these apps and tools 

can teach in our foundation period then it is easy to improve 

our learning level.” 

• Use new software to create assignments, presentations, 

quizzes, articles, etc. 

there is a vast number of apps. As university students, we 
must use suitable official apps. 

• make learning easy with apps by making video records 

with smart apps, exciting. 

learning ways with digital tools, using gamification for 

lessons. 

• If the university can provide necessary, license apps to 

students by giving students. 

access to a platform it's very useful and easy to do tasks. 

• Create a digital learning system in the university so that 

students can access the web. 
tools easily. 

“Better if introduce a new online platform in our university 

like other private universities and 

government universities such as SlIIT, Horizon, CINEC, 

Moratuwa University, etc.… 

• Register for online educational platforms as a university. 

So that students can get service free of charge by giving 
a university code. Ex Microsoft Office, Zoom, E-Library 

services, 
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Abstract— Dump soil is widely distributed all over the world, 

especially in river basins, desilting areas, and coastal areas. When 

construction is going on in those areas, the lot of existing soil 

behaves as waste material. In engineering practice, dump soil 

cannot be used to build any construction in its natural condition 

and needs to be improved or treated before being used in 

construction. Rice husk ash (RHA) is a byproduct of the milling 

process. Rice is the main meal in 70% of countries around the 

world. Every year, a large amount of rice and its byproduct, rice 

husk ash (RHA), is produced. A huge amount of Rice Husk was 

wasted annually. To improve the characteristics of the soil 

mixture, various percentages of alluvial soil from rivers were 

added as a geotechnical material. Where RHA can be a binding 

agent for improving soil characteristics, both RHA and alluvial 

soil were waste materials. This addition helps in soil conservation 

and its use as a natural construction material, which helps reduce 

excavation. The objective of this experiment is to Investigate the 

optimum mix proportion of RHA and alluvial deposit to produce 

an improved filling material for earth backfilling. Various 

percentages like 10%, 20%, and 30% of RHA were added as a 

partial replacement to alluvial soil and tested for Compaction, 

LL, PI, and CBR. From the test results, it is identified that the 

addition of RHA to the Alluvial soil decreases the MDD and CBR 

values rapidly. But up to 30% of RHA will give MDD values up 

to 1500 kg/m3 and CBR values up to 12%. According to the 

results obtained by adding RHA to alluvial soil, adding more 

RHA does not have an effective result compared to rapid 

reduction. Both the selected soil sample and RHA were non-

plastic materials. where the values of LL and PI were zero. Hence, 

according to the results obtained from the research, by applying 

these soil mixtures for backfilling, settlement reduction can be 

beneficial in the construction industry. 

Keywords—Rice Husk Ash, Alluvial soil, Maximum Dry Density, 
Optimum Moisture Content, California Bearing Ratio 

I INTRODUCTION  

Soil is a directly used basic construction material. It always 
supports the substructure of any structure. But sometimes the 
existing natural soil at some locations may have poor bearing 
capacity and higher compressibility, which is not acceptable for 
construction. In those cases the existing soil cannot be used and 
is needed to replace applicable soil material; this will generate 
existing soil into a waste material. By such process, existing 
ground conditions may vary, Soil waste should be dumped to 
separate dumping locations and will impact the natural 
environment in several ways [11]. 

If a method can be invented to use those weak soil again in the 
construction industry with some strength upgrading, and 
improving its qualities it will provide a positive outcome rather 
than creating a simple waste. 

On the other hand, rice husks are hard protective coverings of 
rice grains and bulky waste in the agricultural industry. They 
are mostly considered as a common wasting material in the 
milling process [3]. Rice husks are commonly generated in Asia 
and other rice-producing countries. In Sri Lanka, rice 
production is 2.6 million tons annually. From that 2.6 million 
tons 20% of the weight will be rice husk. Generally, rice husk 
will incinerate and after burning fully there will be only 5% of 
rice husk ash [1]. Farmers in Sri Lanka used rice husks as 
fertilizer and as pesticides. However, if the rice husk does not 
burn properly the smoke generated will act as an air pollutant 
inclusive with silicate compounds which has a bad impact on 
the environment. But if it is completely combusted then it will 
produce RHA (Rice Husk Ash) which contains amorphous 
silica with cellular structure [2]. This ash is commonly used as 
a construction material considering its additive characteristics 
such as good filler, abrasive agent, and oil absorber. This can 
provide chemical purity for raw materials [3]. 

With global development, Climate changes and changes in the 
environment show the neediness of irrigation management and 
agricultural management and ensuring natural disasters due to 
soil erosion in the modern world [11]. Hence, the requirement 
of embankment, retaining wall construction, and strengthening 
existing soil plays a major part in the field of civil engineering. 
Several methods are commonly used to reduce soil erosion and 
post-construction settlement. 

1. Enhance the shear strength of the soil system. 
2. Increase the bearing capacity of the soil. 
3. Improve the stability of the soil etc. 

Therefore, Soil improvement in engineering practice has been 
widely discussed and engineers and Scientize are seeking 
solutions. The main purpose of providing such a solution is to 
help the soil meet the, 

1. Minimum hardened strength to withstand their self-
load, 

2. Requirement to support engineering projects at the 
foundation level, 

3. Requirement to support Embankments. 

mailto:dilini1017@gmail.com
mailto:tdenagama@yahoo.com
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4. Retain soil and support the ground while minimizing 
erosion & etc.  

Therefore, the thought of combining above mention two waste 
materials may generate an improved material then the gain for 
the construction industry will be the gap of improving soil. 

II THEORETICAL BACKGROUND 

Rice husk ash consists of rich silica content. In general, more 
than 80- 85%. RHA to be used as pozzolan in cement and 
concrete, should satisfy requirements for the chemical 
composition of pozzolans as per ASTM C618. There are 
combined proportions of oxide and dioxides in the RHA. They 
are silicon dioxide (SiO2), aluminum oxide (Al2O3), and iron 
oxide (Fe2O3). They should not be less than 70%. 

Table 1 Chemical Composition of RHA 

Chemical Composition Rice Husk Ash 

(%) 

SiO2 93.0 

Al2O3 0.17 

Fe2O3 0.35 

SiO2+Al2O3+Fe2O3 93.5 

SO3 0.11 

CaO 0.91 

MgO 0.42 

Na2O 0.63 

K2O 2.82 

LOI 4.70 

[2] 

Currently, there are so many ongoing construction works. The 
construction works involved along in river play a major part all 
over the country. When it comes to river construction, river 
sand with deposited material is dumped as a waste called 
alluvial deposit. The larger amount of alluvial deposit is wasted 
when a larger amount of construction going on. Therefore, this 
alluvial deposit will used as the main material for this 
investigation.   

Waste materials will improve their engineering properties. 
Engineering properties are permeability, strength, compaction 
characteristics, reactions, etc.. Therefore, considering 
improvement and investigating the effectiveness of the 
compound material of RHA and waste alluvial for its 
applicability in the Sri Lankan context will be an advantage in 
the construction industry. 

III RESEARCH OBJECTIVES 

Alluvial soil can not be used for construction in its natural 
condition. So, a lot of alluvial soil is dumped as waste material. 
Therefore, it should be improved or treated before being used 
in construction. Since RHA is also a waste material, farmers 
tend to burn rice husks.  

It cannot be used for any purposes and the stacking of this rice 
husk reduces the valuable space. When burning rice husk, these 
fires release large amounts of carbon plus silica pollutants, if 
partially combusted to the air and generate greenhouse gasses. 

Considering using waste material of rice husk ash after a full 
combustion under a control plant to mix with alluvial soil and 
using the compound material in soil improvement will be a new 
invention. Hence This research contains experiments on the 
effectiveness of the strength of these two waste materials where 
this improved soil will be expected to be used in backfilling.  

The objective of the present study is: 

Investigate the optimum mix proportion of rise husk ash and 
alluvial deposit to produce an improved filling material for 
earth backfilling. 

IV METHODOLOGY 

Rice-husk ash is generated by burnt rice husk. The environment 
of burning yields better quality of rice-husk ash as its particle 
size and specific surface area are dependent on burning 
conditions. Completely burnt rice husk is grey to white, while 
partially burnt rice husk ash is blackish.  

 

Fig 1 River sand and Rice husk ash 

Samples, materials, and locations 

1. Alluvial deposit 

The soil sample of river sand used for this study was collected 
from the project name of rehabilitation of Walawe right bank at 
a depth of 1.0m using the method of disturbed sampling. 

2. Rice husk  

Rice husks are taken from farmers and converted them into ash 
at the site by burning. 

Table 2 Mixing proportions of alluvial deposit and RHA 

 

Sample type Proportion 

Soil (%) 100 90 80 70 

Rice husk ash 

(RHA)(%) 

0 10 20 30 

 

A total of four test samples of soil and RHA were prepared in 
various ranges. The initial specimen was 100% of soil only. 
Previous research has shown that 30% RHA resulted in the 
reduction of strength. Hence soil mixtures were mixed with 
different replacement levels of alluvial soil varying as 0%, 
10%, 20% & 30% with RHA. The details of the samples are 
shown in Table 2. 

Methods of Testing 

The laboratory tests were carried out to determine the particle 
size distribution of the alluvial soil sample when tests were 
carried out for tests sample and raw soil sample including cone 
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penetration, Proctor compaction, and California Bearing Ratio 
Test. Specimens for California Bearing Ratio (CBR) tests were 
prepared at the Optimum Moisture Content (OMC) values and 
Maximum Dry Densities (MDD). 

Sieve analysis Test 

The natural soil samples were oven-dried for a day. After 
the drying period, the soils were disaggregated and sieved with 
orderly arranged BS sieves; 20mm, 14mm, 10mm, 6.3mm, 
5.0mm, 2.36 mm, 1.18 mm, 0.600 mm, 0.300 mm, 0.150 mm, 
0.075 mm. Weighted amounts of the dried soil samples were 
poured into the stack of sieves and covered with a lid. This was 
later transferred to the mechanical sieve shaker and vibrated for 
15 min. Draw particle size distribution graphs according to the 
passing percentage details. Sieve analysis was done to 
determine the size range of the soil particles which is expressed 
as a percentage of the total dry weight. 

Atterberg Limit Test 

The Atterberg limit test was used to determine the liquid 
limit of the soil samples. The Atterberg limit test was carried 
out according to AASHTO (American Association of State 
Highway and Transportation Officials) T90. At different water 
contents, fine-grained soil can exist in several states of 
consistency. The treated soil samples and natural soil samples 
were oven-dried for a day and passed through a 300µm 
(0.300mm) micro meter sieve to have fine-grained soil. 
Casagrande’s Apparatus uses a manually cranked cam or a 
small motor to lift a brass cup to a prescribed height and allow 
it to drop onto a hard rubber base. A portion of the soil sample 
is spread in the brass cup and divided using a grooving tool. 
The moisture content when the groove closes for 1/2in after 25 
drops of the cup is defined as the Liquid Limit. 

The plastic Limit is determined by repeatedly remolding a 
small ball of moist plastic soil and manually rolling it out into 
a 1/8in thread. A plastic limit roller device can also be used to 
perform this test. The Plastic Limit is the moisture content at 
which the thread crumbles before being completely rolled out. 

Proctor compaction Test 

Standard Proctor compaction test (AASHTO T180-90) was 
used to determine the maximum dry density (MDD) and the 
optimum moisture content (OMC) of the soils. Used light 
compaction of 4.5 kg rammer with a free drop of 45.7cm. The 
soil samples were mixed with various percentages of RHA. Soil 
samples were mixed with various moisture contents. It was 
filled with treated soil in 5 layers with a compaction of 62 
blows. The first series of compaction tests was aimed at 
determining the compaction properties of the un-stabilized 
soils. Secondly, tests were carried out to determine the proctor 
compaction properties of the soil upon stabilization with 10%, 
20%, and 30% amounts of rice husk ash. 

California Bearing Ratio Test 

The preparation of samples and procedure of the CBR test was 
based on AASHTO T193. This study used both soaked 
samples. The tests were done in one day. The samples of the 
CBR test were in cylindrical shape of 150mm diameter and 
175mm height. It was filled with treated soil in 5 layers with a 

compaction of 15 blows. In the soaked method, the compacted 
samples were taken to the CBR test machine after soaking for 
4 days. The CBR machine was where the load was applied by 
a rigid plunger and the corresponding penetration of the soil 
was recorded. 

V DATA ANALYSIS AND DISCUSSION 

Sieve Analysis Test 

Table 3: Results of Sieve Analysis Test 

Size 

(mm) 

Retaining 

weight 

(g) 

Cumulative 

retaining 

weight (g) 

Cumulative 

passing 

weight (g) 

Passing 

(%) 

50.000 0 0 996 100.0 

37.500 0 0 996 100.0 

28.000 0 0 996 100.0 

20.000 0 0 996 100.0 

14.000 0 0 996 100.0 

10.000 0 0 996 100.0 

6.300 10 10 986 99.0 

4.750 19.8 29.8 966.2 97.0 

2.360 6 35.8 960.2 96.4 

1.180 82 117.8 878.2 88.2 

0.600 61 178.8 817.2 82.0 

0.300 109.4 288.2 707.8 71.1 

0.150 129.6 417.8 578.2 58.1 

0.075 149.4 567.2 428.8 43.1 

Pan 428.8 996 0 0.0 

   

 

Fig. 2 Sieve Analysis Result 

 Sieve size (0.075) %  = 43.1 

 Sieve size (4.750) % = 97.0 

 Sand % = 97.0 – 43.1 = 53.9  

The alluvial soil sample is shown to be in the soil zone of sand. 
The gradation curve shows that more than 50% of the sample 
lies below the size of 0.075mm. According to the Unified Soil 
Classification System (ASTM D2487-06), this submerged soil 
is classified as silty sand, a poorly graded sand-silt mixture. 

Table 4: Physical Properties of Alluvial Deposit 
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Optimum moisture content 

(OMC) 

1.80 

Gravel 0% 

Medium Sand 53.9% 

Gravel 3.0% 

Fine 43.1% 

Liquid Limit 21 

Plastic Limit 19 

Plastic index 3 

Classification of soil (USCS) SM 

Atterberg Limit Test 

Table 5: Results of the Atterberg Limit Test 

Sample Liquid 

Limit 

Plastic 

Limit 

Plastic 

Index 

Alluvial soil 21 19 3 

Alluvial soil + 

10% 

0 0 0 

Alluvial soil + 

20% 

0 0 0 

Alluvial soil + 

30% 

0 0 0 

Liquid limit (LL) and plastic limit (PL) tests were conducted on 
soil with and without replacements as per ASTM code D4318-
10. The plasticity index (PI) was calculated from the deduction 
of PL from LL. Tested Index properties, LL, and PL for soil 
replaced with 10%, 20%, and 30% of RHA to dry weight of 
soil.  

According to sieve analysis, this is a poorly graded silty sand 
soil.  For the initial sample, the liquid limit is 21% and the 
plastic index is 3%.  Liquid limit and plastic index not 
exceeding 50% & 25% for backfilling according to SCA 5. The 
selected soil sample had more than 50% of sand. RHA also has 
a non-plastic property when water is mixed with it. But by 
adding RHA to this soil sample, this soil mixture becomes 
semi-solid.  Hence the value of the liquid limit and plastic limit 
cannot be obtained. 

Proctor Compaction Test 

Table 6:  Result of Proctor Compaction Test 

Sample Maximum Dry 
Density (g/cm3) 

Optimum 
Moisture Content 

% 

Alluvial soil 1.80 4.1 

Alluvial soil + 

10% 

1.72 12.5 

Alluvial soil + 

20% 

1.66 14.5 

Alluvial soil + 

30% 

1.51 21.0 

Standard proctor Compaction tests were conducted on soil with 
and without RHA. Compaction characteristics, maximum dry 

density (MDD), and optimum moisture content (OMC) are 
presented in Table 6. 

 

Fig.3 Summary of Proctor Compaction Result 

From fig. 3 above, shows the value of dry density variation with 
moisture content. When observing alluvial soil, it showed that 
the dry density of the sand increased up to some extent of water 
increase. Then increment of water content decreases the dry 
density of alluvial soil. This is because, when water is added to 
the soil during compaction, it acts as a softening agent on the 
soil particles. The soil particles slip over each other and move 
into a densely packed position. Beyond certain moisture 
content, any increase in the moisture content tends to reduce the 
dry unit weight. This situation happens because of the water 
covers the areas, where the soil particles must occupy. 

According to SCA-05, the maximum dry density for backfilling 
should be 1500 kg/m3.  This value has been achieved up to the 
addition of 30% RHA to the soil sample.  But after 30% RHA, 
its MDD drops rapidly.  Considering this result, soil usage can 
be reduced only by adding 30% RHA. Refer to Figure 2 
accordingly.  

California Bearing Ratio Test 

Table 7:  Results of CBR tests 

Sample Dry Density 

(g/cm3) 

Optimum 

Moisture 

Content (%) 

CBR value 

Alluvial soil 1.80 4.1 22 

Alluvial soil 

+ 10% 

1.72 12.5 19 

Alluvial soil 

+ 20% 

1.66 14.5 16 

Alluvial soil 

+ 30% 

1.51 21.0 14 

California bearing ratio tests were conducted on alluvial soil 
with and without RHA. Strength characteristics are presented 
in Table 7. CBR value was decreased with 10%, 20% and 30% 
RHA. However, according to the SCA-05, the required CBR 
value is not less than 5%. Hence all mixtures achieved their 
strength by the SCA-05. 
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VI CONCLUSIONS 

With the research investigation variation of index properties, 
compaction characteristics, and CBR values were analyzed for 
the mixture of alluvial soil sample + RHA. From the results the 
following conclusion drawn 

1. According to the Unified Soil Classification System 
(ASTM D2487-06), this submerged soil is classified as silty 
sand with a poorly graded sand-silt mixture. 

2. The Maximum dry density decreased from 1.80 g/cm3 
to 1.51 g/cm3 in the case of the addition of % RHA to alluvial 
soil. The Optimum moisture content increased steeply with % 
RHA 4.10% to 21.0%.  

3. Liquid limit and plasticity Index are behaving 
oppositely with a mixed of %RHA. Liquid limit and plasticity 
Index decreased from 21% to 0% & 3% to 0%, respectively. 
According to this RHA is a non-plastic material. 

4. The soaked CBR value of the soil decreased from 22% 
to 12% only in the case of the addition of %RHA to alluvial 
soil.  

Rice husk ash is a porous material with a high amount of 
honeycomb voids. Also, RHA is a non-plastic material. These 
properties of RHA have resulted in the high capacity of water 
absorption. Hence, the water content & plasticity index of the 
soil-RHA mixture have been affected by the property of the 
RHA. Some other physical properties of RHA have affected the 
effectiveness of RHA in soil improvements such as specific 
density, particle size & CBR value. 

In the case of alluvial deposits, the characteristic of the soil 
extends over a wide range.  The soil sample was taken 
randomly from the soil removed from the work site for this 
research.  It was identified as a poorly graded silty sand.  There 
was less amount of soil contained in this initial sample.  The 
plastic index of the sample was also low. Therefore, 
considering the above facts, this selected soil sample is not the 
most suitable for this research because it is non-plastic. 

According to this research, the soil mixture may store water if 
it is sufficiently wet. While soil mixture allows water to drain, 
it can only do so up to a limit, and if the soil mixture becomes 
saturated, it will cease draining. Because the grains are tiny and 
so densely packed together, only a limited amount of water may 
gather there and the backfill becomes saturated. If there is a 
heavy rain at once, it will be caused to the erosion. 

VII RECOMMENDATION 

The research results show some possibilities of using only RHA 
with the selected soil for soil improvement. But it showed only 
little improvement in soil. Both selected soil samples and RHA 
are non-plastic materials. The bond between each other 
decreases. Hence the strength of the improved soil mixture is 
reduced. It is therefore suggested that RHA can be used with 
ordinary Portland cement as a binder material for both waste 
materials soil and RHA. Using cement for the formation of a 
secondary cementation compound with the calcium hydroxide 
Ca(OH)2 produced from the hydration of cement will improve 
the soil sample strength.  

The proportions of cement addition are to be carried out as the 
second stage of this research. 
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Abstract—High salinity in soil is a serious threat to coastal 

agriculture and has resulted in a significant reduction in 

agricultural output in many regions of Sri Lanka. High levels of 

salt in the soil adversely impact and serious ecological and socio-

economic implications to the agricultural productivity of the 

fertile coastal lands. Weligama is located in Matara district of the 

southern province of Sri Lanka, is also a victim of the adverse 

effects of coastal salinity for cultivation. For the study, an area 

was selected near Weligama bay which known as 

“Jamburagodayaya”. The selected land is approximately 3.5 km 

away from the coast (Weligama bay). The region is highly 

exposed to coastal hazards, including sea-level rise and flooding, 

which increases the risk of soil and aquifer salinization.This study 

is mainly focused on finding the effective area of the existing 

salinity barrier. Five branch canals can be identified in this area, 

which affected by tidal waves and sea water intrusion, The 

Pamanella canal is one of those which contains salinity barrier 

across the canal. This study is mainly focused on finding the 

effectiveness and effective area of the existing salinity barrier. 

Soil samples were collected from the area and EC, pH values were 

tested to determine the salinity. A control test was conducted to 

determine the interval which the soil samples need to be collected. 

According to the control test 200m intervals were selected. 

Accordingly, whole land was divided into 200m*200m grids. 

There after soil samples were collected from the area at selected 

locations (grids)  and EC and pH readings were taken into 

account when creating the soil maps. 

  Keywords— Effectiveness, Paddy Cultivation, Salinity   

Barrier, Salt Water 

I. INTRODUCTION 
Paddy is the staple food crop in Sri Lanka. The productivity 

of most of the paddy lands in the coastal zone of Sri Lanka 
declines every year due to salinization caused by tidal waves 
and seawater, which are linked to climate change-induced sea 
level rise. The intrusion of seawater into inland areas causes 
coastal soil salinity. Soil salinity is a serious threat to coastal 

agriculture and has resulted in a significant reduction in 
agricultural output in many regions.  

Over the last 30 years, large areas of previously cultivated 
lands have been abandoned, and have now been overtaken by 
shrubs or are just lying bare.Weligama is located in Matara 
district of the southern province of Sri Lanka, is also a 
experiencing of the adverse effects of coastal salinity and is one 
of the worst affected regions of the country, where increasing 
coastal salinization is being blamed for decreasing agricultural 
productivity and abandonment of previously cultivated lands.  

 

II. RESEARCH PROBLEM 

According to the data collected from Agrarian 
Development Department it shows that more than 50%of the 
total area in Jamburagodayaya is abandoned due to the salinity 
effect. In the selected area the Polwathumodara river is flowing 
at the boundary of paddy fields and it meet the sea at weligama 
bay. 

Due to tidal waves, water flows reverse direction through 
the polwathumodara river and also the canal system. Then the 
all area flooded by salty water ( Saline water+ freshwater) 

This remains for 4-5 days and then it started to flow to the 
sea. After 3-4 days the land becomes dry as usual. But salts 
remained in the soil also during the dry season water will be 
taken from the canals for irrigation purposes. This also led to 
adding saline water to the soil surface. This has become a major 
issue for paddy cultivation in this area. 

There are many negative impacts of the salinity for paddy 
growth. Decreasing plant growth and yield, ion toxicity, 
decreasing photosynthesis, inducing oxidative stress, and 
decreasing nutritional status of plant are some them. 

There is a constructed salinity barrier in the branch canal 4 
which is known as “Paman ela” and the farmers idea is that it 
controls salinity in the paddy lands which belongs to the salinity 
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barrier. Therefore they are requesting salinity barriers to all five 
canals. But it may take a very large cost. Therefore it will be 
very use full to conduct a study to check the effective area of 
the salinity barrier before constructing the new barriersFor the 
study, a land closer to Weligama bay was selected which is 
known as “Jamburagodayaya”. The land is much closer to 
Ocean and has no distance more than 3.5 km from the coast 
(Weligama bay). Therefore, the region is highly exposed to 
climate change-induced coastal hazards, including sea-level 
rise and flooding, which increases the risk of soil and aquifer 
salinization. According to the data collected from Agrarian 
Development Department it shows that more than 50% of the 
total area in Jamburagodayaya was abandoned due to the 
salinity effect.  

In the selected area ‘’Jamburagodayaya” there are 5 branch 
canals which flows to Polwathumodara river which carries 
excess water from all the paddy lands in the selected area. In 
the selected area the Polwathumodara river flows at the 
boundary of paddy fields and it meets the sea at Weligama bay. 
For the Pamanella canal,(one canal from above mentioned 5 
canals)  an existing salinity barrier can be observed. Main aim 
of constructed barrier is to prevent the salinity water intrusion 
to the paddy cultivated lands. Due to tidal waves, water flows 
reverse direction through the polwathumodara river and also 
the canal system. This led to mixing of salt water with fresh 
water.The use of this salty water for irrigation purposes also 
increases the salt content in agricultural lands and it will 
reduce the paddy yield. This has become a major issue for 
paddy cultivation in this area. 

There are many negative impacts of the salinity for paddy 
growth. Decreasing plant growth and yield, ion toxicity, 
decreasing photosynthesis, inducing oxidative stress, and 
decreasing nutritional status of plant are some them. 

As stated, there is a constructed salinity barrier in the 
branch canal 03, which is known as “Pamanella ela” and the 
farmer’s prespective is that it controls salinity in the paddy 
lands which belongs to the salinity barrier. Therefore they are 
requesting salinity barriers to all five canals. But it may take a 
very large cost. Therefore it will be very use full to conduct a 
study to check the effective area of the salinity barrier before 
constructing the new barriers. The main aim of this study is to 
determine the effective area of a salinity barrier to control salt 
water intrusion into paddy lands in the selected area 
(Jamburagodayaya). 

The main objective of the study is to compare the salinity 
of the soil samples which were taken from the paddy lands 
belong to the salinity barrier and paddy lands not belong to the 
salinity barrier. By this study it is easy to identify the extent 
which the salinity barrier can control and prevent the salt water 
intrusion. 

 

Figure 1: Study Area with coast Source: Google Map 

 
Figure 2: Study Area, Salinity Barrier Source: Google Map 

III. METHODOLOGY 
Soil Sampling -A soil-sampling campaign was conducted 

in the selected area (Jamburagodayaya ) When collecting 
samples .Top-soil samples were collected to a depth of 225-
300 mm using a hand auger. This depth is selected by 
considering the root system depth of the paddy plant (A hand 
augur was selected to dig the earth up to selected depth. The 
locations of the samples were recorded with a portable GPS 
device. Then soil samples were taken out by using the hand 
augur and collected to small steel containers. The containers 
are named with its own number. Then the containers were 
closed with the lids and sealed with tapes. 

Control test - Samples were collected to conduct the 
control test along selected lines (Along horizontal and vertical 
directions of the existing salinity barrier) Locations were 
selected along proposed two lines. 16 samples were collected 
and sealed. Then those samples were sent to the laboratory for 
test pH and EC values of samples. 
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Figure 3: Control Points Source: Google Map 

Collecting soil samples for the test - After obtaining the 
control test result and by analyzing those values locations were 
identified to collect samples. Whole area was divided into 
200*200 m grids. By considering the control test values 
200*200 m grids were selected and marked in the Google 
maps. Then the coordinated were written in the note book. 

Samples were collected at the noted locations; Locations 
were founded by using a hand GPS device by selecting the 
locations samples were collected as same as the procedure 
followed during the control test. Collected samples were sent 
to laboratory to check pH and EC values. 

Laboratory procedure 

Groline portable pH, EC (Electric Conductivity & TDS 
meter was used for testing. It was a one combined, pre 
amplified pH ,EC,TDS probe for hassle free measurements. 
This instrument is a lightweight, waterproof meter supplied 
with a specialist multipara-meter probe designed for 
hydroponics, and agriculture applications. 

Analyzing the test result (pH and EC values)- Test results 

were recorded with the location of the sample. By comparing 

the values along selected lines it was easy to identify the 
varying range. By studying and analyzing these results soil 

sample collecting intervals were determined as 200m. 

Then samples were collected at selected locations and obtained 

Ec and pH values were analyzed. Then two soil maps were 

prepared according to the Ec and pH values. These maps give 

a clear idea about the effective area of the salinity barrier 

 
Other factors considered- Since the area is flooding 

within the first 4 days after the full moon day (Due to tidal 
waves) samples need to be collected after 8-10 days after the 
full moon day (Because water retain for 4-5 days in the paddy 
lands.) But rainfall should be minimum during these 8-10 days. 
Rainfall is highly affects for the salinity change. After the rain 
salinity washed off with surface water. 

Therefore in this study special care was taken to check the 
rainfall. Rainfall data were collected by Meteorological 

Department rainfall forecasting and “DIYAWITHARA” 
magazine which is published by Department of Agrarian 
Development. Also, the fertilizer may affect the salinity 
therefore planned to take preventive actions to collect samples 
from lands which use same types of fertilizer. This was 
confirmed by the Agricultural Instructor and ARPA 
(Agricultural Research and Production Assistant) of the 
Jamburagoda area. 

IV. RESULTS 
For the control test samples were collected at 

(approximately) 150m intervals. When considering about the 
Ph value change it doesn’t show a much variation along the 
lines. The highest difference between points is 0.72 and 
average of variance is 0.5.Therefore 200m intervals has been 
selected to collect samples for the test. When considering 
about the Ec variance, values doesn’t show a significance 
variance in 150m intervals. The highest change is 0.11 and 
average value for variance is 0.11.Therefore 200 m intervals 
were selected to collect samples.  

The electrode cap on both the pH meter and the E.C. meter 
were removed and their electrodes were immersed in tap water 
for one hour before use. Meters should not immerse above 
their color band. Both meters were calibrated according to 
their instructions. 

Collected samples were air dried for 24 hours. Soil samples 
were crumbled to break down any clumps. Then samples were 
sieved with 2mm sieve. A 20 g of soil was collected from the 
sieved soil samples. Measured 20g of soil was added to a 250 
ml beaker. Then 100 ml of distilled water poured to the beaker. 
This gives 1:5 ratio of soil to distilled water. Then it was stirred 
for two minutes, and leave to settle for five minutes. The 
electrode cap was removed from the pH meter and switched 
on. The electrode was dipped 1-2 cm into the solution and 
stirred. Waited for the display to stabilize, and readings were 
recorded in the record sheet. The electrode was rinsed in 
distilled water between each sample. Then electrical 
conductivity was measured by dipping the electrode in the 
solution and recorded the result. 

According to the control test the land area were divided 
into 200*200m grids. Then the test was conducted for selected 
locations. The test results were marked in the grids and the 
marked values were interpolated to create soil maps. Two 
separate maps were drawn for pH and EC values. 
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Figure 4: pH values in grid lines Source: Google Map 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

      Figure 5: EC values in gridlines Source: Google Map 

Above figures 4 and 5 shows the EC and pH value variation 

along the gridlines of collected soil samples. Since this is 

grid diagram a contour lines for EC and pH can be prepared 

by interpolating the test results. Values were interpolated 

using the Google earth and soil maps were prepared 

separately for EC and pH values. 

 
Figure 6: EC value contours Source: Google Map 

 

 

Figure 7: pH contours Source: Google Map 

 

V. CONCLUSION & RECOMMENDATION 

While looking at the drawn pH map, it doesn't indicate any 

appreciable changes to the salinity barrier. Therefore it is 

much difficult to go for conclusion using the Ph map. 

But when considering about the EC map it shows a 

significance change with the existing salinity barrier. As 

the Gazette of the Democratic Socialist republic of Sri 

Lanka no 2148/20 -2019.11.05  EC should be less than 0.7 

micro semen per cm to have a favorable condition for 
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irrigation .(Paddy cultivation) And the ambient pH value 

is between 6.0-8.5. 

Therefore the area below the 0.7 line can be used for 

irrigation. The area is 86.6 hectares. Selected total area is 

111 hectares. Therefore nearly 78.0 % of area can be 

cultivated in this area without an effect from salinity. This 

study was done by focusing Maha season. Therefore, ¾ of 

the area can be cultivated successfully under this salinity 

barrier in Maha season. 

This study needs to be conducted for Yala season and it 

will result the area which can be cultivated in Yala season. 

Then it will give a clear idea about the whole year. 

In this area farmers are requesting to construct salinity 

barriers for all the 4 remaining canals. But through this 

study it shows clearly that by this existing salinity barrier 

it can be cultivated more than 75 % of the land. Only 25% 

of the land is affecting by salinity. If the salinity barriers 

are constructing in all 4 canals it may need to spend a very 

high cost 

And therefore, there is no need to build further salinity 

barriers here in the location. The most effective strategy is 

to select a paddy variety that can tolerate saltwater 

environment. The ideal solution would be to cultivate such 

a paddy in the remaining 25%. 
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Abstract—The purpose of this study was to identify commuters' 

perceptions of the proposed Light Rail Transit system (LRT 

system) from Malabe to Colombo Fort to relieve traffic 

congestion in Sri Lanka's Colombo Metropolitan District.  The 

study's goal was to uncover demand characteristics that would 

encourage daily commuters to use LRT, and the data gathered 

will be used to create a model to demonstrate the user 

preferences in the LRT system.  The random sampling 

procedure was used to collect a sample of hundred and thirty 

respondents.  A questionnaire with twenty-six variables was 

created with a focus on public and private transport users.  This 

study focuses on the proposed LRT system in Sri Lanka, aiming 

to make urban transport safer, more efficient, and more 

sustainable.  Factor analysis was used to minimise the number 

of variables and generate new components.  The eight factors 

influencing the LRT network has been identified from the 

twenty-six variables used that include, the use include transport 

service quality, accessibility, comfort, staff behaviour, ICT 

usage, convenience, punctuality, reliability, and ease toll 

payment structure.  The LRT system, linked to intelligent 

technology, offers benefits such as congestion control, economics 

of scale, information and communication technologies, energy, 

conservation, and environmental pollution control.  By 

upgrading urban transport infrastructure, the LRT system can 

increase commuter satisfaction, and further research is needed 

to explore the preference of the other proposed LRT system in 

the Colombo metropolitan area.  The development of the 

proposed light rail transit system in Malabe – the Colombo Fort 

corridor will help to increase the satisfaction level and to 

accelerate the growth in the urban transport structure of Sri 

Lanka. 

Keywords—Commuter, Congestion, LRT 

I INTRODUCTION 

The National Transport Commission (NTC) and Road 
Development Authority (RDA) have identified road density 
issues in Sri Lanka, causing the country's road network to lose 
over two percent of its gross domestic production.  To address 
this issue, the Light Railway Transport project (LRT project) 
under the Western Province Metropolis region was proposed.  
LRT is a train powered by electricity and moves on a raised 
platform with steel, concrete, and pillar-and-beam 
construction.  The project aims to reduce traffic congestion on 
the Malabe to Fort route, which has been identified as a main 
source of heavy traffic congestion.  The LRT System, which 
consists of a seventeen-kilometre-long elevated rail track thru 
sixteen stops, is expected to be completed in mid-2019.  

However, the project was terminated in 2020 due to its 
ineffectiveness as a cost-effective transportation alternative. 

The Sri Lankan government is considering restarting the $2.2 
billion LRT project from Colombo Fort to Malabe starting in 
April 2023.  The project aims to avoid overloading existing 
transit systems, minimize private vehicle usage, improve rider 
quality, attract more investors and tourists, and solve road 
widening issues.  The study aimed to understand commuters' 
preferences for the LRT system from mid-June 2019 to Feb 
2021, focusing on the Malabe Corridor and its impact on Sri 
Lanka's economic growth and public satisfaction [1]. 

The Colombo district LRT system will make travel easier 
from Battaramulla, Borella, Malabe, and Fort o (Pettah), by 
connecting key transit nodes.  Starting at Fort station, the route 
includes one depot and sixteen stations, passing through 
locations like Denzil Kobbekaduwa Mawatha, Kaduwela 
Malabe Road, Chandrika Kumaranathunga Mawatha, Lipton 
Circus, Ward Place, Borella Junction, Polduwa Road, 
Diyawanna LakeSethsiripaya, Pannipitiya Road, Batteramulla 
Junction, Palan Thuna Junction, and the depot site on the 
Madewela East Diversion Canal [2]. 

II LITERATURE USE 

The Colombo congestion is a major study area in transport and 
traffic engineering.  Limiting the number of automobiles that 
may enter Colombo is the best way to reduce traffic.  The 
proper parking plan in heavily trafficked locations might ease 
congestion and could encourage people to use LRT systems 
[3].  Traffic congestion in Rajagiriya, Colombo Metropolitan 
Area, has primarily caused by the location of three 
intersections on the Sri Jayewardenepura main road. 

 

FIGURE 1 PROPOSED LRT DIRECTION AND MAIN ATTRACTIONS [4]A 

flyover and roundabout design could alleviate congestion, but 

the elevated roadway is currently insufficient for rising 

mailto:gunawardanev@gmail.com
mailto:gunawardanep@gmail.com
mailto:chathuamarasuriya@gmail.com
mailto:sswucr@outlook.com


 
 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

414 

 

 

 

vehicle numbers.  A study aims to introduce sustainable 

transportation options to change public attitudes and habits, 

benefiting individuals, the economy, and the environment [5].  

This model explores alternative transportation solutions in the 

Colombo Metropolitan Area, focusing on long-term strategies 
to alleviate traffic congestion.  The model aims to change 

public attitudes towards sustainable options, resulting in 

mutually beneficial outcomes for individuals, the economy, 

and the environment. 

III METHODOLOGY 

Study design and population 

This research is quantitative research using primary data 
inductive and empiricist’s approaches to develop a model to 
find the influencing factors to attract commuters to the 
proposed LRT system at the Colombo-Rajagiriya corridor.  

The target population of the study had been consisting of 
frequent users passing the Colombo-Rajagiriya corridor 
during the morning/ afternoon peak and had been chosen from 
the JICA Survey and CoMTrans Screen Line Surveys.  The 
primary collection of data approach has been the random 
sample method. 

Data collection and questionnaire design 

Primary data from questionnaire surveys and secondary data 
preserved from databases were used for further analysis.  The 
survey utilized printed questionnaires and Google forms, with 
qualitative data weighted using the Likert scale, and 
quantitative data evaluated using Statistical Package for Social 
Science (SPSS).  The questionnaire is divided into Part A and 
Part B, focusing on demographics and variables related to the 
use of the LRT system.  A sample of two hundred respondents 
(200) were initially targeted for the survey using the Random 
sampling method.  A total of hundred and thirty (130) valid 
responses were received for the survey. 

Analysis method and tools 

The primary data had been used in this study.  The data 
collected was analysed to extract the results to fulfil the 
objective of the study.  The principal component analysis 
(PCA) is a quantitative method for factor analysis, simplifying 
data by identifying factors and reducing variables, resulting in 
a comprehensive understanding of the data reduction process.  
The data are considered acceptable for PCA if the data set's 
Cronbach Alpha value is in the range of 0.6 to 0.9. The Kaiser-
Meyer-Olkin (KMO) test measures sampling adequacy for 
factor analysis, with values between 0.7 and 0.9 considered 
acceptable.  KMO measures the sampling adequacy of 
research, eliminating highly correlated variables. 

Factorial analysis and descriptive analysis methods has been 
used in this study to acquire the results.  The subsequent 
procedures were taken when examining the data with the help 
of statistical tools.  Before entering software, the data has been 
coded, parameters have been set and the data has been entered 
to formulate analysis. 

IV ANALYSIS AND RESULTS 

Descriptive analysis results 

The summary of descriptive analysis showed that LRT has 
been accepted by both the male and female commuters.  
Regardless of travel time, the male made up most of the 
responders in the study.  University graduates between the 
ages of 20 and 49 account for a larger percentage, i.e., seventy-
eight (78%) percent of commuters.  The majority of the 
sample's respondents are from the public and private sectors, 
who had travelled through Malabe- Colombo corridor to 
satisfy their requirements for business, official, or education 
purposes.  The majority has used the route for daily travel.  
Many commuters had taken public or staff service and 
personal car/ van as their present transportation method.  The 
majority had spent an average time of forty-five to one-hour 
time on daily trips. 

Most of the trips had been originated from the Malabe bus 
terminal and are destined at Fort or Borella bus station.  The 
LRT corridor, primarily in the Sethsiripaya region, attracts 
commuters who travel over halfway to their destinations.  It 
has been noticed that government buildings in the region, 
including Baththaramulla, attract private automobiles during 
rush hour.  The corridor's utility is highly praised.  The 
descriptive data analysis of the commuter trip origin and 
destination with pie charts is provided below.  The journey 
origin and destination are critical considerations in 
determining the commuter attack strategy for the LRT system. 

 
FIGURE 2 ANALYSIS OF TRIP ORIGIN OF COMMUTERS ANALYSIS 

According to the pie chart in FIGURE 2, the majority of 
commuters begin their journeys at Malabe, Koswatta, and 
Baththaramulla, and the majority of commuters complete their 
journeys in Colombo Fort, Borella, and Transport Centre 
Station, respectively as in FIGURE 3.  As a result, planned 
stations appear to be well suited to the needs of the 
commuters. 
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FIGURE 3 ANALYSIS OF TRIP DESTINATION OF COMMUTERS  

It was feasible to describe the aspects influencing commuters' 
perspectives on the proposed LRT from Malabe to Fort, as 
well as data analysis and the theoretical contribution.  
Furthermore, independent of different demographical 
characteristics, the majority of the respondents are the travel 
origin (Malabe) and destination (Colombo Fort). 

Principal component method for factorial analysis 

Before doing factorial analysis, the data's originality and 
reliability have been verified.  The study's Cronbach's alpha is 
0.690, indicating acceptable reliability, and the KMO value of 
0.603 indicates adequate sample size.  The sphericity test 
yields 0.000, indicating dimension reduction potential due to 
the non-identity matrix.  Factorial analysis analysed twenty-
six (26) variables, including travel cost, toll scheme, 
convenience, an online recharge system, schedule frequency, 
punctuality, reliability, and efficiency, reduces travel costs, 
offers punctuality, reliability, and efficient transportation.  
Analysis generated eight (08) factors with more than seventy 
percent (73.89%) of variability, with twenty percent 
(26.111%) of loss.  The model has been generated using 
component score coefficients to express the relationship 
between observed variables and generated components. 

𝒇𝒙 = ∑(𝐓𝐡𝐞 𝐂𝐨𝐦𝐩𝐨𝐧𝐞𝐧𝐭 𝐒𝐜𝐨𝐫𝐞 𝐂𝐨𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐭 𝐌𝐚𝐭𝐫𝐢𝐱 𝐨𝐟 𝐞𝐚𝐜𝐡 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞

× 𝐞𝐚𝐜𝐡 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞 𝐢𝐧 𝐭𝐡𝐞 𝐜𝐨𝐦𝐩𝐮𝐭𝐞𝐫 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐞𝐝 𝐟𝐚𝐜𝐭𝐨𝐫 𝒊) 

EQUATION 1 MODAL TO IDENTIFY COMMUTER PREFERENCE OF LRT 

Here the  

 f= Function of the customer fondness 

 x = Factor (1, 2, 3, 4, 5, 6, 7, 8) 

 i = Variables used (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 

26) 

The key factor (f1) “transport service quality” is made of 
having good security, connections with other trains, assistance 
for disabled elderly commuters, cleanliness/ maintenance of 
the station, LRT reduce travel cost per day, an online recharge 
system for ticketing, stations located every major trip 
attraction zone, real-time tracking and information and 
efficiency and the speed of LRT and with excellent Cronbach 
alpha value to prove the consistently of the data.  Combining 
variables of proposed sixteen stations are enough, locations of 
the stations easily accessible, easy to travel using LRT and 
providing access modes to LRT stations has created the factor 

"accessibility of LRT network (f2) ".  The factor 
“comfortability (f3)” is the other computer-generated factor 
that incorporates the quality of the facilities, comfortability of 
the ride in LRT, adequate secured parking for own vehicle, 
and easy to travel than a private vehicle.  The factor 
“accessibility of LRT network” and “comfortability” of LRT 
network has reasonable reliability value.  The factor “staff 
behaviour (f4)” is a combination of variables that include 
having friendly staff available servicing, complaint handling 
mechanism, and have sufficient capacity in LRT.  The fifth 
factor “ICT usage (f5)” contain variable-updated schedules on 
mobile apps.  The variable, higher frequency of LRT schedule, 
many trains available in peak hours and Rs.100 per head from 
Malabe to fort created the factor “convenience of LRT (f6)”.   
The punctuality and reliability of LRT (f7) and ease toll 
payment structure (f8) has been last computer-generated 
factors that have an impact over using LRT network. 

 
FIGURE 4 SCREE PLOT ANALYSIS 

All of the major components have been plotted in the scree 
plot analysis in FIGURE 4.  The component on the steep slope in 
the figure illustrates the components well.  They describe the 
underlying link between the factors in the process of 
identifying customer happiness.  This research has eight first-
rate main components. Research includes the twenty-six 
components on a shallow slope, which has been considered a 
little contribution to the selection process.  It was feasible to 
describe the aspects influencing passengers' perspectives on 
the proposed LRT from Malabe to Fort, as well as data 
analysis and the theoretical contribution.  Furthermore, 
recommendations were made based on the discoveries.  Most 
notably, it was determined that, regardless of different 
demographical characteristics, the majority of respondents are 
eager to switch to LRT transit from their current forms of 
transportation. 

The study's findings will aid in designing the LRT system to 
meet user needs and reduce traffic.  By considering the travel 
preferences of the sample population, the proposed system can 
be designed to encourage more people to switch from their 
current mode of transportation.  The economic effects of the 
LRT system in the Colombo urban area and its contribution to 
reducing general congestion in the roadways require more 
study.  Further studies should focus on factors affecting the 
system's construction and commuter experience, including the 
projected LRT in other project areas. 
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V CONCLUSION AND RECOMMENDATIONS 

In accordance with the study, commuters choose high-quality 
transit services.  The responses demonstrated that another 
significant contributing element is the LRT terminal's 
accessibility.  More people will utilise the LRT as a result of 
its accessibility from their own automobiles, another shuttle 
service, or intermodal networks.  When it comes to the 
terminal's accessibility, the egress mode connectivity is 
equally crucial.  Having the right number of seats and a decent 
carriage will make travel more comfortable.  Although there 
would be a lot of questions and information needs once the 
LRT is put into operation, staff behaviour, and the complaint 
handling process also required to be addressed.  One of the 
main factors attracting commuters to the projected LRT has 
also increased as a result of how simple it is to purchase a 
ticket and use ICT.  Commuters will use LRT services for 
everyday trips to work and home because of ease, timeliness, 
and dependability of the service.  To attract more commuters, 
the transportation system's affordability must be improved, 
and one of the key variables in this is the toll payment 
structure. 

To improve the model's optimal fitness, the research can be 
expanded by adding more data.  Data collection for this study 
has been limited to the Malabe-Fort route.  As a result, only 
daily commuters who had travelled along the corridor were 
eligible to participate.  The other urban cities where the 
construction of LRTs has been proposed are not included in 
this study.  If such as the population has been addressed the 
number of observations could have been increased resulting 
more accurate model. 

This study also reveals that, as LRT being a recent technology 
to the urban transit system in Sri Lanka, commuters know 
truly little to nothing about utilising it.  The study's findings 
will guide the development of an LRT system to meet user 
demands and reduce traffic.  It aims to persuade more 
individuals to abandon traditional transportation and move 
towards a more digitalized urban transport structure.  Further 
research is needed on economic impacts and commuter 
experience in other project regions.  Utilising this LRT system 
in the future will upgrade the quality of urban transit towards 
sustainability. 
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Abstract—Modern-day building construction is mainly based on 

concrete bricks, rather than mud bricks. However, with the 

economic crisis and inflation rates of prices on raw materials 

and manufacture, both the construction industry and 

consumers are in a problematic situation. As a result, alternative 

ways for cost reduction are being attempted by the researchers. 

Besides, the environmental issues with industrial discards are 

now greatly exacerbated. Since steel is the most widely 

consumable category of metals, steel industry discards, which 

aren’t easily degradable are accumulated and occupy valuable 

land areas. This study was attempted by considering both of 

these factors. Waste steel powder has been considered an 

additive material of concrete bricks. It also tries to add value to 

non-degradable waste.  In this study, the physical and 

mechanical properties of concrete bricks prepared by adding 

this waste in different percentages were presented. Visual 

appearance, percentage of water absorption, density and 

compressive strength were the considered properties.  The best 

and optimum amount of steel powder to preserve the expected 

properties and minimise the cost was revealed as 30%. 

 Keywords— concrete bricks, steel powder, technical 

properties 
I. INTRODUCTION 

Concrete brick forms a composite made of Portland cement 
and sand. Nowadays, the majority of constructions are based 
on concrete bricks. However, the cost spent on these concrete 
bricks is also inflated at a fast rate.   

In another way, present day world’s one of the main concerns 
is sustainable development. Concepts of sustainable 
development, when applied to the construction industry, 
both, environmental well-being and economic well-being 
have to be addressed simultaneously. Instead of investigating 
new products and processes, advancing the existing materials 
and processes is taking place, while greening the masonry 
industry. 

The responsibility of the construction industry towards 
environmental health is not so small. Usually, almost all 
building materials, during the production and construction 
phases cause any form of effect on the environment. In the 
case of concrete bricks, among all participating materials, 
cement plays a major role in forming the required properties. 
Nowadays, alternative partial substituents for concrete mixes 
are investigated by researchers, preferably due to high-cost 
involvements. 

In other way, climate changes and atmospheric warming are 
resulting due to straight effects of the manufacturing 

processes. During the manufacture of cement,  a considerable 
environmental threat of a similar nature happens due to the 
emission of CO2 gas.  Also due to the high consumption of 
concrete bricks, natural resources such as sand, stone and 
apatite deposits have been consumed at a fast rate.  
Additionally, environmental harms such as floods and the 
decay of riversides are a result of drastic consumption of 
natural resources. 

Ferrous-based metals are the most widely consumable 
category of metals throughout the world, which leads to a 
huge accumulation of the industrial waste of discarded steel 
pieces. Since not easily bio-degradable, accumulated steel 
pieces pose a considerable environmental threat, due to the 
occupation of valuable land areas. 

To seek a solution to all these problems, it was decided to 
make concrete bricks by replacing the entire concrete mix 
with another additive of waste steel powder. This saves the 
cost of major raw materials of cement and sand. Since the 
usage of original raw materials of cement and sand is reduced 
with this study, it will contribute to the reduction of harmful 
effects, generated due to the emission of CO2 gas and the 
riverside decays etc. Furthermore, this will be an 
environmentally friendly project in another way also, since a 
non-biodegradable and environmentally problematic 
industrial waste is used productively, as the substitute to the 
concrete brick mixture. 

Here steel powder was added in different volume 
percentages, and the physical and mechanical properties of 
those bricks were  tested  to select the optimum  steel powder 
percentage to be added,  considering  the performance of 
bricks also. 

The main objectives of the project were to make concrete 
bricks at low costs, aid environmental sustainability by 
reducing the use of original construction materials, and 
remove harmful industrial waste material from the 
environment in a productive way. 

II. LITERATURE REVIEW 

As per in all other areas, multiple details of past experimental 
studies, as well as review studies are found in this area also. 
Most of those studies are still being continued.  Some of such 
studies, that are found in the literature are summarised below. 

 In 2021, Dawood and Mohmood conducted their study to 
investigate the effects of the addition of different industry 
waste materials of glass powder and steel slag powder, as 
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replacements for cement in bricks. Properties were observed 
under two curing methods; normal curing method at 23± 2°C 
and boiling water added at 1000C, which was tested for 03 
ages; 03, 07 and 28 days. Different 06 mixes were cast with 
each addition, and cured under different curing conditions 
before testing. As per the results, the density of bricks, 
replaced with steel slag powder increased due to the high 
specific gravity of steel powder. Water absorption and 
density variation are linear; when density increases, water 
absorption decreases. In the study, the approximate reduction 
of  CO2 emission was recorded as 29% with a 30% 
replacement of glass powder or steel slag powder by weight 
[3]. 

In 2020, Fang et al presented the production of concrete 
bricks using steel slag powder and fly ash. The use of steel 
slag powder and fly ash instead of cement to manufacture 
concrete bricks can promote the secondary use of industrial 
solid wastes and protect the environment. In addition, with 
the use of these wastes, the cost spent on raw materials can 
be reduced and saved. In this study, the appearance of the 
concrete bricks and the compressive strength were checked.  
Steel slag can be used as a supplementary cementing material 
which enhances the strength of concrete with time, while fly 
ash can enhance the workability of concrete and enhance the 
after strength of concrete. The recommended optimal 
composite substitution ratio of cement and steel slag powder 
to fly ash was 12:5:3. In this experiment, the optimum 
replacement percentages of steel slag powder and fly ash 
were 25% and 15%, respectively [1]. 

A by-product of steel making through the Linz–Donawitz 
process is called Linz–Donawitz (LD) slag. Due to volume 
instability caused by high amounts of sulfur and phosphorous 
in LD slag, it is not generally used in construction 
applications. However, the review study conducted by Singh 
and partners in 2020 describes the possibility of using this 
waste in a wider range of applications. The study was based 
on recent studies as well as past studies, published during the 
past decade [4]. 

Zhang and his group had a study in 2012, to investigate the 
properties of steel slag blended cement paste. Initially, there 
wasn’t any contribution to the addition of slag waste to the 
paste. However, with the introduction of a chemical activator, 
both early as well as late compressive strength values of 30% 
steel slag and 35% cement clinker added are almost the same 
as normal Portland cement paste [2]. 

Barcza and Nelson conducted a review study in 1990, to 
study the different technological methods that are used for 
treating steel plant dusts. The different involved methods 
mainly considered the amount of hazardous elements 
contained in steel in steel, such as lead, cadmium, nickel and 
chromium, which usually come from the scraps of steel that 
are used during steel –production.  Treatment of waste steel 
dust containing these hazardous elements needs a highly 
critical analysis since it is essential to address environmental 
and economic concerns. As per this study, even though 
several processes are used to recover nickel, chromium, 
molybdenum and vanadium, for many years, these 
approaches haven’t fully met the environmental 

requirements. The final decision of selection of a process 
ultimately depends on all aspects such as quality and quantity 
of steel dust, cost for disposal, environmental legislation 
applied in each community, transportation costs, energy 
requirements, quality and value of the product as well as 
technological support etc which evaluate an option is a 
complex task. As per this review study, there are four broad 
process options; chemical treatment, recycling, non-
electrical-thermal and electrical-thermal processes. Industrial 
steel dust is also of four major types; carbon steel- low zinc, 
carbon steel high zinc, alloy steel low zinc and alloy steel 
high zinc. Of these, the treatment of alloy steel high zinc has 
to pay environmental concerns much more critically. 
Ultimately, the evaluation of each proposal is dependent on 
its own advantages and disadvantages [8]. 

III METHODOLOGY 

A. Materials 

The used raw materials were Ordinary Portland cement 
(OPC), natural river sand and steel powder.  Steel powder was 
collected from metalworking workshops, in the Homagama 
area. The other two materials were bought from a retail seller 
of building materials. Fig. 1 shows a sample of steel powder,  
used for this study. 

 

The used steel powder 

B. Preparation of Bricks 

The percentage of additive steel powder was decided upon 
literature review. Several different compositions were 
prepared by replacing the sand and cement (concrete) mixture 
with various additive amounts. Five bricks were made from 
each composition. In the concrete mixture, the cement: sand 
ratio was kept constant at 1:4 for all compositions. 

The selected raw materials were measured in percentage by 
volume. In preparation for each composition, the raw 
materials were initially mixed well, and a sufficient amount 
of water was added to make the mix. Then the set of moulds 
was filled well with the wet mixture, and those moulds were 
compacted with the aid of a flat end of a wooden bar. When 
the moulds were packed well and filled completely, the 
excess mixture was wiped off. 

Table 1 indicates the amount of each material used in each 

mix design. 
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PERCENTAGE OF MATERIALS USED FOR  CONCRETE BRICKS 

C. Curing 

After removing from the moulds, the concrete bricks were 
placed in a shady area to harden. When they were dried for 
24 hours in the shade, they were damped twice a day for seven 
days. 

 

D. Drying Process 

Then the concrete bricks were left to dry in the shade for 
another 21 days.   

E. Testing  of Bricks  

When all bricks were dried well, they were subjected to the 

tests of visual appearance, density, water absorption, and 

compressive strength tests. 

 

F. Visual Appearance  

After drying well, each of the concrete bricks was visually 
observed for any cracks, warps, colour and dimensional 
changes.  

G. Density Measurement 

With the use of the dimensions and weight of each brick, 

density values were calculated. Then, all such values of each 

brick design were averaged, to present the respective density 

value. 

H. Water Absorption Test  

Two bricks from each mix design were subjected to this 
measurement. The initial weight of each brick was measured, 
and then they were fully soaked in water for 24 hours. Then 
the wet weight of each brick was measured. With the use of 
weight difference, the percentage of water absorption was 
calculated.  

Equation (1) was used to calculate the percentage of water 
absorbed into the bricks.  

      W =   
𝑊2−𝑊1

𝑊1
 ×100%                       (1)                              

Where, 

W = Percentage of water absorption 

W1 = Weight of dried block (before immersion in water), 
in grams 

W2 = Weight of brick with absorbed water, in grams  

After the percentage water absorption of each brick was 
calculated, two values of each composition were averaged, to 
express the result. 

Compressive Strength Test  

Compressive strength was measured by using the 
(compressive strength) testing machine (Model No. 
CT7comTest). For each composition, three bricks were taken 
for measurement. 

 

IV. RESULTS AND DISCUSSION 
In this study, tested technical properties of different 
compositions were compared to those of the original concrete 
brick composition. 

Visual Experience 

Compared to ordinary concrete bricks, almost all bricks, 
tested showed the same ash color. No other change occurred. 

Density measurement 

The tests indicate that, as the percentage of the replaced steel 
powder increases, the density decreases. Even though the 
density is expected to increase with the steel powder, it has 
been reversed. Since steel in powder form was used 
(approximately 01 mm in size), there was more free volume 
among the ‘steel dust’ particles.  

Additionally, since collected from a metal workshop, there 
might have been a certain amount of ‘non-steel’  particles, 
such as dust contained  in it, affecting the result.      

Whether there is a reduction in density, the obtained values 
of all these compositions are of the range of high- density  
bricks [6]. 

Fig. 2 shows the variation of density concerning the  
percentage of  added steel powder.  

 
Figure 2. Density variation with steel powder addition 

Sample Percentage 

of cement 

Percentage 

of sand 

Percentage 

of  steel 

powder 

1 20 80 0 

2 18 72 10 

3 16 64 20 

4 14 56 30 

5 12 48 40 
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Water Absorption Test 

Figure. 3 shows the results of water absorption of the tested  
bricks. 

 

 

Figure 3. Water absorption with steel powder addition 

 

The results indicate that the water absorption of the control 
sample is minimal at 2.9%, while it almost gradually 
increases as the additive steel powder increases. This increase 
in absorption is a sign of more free volume among the 
particles of the concrete mix. On one side, it might be due to 
low packing density, with irregular shapes of concrete mix 
materials, preferably of steel particles. On the another side, 
there might be a substantial contribution to  water absorption 
due to accidentally added ‘dust’ particles, if any.  

Even though a sharp rise in water absorption is clearly 
indicated, almost all those compositions are in the range of  
standard concrete bricks, with respect to this property [7,9]. 

Compressive Strength Test  

Fig. 4 shows the results of the  compressive strength test. 

 

Figure 4. Variation of compressive strength with steel powder addition 

 

The obtained values of compressive strength of concrete 
bricks that were produced by adding steel powder are in the 
range of the standard concrete bricks. 

With the addition of steel powder, a reduction of compressive 
strength also happens, implying low-strength bonding forces 
among particles of added materials. The nature of bonding 
that forms between usual brick materials of either cement or 
sand and steel powder particles might be of low strength. In 
case of a foreign material type such as dust is added, it also 
might have affected the internal bonds.  

Concerning this essential property of compressive strength, 
even with a reduction of strength values, all mix compositions 
are within the acceptable range. Generally, the average 
compressive strength of concrete bricks ranges from 0.35 
kN/cm2 of non-load-bearing bricks to 1.25 kN/cm2 of  

medium-density, load-bearing bricks [5].  

In this study, up to 40% steel powder was used to replace the 
mixture of the concrete bricks.  The density of bricks varies 
from 2.21 g/cm3 for 0% steel powder to 2.05 g/cm3 for 40% 
steel powder. The water absorption of concrete bricks varies 
from 2.90% for 0% and 10.33% for 40% of steel powder. The 
compressive strength of bricks varies from 1.37 kN/cm2 for 
0% and 0.70 kN/cm2 for 40% steel powder.   

According to all tested properties, compositions with all 
mixed proportions of steel powder are suitable to be used as 
serviceable bricks.  

However, critically considering quality as a prime factor, the 
optimum brick mixture was selected as the one with 30% 
steel powder. Test results obtained for that mix were 2.07 
g/cm3 of density, 7.92 % of percentage water absorption and 
0.94kN/cm2 of compressive strength.  

According to Alonso et al (1990), bricks with these technical 
properties are suitable to be used in load-bearing applications, 
also [9]. 

If bricks of this selected (30% steel powder) composition are 
produced, it will cause a 30% reduction of the usual concrete 
brick mixture, for every single brick produced. This will 
cause a substantial saving of both ingredients, cement and 
sand. Accordingly, related environmental damages that 
happen during the production of cement and sand are also 
reduced. Additionally, a substantial proportion of waste steel 
powder is also productively removed from the environment, 
which will enable to release of the land area,  occupied by this 
steel waste. Above all these factors, a major saving of cost on 
raw materials is not a negligible benefit for all connected 
parties.  

The suggested bricks are of lower density compared to the 
original concrete bricks and are suitable to be used in load-
bearing applications also. Therefore, they can be used in the 
majority of engineering applications, in the construction 
industry, indicating numerous advantages.     

V. CONCLUSION 
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The technical properties of concrete bricks were optimised 
using industrial waste-steel powder as a reinforcing additive.  
The optimum percentage of steel powder waste was decided 
as 30%, to comply with mainly, technical properties and 
economical cost savings, in addition to the environmental 
benefits of different ways. Other than usual construction 
work, these bricks can even be applied to load-bearing walls 
also, since they conform to relevant standards. 
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Abstract -This study presents an analysis to investigate the life 

cycle cost between inverter and non- inverter split type air-

conditioners for hotel room application in “The Villas ABC” in 

coastal belt. The selected air conditioners used in this study are 

4000BTU inverter and non-inverter type spilt air conditioner 

units. The operating cost for each air conditioner was determined 

from the data provided by the manufacturers as well as the data 

collected during the study. In this analysis, the life cycle cost of 

the inverter type split unit air conditioner was compared with 

same aspect of non-inverter type split unit air conditioner. It is 

found that an inverter type air conditioner life cycle cost with 

considering its maintenance cost is Sri Lankan Rupees 

5,600,971.00. The percentage of energy saving has dominant 

effect on life cycle cost followed by the effect of operating hours 

per day. Inverter type split air conditioner has higher 

maintenance cost compared with non-inverter type. The life cycle 

cost calculated including maintenance cost of non invertor type 

air conditioner is Sri Lankan Rupees 5,502,425.00. The results of 

the study show that there is no cost saving for the option of for 

invertor type AC and non-invertor AC has saving of Sri Lankan 

Rupees 98,546 compared to inverter type split air conditioner 

with percentage of 2%. During this study it was found that the 

non- inverter type is more economical to the Hotel “The Villas –

ABC” due to the higher maintenance cost. Other than the cost 

saving the low breakdown rate minimized the additional stress 

on maintenance staff and the guests were not disappointed. 

Keywords—life cycle cost , inverter type air conditioner, repair 
cost ,cost of energy use, maintenance cost 

 

I INTRODUCTION 

The coastal belt of Sri Lanka is famous for  its scenic beauty 

among local and foreign tourists. Statistics of Sri Lanka 

Tourism Development Authority shows that more tourists 

prefer Boutique Hotel, Boutique Villa, Bungalow, Guest 

House etc. to star type hotels[1]. The popular air conditioner 

type for these kind of hotels is split type air conditioners (AC) 

as they are stand alone equipment easy installation and low 

cost etc. 

 There are two types of split type AC machines namely the 

inverter type and non-inverter type. The inverter type is 

pronounced for energy saving. It has been proven that 58% of 

energy could be saved in inverter type split AC [2].  

Non inverter technology the compressor starting and stopping, 

hard running, resting, starting and stopping once again uses 

more energy to control the temperature inside the room. 

Inverter technology uses the speed control of the compressor 

motor depending on the temperature requirement  

inside the room Inverter type AC machines are more popular 

than non-inverter type as they are powerful, save energy and 

comfortable [3]. The cost difference of inverter and non 

inverter AC machines generally around 10% or more for 

12000 BTU machine. Despite the fact that the inverter 
technology AC machines  are expensive, people recommend 

them as, it is economical in terms of energy usage.  

The Villa ABC is one of popular villa hotels in Sri Lanka 

situated in the coastal belt which consists of 32 no’s of guest 

villas each installed with a split type AC machine. A villa is 

like a private standalone home. This means a villa is 

completely self-contained with all the facilities and usually 

more than one building is situated in hotel premises. The 

most suitable type of air conditioning for this type of hotel 

building is split unit air conditioners. As per the initial design 
concept inverter type split AC units were fixed to all villas. 

In the beginning the inverter type split AC system was 

economical and with the time it was observed that the rate of 

break downs were increasing. As it was badly affecting on the 

guest satisfaction, as a remedial measure, the management 

has decided to replace inverter type AC units with the non-

inverter type AC units. With that decision 15 no’s of non- 

invertor type AC units have been fixed in place of inverter 

type air conditioners. This study was carried out to select most 

appropriate AC system from split unit air conditioners of 

inverter type and non-inverter type for these villa type hotel 
buildings.  

As a practice normally the method used to select a split AC 

system is the initial cost (IC) , the installation cost (INC) and 

operational cost (OC). But it is required to consider the 

maintenance cost (MC) as well. This study is to show that 

when split AC machine is selected it is required to consider 

the maintenance cost (MC) as well specially for the coastal 

areas. 

In the literature survey hard to find papers relevant to this topic 

so that there is an indication of there is a research gap in this 
area of study 

The objectives of the study were to determine the energy cost 
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of inverter and non-inverter type split AC systems of The 

Villas-ABC, calculate the life cycle cost of split AC systems 

of the hotel and to compare  the difference of lifecycle costs 

of inverter and non-invertor split Air conditioners of this 

hotel.to identify the most suitable type of split system. 
 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

II M ETHODOLOGY 
 

Two split AC units, an inverter and a non-inverter were 

tested. Details of the name plate of the two split units AC 

are given in Table-01. The two AC units kept under similar 

operating conditions. Both were rated single-phase 240V, 

50Hz. Each unit was mounted on the same side of the wall 

of hotel rooms and the temperature control settings of the 

units were set to 24⁰C, The energy drawn by the two AC 
units were measured by using energy meters and the data 

recorded daily for one month period. The non-inverter AC, 

and the inverter AC was operated continuously during one 

month study period. Initial installation cost and the 

maintenance costs of the relevant air conditioners were 

collected from the accounts details and the maintenance 

records. The two types of split units used are old by same 

number of years.  There records were available for both 

inverter and non-inverter type for the past years. The LCC 

was calculated for the two types of AC units and the 

cumulative LCC values were given in graphs for twenty 

months 

    A   Life Cycle Cost (LCC) 

Life cycle costing is the process of compiling all costs that 

the owner or producer of an asset will incur over its lifespan. 

These costs include the initial investment, future additional 
investments, and annually recurring costs, minus any 

salvage  value [8]. In this study the salvage value has been 

considered as zero. 

Life Cycle Costs (LCC) consists of five main components 

Initial Cost (IC), Installation Cost(INC) , Energy cost (EC),` 

repair cost (RC)  and maintenance/service cost (MC), 

maintenance/service cost (MC) where: 

 

LCC = IC + INC + EC + RC + MC   (01) 

 

B   Initial Cost (IC) 
The IC depends on type and model of the unit as specified 

by the manufacturer. Common practices in Sri Lanka is to 

include both in retail sales price 

 

C Energy Cost (EC) 

The energy usage (EU) depends on three factors; unit 

capacity, energy efficiency ratio (EER) and operating time 

[2]where: 

 

EU = (Unit Capacity) /EER X Operating time (02) 

 
Then, the energy cost can be determined if the cost per unit 

energy (CUE) is known. Where: 

 

EC = EU * CUE    (03) 

     

According to Public Utility Commission Sri Lanka, Hotels 

are categorized under “Other consumer category” and the 

tariff structure was obtained from Public Utilities 

Commission Sri Lanka  .  

Since the contribution of other loads except AC machines to 

the maximum demand charge of the electricity bill are 

negligible when it is compared with maximum demand 
charge of thirty two split type AC units. Therefore it can be 

considered that the energy cost calculated according to this 

method  sufficiently represent the of contribution from AC 

units under study to the electricity bill. 

 

D   Repair Cost (RC) 

Normally, the time and cost required for repair work of any 

type of breakdown and etc. is unpredictable. However, 

proposed simple correlation between repair costs (RC), IC 

and unit’s life time[2]  where; 

 

𝑅𝐶 =
0.5 𝑥 𝐼𝐶

𝑈𝑛𝑖𝑡𝑠 𝐿𝑖𝑓𝑒 𝑇𝑖𝑚𝑒
                                                     (04) 

E   Maintenance/Service cost (MC) 

To ensure an optimal performance of the air conditioners, 

manufacturers recommended to perform scheduled 

maintenances of filter cleaning for every 2 weeks, and 

chemical cleaning for every 12 to 18 months . [5][2] 
highlighted that the MC of the air-conditioner is 2.5% of the 

unit price. Where; 

 

MC = 0.025 x IC                                               (05) 

 

    

 
 Invertor Type Non Invertor 

Type 
Capacity 24000BTU 24000 BTU 

Rated Voltage 220V-240V 220V-240V 

Frequency 50Hz 50Hz 

 

 

III CALCULATION OF LIFE CYCLE COST  

 

The equation 01 is used to calculate LCC separately for the two 
types of AC machines 

 

A  Calculation of Cost of Unit of Energy 

Calculation was done for the month of February as a sample 

calculation here.  

Electricity Bill Value of the Month = LKR 1,160,296.85 

No of     Units Consumed in the Month of February 2023  

 Day = 16905 

Peak = 3915 

Off-Peaks = 6311 

Total Units Consumed in the Month February  2023     

16905+3915+6311 = 27131 

TABLE 01 
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Unit Cost for the Month February 2023 
 

CUE is 1,160,296.85 / 27131 = LKR 42.77 

 

B  Calculation of Cost of Energy  

 

EC was calculated for the month February 2023 

by using total power consumption by the AC and 

the energy tariff published by the PUCSL. To get  

most accurate EC value, equation 03 was used. 

  For Invertor type air conditioner, 

           No of Units consumed by AC      = 769.2 

   Energy cost = LKR 42.77 x    769.2    = LKR 32,898.68 

For Non-Invertor type air conditioner, 

No of Units consumed by AC     = 945.6 

Energy cost =  LKR 42.77 x 945.6         = LKR 40,443.31 

 

Using collected data for Initial or unit cost (IC), installation cost 

(INC), repair cost (RC) and maintenance/service cost (MC) and 

the calculated Energy cost (EC), the total cost for the month was 

calculated by using equation 01.To get projected values for the 

cost, the Net Present Value Present Value of Money was 
calculated by using equation 07. 

 

      Present Value =Future Value x 1/(1+r )n  (7) 

 

here; r = Interest rate (assumed as 10 %) n = Time in years 

 

The time vs. cumulative cost with MC is shown in Figure 01 . 

 

The cumulative LCC discounted values were plotted in 

Figure 02. It is shown that the two lines are going to meet. 

The two cost values are going to be same in long run. 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

IV CALCULATION OF COST SAVING 

 

Saving from  inverter type split AC without 

maintenance cost = 4,510,668.00 - 3,923,487.00=LKR 

587181/= 

Percentage of Saving = 
(4,510,668.00 − 3,923,487.00)

3,923,487.00
 𝑥 100 % = 15 % 

 

Saving from inverter type split AC with maintenance 

cost = 5,600,971.00 - 5,502,425.00 = LKR 98,546 /- 

Percentage of Saving with maintenance cost= 
(5,600,971.00 − 5,502,425.00)

5,502,425.00
 𝑥 100 % = -02 % 

IV RESULTS 

The energy output of the energy meters were plotted in Figure 

01 and Figure 02 for 28 days of the month of February. With 

the help of data collected the best fit line was plotted by using 
Microsoft Excel software, The life cycle cost calculated by 

using the equation 01  with and without maintenance costs 

drawn in two graphs in Figure 03 and Figure 04 

 

 

 

 

 

Cost Saving with inverter type of split air conditioner is -02%  

whereas saving without inverter type Split air conditioner  is 
15% for Villa ABC 

 

 

 

 

 

 

    

 

 

 

 
 

 

 

 

 

      

         

The cumulative LCC discounted values were plotted in     Figure 

03& Figure 04. It is shown that the two lines are going to meet 

in Figure04. The two cost values of split AC without inverter 

and split AC with inverter are going to be same in the long run. 
The Table 02 shows the LCC values for inverter and non 

inverter split AC , LCC for 10 years 

 

FIGURE 01: DAILY ENERGY CONSUMPTION INVERTER AC 
 

 

 

FIGURE 02: DAILY ENERGY CONSUMPTION INVERTER AC 
 

FIGURE 04: Cumulative LCC with MC 
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TABLE 02: LCC FOR 10YEARS 

 

 

 

 

 

 

 

 

     
 

 

 V CONCLUSION AND RECOMMENDATIONS 

 

This project was conducted to evaluate the LCC of both 

invertor and non-invertor type split unit air conditioners of the 

hotel The Villas ABC. The Life Cycle Cost is the only selection 

criteria considered in this study. With the help of collected data 

and data analysis LCC without maintenance cost and LCC with 

maintenance cost were extrapolated. As per the values the 

inverter type has 15% saving than the non-invertor air 

conditioner without considering the maintenance cost. But it 
has found that the LCC with maintenance cost is higher in 

inverter type air conditioner. Non-inverter type air conditioners 

has 2% saving in LCC at the end of 10 year period. 

It shows that the maintenance cost is considerably higher in the 

air conditioners for inverter type used in The Villa ABC in 

coastal areas. As per the LCC point of view the non-inverter 

type air conditioners are economical for the hotel The Villas 

ABC. 
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Type of AC 

Life Cycle 

Cost (10 
years) 

Life Cycle 
Cost (10 years) 

Invertor Type 3,923,487.00 5,600,971.00 

Non-invertor 

Type 
4,510,668.00 5,502,425.00 

FIGURE 03: Cumulative LCC with MC 
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Abstract— The construction industry in Sri Lanka faces a critical 

challenge in the supply of river sand, for various construction 

applications. To address this issue, offshore sand has emerged as 

a potential alternative for river sand in construction. However, 

despite its abundance in coastal areas, offshore sand's 

acceptability in the construction industry remains limited due to 

concerns about its quality and suitability. 

This research aims to bridge the gap between public perceptions 

and the technical suitability of offshore sand. The study identifies 

the factors influencing the acceptability of offshore sand through 

a questionnaire survey, expert interviews, and a comprehensive 

literature review. Experimental investigations concluded that the 

properties of offshore sand are in accordance with British and Sri 

Lankan Standards. The results demonstrate that offshore sand 

meets the required standards for compressive strength, 

workability, chloride content, shell content, and other impurities, 

making it a suitable alternative for river sand in construction 

applications. 

Based on the research findings, a set of recommendations was 

formulated to enhance the acceptance and usage of offshore sand. 

These recommendations include conducting awareness, updating 

mix design guidelines to accommodate offshore sand properties, 

and implementing policy decisions to promote its use in 

government projects. 

Keywords— compressive strength, workability, chlorine, 

construction material, river sand 

I INTRODUCTION 

The construction industry plays a critical role in the 
development and growth of a nation, and the availability of 
high-quality construction materials is essential for ensuring the 
durability and longevity of infrastructure projects. In Sri Lanka, 
river sand has been the traditional choice for fine aggregates in 
concrete and mortar due to its favourable properties as in many 
other regions. However, concerns about the environmental 
impact of excessive sand mining from riverbeds and the 
depletion of river sand reserves have prompted the exploration 
of alternative sources. 

One such alternative is offshore sand, which is extracted from 
the seabed. Offshore sand possesses the potential to become a  

 

viable substitute for river sand in the construction industry. 
However, its acceptability and suitability for various 
construction purposes have been debated and warrant thorough 
investigation. This research focuses on exploring the feasibility 
of using offshore sand as an alternative to river sand, aiming to 
bridge the gap between public expectations and the actual 
quality of this alternative construction material. 

The primary objectives of this study are two-fold: first, to 
identify the factors influencing the acceptability of offshore 
sand in the construction industry in Sri Lanka, and second, to 
assess the suitability of offshore sand compared to river sand 
for various construction applications. To achieve these 
objectives, a multifaceted approach was adopted, literature 
reviews, qualitative data analysis and laboratory testing. 

By the conclusion of this research, it was found that the usage 
of offshore sand is minimal due to concern with quality, cost, 
and presence of chlorine and seashells. However, the laboratory 
experiments prove that the quality of the offshore sand is on par 
with the acceptable ranges. Hence, the awareness of the 
industry and society has to be enhanced to increase the 
acceptability of offshore sand. 

II BACKGROUND STUDY/ REVIEW OF LITERATURE 

The literature review provided an overview of existing research 
and studies related to offshore sand, its properties, 
acceptability, and issues for construction applications. It helped 
to establish the context and knowledge base for the research, 
highlighting the gaps and areas where further investigation is 
needed. 

Properties of offshore sand 

Mainly the composition or the properties of the offshore sand 
may depend on the source [1]. Further, the gradation of the 
offshore sand may not be on par with the required gradation, 
hence sea sand may process to obtain a mix within the range 
[2]. However, the mineral composition may have similar 
properties compared with river sand, but with a different 
surface texture [2]. Moreover, offshore sand consists of 
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particles of seashells as well as salt, which can affect the 
concrete or cement negatively [1]. 

It was noted that there are contrasting conclusions regarding the 
workability of concrete produced from offshore sand. Liu et al. 
have concluded that there are no significant changes in slump 
with the introduction of offshore sand while Limeira et al. have 
found the slump decreased with the introduction of offshore 
sand [1,3]. Further, conflicting findings were observed with the 
compressive strength of concrete with offshore sand. It was 
found the compressive strength was decreased by incorporation 
of offshore sand [4]. Moreover, in other studies, it was found 
that the change in the strength is not significant [3,5]. 

Issues identified in using offshore sand  

Corrosion and Reinforced Concrete: When the free chlorine 
(Cl) percentage is higher than 0.3% the reinforcement in the 
concrete is susceptible to corrosion [6]. However, with 
accelerated wet-dry cycles, the free Cl can be reduced, and 
corrosion and pitting can be mitigated [7].  

Sea Shells in Concrete Aggregates: Many research has proved 
that there is no significant impact on compressive strength by 
the sea shell content in the offshore sand [8,9].  

III METHODOLOGY 

In the case of a research project, the usual information may be 
an essential summary of the study design, study setting, study 
population, sample, sample size, sampling methods, 
instruments, data collection, data analysis etc. The author shall 
explain the research question, and describe the research 
framework, and the methods applied in detail. It should be 
furthermore highlighted why the research question is relevant 
to theory and practice, and why the chosen method(s) are suited 
for the problem. 

The following methodology outlines the systematic approach 
adopted to investigate the acceptability and suitability of 
offshore sand for the construction industry in Sri Lanka.  

The selection of a Sample was conducted for the collection of 
information from experts, professionals, contractors and 
society to gather insights from various stakeholders, employing 
a stratified sampling technique. One sample consisted of one 
hundred participants, categorized as, fifty participants from 
public and private organizations and contractors dealing with 
the Sri Lanka Land Development Corporation (SLLDC), the 
remaining fifty participants were randomly chosen from the 
general public to represent society at large. In the laboratory 
testing of the Engineering Material Laboratory, both river sand 
and a composite offshore sand sample were taken. 

The preparation of the expert interview outline and expert 
interview were conducted as a vital role in framing the research 
questions and refining the questionnaire. Several experts and 
professionals involved in the relevant field were consulted. 
Subsequently, two distinct sets of questionnaires were 
formulated. Under that, the first section was designed for the 

general public and contractors, focusing on non-technical 
aspects related to offshore and river sand use, the second 
section was tailored for experts and professionals, delving into 
technical matters associated with the use of offshore sand in the 
construction industry. 

For the preparation of questionnaires and collection of 
information from contractors and society, data from contractors 
and the general public were collected via questionnaires created 
using Google Forms. These questionnaires contained both 
general and technical questions aimed at assessing awareness 
and opinions regarding offshore sand use. 

Two specific tests were conducted using standard methods in 
Engineering Material Laboratory Testing. The ‘Compressive 
Strength of Concrete Cube’ testing followed the guidelines set 
by BS EN 12390: Part 3:2019 and the ASTM - C143/C standard 
method was applied for the ‘Workability of Concrete’ testing. 
These tests were performed on concrete samples produced 
using both river sand and offshore sand. The samples were 
tested at various time intervals, enabling the analysis of 
compressive strength over time. 

Analysis of data was conducted effectively, adopting a 
multi-faceted approach.  

• Text Analysis - Open-ended responses in the 
questionnaires were subjected to text analysis techniques. 

• Descriptive Statistics - Basic data summaries were 
presented through pie charts, bar charts, and tables. 

• Analytical Method (Relative Importance Index - RII) 
- The RII was used to rank and evaluate factors based on expert 
opinions and questionnaire responses. 

The conclusion and recommendations were drawn based on 
the findings and analyses from the preceding steps, both in 
expert interviews and laboratory testing, with a specific focus 
on how these elements intertwined.  

The results were compared with similar studies conducted in 
Sri Lanka and other countries, taking into account research to 
provide a broader context for the conclusions and 
recommendations. 

IV RESULTS AND DISCUSSION 

An expert interview was conducted to identify the factors and 
issues affecting the acceptability of offshore sand for the 
construction industry in Sri Lanka. Recognized experts with 
substantial knowledge, experience and contributions in fields 
related to construction materials, environmental impact 
assessment, civil engineering and similar areas have shared 
their expertise. Professor Ranjith Dissanayake is a prominent 
expert in the field of Civil Engineering and construction 
materials in Sri Lanka. He holds a doctorate in civil engineering 
and has made significant contributions to the understanding of 
construction materials and their suitability for various 
applications, including offshore sand. Further, Dr. Chethika 
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Gunasiri is an expert in environmental science with a 
specialization in Sustainability Science. Her expertise in 
Sustainability Science signifies that she likely has a deep 
understanding of various aspects related to sustainability, 
environmental conservation and the intersection of science and 
sustainable practices. Moreover, experts such as Chartered 
Engineers and Civil Engineers were consulted for the 
preparation of the questionnaire. 

The questionnaire was compiled with data from experts and 
professionals which is based on the technical matters related to 
the offshore and river sand focusing on the following; 

• The issues caused by off-shore sand, when used as a 
fine aggregate   

• Demand for offshore sand in the Sri Lankan market 

• Negative thoughts among people about the use of 
offshore sand 

• The actions to be taken to reduce that negative mindset 
of the people 

• The measures to be taken to enhance the use of 
offshore sand in the construction industry of Sri Lanka 

• Ideas and experience about off-shore sand as a 
construction material in Sri Lanka 

Experts pointed out that when selecting suitable material, they 
mainly focused on quality. Availability and the cost of the 
material. The issues noted by the experts are low workability, 
environmental issues with dredging sand, the presence of 
seashells and the effect of salts. Further, it was evident that the 
main issue of the usage of offshore sand in Sri Lanka is the 
unawareness of the industry on its properties. Moreover, the 
experts stressed having more standards to improve the quality 
of offshore sand and to hold workshops to enhance awareness 
of the usage of offshore sand.  

The questionnaire was formulated by considering the factors 
and data collected through eh interview with the experts. The 
fifty (50) number of persons (Contractors and society) consists 
of male as 58% and the female as 42%. Half of the selected 
sample is employed in the private sector and 82% of the sample 
is engaged in the field of Civil Engineering. Only 24% of the 
sample considers offshore sand as an alternative to river sand.  
Further, only 32% use offshore sand for mortar and plastering 
and only 10% use offshore sand for concrete works.  

28.5% of the sample is concerned on Cl content and 30.5% of 
the sample is concerned with seashell content.  Moreover only 
18% have the experience with usage of offshore sand in the 
construction sector. The measure for enhancing the usage of 
offshore sand is illustrated in figure 3.1. 

 

 

 Conducting more researches and maintenance of 
the quality standards 

 Conducting awareness programmes 

 The demand to be increased by more extraction 
locations 

 Implementation of a policy decision to practice in 
government sector and promoting in private 
sector 

 Marketing and advertising 

 

Figure 3.1: Measure for enhancing the usage of offshore sand 

TABLE 3.1: CHEMICAL PROPERTIES OF OFFSHORE SAND 

Parameter Test Method Conclusion 

Chloride content for 

marine aggregate. 

 

BS 1744 – 1: 1998 

<0.01 m/m% (Within 

limits given in SLS 

1397. Should be less 

than 0.01 m/ m%) 

Acid Soluble Sulphates BS 1744-1 1998 <0.01 m/ m% 

(Within limits 

according to SLS 

1397. Should be less 

than 0.2 m/m%) 

Total Sulfur Content BS 1744 - 1: 1998 

 

<0.01m/ m% (Within 

limits according to 

SLS 1397. Should be 

less than 1 m/m%) 

Shell Content SLS 1397: 2010 1.9 m/ m% (Within 

limits according to 

SLS 1397. Should be 

less than 15 m/m%) 

 

Table 3.1 describes the chemical properties of the offshore sand 
conducted according to the BS test method. It is evident that all 
the parameters are within the required SLS standards. Hence, 
the quality is acceptable to be used in the construction work.  

TABLE 3.2: TEST RESULTS OF CHEMICAL PROPERTIES OF OFFSHORE SAND 
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Parameter Test method 

Test result (Sample 

1) 

Water soluble chloride 

(as Cl-), m/m% 

BS EN 1744-1 

< 0.001 

Acid soluble sulphate 

(as SO3), m/m% < 0.001 

Total sulfur content (as 

S), m/m% < 0.001 

Fine content (SE value), 

% BS EN 933-8 4 

Shell content  1.9 

 

 

 

 

Figure 3.2 Compressive Strength of OPC - Grade 20 

 

Figure 3.3 Compressive Strength of OPC - Grade 20 

 

Above figures  (figure 3.2 and 3.3) shows the compressive 
strength variation with time for OPC for the grades 20 and 25 
respectively. It is evident that the strengths are above the 
required level after 28 days. Further, no significant difference 
was observed with the strength variation of the river sand. 

Compressive strength variation with time for BHC for grades 
20 and 25 are illustrated in Figures 3.4 and 3.5 respectively. 
The required strength achievement is obtained in both grades 

for offshore sand. However, a change of trend in the strength 
class 20 was observed with respected river sand. 

 

Figure 3.4 Compressive Strength of BHC Grade 20 

 

 
Figure 3.6 Compressive Strength of BHC Grade 25 

 

 

 

Figure 3.7: Workability of the Concrete Mixes 
 

140

160

180

BHC
(G20)

BHC
(G25)

OPC
(G20)

OPC
(G25)

S
lu

m
p
 h

ei
g
h
t 

(m
m

)

Types of concrete

Workability of Concrete

River Sand Offshore Sand



 

 
INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT)  

“Emerging Technologies and Skills for Resilient Industries” 

430 

 

 

 

The workability of the concrete is illustrated in Figure 3.7 
and the results are conclusive with the findings of the literature 
review.  

In accordance with the Figure 3.6, the slump test results 
enhance the understanding of workability with different 
combinations of cement and sand types, comparing river sand 
and offshore sand for various cement types (BHC and OPC) 
with different grades (G20 and G25), providing valuable 
insights into the workability of concrete.  

Comparison by cement type and grade can be stated as 
follows, 

• For BHC (G20), the slump values for river sand (170 
mm) and offshore sand (168 mm) are quite similar. 
This suggests that offshore sand has comparable 
workability with river sand for this cement type and 
grade. 

• For BHC (G25), the slump value for offshore sand 
(170 mm) is slightly higher than that of river sand (165 
mm). This indicates that, in this case, offshore sand 
might have slightly better workability. 

• In the case of OPC (G20), the slump value for river 
sand (160 mm) is lower than that for offshore sand 
(165 mm). Offshore sand seems to exhibit better 
workability for this particular combination. 

• For OPC (G25), both river sand and offshore sand 
show similar slump values (175 mm and 170 mm, 
respectively). 

V CONCLUSION 

The research conducted to investigate the 
acceptability of offshore sand for the construction 
industry in Sri Lanka has yielded significant insights 
and valuable findings. The study aimed to bridge the 
gap between public expectations and the technical 
viability of offshore sand as a substitute for river sand 
in construction projects. Through a combination of 
survey data, in-depth interviews, laboratory testing, 
and chemical analysis, a comprehensive analysis was 
carried out to assess the acceptability and suitability 
of offshore sand. 

Sri Lanka had been facing challenges in the 
construction industry due to the depletion of river sand 
resources. Research studies and reports within the 
country focused on alternative sources of sand, 
including offshore sand. They were concerned with 
environmental, economic and technical aspects of 
using offshore sand. These studies had generally 
indicated that offshore sand had potential as a 
substitute for river sand, but concerns remained about 
its acceptance in the construction industry. Challenges 
in Sri Lanka are as follows, 

• Depletion of river sand due to over-
extraction. 

• Environmental concerns regarding river sand 
mining. 

• A growing demand for construction 
materials. 

Benefits of offshore sand in Sri Lanka, 

• Potential as a substitute for river sand. 

• Support to mitigate environmental issues 
related to river sand mining. 

• As an economical alternative. 

Internationally, the researches related to the use of 
offshore sand in construction, aimed to address issues 
like chloride content, corrosion, workability, and 
structural performance. Some countries had 
successfully integrated offshore sand into their 
construction industry, while others faced acceptance 
challenges similar to Sri Lanka. 

 

Challenges in Other Countries, 

• Managing chloride content and corrosion 
issues. 

• Achieving the right workability and 
performance. 

• Gaining industry acceptance for offshore 
sand. 

Benefits of offshore sand internationally, 

• A potential solution to depleting river sand 
resources. 

• Leading to better management of coastal 
sand resources. 

• Providing economic benefits. 

The research on ‘Investigating the Acceptability of 
Offshore Sand for the Construction Industry in Sri 
Lanka’ contributes to this body of knowledge by 
providing specific insights into the acceptability of 
offshore sand in Sri Lanka's construction industry. It 
has the potential to provide valuable insights for 
policymakers and industry stakeholders. Nonetheless, 
it is essential to conduct further research to bridge the 
gap between expert opinions and laboratory findings 
and provide concrete recommendations. By 
conducting expert interviews and laboratory testing, 
this study is uniquely positioned to highlight the 
factors contributing to the acceptability issue and 
provide recommendations based on data and 
observations. 
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Based on the expert interviews and research 
findings, the comparisons recommendations can be 
stated as follows. The survey results highlighted a 
notable discrepancy between public perceptions and 
the actual quality of offshore sand. Lack of awareness 
emerged as a major contributing factor to its lower 
acceptability. However, stakeholders in the 
construction industry expressed a willingness to 
consider using offshore sand if its quality could be 
assured and supported by appropriate government 
policies. 

In-depth interviews with experts provided deeper 
insights into the challenges faced in adopting offshore 
sand. Cost considerations and concerns about 
potential impurities and environmental impact were 
key factors influencing decision-making. 
Nevertheless, the interviews also revealed that with 
proper quality assurance measures, offshore sand 
could be a viable alternative to river sand. 

Laboratory testing of offshore sand samples, 
including compressive strength and workability tests, 
demonstrated that concrete mixes incorporating 
offshore sand exhibited comparable performance to 
those with river sand. The results suggested that 
offshore sand can meet the required technical criteria 
for construction projects, making it a feasible 
substitute. Chemical analysis of offshore sand 
samples revealed that they met the permissible limits 
set by Sri Lankan Standards for construction 
materials. The low chloride content and minimal 
presence of impurities ensured that offshore sand 
adheres to the required quality standards, further 
supporting its acceptability. 

Comparative analysis between different types of 
offshore sand, such as Blended Hydraulic Cement 
(BHC) and Ordinary Portland Cement (OPC), showed 
that both types exhibited similar patterns in terms of 
compressive strength, workability, and adherence to 
quality standards. This finding indicated that offshore 
sand can be effectively used with different cement 
types in construction projects. 

The expert interviews provided insights into the 
perceptions and opinions of professionals and 
specialists in the construction industry regarding the 
use of offshore sand. The data collected from expert 
interviews helped in understanding the current state of 
awareness and acceptability of offshore sand within 
the construction sector in Sri Lanka. The interviews 
revealed that there is a prevailing skepticism and 
reluctance to use offshore sand and this was attributed 
to concerns about the quality of offshore sand 
compared to river sand, particularly regarding 
chloride content and its potential impact on corrosion 
and efflorescence. In parallel, the laboratory testing 

conducted on both river sand and offshore sand 
samples allowed for a direct evaluation of the physical 
properties and suitability of offshore sand for concrete 
production. The test results revealed that offshore 
sand met the standards of SLS 1397: 2010, validating 
its potential for use in the construction industry. It was 
particularly significant that the compressive strength 
of concrete made with offshore sand was comparable 
to that made with river sand. Furthermore, the 
workability of concrete using offshore sand was found 
to be acceptable, indicating its usability in practical 
construction applications.  

The results suggest that the workability of 
concrete is influenced not only by the type of sand 
(river or offshore) but also by the type and grade of 
cement. In some cases, offshore sand appears to 
perform as well as or even better than river sand in 
terms of workability. This indicates that the choice of 
cement type and grade, along with sand source, should 
be carefully considered in construction projects to 
optimize workability. To draw more conclusions, it 
would be beneficial to conduct additional tests and 
examine the variability in slump values. Consistency 
in workability across different batches is a critical 
factor in construction. These results have practical 
implications for the construction industry in Sri 
Lanka. Depending on the specific project 
requirements and the available cement types, 
Engineers and builders can make informed decisions 
about whether to use offshore sand or river sand for 
concrete. 

Environmental and Cost Considerations. The 
study could further investigate whether the improved 
workability of offshore sand in certain cases might 
lead to cost savings or environmental benefits, 
considering that offshore sand is more abundant and 
less environmentally impactful to extract than river 
sand. 

The synergy between expert interviews and 
laboratory testing is evident in the conclusions drawn 
from the research. The expert interviews indicated a 
lack of awareness and understanding among industry 
professionals regarding the quality and suitability of 
offshore sand. However, the laboratory testing 
provided concrete evidence that offshore sand could 
meet the required standards for construction materials.  

This linkage between expert opinions and 
scientific data formed the basis for the following 
recommendations; 

• Educational Initiatives - To bridge the gap in 
awareness and understanding, educational initiatives 
and training programs should be designed and offered 
to industry professionals. These programs can focus 
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on the technical properties of offshore sand, its 
preparation and treatment, and its potential benefits in 
various construction applications. 

• Promotion of offshore sand usage - 
Authorities and industry organizations should actively 
promote the use of offshore sand by providing case 
studies and practical examples of successful projects 
where offshore sand was used. This can help in 
dispelling misconceptions and building confidence in 
the construction community. 

• Quality Control measures - Continuous 
quality monitoring and control of offshore sand, 
particularly regarding chloride levels, should be 
established. Regulations and standards should be 
developed to ensure that offshore sand used in 
construction meets specific quality criteria. 

• Research and Development - Continued 
research into the use of offshore sand in specialized 
applications such as Fiber Reinforced Polymer (FRP) 
reinforcement and Recycled Coarse Aggregate (RCA) 
incorporation can help address potential concerns and 
expand the range of applications. 

• Environmental Considerations - 
Environmental sustainability should be a key factor in 
the adoption of offshore sand. Research should focus 
on assessing the environmental impact and 
sustainability of offshore sand mining and the effects 
on coastal ecosystems. 

In conclusion, the research has shed light on the 
potential of offshore sand as a sustainable alternative 
to river sand in the construction industry. By 

addressing concerns, raising awareness, and ensuring 
quality, the acceptability of offshore sand can be 
improved, leading to its wider adoption in 
construction projects. Embracing offshore sand as a 
viable construction material will not only address the 
scarcity of river sand but also contribute to more 
sustainable and eco-friendly construction practices in 
Sri Lanka. 
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Abstract— Surge protection devices are commonly used in 

street lighting applications to reduce the effects caused by 

lightning surges. Street lighting systems are highly prone to 

lightning since they are installed in outdoors. Surge protection 

devices are used in order to protect street lights from lightning 

however these devices can fail after being in operation for some 

time  and such devices should be replaced immediately since the 

street light and the power distribution system will be at a risk. 

The device contains an indicator which shows the operational 

status.  Since the street lights are installed at a considerable height 

it is not practically possible to monitor the working status of the 

surge protection  device. This paper describes the development of 

a IR sensor based system to monitor the status of the surge 

protection device and when it fails the system will generate a 

notification. The architecture and design of the system is 

discussed in detail. The practical challenges were identified while 

developing the prototype and innovative solutions that were 

implemented in order to overcome the issues and maintain 

accurate detection  are discussed. The developed prototype was 

able to successfully identify the surge protection devices and it 

was verified through testing. The paper also proposes future 

improvements that is needed to use the system in real life 

situations since the module may have to installed in adverse 

outdoor conditions. 

Keywords—surge protection device, failure notification, 

maintenece 

INTRODUCTION  

Lighting  is a natural phenomenon that affects different man 

made structures all over the world. Street light poles are one 

such structures that can get easily be damaged by lightning, 

The  lightning poles either  can get hit by  a direct  lightning  
strike or the power lines connected to  the street lights can get 

induced by a transient voltage due  to  a   lightning strike  in 

the surrounding  environment. 

The  damages due  to lightning  on  street lights  is further  

increased  when  they  are  LED  street lights.  According to  

[1] the probability of damage increases even more when  

considering the global use of LED lights that are more 

sensitive to surges than previous technologies. [1]Further 

states that  although the  statistics   are  rare,  as per  the lighting  
manufacturers, 25% of damages to LED lights are due to 

surges. Throughout the world, many millions of streetlights 

illuminate roadways and public space, they are susceptible to 

damage by overvoltage transients.   

 

LITERATURE  REVIEW  & PROBLEM IDENTIFICATION 

According to [1] the direct protection against surges in any 

circuit is surge protection devices (SPD) and it has been 

proved by them through a risk assessment  that in most of the 

cases , for LED street lighting circuits its economical 

reasonable to install SPD s. 
[2] Identifies three locations in which SPDs  should be 

installed.  Class  I   SPD  should be installed  in  the power 

distribution  panel,  Class  II  SPD  should be at the power 

connection  terminal at the bottom of  the  mast  and  the Class 

III SPD should   be installed at  the  luminaire. 

A first stage (typically a Type 1 or Type 2 SPD) provides 

robustness, thus diverting most of a spike’s energy, while a 

second stage (typically a Type 2 or Type 3 SPD) provides 

‘fine’ protection.  As a result, the peak voltage reaching the 

equipment   always stays below the critical level. [2] 

[3]  Identifies two connection methods to connect the SPD at 

the bottom of the mast; in series and in parallel to the load.  
In series connection, priority is protection and if an SPD 

reaches end-of-life, the luminaire is disconnected. Parallel: 
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Priority is continuity of service, if an SPD reaches end-of-life, 

visual indication of SPD becomes red but the luminaire 

remains on. [3] 

The same two connections can be used when connecting SPD 

at the luminaire level. If the SPD is connected in series when 
the SPD reaches end of life the luminaire will stop working 

and the maintenance staff will know that SPD has to be 

changed. However in parallel connection, even after the SPD 

has reached end of life, the luminaire will still work. The 

maintenance staff will have to visually inspect the SPD and 

replace. If a  transient voltage appears in the line before the 

SPD is replaced the luminaire has a risk of getting destructed.  

This problem is particularly a problem in the case of the SPD 

installed in the luminaire since it is not practical to conduct 

routine visual inspection. 

Therefore a system is proposed to monitor the status of the 

SPD and notify the maintenance team regarding the failed 
SPD. With necessary space and installation modifications this 

system can be used in all three palace suggested by [2]. 

 

SYSTEM DESIGN 

.  

 
Fig. 1.Prototype Developed. 

The system deigned monitors the condition of the SPD,. As 

soon as the system detects a fault in the SPD, a text message is 
generated and sent to the predetermined number  

Further  indicator LED in the unit is switched on to indicate 

that the SPD has failed.  

A  prototype was developed with the  control unit , sensing 

unit, and notification unit as shown in Fig. 1. 

The developed system consists of Arduino Uno R3, SIM-800L 

GSM Module, TCRT5000 Infrared sensor, LM2596 DC-Buck 

Converter step down power module, DC power supply,2 LED 

bulb,470ohm resister, and Barrel Jack port. The block diagram 

of the system designed is illustrated in Fig 

Arduino Uno R3 module is used as the central controller of the 

system and SIM-800L GSM Module is used for the 
communication through GSM network and send notification 

regarding the SPD has failed.  

As mentioned in the literature review when SPD is failed an 

indicator on the SPD becomes  red. An IR sensor is used to 

detect this and IR sensor provides the input to the system that 

SPD has failed. Fig 3 illustrates the basic flow chart  of the 

system.  

 
Fig. 2. Block Diagram of the System  

 

 

 
Fig. 3. Flow chart of the System  

The TCRT5000 IR sensor was used for this design. When SPD 

is in working condition the indicator is green and when it fails 

the indicator would turn red. The IR sensor I designed to 
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identify black and white, however after few experiments we 

were able to find a difference in the analog output when the 

indicator changes to red and it was utilized to differentiate red 

and green. 

Before using the IR sensor for this detection few other options 
were tested for this purpose. Colour sensor was used as an 

option but it was noted that colour sensor requires visible light 

for the detection. However when such system is mounted on a 

SPD that is installed inside a LED streetlight or a panel board 

in  visible light level will be very low. 

As a solution a colour  sensor  with white LED was used. 

However this was also not successful , since the light level on 

the indicator varied in different situations which affected the 

accuracy of the colour sensor.  

Finally IR sensor was selected as the most practical and 

accurate method for detection of the indicator of SPD.  The IR 

sensor gave a constant output every time the indicator changed 
to RED and hence IR sensor was identified as the most suitable 

sensor for the purpose.  

SPECIAL DESIGN CONSIDERATIONS 

The alignment of the IR sensor is important in order to 

accurately detect the colour of the PSD indicator.  Therefore a 

special mounting accessory was develop to fix the IR sensor to 

the SPD and it is indicated in the Fig 4. 

The other significant factor of this system is that it is battery 

operated and do not depend on the power of the LED street 

light or panel board it is installed in. Therefore even if the LED 

street lights are not switched on during the daytime still the 
system would work if the SPD fails due to a lightning strike. 

 

 

 
 
 
 

 
 
 

 

RESULTS AND DISCUSSION 

The developed system was able to accurately detect the failure 

of the SPD and hence it was concluded that the accuracy of the 

detection is acceptable. The system designed was developed as 

a prototype and redesigning of the `will be required in order to 

make the system compatible to be installed near a street light 

or a feeder panel as applicable. In such situation 

weatherproofing the system may be required. 

Further the notification component can be further developed 

by integrating with a web application where the maintenance 

staff can see the locations of defective SPDs on the map so that 

they can plan the maintenance work effectively. 

With these future improvements this system can be further 
improved and used in real applications in order to provide a 

reliable protection from SPDs for street lighting equipment. 
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Fig. 4. IR sensor mounting accessory  
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Abstract—This paper discusses the crack investigation and 
the proposed corrective and preventive measures for the newly 
constructed 3-story building named“Jeewaka” hostel in Borella. 
The building was found to have many cracks, including thermal 
cracks in the joints between the masonry wall and the RCC (Re- 
inforced Cement Concrete) columns and beams, and shrinkage 
cracks below the window openings. This paper outlines the type of 
crack and the cause and suggests preventive and corrective 
measures to improve building safety and usability. Causes, correc- 
tive measures, and preventive measures were taken from expert 
interviews and analysed using the Delphi technique. According to 
the findings, it is strongly recommended to provide a chicken wire 
mesh between the RCC and the masonry joint before starting 
plaster work. In addition, expansion and construction joints are 
recommended as good practises. Furthermore, the findings reveal 
that most cracks under the windows are shrinkage cracks, and 
it can be recommended to have preventive measures such as 
providing the sill beam, avoiding the use of rich cement mortar in 
masonry and by delaying plaster work until the masonry has dried 
after proper curing. 

Index Terms—Thermal cracks, Shrinkage cracks, Structural 
cracks, Non-structural cracks, Delphi technique, Epoxy grouting 

 

 

I. INTRODUCTION 

Cracks are a common problem in buildings that can be 

caused by poor workmanship, faulty construction, age, and 

natural and environmental causes. They can take various forms, 

including uniform or varying widths, straight, toothed, stepped, 

map pattern, or random, and can be found in vertical, 

horizontal, or diagonal orientations [1]. Cracks may be only at 

the surface or may extend to multiple layers of materials. 

Although cracks are subjective, they can indicate a serious 

defect that could affect the stability and serviceability of the 

building [2]. Building serviceability is the ability of a building 

to meet the needs of its users in terms of safety, comfort, and 

functionality. Cracks in a building can impact its serviceability 

in a number of ways [3]. They can: 

• Allow water to enter the building, which can cause 

damage to the structure and its contents. 

• Allow pests and vermin to enter the building. 

• Compromise the structural integrity of the building. 

• Make the building unattractive and uncomfortable to live 

or work in. 

For these reasons, it is important to repair cracks in a building 

as soon as possible. The type of repair that is needed will 

depend on the severity of the crack and the underlying cause of 

the crack. In some cases, a simple repair with joint compound 

may be sufficient. In other cases, more extensive repairs may 

be required, such as injecting the crack with a sealant or 

reinforcing the structure with steel rods. 

The importance of crack repair in a building cannot be 

overstated. By promptly repairing cracks, building owners can 

help to ensure the safety, comfort, and functionality of their 

buildings for years to come. 

“Jeewaka” hostel, a newly constructed three-storey build- 

ing in Borella, provides hostel facilities for students of the 

Colombo medical college. However, cracks have been visually 

detected in several locations of the building, including walls, 

joints between walls and columns, and wall-beam joints, as 

well as near the corners of the door and window frames. After 

two years of service, the appearance of cracks seems to have 

worsened, potentially causing damage to the building. Never- 

theless, the building is a valuable resource for the Colombo 

medical faculty students, and it is important to protect it to 

extend its usefulness. The study aims to provide technical 

solutions to protect the building before it deteriorates further. 

Cracks may vary from very thin hairline cracks with a width of 

about 0.01 mm to cracks with a width of more than 5mm. 

Depending on the width of the crack, the classification is as 

follows. 

• Thin cracks – crack width is less than 1mm. 

• Medium cracks – crack width is between 1mm and 2mm. 

• Wide cracks – crack width is greater than 2mm [1] 

The cracks can be classified according to the direction of 

propagation such as, 

• Vertical 

• Horizontal 

• Diagonal [4] 

• Straight 
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• Toothed 

• Variable and Irregular [5] 

Cracks are found to be divided into two main categories 

as structural cracks and nonstructural cracks [6]. Structural 

cracks occur due to reasons such as incorrect design, improper 

construction, or overload. Non-structural cracks do not have 

a direct influence on structural weakening of the structures. 

[7] Non- structural cracks occur because of excessive internal 

forces developed in the material due to the effects of gas, water 

content, temperature variation, moisture variation , chemical 

reactions, etc. 

In addition to the above types, the main types of cracks in the 

building can be categorised depending on the causes of the 

crack [6]. They are, 

• Thermal cracks 

• Elastic Deformation 

• Shrinkage 

• Creep 

• Chemical reaction 

• Foundation movement and settlement of soil 

• Cracks due to vegetation. 

There are many methods and techniques that can be used 

to repair cracks as follows [8]. 

• Surface Filling Method 

• Cementitious Grouting Method 

• Epoxy Resin Grout 

• Crack Stitching. 

II. OBJECTIVES 

The objectives of this study can be listed below. 

• To identify the crack types in the “Jeewaka hostel”. 

• To identify the causes of the identified cracks. 

• To propose the preventive measures and corrective mea- 

sures for the cracks. 

III. METHODOLOGY 

Cracks in the buildings were identified by a reconnais- sance 

Survey. In the process, the building inspection was performed 

to diagnose the cracks in the building, by looking at the entire 

building from a distance, walking around the building, and 

inspecting each room to identify the type of crack, measuring 

each crack in detail and their position in the building. 

Photographed the cracks and identified the crack type based on 

shape, and cause through visual identification and knowledge 

gained by literature review. The fig.1 represent the clear 

methodology flow chart throughout the case study carried out. 

The identified crack types were summarised and a ques- 

tionnaire was prepared to interview experts in the relevant field 

of structural engineering to identify the causes, corrective 

measures and preventive measures of cracks in the identified 

places. Qualitative data collected by interviewing was analysed 

using the Delphi technique and Fig.2 shows the methodology 

of the Delphi technique carried out. 

 

 
 

Fig. 1. Methodology flow chart 

 

 

 

 

Fig. 2. Carried out Delphi technique 
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Fig. 3. Ground floor cracks 

 

 

Fig. 4. First floor cracks 

 

 

IV. DATA COLLECTION AND ANALYSIS 

To achieve these objectives, it is very important to under- 

stand the appearance of the building and the locations in which 

the cracks appeared. Therefore, the cracks were photographed 

and the floor plans were drawn by numbering the cracks during 

site inspections. The collected photographs and summarised 

details are properly arranged and the ground floor crack data 

are represented by Fig.3 and TABLE I, the first flow crack data 

are represented by Fig.4 and TABLE II and Fig.5 and TABLE 

III represent the second floor crack data. 

Identification of crack types 

According to the above data, it is identified that mainly 3 

types of cracks were found in the Jeewaka hostel. They are, 

• Vertical cracks at the joint of masonry wall and RCC 

columns. 

• Horizontal cracks in the joints of the masonry wall and 

RCC beams. 

• Diagonal and vertical cracks below the window opening. 

According to the literature, it can classified the crack types 

with relevance to their causes. Therefore, vertical cracks in 

 

 

Fig. 5. Second floor cracks 

 

Fig. 6. Crack distribution within the building 

 

 

the joints of the masonry wall and the RCC columns are thermal 

cracks. Horizontal cracks in the joints of the masonry wall and 

RCC beams are also thermal cracks. Diagonal and vertical 

cracks below window openings are shrinkage cracks. 

[2] According to the crack classification based on the width of 

the cracks and based on the primary data collected, all cracks 

can be classified as ’thin cracks’. 

The figure 6 illustrates the summary of crack types within 

the building and, accordingly, the majority is represented by the 

cracks between RCC columns and walls, it is 57.14% in 

percentage. 

Identification of causes, preventive measures, and cor- 

rective measures for the cracks. 

Causes, preventive measures, and corrective measures for 

the identified crack types were identified by interviewing five 

structural engineers who are experts in the relative fields. The 

interviewed questions are as follows in order to carry out the 
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TABLE I 

GROUND FLOOR CRACK DATA 

 

Crack No. External/ Internal Crack Type Structural/Non structural Width Location/Description 

C1 External Vertical Non-Structural Less than 1mm Crack in the wall starting from window sill level to down 
C2 External Diagonal Non-Structural -do- -do- 

C3 External Vertical Non-Structural -do- -do- 
C4 External Vertical Non-Structural -do- -do- 
C5 External Vertical Non-Structural -do- -do- 

C6 Internal Horizontal Non-Structural -do- Crack in the wall at the joint of beam and wall 
C7 Internal Horizontal Non-Structural -do- -do- 
C8 Internal Horizontal Non-Structural -do- -do- 

C9 Internal Horizontal Non-Structural -do- -do- 
C10 Internal Vertical Non-Structural -do- Crack in the wall at the joint of the column and the wall 
C11 Internal Vertical Non-Structural -do- -do- 
C12 Internal Vertical Non-Structural -do- -do- 

C13 Internal Vertical Non-Structural -do- -do- 
C14 Internal Vertical Non-Structural -do- -do- 
C15 Internal Vertical Non-Structural -do- -do- 

C16 Internal Vertical Non-Structural -do- -do- 

C17 Internal Vertical Non-Structural -do- -do- 

 

 

TABLE II 

FIRST FLOOR CRACK DATA 

 

Crack No. External/ Internal Crack Type Structural/Non structural Width Location/Description 

C18 External Diagonal Non-Structural Less than 1mm Crack in the wall starting from window sill level to down 
C19 External Diagonal Non-Structural -do- -do- 

C20 External Diagonal Non-Structural -do- -do- 
C21 External Diagonal Non-Structural -do- -do- 
C22 External Horizontal Non-Structural -do- Crack in the wall at the joint of beam and wall 

C23 Internal Horizontal Non-Structural -do- -do- 
C24 Internal Horizontal Non-Structural -do- -do- 
C25 Internal Horizontal Non-Structural -do- -do- 
C26 Internal Horizontal Non-Structural -do- -do- 

C27 Internal Horizontal Non-Structural -do- -do- 
C28 Internal Vertical Non-Structural -do- Crack in the wall at the joint of Column and wall 
C29 Internal Vertical Non-Structural -do- -do- 

C30 Internal Vertical Non-Structural -do- -do- 
C31 Internal Vertical Non-Structural -do- -do- 
C32 Internal Vertical Non-Structural -do- -do- 

C33 Internal Vertical Non-Structural -do- -do- 
C34 Internal Vertical Non-Structural -do- -do- 
C34 Internal Vertical Non-Structural -do- -do- 
C34 Internal Vertical Non-Structural -do- -do- 

C35 Internal Vertical Non-Structural -do- -do- 

 

Delphi technique. 

1) What is the cause of thermal cracking at the joint of 

column and wall? 

2) What can do as preventive measures for such type of 

cracking in future works? 

3) What can be done as corrective measures for thermal 

cracking at the joint of the column and the wall? 

4) What is the cause of thermal cracking at the joint of 

beam and wall? 

5) What can be done as preventive measures for such type 

cracks in future works? 

6) What can be done as corrective measures for cracking 

at the joints of beams and walls? 

7) What caused the cracking of the shrinkage in the walls 

below the window opening? 

8) What can be done as preventive measures for such type 

of cracking in future works? 

9) What can be done as corrective measures for shrinkage 

cracking in the walls below the window opening? 

The Delphi technique was carried out in 3 rounds. 

Round 1 The first questionnaire that was sent to the panel of 

experts asked for a list of opinions that included experiences and 

judgments, a list of predictions and a list of recommended 

activities. 

Round 2 As per the above collected data causes, preven- tive 

measures and corrective measures were summarised and 

presented for the second round of interviewing to take their 

agreements and disagreements. Experts were free to provide 

their consensus or more views on the summary that was 

generated by the data taken from round one. 

Round 3 The summary of round 2 was provided for experts 

to make their consensus as agree (1), nominal (0) and disagree 

(-1) by rated the decisions taken in round 2. Then analysed the 

final output using SPSS software descriptive analysis 
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TABLE III 

SECOND FLOOR CRACK DATA 

 

Crack No. External/ Internal Crack Type Structural/Non structural Width Location/Description 

C36 External Vertical Non-Structural Less than 1mm Crack in the wall at the joint of Column and wall 
C37 External Vertical Non-Structural -do- -do- 

C38 External Vertical Non-Structural -do- -do- 
C39 External Vertical Non-Structural -do- -do- 
C40 External Vertical Non-Structural -do- -do- 

C41 External Vertical Non-Structural -do- -do- 
C42 External Vertical Non-Structural -do- -do- 
C43 External Vertical Non-Structural -do- -do- 

C44 External Vertical Non-Structural -do- -do- 
C45 External Vertical Non-Structural -do- -do- 
C46 External Vertical Non-Structural -do- -do- 
C47 External Vertical Non-Structural -do- -do- 

C48 Internal Vertical Non-Structural -do- -do- 
C49 Internal Vertical Non-Structural -do- -do- 
C50 Internal Vertical Non-Structural -do- -do- 

C51 Internal Vertical Non-Structural -do- -do- 
C52 Internal Horizontal Non-Structural -do- Crack in the wall at the joint of beam and wall 
C53 Internal Horizontal Non-Structural -do- -do- 
C54 Internal Horizontal Non-Structural -do- -do- 

C55 Internal Horizontal Non-Structural -do- -do- 

C56 Internal Diagonal Non-Structural -do- Crack in the wall starting from windowsill level to down 

 

frequency charts. 

The causes for the identified Thermal cracks between RCC 

column and masonry wall was, 

• Thermal variation causes the expansion and contraction 

between two different construction materials with two 

thermal coefficients and due to not providing adequate 

reinforcement for expansion between the joint, both had 

80% consensus in frequency. 

The causes for the identified Thermal cracks between RCC 

beam and masonry wall was, 

• Thermal variation causes the expansion and contraction 

between two different construction materials with two 

thermal coefficients and due to not providing expansion 

joints, which both had 100% consensus in frequency. 

The causes for the identified shrinkage cracks below the 

window openings was, 

• Concrete shrinks begin to crack due to not providing a sill 

beam which had 100% consensus in frequency. 

The preventive measures for the thermal cracks between 

RCC column and masonry wall was, 

• Chicken wire mesh should be fixed between RCC and 

masonry joint before commencing plaster work (Chicken 

wire mesh of 300 mm width should be fixed along the full 

joint length with nails.) which had 80% consensus in 

frequency. 

The preventive measures for the thermal cracks between 

RCC beam and masonry wall was, 

• Introduced expansion joints and prior to the plastering and 

fixed a chicken wire mesh between RCC beam and 

masonry joint which had 80% and 100% consensus in 

frequency respectively. 

The preventive measures for the identified shrinkage cracks 

below the window openings was, 

• Provide a sill beam and application of sound construc- tion 

practices which had 80% and 100% consensus in 

frequency respectively. 

The corrective measures for the thermal cracks between RCC 

column and masonry wall and RCC beam, and masonry wall 

was, 

• Epoxy grouting which had 80% consensus in frequency. 

The corrective measures for the shrinkage cracks below the 

window openings was, 

• Use fiber mesh with a sealant and plaster on top of that and 

use of high-pressure flexible polyurethane which had 

100% consensus in frequency. 

 

V. CONCLUSION 

The potential causes of crack can be controlled if proper 

consideration is given to the construction material and tech- 

niques used. Based on this study, using the Delphi technique, 

it is focused on the main causes of cracks in “Jeewaka” hostel 

and to propose preventive and corrective measures for the 

identified cracks. The Delphi technique was carried out in 3 

expert rounds to take the final output, and analysis was done 

using SPSS software descriptive analysis frequency tables. 

According to the findings, the cracks in the building could be 

classified into 3 types. They are thermal cracks at the joint 

of the RCC column and the masonry wall, thermal cracks 

between the RCC beam and the masonry wall, and shrinkage 

cracks below the window openings. Ground floor C1-C5, first 

floor C18-C21, and third floor C56 occurred due to shrinkage 

and improper construction practises. The corrective measure is 

to use fibre mesh with a sealant and plaster on top, and high-

pressure flexible polyurethane can also be used. The preventive 

measure for the above-mentioned crack is providing a sill 

beam down to the windows and following 
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TABLE IV 
CRACK DATA SUMMARY 

 

Crack no Description Crack type Cause Corrective measure Preventive measure 

 

C1-C5, 

C18-C21, C56 

 

 

C10-C17, 

C28-C35, 

C36-C51 

 

C6-C9, 

C22-C27, 

C52-C55 

 
Vertical and Diagonal 
cracks below the 
window openings 

 

 

 
Cracks at the junction 
between RCC column 
and masonry wall 

 

 

 

 
Cracks at the junction 
between RCC beam 

and masonry wall 

 

 

Shrinkage 
cracks 

 

 

 

 
Thermal 

cracks 

 

 

 

 

 
Thermal 
cracks 

 

Concrete shrinks begin 
to crack due to not 
providing a sill beam 
and bad workmanship. 

Thermal variation causes 

the expansion and contraction 
between two different 
construction materials with 
two thermal coefficients 

and due to not providing 
expansion joints and bad 
workmanship. 
Thermal variation causes 
the expansion and contraction 

between two different 
construction materials 
with two thermal coefficients 
and due to not providing 
expansion joints, 

Use fiber mesh with 

a sealant and plaster on 
top of that and high-pressure 

flexible polyurethane also can 
be used. 

 

 

 

Epoxy grouting 

 

 

 

 

 

 

Epoxy grouting 

 

providing a sill beam 
down to the windows 
and following, sound 
construction practices. 

Chicken wire mesh should 
be fixed between RCC and 
masonry joint before 
commencing plaster work 

(Chicken wire mesh of 300 mm 
width should be fixed along the 
full joint length with nails.) 

 
Introduced expansion joints 
prior to the plastering and fixed 
a chicken wire mesh between 
RCC beam and masonry joint 

 
 

 

sound construction practises. The ground floor cracks C10- 

C17, the first floor cracks C28-C35, and the second floor cracks 

C36-C51 occurred due to thermal variation that causes 

expansion and contraction between two different construction 

materials with two thermal coefficients and due to the insuffi- 

cient reinforcement for expansion in the joints. The preventive 

measure suggested was that chicken wire mesh should be fixed 

between RCC and the masonry joint before beginning plaster 

work (Chicken wire mesh of 300 mm width should be fixed 

along the full length of the joint with nainails). The corrective 

measure was epoxy grouting the cracks. The thermal variation 

of the ground floor cracks C6-C9, the first floor cracks C22- 

C27 and the second floor expansion and contraction between 

two different construction materials with two thermal coef- 

ficients and due to the inability to provide expansion joints, The 

suggested preventive measure was introduced expansion joints 

to plastering and fixed a chicken wire mesh between the RCC 

beam and the masonry joint. The corrective measure was epoxy 

grouting the cracks. If we were able to take their preventive 

measures at the start, we will minimise the cracking problem in 

the hostel. Therefore, the corrective measures for the cracks 

were proposed, grouting techniques were proposed to minimise 

them and propose preventive measures to prevent the crack not 

occurring again in future construction works. The summary of 

the final output is illustrated in the Table IV. 

VI. RECOMMENDATION 

There are many types of cracks that can be seen in buildings, 

and specified corrective and preventive measures are available 

for them. According to the findings of this project work, it 

is recommended to have preventive measures for thermal 

cracks in the joints between the RCC column and the ma- sonry 

wall, provided that chicken wire mesh should be fixed between 

the RCC and the masonry joint before beginning plaster work. 

Chicken wire mesh 300mm wide should be 

fixed along the full length of the joint with nails. And for the 

corrective measures, can recommended grouting methods and 

epoxy injection, stitching, gravity filling, routing and sealing. 

Preventive measures for thermal cracks at the joint between the 

RCC beam and the masonry wall can be recommended, such as 

introduced slip joints, expansion, and construction joints 

between them and the joints should be designed at the time of 

planning and should be constructed carefully. Prior to the 

plastering, a chicken wire mesh was fixed between the RCC 

beam and the masonry joint. According to the findings, 

corrective measures can be recommended as grouting methods, 

epoxy injection, stitching, gravity filling, routing and sealing. 

The findings reveal that most of the cracks under the windows 

are shrinkage cracks and it can recommend having preventive 

measures such as providing a sill beam, avoiding the use of rich 

cement mortar in masonry and by delaying plaster work until 

masonry has dried after proper curing. Masonry work carried 

out with composite cement-lime-sand mortars (1:1:6, 1:2:9, or 

1:3:12), which are weak, will have a lesser tendency to develop 

cracks. It is due to the accommodation of shrinkage in weak 

mortar of the individual masonry unit. As corrective measures, 

it can recommended use fibre mesh with a sealant and plaster 

on top of that. 
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Abstract—Plumbing-related issues (Blockages, Leakages, and 

damages etc.) after construction are common in any type of 
buildings. Mostly it leads to damage the building structure, water 
waste,safety issues of users and as unexpected high maintenance 
cost etc. This study focuses on proposing corrective and pre- 
ventive measures for common issues in plumbing and sanitary 
related. As a case study, three site locations that have plumbing 
problems have been selected in the Western South Department of 
Buildings, Survey Department, and Foreign Ministry Quarters. 
The most common issues have been identified by a technical 
inspection in the above three locations and using the analysis 
of financial cost usage for past 5 years of time. The main issues 
highlighted are leaks and damage to pipe fittings, pipes, sanitary 
fittings, and blockages in waste lines. It was established through a 
questionnaire that problems with most caused by poor 
maintenance. Then, corrective and preventive measures have been 
identified for these issues. Corrective measures have been 
proposed to repair, replace, and clean chemical blockages. As 
preventive measures, implementation of planned maintenance 
mechanism and facilitation of training for plumbers is recom- 
mended. Finally, it is recommended to focus more on preventive 
measures rather than corrective measures to minimise problems 
and reduce expenses. 

Index Terms—plumbing, sanitary fittings, leakages, blockages, 
relative importance index value 

 

I. INTRODUCTION 

Common issues occurring with plumbing (pipe lines, fittings 

and sanitary fittings) in bath rooms are common problems 

in buildings. It is vital to provide effective solutions to the 

problems because we need to minimise water wastage, as we 

use the same drinking quality water in bathrooms, except for 

rain or treated water in Sri Lanka, and to avoid damage to the 

structure of the building and the interior of the buildings [1]. 

The aim of any construction project is to deliver a successful 

quality product or service to the client for as long as possible. 

In that context, the main possible causes of deviating from the 

aim qualities arise by arising common issues with pipe lines, 

fittings and sanitary fittings mainly in bathrooms within a very 

short time after handing over the project [2]. 

Relevant to this matter, different key main areas were 

identified as closely focused, such as blocking, leaking, low 

water pressure, and poor use of pipes and fittings [3]. By 

collecting data, with a determination of the related problems 

 

and reasons, preventive and corrective measures could be 

introduced and scientifically proposed [4]. 

In the field, when building or maintaining projects, public 

and private buildings, houses, apartments, quarters, etc. the 

main area that can be pointed out is the regular encounter of 

problems and maintenance related to plumbing problems. 

A technical inspection performed has identified common 

problems in the relevant area and has identified feather and 

relative plumbing problems by considering the most effective 

samples from the selected buildings. 

When attending and identifying some problems, it was 

directly relevant to the faults of the clients, consultants, or 

contractors when doing the construction. If anything related 

to the prevention method identified during the construction 

stage, it better to attend to those rather than maintaining time to 

time after the construction, and has been identified as of  the 

preventive measures for all three main parties to lock for in 

the study. It has covered selected specified areas under 

these identifications of issues. The preventive and corrective 

measures have been listed by summarising them under a 

particular major category, as has also been carried out in 

previous literature [5]. 

II. OBJECTIVES 

The main objective of this study is to identify the most 

common problems with pipelines, pipe fittings, and sanitary 

fittings in bathrooms. Furthermore, it is intended to introduce 

effective preventive and corrective measures for these common 

issues. 

III. METHODOLOGY 

A. Overall Methodology 

Three low-rise government quarters domestic type buildings 

that have raised the highest number of plumbing-related issues 

have been selected for the study. The three buildings are; 

• The quarters of Survey Department, 150, Bernard soysa 

Mawatha, Colombo 05 

• The quarters of Foreign Ministry, A/1/2, Colombo 05 

• The quarters of Department of Buildings, 213,Torrington 

Avenue, Colombo 07 

Initially, a visual site inspection survey was conducted of 

these buildings to identify the plumbing-related issues of the 
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TABLE I 

DETAIL  OF  SELECTED  OF  LOCATIONS 

 

Category Quarters of Survey Dept. Quarters of Foreign Ministry Quarters of DoB 
 

Location Separately Unit Inside of a Housing complex Attached to the Office Building 
Located Elevation(from G.L) 6 meters 3 meters 6 Meters 
Floor area (m2) 750 Sq.ft 900 Sq.ft 1050 Sq.ft 
Distance to O.H Tank 5 Meters 10 Meters 4 Meters 

Residential Use for Max.5 
Years per each users 

-Do- -Do- 

Approx.Age of the Building 40 Years 25 Years 15 Years 

a 

 

 
selected buildings, and the main issues have been identified. 

Then a questionnaire survey was conducted on the occupants to 

rank the identified issues according to their severity. And a desk 

study was conducted to analyse the maintenance expenses 

related issues of these buildings and ranked them accordingly. 

After finalising the critical issues, preventive and corrective 

measures are recommended based on the results obtained by 

an expert interview. 

B. Data Collection methods 

The method of collecting data for the study was survey-type 

data collection, and those have been collected as primary data. 

In that case, both questionnaires and telephone interview tools 

have been used to collect data from the technical staff for the 

study. 

The Relative Importance Index (RII) was used to analyse the 

results of the questionnaire survey. The Relative Importance 

Index is calculated using the formula in Equation 1 [6]. 

 

 
 

Fig. 1. Blockages, Leakages and Damages 

 

 

 
 

Where, 

N 

Relative Importance Index (RII) = 

i=1 
A × N 

 

W = the weight given to each factor (1-5) 

A = the highest weight = 5 

N = the total number of respondents 

 
(1) 

 

 
 
 
 

Fig. 2. Leakages 

 
 

IV. RESULTS 

A. Results of the Visual Site Inspection Survey 

As mentioned above, a visual site inspection survey was 

C. Data Collection 

Data were collected with the questionnaire from technical 

personnel who work in the field. Inspections have been carried 

out before the preparation of questionnaires to identify causes, 

corrective, and preventive measures for problems with the 

support of technical staff from the Department of Buildings. 

The relevant locations in the selected projects for the study are 

technically evaluated and recorded. Depending on the selected 

site areas for the reference source of main inspection to prepare 

the data collection questionnaire has been implemented for 

subsequent data collection, the responses have been recorded 

and the ranking order of the issues has been analysed [2]. 

The common issues of the related area has identified and 

recorded to furthermore analyze work. And cost of mainte- 

nance data were collected with available reports [7]. 

carried out to identify the extent of plumbing-related issues 

in the selected buildings. Figure 1 and Figure 2 exhibit some 

of the observed issues. Additionally, a list of issues has been 

prepared at each of the three locations and is presented in Table 

II. 

B. Results of the Questionnaire Survey 

The questionnaire survey was carried out to determine the 

perception of the occupants of each of the identified issues by 

visual site inspection. 

• Rank 1: Leakages in pipe fittings 

• Rank 2: Leakages in sanitary fittings 

• Rank 3: Leakages in plumbing lines 

• Rank 4: Leakages in waste lines 

• Rank 5: Blockages in waste lines 

Category of Users 
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TABLE II 

LIST  OF  OBSERVED  ISSUES  IN  EACH  LOCATION 

 

Location 1 Location 2 Location 3 

Leakages in taps and valves Damages in plumbing line Damages in plumbing line 
Leakages in Water closets Damages in fittings due to time Damages in sanitary fittings 

Damages in pipe fittings 
Damages in sanitary fittings 
Blockages in waste line 

Leakages in taps and valves 
Blockages in drainage and waste line 

Leakages in Water closets waste line 

a   

 

• Rank 6: Leakages in drainage lines 

• Rank 7: Damages in sanitary fittings 

• Rank 8: Blockages in sanitary fittings 

By this , it is apparent that leaks in fittings and plumbing lines 

are frequent and are of high prominence over other issues. 

C. Results of the Desk Study Performed to Analyse Expenses 

The results of the desk study performed to analyse the 

expenditure of the identified issues during the last five years are 

presented in Table III. It presents the percentage of expenditure 

for each issue for each location, and the total expenditure 

of the particular issue out of the total cost of maintenance 

across the last five years. The ranking given in the table is based 

on the total expenditure for the given issues. The results show 

that leaks in fittings and plumbing lines cost more than 

blockages in sanitary fittings and even damages. 

D. Results of the RII analysis on the causes of issues 

As the next step, we identified the most probable causes of 

each of the identified issues and performed a relative impor- 

tance index analysis to rank and identify the most probable 

cause to be addressed. The results are presented in Table IV. 

From the table, it can be deduced that poor maintenance is one 

of the major causes of plumbing-related problems. Moreover, 

it is apparent that the use of improper installation techniques 

is a cause that should not be understated. 

V. RECOMMENDATIONS   AND   CONCLUSIONS 

The most common and critical plumbing problems have been 

identified in the previous section. As  summary, the following 

five problems have been prioritized in the above analysis. 

1) Leakages in pipe fittings 

2) Blockages in waste lines 

3) Leakages in waste lines 

4) Blockages in pipe and sanitary fittings 

5) leakages in pipe joints 

An expert interview was conducted to identify preventive 

and corrective measures for the identified problems. Expert 

recommendations are presented in Table V. 

According to the table, it is apparent that the planned 

maintenance could address most of the common plumbing 

problems. In addition, it can be pointed out that well training of 

plumbers would prevent most plumbing-related problems in 

buildings. Since the corrective measures are expensive, 

focusing high on preventive measures is of utmost significance. 
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TABLE III 

RANKING  ORDER  OF  ISSUES  ON  SUMMARY  OF  MAINTENANCE  EXPENSES  PERCENTAGE  (IN  LAST  5 YEARS) 

 

S N Issue Quarters Location % out of cost in Locations % out of Total Cost Rank order 

  Foreign Ministry 36.9%   

1 Leakages in pipe fittings Department of Buildings 20.6% 24.6% 1 

  Survey Department 42.5%   

  Foreign Ministry 38.8%   

2 Leakages in sanitary fittings Department of Buildings 27.2% 23.8% 2 

  Survey Department 34.0%   

  Foreign Ministry 61.9%   

3 Leakages in plumbing lines Department of Buildings 13.7% 20.9% 3 

  Survey Department 24.4%   

  Foreign Ministry 13.0%   

4 Leakages in waste lines Department of Buildings 68.4% 10.5% 4 

  Survey Department 18.6%   

  Foreign Ministry 20.9%   

5 Blockages in waste lines Department of Buildings 34.4% 10.3% 5 

  Survey Department 44.8%   

  Foreign Ministry 50.4%   

6 Leakages in drainage lines Department of Buildings 14.5% 3.9% 6 

  Survey Department 35.1%   

  Foreign Ministry 43.6%   

7 Damages in sanitary fittings Department of Buildings 43.6% 3.5% 7 

  Survey Department 12.8%   

  Foreign Ministry 23.3%   

8 Blockages in sanitary fittings Department of Buildings 34.9% 2.4% 8 

  Survey Department 41.9%   

 
 
 

 
TABLE IV 

RESULTS  OF  THE  RELATIVE  IMPORTANCE  INDEX  ANALYSIS  CARRIED  OUT  TO  RANK  CAUSES  FOR  MOST  COMMON  ISSUES 

 

Type of issue Cause RII value Rank 

 Use fewer quality brands for fittings 0.80 1 
 Poor maintenance 0.72 2 

Leakages in pipe fittings Use incorrect installation techniques for fittings 0.57 3 
 Use incorrect methods of laying pipes 0.33 4 

 Use improper methods for jointing pipes 0.30 5 

 Poor maintenance 0.85 1 
 Use incorrect installation techniques for fittings 0.77 2 

Blockages in waste lines Use fewer quality brands for fittings 0.70 3 
 Use incorrect methods of laying pipes 0.50 4 

 Use improper methods for jointing pipes 0.30 5 

 Poor maintenance 0.86 1 
 Use fewer quality brands for fittings 0.76 2 

Leakages in waste lines Use incorrect methods of laying pipes 0.64 3 
 Use incorrect installation techniques for fittings 0.54 4 

 Use improper methods for jointing pipes 0.35 5 

 Use fewer quality brands for fittings 0.83 1 
 Poor maintenance 0.77 2 

Blockages in the pipe and sanitary fittings Use incorrect installation techniques for fittings 0.70 3 
 Use improper methods for jointing pipes 0.58 4 

 Use incorrect methods of laying pipes 0.32 5 

 Use improper methods for jointing pipes 0.84 1 
 Use incorrect methods of laying pipes 0.73 2 

Leakages in pipe joints Poor maintenance 0.56 3 
 Use fewer quality brands for fittings 0.53 4 

 Use incorrect installation techniques for fittings 0.36 5 
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TABLE V 

SUMMARY  OF  CAUSE,  CORRECTIVE  AND  PREVENTIVE  MEASURES  FOR  COMMON  ISSUES 

 

Identified common issues Reasons for the Issues Corrective Measures Preventive measures 

Leakages in pipe fittings 
Use fewer quality brands for Repair leaks on pipe valves 

and taps 
Use correct installation 
techniques for fittings 

Poor maintenance 
Replace damaged parts of the 

Use incorrect installation 
techniques for fittings 

Use best quality brands for 
fittings 

Well maintenance 

Blockages in waste lines 
Use fewer quality brands for 

Repair leak joints on pipe lines 
Use correct installation

 

Poor maintenance Replace the pipe line newly Use quality brands for fittings 

Use incorrect installation 
techniques for fittings 
Use incorrect methods of 
laying pipes 

Leakages in waste lines 
Use fewer quality brands for 

 
 
 
 

Repair and Replace damage 
parts of the fittings 

Well maintenance 

 
 

Use best quality brands for 
fittings 

Poor maintenance Well maintenance 
Use incorrect installation 

techniques for fittings 
Use incorrect methods of 
laying pipes 

Leakages in sanitary fittings 
Use fewer quality brands for

 
Repair damaged parts of the 
fittings 

Use correct installation 
techniques for fittings 

Poor maintenance 
Replace damaged parts of the 

Use incorrect installation 
techniques for fittings 
Use incorrect methods of 
laying pipes 

Use quality brands for fittings 

Well maintenance 

Leakages in plumbing lines 
Use fewer quality brands for 

Repair leak joints on pipelines 
Use proper methods for

 

Poor maintenance 
Replace damaged parts of the Use correct methods of laying 

pipes 

Use incorrect installation 
techniques for fittings 
Use incorrect methods of 
laying pipes 

a 
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Abstract—The construction industry is facing a severe re- 
cession. This scenario spreads throughout the country, and 
contractors related to the construction industry are critically 
affected. The general objective of this research is to investigate the 
variation in material prices in the construction industry and 
its impact on medium-scale building construction projects. This 
research investigates the effects of unexpected rapid price 
fluctuations on the capacity of local contractors. The study 
concepts are developed through a literature survey to identify 
relevant variables, and project case studies are used to assess the 
problem. According to the research; market survey details show 
that the material price increased dramatically after June of 2021, 
and these followed a steep upward trajectory until June of 2022. 
When considering other materials, the price of cement is reduced. 
Figure 2. Most of the material prices increased above 200% 
compared to the year 2019. The highest increase in the price 
of the material is cement and increased to 268% in June 2022 
compared to 2019. Not only the material but also the labour daily 
charges have been escalated, as an example, Blacksmith, Plumber, 
Specials sk labour and Tinker prices are inflated up to 90% 
in December of 2022 compared to the year 2019. The results 
presented by the case studies, collectively demonstrate a pattern 
of price fluctuation across multiple projects and all the projects 
which are selected for the case study work, suffered from the price 
escalation. The project which completion date is falling under the 
month October in year 2022 (3rd part of 2022), shows the 
significant price increase.The actual completion dates of projects 
are significantly delayed compared to their scheduled completion 
dates and it is the major reason for the price increment. 

Index Terms—Price escalation, price indices, construction in- 
puts, price fluctuation 

 

I. INTRODUCTION 

Sri Lankan Construction Industry continues to play an 

important role in the country’s economy. Construction industry 

is one of the most significant industries that contributes to 

socioeconomic growth, especially in developing countries. The 

construction sector produces a wide range of products, from 

individual houses to major infrastructure such as roads, power 

plants, petrochemical complexes, etc. [1]. 

The construction industry in Sri Lanka has been growing 

rapidly for years. According to the Central Bank Report (2016), 

[2] ‘The Sri Lankan Construction Industry contributes 

7. 6% to the Gross Domestic Product (GDP), and the value 

added of construction activities rebounded during the year, 

recording a substantial growth of 14. 9% in 2016 [3]. 

But unfortunately, since the end of 2019, it has been 

shrinking; due to the Covid-19 pandemic situation and the 

current economic crisis in the country, [4]. According to data 

from the international trade Administration; “This industry 

is one of the largest contributors to GDP and the source of 

employment in Sri Lanka and the construction industry 

contributed 6.2% of GDP in 2020, [5] from the previous year’s 

contribution of 7.6%, employing around 600,000 workers. 

Although GDP decreased by an unexpected 8. 4% in the 

April-June period in year 2022 compared to the same period 

last year, acute shortages in fuel and other commodities and 

prolonged power cuts, which began around February, became 

more pronounced and brought the economy to a near standstill 

in June. However, many professionals have lost their jobs as a 

result of this collapse. Marginal workers were the hardest 

affected, and their daily activities were hampered by the loss of 

jobs. 

According to the National Construction Association of Sri 

Lanka;“Sri Lanka’s construction sector has collapsed, with 

approximately 90% of its work stalled in the country, resulting 

in the loss of around 75% of the workforce, mainly due to 

the shortage of cement, iron and other raw materials and the 

high prices of the economic crisis. The construction industry 

has faced various difficulties, which have hindered the growth 

of the industry [6]. There are several basic problems in the 

construction sector, which can be classified into two main 

categories. The first is related to the consequences of joint 

planning and execution capability (Mishra and Magar, 2017) 

[7]. The second problem is the shortage of inputs required for 

construction and fluctuating market prices. 

The deficiencies and fluctuation of the market price of the 

inputs required for construction greatly affected the growth 

of the construction industry [8]. Enormous price increases 

affected to completion of the projects; the contractors couldn’t 

complete their projects within an acceptable margin of time and 

quality and failed to complete within the planned cost 
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margin, leading contractors to failure. 

As a result of this situation, contractors have to suffer 

significant losses. Due to the losses, construction contractors 

are facing difficulties building their capacity. 

Fluctuations in the price of material pose many challenges 

and consequences to the construction industry [9]. This phe- 

nomenon allows high-end contractors to bid in the non- 

competitive construction industry. As their economic capacity 

is greater than that of small-scale contractors, they are able 

to submit reasonably high bids subject to the prevailing price 

fluctuations [10]. 

ICTAD introduced a bulletin of price and cost indices in year 

1990 and capitalized it as the base year. Indices can be defined 

as indicators of inflation in construction inputs such as 

materials, labour, and fuel [11]. Currently, price indices of 61 

items are published including 55 materials (M- indices), 03 

labour (L- indices), and 03 Dry Hire Rates for Plant & 

Equipment (P- indices). 

The ICTAD Formula Method for reimbursement of price 

fluctuation of materials, labour, and equipment in construction 

projects was introduced in January 1993.The publication is 

divided into two sections, and Section 1 covers the formula 

applicable to contracts exceeding Rs.10 million. Section 2 

describes the specified method of the Formula Method for 

contracts not exceeding Rs.10 million. The formula was de- 

veloped by ICTAD and is the most commonly used method in 

Sri Lanka, which has been designed to protect both the 

borrower and contractor from price fluctuations; by allowing 

the contractors to offer more realistic prices during bidding. 

The procurement guidelines (2006) state that a price fluc- 

tuation formula should be included in the bidding documents 

and contract agreements of all Sri Lankan construction projects 

that are more than three months in duration.The cabinet has 

granted its approval for the CIDA formula. Due to its inherent 

characteristics, the government has recommended using the 

formula as a standard approach in calculating price fluctuations 

in civil engineering projects [12]. 

II. OBJECTIVES 

Price fluctuation in construction input normally occurs in the 

construction industry, but after the third quarter of 2021, 

decided to allow the Institute of Construction Training and 

Development (CIDA) price escalation formula to be applied up 

to an upper limit of 20% of the contract amount, for contracts 

beyond 3 months where the price escalation clause has been 

excluded. 

The purpose of this research is to analyze the impact of rapid 

price variation on medium-scale building construction projects. 

Projects with a project cost between 10-100 million rupees 

were selected for the case studies. 

According to CIDA notice Gov/CIDA/Directive/110/2022, 

which was published on November 30, 2021, it discussed 

the importance of applying price escalation provisions in the 

construction industry in accordance with the Construction 

Industry Development (CID) Act 33 of 2014. The Construction 

Industry Development Authority (CIDA) emphasized the need 

for including these provisions in contract documents for all 

Identified Construction Works (ICWs), regardless of the con- 

tract duration. This notice clarified that, according to the CID 

Act, ICW refers to construction work for public use exceeding 

a value of Rupees Ten Million (Rs. 10,000,000.00), or a higher 

value set by the Minister. So that, this research is based on the 

medium scale building construction projects which falling 

under 10-100 million rupees category. 

The main objective of this study is to investigate the signif- 

icant challenges arising from unpredictable price variations in 

the construction industry and their impact on project costs. 

III. METHODOLOGY 

This research aims to explore how the capacity of local 

contractors is affected by unexpected price fluctuations, and it 

is more detailed and exploratory. Research is based on case 

studies that help investigate problems and provide knowledge 

mainly to contractors and other stakeholders in the construc- 

tion industry. According to the methodology, a flow chart 

research was done. (Refer to Fig.1) 

According to the ICTAD Formula method for adjustments to 

contract price due to fluctuation in prices; the formula for 

contracts greater than 10 million is given in Equation (1). 

The calculation of price escalation for all six case studies was 

performed using the following formula 

it was highly affected by the industry. The following factors 

mainly affected to this issue; 

• Increase in taxes 

• Lack of raw materials due to restrictions on import of 

 

 

Where: 

F = 0.966 
V − Vna 

P 
100 x 

Ixc − Ixb (1) 
Ixb 

goods. 

• A sharp rise in good prices due to the depreciation of the 

rupee against the dollar. 

• Increase in transport charges due to the increase in fuel 

prices. 

The government increases the VAT rate for the import and / 

or supply of goods or supply of services from 8% to 15% 

on the 1st of September 2022. Due to this, the prices of 

goods and services are rocketed. Additionally, the government 

has temporarily suspended the import of goods related to the 

construction industry. To remedy this situation, the Cabinet 

F : Price adjustment for the period 

V : Valuation of work done during the period concerned 

Vna : Value of net non-adjustable element 

Px : Percentage cost contribution of input x 

Ixc : Current index for input x 

Ixb : Base index for input x 

 
According to this equation, six parameters need to be found 

to solve it or find the ”F” value. 
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x Ixb 

Step 1: Valuation of the work done during period (V) 

 

Valuation of the cumulative work done including 80% of the 

cost of material delivered to the site but not incorporated in 

permanent works and deducting the certified cumulative 

payment up to the previous bill. Equation (2) 

V = (Vc + Mc) − (Vp + Mp) (2) 

where, 

Vc : Cumulative value of work done during the period 

in question. 

Mc : 80% of the invoiced value of material used for 

permanent works in the current valuation. 

Vp : Cumulative value of work done up to the 

previous claim. 

  
permanent works on the previous valuation. 

 

Step 2: Excluding the non-adjustable element (Vna) 

 
The net Non- adjustable element for the current valuation is 

computed by deducting the cumulative non adjustable element 

of the previous bill from the current cumulative non adjustable 

element.Equation (3) 

Vna = Vnac − Vnap (3) 

The current index of a particular input shall be the index 

published by CIDA for that input for the month applicable. The 

contractor is supposed to submit the monthly statement for the 

payment. 

For the first interim bill, the current indices shall be taken as 

the indices that prevail on the first month after the com- 

mencement of the contract. 

For any other interim claim or the final claim, the current 

indices shall be taken as indices prevailing for the calendar 

month, one month after the previous valuation was done.These 

values were taken from CIDA statistics bulletin publication 

 

Step 7: Computation of second part of the Formula 

 

Σ 
P

   
Ixc − Ixb

 

(5) 

 

 

Step 8: Computation of the total price fluctuation 

 

Multiplying the total obtained in Step 3, Equation (4) and 

Step 7, Equation (5); and as in the case of any other payment 

made to the contractor, the amount computed as price 

adjustment shall be subject to VAT. 

A. Data Collection 

The target population for this research is local construction 

Where V 
 
nac is the Cumulative Value of work certified under 

contractors. Although price fluctuations are constant, no proper 
studies have been done on their relationship and impact 

items specified as nonadjustable element up to current claim, 

and Vnap is the Cumulative Value of work certified under items 

specified as nonadjustable element up to previous claim. 

 

Step 3: Computation of first part of the Formula 

 

0.966 
V − Vna 

(4) 
100 

Calculate the next part of the equation. 

 

Step 4: Px – Input Percentages 

 

Input proportion of a particular input was calculated as the 

ratio between the cost of the input and the cost of all inputs. The 

contractor provides these input percentage values for the 

contract. 

 

Step 5: Ixb – Base Indices 

 

‘Base Indices’ shall be the indices for the input, prevailing 

for the calendar month, one month before the date set for the 

submission of the bid. These values are taken from the CIDA 

statistics bulletin publication. 

 

Step 6: Ixc – Current Indices 

on the construction industry and especially on construction 

contractors. 

Six case studies of construction projects are used as the 

research instrument in this investigation. These six case studies 

are taken from the North Western Provincial Engineering 

Department-Kuliyapitiya Division. This research work is de- 

signed in such a way that it has two parts. The first part 

deals with market price fluctuation and pricing issues, and 

the second part deals with compensation-related issues. 

Unexpected price fluctuation is a problem that affects 

contractors of different grades and categories. But because 

higher-grade contractors take on larger projects, they are more 

vulnerable to the adverse effects of price fluctuation. Therefore, 

the study population included in this research work is local 

contractors of grade C2-C7. 

IV. DATA ANALYSIS AND DISCUSSION 

A. Market price Fluctuation Trend 

Price fluctuation of construction inputs is unpredictable due 

to sociogeographical complexity. The price of construction 

materials fluctuates for a short period of time, but on a quarterly 

basis, it can be seen that it is consistently increasing at a lower 

rate. since most construction materials and raw materials are 

imported; The chain of continuous price changes was found to 

extend between these quarters. Meanwhile, the labourers have 

had to grow with the industry, because they have no opportunity 

to increase their demand. 

M p : 80% of the invoiced value of material used for 
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Fig. 2. % Price variation common construction materials compared to 2019 
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Fig. 1. Flow chart of Research Methodology 
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Since construction is a risky business, contractors must be 

careful in their bids. i.e., the contractor requires a detailed 

market survey of the construction inputs, to the preparation of 

the bid price. Pricing requires not only the market study, but 

also consideration of all other factors affecting prices such as 

price fluctuation and contingencies. 

According to market surveys, the price variation of the 

labour from 2019 to 2022 is shown in TABLE I and Fig. 3, 
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the price variation of materials such as Cement, 6”-9” rubble, 1 

1/2” metal, 1” metal, 1” metal, ABC, Quarry dust, Gravel and 

Sand which are directly linked with the construction is shown 

in TABLE II and Fig. 2. These Tables and Figures are merely 

used as an example to show the results of the market survey. 

B. Case Studies 

Six case studies were selected to illustrate the level and 

impact of price fluctuation on the six projects and the construc- 

tion contractors. All the projects considered for the case study 

are building construction projects, and the contract amount is 

within 10-100million. 

The study is conducted by collecting data from the projects 

contract amount, bid date, commencement date, details of the 

contractor, project basic price indices (input percentage), ma- 

terial requirements, progress reports, material delivery reports 

and causes of project time extensions. The study focusses on 

Fig. 3. Price variation graph of common construction materials in comparison 
to 2019 

 

 

the planned and actual costs of the main inputs in construc- tion 

projects, which are selected for the study. For building projects, 

the main inputs are material and labour.Therefore, data is 

collected from these documents to view the planned and actual 

cost of the projects for the main inputs of construction of the 

respective projects. 

1) Case study framework: The framework of the case study 

is organized in four main steps. 

• List all the main materials required for the project by 

input percentage, along with their base prices in pricing. 

• Provide the actual purchase price of the materials. 

• Analyse the compensation for the project. 

• Study the price difference and how it contributes to the 

contractor’s capacity and project performance. 
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TABLE I 

PRICE VARIATION OF LABOUR IN COMPARISON WITH 2019 
 
 

 

No Item Unit 

2022 

(3rd 

part) 

2022 (2nd 2022 (1st 2021 (2nd 2021 (1st 

part) part) part) part) 
2020 2019

 

1 Blacksmith Day 3,800.00 3,500.00 3,000.00 2,500.00 2,400.00 2,200.00 2,000.00 

2 Carpenter Day 3,500.00 3,250.00 2,800.00 2,300.00 2,200.00 2,000.00 1,850.00 

3 Mason Day 3,500.00 3,250.00 2,800.00 2,300.00 2,200.00 2,000.00 1,850.00 

4 Painter Day 3,500.00 3,250.00 2,800.00 2,300.00 2,200.00 2,000.00 1,850.00 

5 Plumber Day 3,800.00 3,500.00 3,000.00 2,500.00 2,400.00 2,200.00 2,000.00 

6 Specials sk labourer Day 3,800.00 3,500.00 3,000.00 2,500.00 2,400.00 2,200.00 2,000.00 

7 Tinker Day 3,800.00 3,500.00 3,000.00 2,500.00 2,400.00 2,200.00 2,000.00 

8 U/Sk labourer Day 2,800.00 2,500.00 2,100.00 1,900.00 1,800.00 1,600.00 1,500.00 

 

 

TABLE II 

PRICE VARIATION OF MATERIAL IN COMPARISON WITH 2019 

 

No Item Unit 
2022 (3rd 

part) 

2022 (2nd 

part) 

2022 (1st 

part) 

2021 (2nd 

part) 

2021 (1st 

part) 
2020 2019 

1 Cement Cwt 2,462.36 2,588.66 1,300.00 956.00 933.00 933.00 965.00 

2 6”-9” rubble Cu 9,779.00 7,742.00 5,165.00 4,138.00 4,114.00 4,114.00 3,914.00 

3 1 1/2” metal Cu 15,779.00 11,742.00 7,665.00 7,138.00 6,614.00 6,614.00 6,364.00 

4 1” metal Cu 15,779.00 11,742.00 7,665.00 6,638.00 6,614.00 6,614.00 6,614.00 

5 3/4” metal Cu 16,779.00 13,242.00 8,665.00 8,138.00 8,114.00 8,114.00 7,614.00 

6 ABC Cu 16,779.00 12,490.00 7,915.00 7,638.00 6,864.00 6,614.00 6,614.00 

7 Quarry dust Cu 14,779.00 11,742.00 7,665.00 6,638.00 6,114.00 5,864.00 5,614.00 

8 Gravel Cu 6,779.00 5,992.00 4,415.00 4,133.00 4,114.00 3,864.00 3,614.00 

9 Sand Cu 28,000.00 25,000.00 16,500.00 15,500.00 15,500.00 15,500.00 15,500.00 

 

a) Case study -01: Construction of a three-story building 

with the primary Learning Resource Center & Junior Sec- 

ondary Laboratory at Holy Angel’s Girls’ College, Kuliyapi- 

tiya. 

b) Case study -02: Construction of a 70 x 25 ’two-story 

classroom building in Yayawaththa Mus K.V. 

c) Case study -03: Construction of a three-storey 

29.25x10.15m classroom building with ordinary-level science 

laboratory (FF) & library (SF) at Giri / Wildramashila Madya 

Maha Vidyalaya. 

d) Case study -04: Repair of the building at the Giri / 

Wickramashila National School. 

e) Case study -05: Construction of the new laboratory in 

the Bingiriya Divisional Hospital Bingiriya. 

f) Case study -06: Construction of the Katupotha office 

building of MOH (Bihalpola). 

According to TABLE III, it shows the result of case studies. 

Both contracts (case studies 1 and 2), which had a start date of 

2019, have been extended to 2021. Additionally, the contract 

that started in 2020 must be completed in 2022. The Covid-19 

pandemic situation, the lack of contract inputs and the increase 

in the price of contract inputs can be identified as the reason. 

Contractors have requested extensions for those projects and 

the reasons for them are, 

• Scarcity of material due to COVID-19 pandemic 

• Suspension of the site work due to Covid-19 pandemic 

• Due to the difficulty of finding materials 

• Due to the difficulty of finding materials 

• Scarcity of tiles in the market 

• Shortage of fuel 

• Material cost increase 

 

contracts concluded in the last months of 2022 (i.e. case 

study 4,5 and 6) have higher price fluctuations. It is up to 18%-

26% compared to the contract amount. Although all the case 

studies are taken from the kuliyapitiya area, entire country 

significantly suffered from the price escalation of the 

construction inputs between year 2019-2022. 

With the free float of the rupee, the exchange rate of 1 

US $ is Rs.367.00 in December 2022. In December 2020 

and December 2021, this was Rs.186.40 and Rs.203.00, re- 

spectively. As almost 70% of the construction materials in 

buildings and other engineering constructions are imported on 

an import basis, the impact of this would be at least another 

60% increase in construction costs. 

So this case studies could be applied for all over the country. 
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TABLE III 

SUMMARY OF THE CASE STUDIES 
 

Case 

study 

Contact 

Duration 

Commencement 

Date 

Scheduled 

Completion 

Date 

Actual 

Completion 

Date 

Contract 

Amount 

(Rs.) 

Total project 

cost 

(Rs.) 

Price 

Increase 

(%) 

1 365 days 11-Jun-2019 11-Jun-2020 25-Sep-2022 41,613,968.62 44,563,340.21 7.09% 

2 365 days 2-Nov-2019 30-Apr-2020 20-Jun-2022 14,000,885.33 14,302,974.72 2.16% 

3 365 days 22-Jan-2020 21-Jan-2021 21-Oct-2022 29,127,945.07 30,353,437.80 4.21% 

4 365 days 26-Aug-2021 9-Dec-2021 21-Dec-2022 12,001,686.24 14,206,242.71 18.37% 

5 365 days 18-Oct-2021 18-Apr-2022 18-Dec-2022 30,330,228.50 35,698,863.73 17.70% 

6 365 days 14-Oct-2021 14-Apr-2022 25-Oct-2022 21,472,169.76 27,036,870.10 25.92% 

 

V. CONCLUSIONS 

According to this research it shows that price variation 

can occur at any time; but it is very difficult to predict the 

magnitude of the price fluctuation, the duration of the 

fluctuation, or whether it is an increase or decrease in price. 

Sometimes, even during a period of high price fluctuation, it is 

often difficult to predict whether the prevailing prices will rise 

or fall or remain fairly stable. 

Price variation means increase or decrease in prices, but in 

this study it shows that almost all building materials show an 

increase in price and the prices of some construction inputs are 

rocketed; due to the contractor’s planned construction cost, it 

will vary at the finishing stage of the project. 

Although the construction inputs for civil engineering are 

quite large in number and type, the Sri Lankan government has 

allowed compensation for only a few types of materials. 

According to the ICTAD Bulletin of Statistics, only 55 items 

are mentioned. 

These case studies revealed that contractors were unable to 

make as much profit as they expected from the projects. Due to 

insufficient profits, they have not been able to take steps to 

increase the capacity of the company. 

This research shows that project delays are common as a 

result of material shortages, delaying receiving orders, and loss 

of working capital. Therefore, contractors try to reduce the 

quality of the project and materials to minimise their losses; and 

they try to use materials sparingly by minimising the materials 

they use. 

VI. RECOMMENDATION 

To address the challenges arising from unpredictable price 

fluctuations in the construction industry, it is recommended to 

enhance price fluctuation forecasting, diversify the compen- 

sation system, incorporate risk management strategies, allow 

flexible bidding mechanisms, promote contractual flexibility, 

foster collaborative supplier relationships, build contractors’ 

capacity for financial resilience, streamline payment processes, 

prioritise quality over cost cutting, and advocate for regulatory 

reform to enable dynamic responses to price fluctuations. 
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Abstract— The impact of financial risks involved in budget 

performance and the mitigation of those risks are important to 

achieving project success. The study focused on the impact of 

contractor’s financial risks on budget performance and the 

mitigation of those risks in building construction projects. The 

sample is selected from Sri Lankan Colombo suburbs with high-

rise buildings costing more than 100 million rupees. The research 

utilized quantitative and qualitative approaches, including a 

validated questionnaire survey and structured interviews. The 

review of the literature identified thirteen financial risk factors 

and examined four variables related to budget performance issues 

in these projects. The findings revealed that among the financial 

risk factors, unmanaged cash flows, inadequate financial 

management, bankruptcy, errors in estimating, liquidity risk, 

changes in government legislation, and the fluctuation of the 

inflation rate showed the highest impact on budget performance 

issues. In contrast, insurance risk had the lowest impact. Further, 

based on expert interviews, building an emergency fund, ensuring 

risk retention, and having a contingency plan were highly 

recommended methods for mitigating financial risks. Diversifying 

income sources and clear communication between project 

stakeholders were least preferred. 

Keywords—Financial Risks; Budget Performance; Mitigation 

of Financial Risks: Building Construction Projects 

I. INTRODUCTION 

The construction industry operates in a dynamic and 
challenging business environment, making construction 
projects highly susceptible to risks and uncertainties [1]. 
Compared to other sectors, construction projects face unique 
risks that can impede the achievement of their primary 
objectives [2]. Effective risk management is pivotal for project 
success, with a particular emphasis on financial risks [3, 4]. 
High-rise buildings, in particular, pose greater risks compared 
to other structures due to their complexity [5]. As Sri Lanka 
has experienced a surge in high-rise condominium projects, 
effective risk management is crucial for the country's 
development [6, 7, 8]. 

Financial risks are among the most significant risks in 
construction projects and are considered early in the 
investment process, potentially impacting project progress 
and the country's economy [9, 10]. Insufficient financing can 
lead to project implementation failures and bankruptcy 
situations [9]. However, despite the evident impact of 
financial risks on contractors in developing countries, research 
on addressing these risks remains limited [1]. 

In Sri Lanka, budget performance in building construction 
projects is a concern, often affected by financial risks such as 
cost overruns and delays, which can lead to reduced 
profitability and project failure [11, 12]. Contractors face 
challenges in determining appropriate risk management 
strategies based on the nature and potential outcomes of the 
risks [13]. 

While some studies exist on financial risks, there is a lack 
of research specifically focused on budget performance and 
mitigating financial risks in Sri Lankan building construction 
projects. This research gap highlights the need to develop 
strategies to mitigate financial risks and enhance budget 
performance. Therefore, this study aims to mitigate the 
financial risks involved in the budget performance of building 
construction projects in Sri Lanka. The study focused on high-
rise building projects (contractor perspective, CIDA grades 
C1 and C2) in Sri Lanka with budgets exceeding one hundred 
million Sri Lankan rupees and constructed before 2019. The 
geographical scope is confined to Sri Lanka, aiming to provide 
insights and strategies for mitigating financial risks in the 
context of building construction projects. 

II. AIM AND OBJECTIVES 

This research aims to mitigate the financial risks involved 
in the budget performance of building construction projects in 
Sri Lanka.  

The objectives of the study are as follows: 

01. To identify the factors causing financial risks of 
building construction projects. 

02. To examine issues related to the budget performance 
of building construction projects in Sri Lanka. 

03. To examine the impact of financial risk factors on 
budget performance issues in building construction projects. 

04. To suggest the most suitable strategies to mitigate the 
financial risks involved in building construction projects in Sri  
Lanka. 

III. REVIEW OF LITERATURE 

The construction industry plays a crucial role in 
urbanization as people strive to improve their living standards 
[14]. It is a significant sector of the economy that interacts 
with various fields of human activity [15]. 

This section consists of the following A-F subtopics: 
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A. Financial Risks 

Financial risk in the construction industry refers to the 
potential loss of revenue and profit that may occur if a project 
fails, such as by exceeding the budget or missing the 
completion date [16]. These uncertainties and adverse events 
can significantly impact the financial aspects of construction 
projects [17, 18]. 

B. Financial Risk Factors 

Extensive research in Sri Lanka has focused on financial 
risks in building construction projects and proposed strategies 
for risk mitigation.  Jayawardena, C., et al., (2012) highlighted 
market condition changes and unexpected site conditions as 
critical risk factors, recommending contingency budgets and 
risk management plans [19]. Others identified bankruptcy, 
inflation rate fluctuations, interest rate fluctuations, exchange 
rate fluctuations, fuel price increases, insurance risk, currency 
exchange risk, liquidity risk, and changes in government 
legislation as affecting projects [20]. Perera, et al., (2020)  
emphasized errors in estimation as a major risk [21], while, 
Chan, et al., (2017) stressed accurate cost estimation [22]. 
Unmanaged cash flows can lead to liquidity issues and 
payment delays [23], affecting project progress. Contractors 
may face cash flow difficulties, leading to budget imbalances 
[24]. Factors like inaccurate cost estimation and monitoring 
contribute to cash flow problems [25]. Inadequate financing 
and financial planning were identified as risks [26, 27]. 
Dissanayake and Bandara (2015) highlighted effective 
budgeting and cost control as crucial for risk mitigation in 
construction projects [28]. 

C. The Project Budget 

The project budget is the estimated or allocated amount of 
funds needed to complete a project from a contractor's 
perspective. It serves as the financial plan, encompassing 
expenses and revenues related to the project, including labor, 
materials, equipment, subcontractors, overhead, permits, 
insurance, contingencies, and a possible profit margin [29]. 

D. Budget Performance and Issues Related in Budget 

Performance 

Budget performance in the construction industry refers to 
the actual costs compared to the original budget of a building 
project from the contractor's perspective. It involves cost 
control measures, tracking expenses, and analyzing any 
deviations from the planned budget [30, 31]. Project managers 
play a crucial role in overseeing and managing budget 
performance by collaborating closely with contractors, setting 
budget targets, and implementing cost-saving measures [32]. 
This collaborative approach fosters open communication, 
enabling informed decisions on financial management [33]. 

Numerous studies on budget performance in Sri Lankan 
building construction projects have highlighted common 
challenges and influencing factors. Seneviratne, et al., 
(2014) identified budget overruns in the majority of projects 
due to inadequate preparation, poor cost estimation, and scope 
changes [34]. Wijesinghe and Wijekoon (2013)  pointed out 
that cost overruns and delays are common in the Sri Lankan 
construction industry and suggested that inadequate planning, 
poor contract management, and inadequate financial 
management are major contributing factors [35]. 
Gunawardena and Jayasuriya (2017) identified cost overruns, 
inadequate financing, and payment delays as major 

contributors to financial risks [36]. Atapattu and Jayasinghe 
(2016) found a generally poor budget performance, with high 
percentages of projects experiencing cost overruns and delays 
[37]. Other studies emphasized the negative impact of cost 
overruns and delays on budget performance [38]. 

E. Impact of Financial Risk Factors on Budget 

Performance 

Atapattu and Jayasinghe (2016) conducted a study on the 
impact of financial risks on budget performance in Sri Lankan 
construction projects [37]. The research identified cost 
overruns, inadequate financing, and payment delays as 
significant contributors to financial risks. To mitigate these 
risks, the study recommended effective project planning, 
budgeting, and the utilization of financial tools like cost-
benefit analysis and sensitivity analysis. 

F. Review of Literature Survey 

1) Review of factors causing financial risks in building 

construction projects 
The literature review accomplished the first objective. 

Among various risks, financial issues were found to pose a 
higher level of risk, directly affecting project progress. 

The literature survey identified thirteen financial risk 
factors, including bankruptcy, inflation rate fluctuations, 
interest rate fluctuations, exchange rate fluctuations, fuel price 
increases, insurance risk, currency exchange risk, liquidity 
risk, inadequate financial management, market conditions, 
errors in estimating, unmanaged cash flows, and changes in 
government legislation. 

2) Review of issues relating to the budget performance of 

building construction projects in Sri Lanka 
The second objective was achieved through the literature 

review, which shed light on how contractors' budget 
performance is often evaluated by comparing actual costs to 
estimated costs.  

The literature survey highlighted four significant budget 
performance issues in building construction projects in Sri 
Lanka: as cost overruns, inadequate project planning, 
inadequate contract management, and project delays. 

IV. METHODOLOGY 

Objectives 1 and 2: identify factors causing financial risks 
and examine issues relating to the budget performance of 
building construction projects in Sri Lanka, which were 
identified through a literature review. Objectives 3 and 4 
examine the impact of financial risk factors on budget 
performance issues and suggest the most suitable strategies to 
mitigate the financial risks involved in building construction 
projects in Sri Lanka, which were identified through a 
questionnaire survey and expert interviews. 

There are two basic research approaches: the quantitative 
approach and the qualitative approach [39]. Both quantitative 
and qualitative methods were used in this study. 

The preliminary interviews were used to confirm and 
validate the literature findings, which supported the 
development of a successful interview guideline. The 
collected data through interviews was analyzed using 
quantitative and qualitative data analysis techniques, and 
those results were subjected to expert validation. 
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A. Preliminary Interviews 

To validate the literature findings, build up a strong 
interview guideline, and to decide the most suitable data 
collection methods with suitable processes, preliminary 
interviews were conducted with thirty professionals engaged 
in the construction industry and having knowledge of the 
budget of high-rise building construction projects. 

B. Structured Interviews 

The interview method, which represents verbal stimuli and 
replies in terms of oral verbal responses, can be applied 
through personal interviews and, if possible, through 
telephone interviews [39]. However, for this research, 
structured interviews were used since it was needed to collect 
both structured information and details on how to mitigate the 
financial risks of interviewees.  

Structured interviews were conducted with three 
professionals engaged in the construction industry and having 
knowledge of the budget of high-rise building construction 
projects. The respondents were interviewed one by one to gain 
their open thoughts on the strategies for mitigating the 
financial risks involved in building construction projects. 
Further, all the above question types were used in the 
interview guidelines to conduct the personal interviews in the 
name of gathering the most reliable data. 

C. Data Analysis 

The methods of data analysis depend on the way of 
collecting data and the purpose of the findings of the research 
[40]. In order to incorporate the literature findings and 
strengthen the interview guidelines, considering the opinions 
of professionals in the industry, thirty questionnaire surveys 
and three structured interviews were conducted to achieve the 
third and fourth objectives. 

Likert Scale 

A five-point Likert scale was used to understand the 
perception of practitioners: 1 for very low, 2 for low, 3 for 
medium, 4 for high, and 5 for very high [41].  

The impact of financial risk factors on budget performance 
issues in building construction projects was calculated using 
the Relative Importance Index (RII). 

The total questionnaire presentations were in the form of 
graphs, bar charts, and tables.  

RII was calculated with the following expression: Where: 

 

RII = Relative Importance Index 

w = weighting is given to each factor by respondents, and 
it ranges from 1 to 5. 

x = frequency of its response given for each cause 

A = highest weight (i.e., 5 in this case). 

N = total number of respondents 

V. PROFILE OF PARTICIPANTS  

A. Details of Questionnaire Respondents 

The details of the survey respondents' responses were 
mainly analyzed according to Table I. 

TABLE I.  CHARACTERISTICS OF QUESTIONNAIRE SURVEY 

PARTICIPANTS 

Characteristics No. of 

respondents 

Percentage (%) 

Rate of response 

Respondent 

Non-respondent 

Total 

 

30 

10 

40 

 

75% 

25% 

100% 

Organization type 

Contractor 

Total 

 

30 

30 

 

100% 

100% 

Professional background 

Senior Quantity Surveyor 

Chartered Engineer 

Senior Engineer 

Total 

 

22 

2 

6 

30 

 

73% 

7% 

20% 

100% 

Working Experience 

6-10 years 

11-15 years 

16-20 years 

More than 20 years 

Total 

 

6 

15 

5 

4 

30 

 

20% 

50% 

17% 

13% 

100% 

 

a) Experienced with financial risks in building 

construction projects in Sri Lanka. 

 

Fig. 1. Experienced with financial risks  

According to the responses of professionals, figure 1 
illustrates that 100% of respondents mentioned experiencing 
financial risks in high-rise building construction projects in Sri 
Lanka (which have a budget of more than 100 million rupees). 

B. Details of Expert Interviews with Respondents 

The details of expert interview responses from 
respondents were mainly analyzed according to Table II. 

TABLE II.  CHARACTERISTICS OF EXPERT INTERVIEW 

PARTICIPANTS 

ID Professional Background Working 

Experience 

Interviewee 1 Chartered Quantity Surveyors more than 20 years 

Interviewee 2 Chartered Quantity Surveyors more than 20 years 

Interviewee 3 Chartered Quantity Surveyors more than 20 years 

VI. RESULT AND DISCUSSION 

The primary goal of this survey was to investigate the 
impact of financial risk factors on budget performance issues 
in building construction projects in Sri Lanka and to suggest 
suitable strategies for risk mitigation. To achieve this, a 
comprehensive literature review was conducted, which served 
as the basis for developing a questionnaire to gather data on 
the identified financial risk factors and budget performance 
issues. Additionally, structured interviews were employed to 
further enrich the analysis. 

100%
0%0%0% Yes Sometimes

Can’t say No

(1) 
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1) Impact of financial risk factors on budget performance 

issues in building construction projects 
To address the third research objective, a comprehensive 

evaluation of the correlation between financial risk factors and 
budget performance variables was conducted via a 
questionnaire survey. 

The literature review played a pivotal role in identifying 
and validating thirteen distinct financial risk factors, which 
were subsequently refined to seven significant factors through 
a questionnaire survey. 

The validated questionnaire survey identified prominent 
financial risk factors, including unmanaged cash flows, 
inadequate financial management, bankruptcy, errors in 
estimating, liquidity risk, changes in government legislation, 
and the fluctuation of the inflation rate. 

Concurrently, the literature review underscored significant 
budget performance concerns: cost overruns, inadequate 
project planning, inadequate contract management, and 
project delays. 

a) Impact of financial risk factors on cost overruns in 

building construction projects in Sri Lanka:  

As revealed by the findings presented in Table III, 
financial risk factors impact cost overruns in building 
construction projects in Sri Lanka. Table IV illustrates the 
rank of all factors of financial risk that have been investigated 
in this research from the contractor’s perspective. In the 
results, 94% of respondents contributed to unmanaged cash 
flows, 90% of respondents contributed to changes in 
government legislation, and 89% of respondents contributed 
to bankruptcy, fluctuations in the inflation rate, and 
inadequate financial management. 87% of respondents 
contributed to the fluctuation of interest rates, the fluctuation 
of exchange rates, and currency exchange risk; 86% of 
respondents contributed to the rise in fuel prices and liquidity 
risk; 85% of respondents contributed to errors in estimating; 
81% of respondents contributed to market conditions, and 
73% of respondents contributed to the insurance risk 
contributing to cost overruns in Sri Lankan building 
construction projects. 

TABLE III.  IMPACT OF FINANCIAL RISK FACTORS ON COST 

OVERRUNS IN BUILDING CONSTRUCTION PROJECTS IN SRI LANKA 

No Factors causing financial risks % of RII Rank 

1 Unmanaged cash flows 94% 1 

2 Changes in government legislation 90% 2 

3 Bankruptcy 89% 3 

4 Fluctuation of inflation rate 89% 3 

5 Inadequate financial management 89% 3 

6 Fluctuation of interest rate 87% 4 

7 Fluctuation of exchange rate 87% 4 

8 Currency exchange risk 87% 4 

9 Rise in fuel prices 86% 5 

10 Liquidity Risk 86% 5 

11 Errors in estimating 85% 6 

12 Market conditions 81% 7 

13 Insurance risk 73% 8 

 

As revealed by the findings, the top three tiers of financial 
risk factors affecting cost overruns in building construction 
projects in Sri Lanka are identified as follows: 

Unmanaged cash flows contribute to cost overruns in building 

construction projects in Sri Lanka. 

 

Fig. 2. Unmanaged cash flows contribute to cost overruns in building 

construction projects in Sri Lanka. 

As illustrated in figure 2, 74% of respondents completely 
agree, and 26% of respondents agree with the statement that 
"unmanaged cash flows contribute to cost overruns in building 
construction projects in Sri Lanka." 

Changes in government legislation contribute to cost overruns in 

building construction projects in Sri Lanka. 

 

Fig. 3. Changes in government legislation contribute to cost overruns in 

building construction projects in Sri Lanka 

As illustrated in figure 3, 56% of respondents completely 
agree, and 44% of respondents agree with the statement that 
"Changes in government legislation contribute to cost 
overruns in building construction projects in Sri Lanka." 

Bankruptcy contributes to cost overruns in building construction 

projects in Sri Lanka. 

 

Fig. 4. Bankruptcy contributes to cost overruns in building construction 

projects in Sri Lanka. 

As illustrated in figure 4, 64% of respondents completely 
agree, 27% of respondents agree, and 9% of respondents on 
occasion agree with the statement that "bankruptcy 
contributes to cost overruns in building construction projects 
in Sri Lanka." 

The fluctuation of the inflation rate contributes to cost overruns in 

building construction projects in Sri Lanka. 

 

Fig. 5. Fluctuations in the inflation rate contribute to cost overruns in 

building construction projects in Sri Lanka. 
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As illustrated in figure 5, 56% of respondents completely 
agree, 56% of respondents agree, 39% of respondents agree, 
and 5% of respondents on occasion agree with the statement 
that "fluctuations in the inflation rate contribute to cost 
overruns in building construction projects in Sri Lanka." 

Inadequate financial management contributes to cost overruns in 

building construction projects in Sri Lanka. 

 

Fig. 6. Inadequate financial management contributes to cost overruns in 

building construction projects in Sri Lanka. 

As illustrated in figure 6, 64% of respondents completely 
agree, 27% of respondents agree, and 9% of respondents on 
occasion agree with the statement that "inadequate financial 
management contributes to cost overruns in building 
construction projects in Sri Lanka." 

b) Impact of financial risk factors on inadequate project 

planning in Sri Lankan building construction projects: 

 Financial risk factors have a significant impact on 
inadequate project planning in building construction projects 
in Sri Lanka, as revealed by the findings presented in Table 
IV. Table IV illustrates the rank of all factors of financial risk 
that have been investigated in this research from the 
contractor’s perspective. The results indicate that 90% of 
respondents contributed to errors in estimating and 
unmanaged cash flows, and 87% of respondents contributed 
to inadequate financial management. 83% of respondents 
contributed to bankruptcy; 79% of respondents contributed to 
liquidity risk and market conditions; 77% of respondents 
contributed to the fluctuation of the inflation rate; 76% of 
respondents contributed to changes in government legislation; 
75% of respondents contributed to the fluctuation of the 
exchange rate and currency exchange risk; 72% of 
respondents contributed to the rise in fuel prices; 67% of 
respondents contributed to the insurance risk; and 65% of 
respondents contributed to the fluctuation of the interest rate. 

TABLE IV.  IMPACT OF FINANCIAL RISK FACTORS ON INADEQUATE 

PROJECT PLANNING IN SRI LANKAN BUILDING CONSTRUCTION PROJECTS 

No Factors causing financial risks % of RII Rank 

1 Errors in estimating 90% 1 

2 Unmanaged cash flows 90% 1 

3 Inadequate financial management 87% 2 

4 Bankruptcy 83% 3 

5 Liquidity Risk 79% 4 

6 Market conditions 79% 4 

7 Fluctuation of inflation rate 77% 5 

8 Changes in government legislation 76% 6 

9 Currency exchange risk 75% 7 

10 Fluctuation of exchange rate 75% 7 

11 Rise in fuel prices 72% 8 

12 Insurance risk 67% 9 

13 Fluctuation of interest rate 65% 10 

 

As revealed by the findings, the top three tiers of financial 
risk factors that impact inadequate project planning in 
building construction projects in Sri Lanka are as follows: 

 

Errors in estimating lead to inadequate project planning in Sri 

Lankan building construction projects. 

 

Fig. 7. Errors in estimating lead to inadequate project planning in Sri 

Lankan building construction projects. 

As illustrated in figure 7, 40% of respondents totally agree, 
54% of respondents agree, 2% of respondents on occasion, 
and 3% of respondents disagree with the statement that 
"Errors in estimating lead to inadequate project planning in 
building construction projects in Sri Lanka."  

Unmanaged cash flows lead to inadequate project planning in Sri 

Lankan building construction projects. 

 

Fig. 8. Unmanaged cash flows lead to inadequate project planning in Sri 

Lankan building construction projects. 

As illustrated in figure 8, 32% of respondents agree, 63% 
of respondents agree, and 5% of respondents on occasion 
agree with the statement that "unmanaged cash flows lead to 
inadequate contract management in building construction 
projects in Sri Lanka." 

Inadequate financial management contributes to inadequate project 

planning in Sri Lankan building construction projects. 

Fig. 9. Inadequate financial management contributes to inadequate project 

planning in Sri Lankan building 

As illustrated in figure 9, 38% of respondents strongly 
agree, and 62% of respondents agree with the statement that 
"inadequate financial management contributes to inadequate 
project planning in building construction projects in Sri 
Lanka."  
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Bankruptcy contributes to inadequate project planning in Sri 

Lankan building construction projects. 

Fig. 10. Bankruptcy contributes to inadequate project planning in Sri Lankan 

building construction projects. 

As illustrated in figure 10, 48% of respondents strongly 
agree, 39% of respondents agree, 10% of respondents at times 
disagree, and 3% of respondents disagree with the statement 
that "bankruptcy contributes to inadequate project planning in 
building construction projects in Sri Lanka."  

c) Impact of financial risk factors on inadequate 

contract management in Sri Lankan building construction 

projects: 

Table V illustrates the financial risk factors that impact 
inadequate contract management in building construction 
projects in Sri Lanka and ranks all factors of financial risk that 
have been investigated in this research from the contractor’s 
perspective. 86% of respondents lead to inadequate financial 
management; 84% lead to unmanaged cash flows; 83% lead 
to errors in estimating and liquidity risk; and 82% of 
respondents lead to bankruptcy. 81% of respondents lead to 
the fluctuation of the inflation rate and changes in government 
legislation, 78% of respondents lead to the fluctuation of the 
exchange rate and currency exchange risk; 77% of 
respondents lead to market conditions; 75% of respondents 
lead to the rise in fuel prices; 72% of respondents contribute 
to the fluctuation of the interest rate; and 65% of respondents 
lead to the insurance risk. 

TABLE V.  IMPACT OF FINANCIAL RISK FACTORS ON INADEQUATE 

CONTRACT MANAGEMENT IN SRI LANKAN BUILDING CONSTRUCTION 

PROJECTS 

No Factors causing financial risks % of RII Rank 

1 Inadequate financial management 86% 1 

2 Unmanaged cash flows 84% 2 

3 Errors in estimating 83% 3 

4 Liquidity Risk 83% 3 

5 Bankruptcy 82% 4 

6 Fluctuation of inflation rate 81% 5 

7 Changes in government legislation 81% 5 

8 Fluctuation of exchange rate 78% 6 

9 Currency exchange risk 78% 6 

10 Market conditions 77% 7 

11 Rise in fuel prices 75% 8 

12 Fluctuation of interest rate 72% 9 

13 Insurance risk 65% 10 

 

As revealed by the findings, the top three tiers of financial 
risk factors that impact inadequate contract management in 
building construction projects in Sri Lanka are as follows: 

Inadequate financial management leads to inadequate contract 

management in Sri Lankan building construction projects. 

Fig. 11. Inadequate financial management leads to inadequate contract 

management in Sri Lankan building 

As illustrated in figure 11, 43% of respondents agree, 53% 
of respondents agree, and 5% of respondents on occasion 
agree with the statement that "inadequate financial 
management leads to inadequate contract management in 
building construction projects in Sri Lanka." 

Unmanaged cash flows lead to inadequate contract management in 

Sri Lankan building construction projects. 

Fig. 12. Unmanaged cash flows lead to inadequate contract management in 

Sri Lankan building construction projects. 

As illustrated in figure 12, 32% of respondents agree, 63% 
of respondents agree, and 5% of respondents on occasion 
agree with the statement that "unmanaged cash flows lead to 
inadequate contract management in building construction 
projects in Sri Lanka." 

Errors in estimating lead to inadequate contract management in Sri 

Lankan building construction projects. 

Fig. 13. Errors in estimating lead to inadequate contract management in Sri 

Lankan building construction projects. 

As illustrated in figure 13, 40% of respondents agree, 54% 
of respondents agree, 2% of respondents on occasion, and 3% 
of respondents disagree with the statement that "Errors in 
estimating lead to inadequate contract management in 
building construction projects in Sri Lanka." 

Liquidity risks lead to inadequate contract management in Sri 

Lankan building construction projects. 
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Fig. 14. Liquidity risks lead to inadequate contract management in Sri 

Lankan building construction projects. 

As illustrated in figure 14, 20% of respondents totally 
agree, and 80% of respondents agree with the statement that 
"liquidity risk leads to inadequate contract management in 
building construction projects in Sri Lanka." 

d) Impact of financial risk factors on project delays in 

Sri Lankan building construction: 

The impact of financial risk factors on project delays in 
building construction projects in Sri Lanka is depicted in 
Table VI, which ranks all factors of financial risk that have 
been investigated in this research from the contractor’s 
perspective. 94% of respondents contributed to bankruptcy, 
93% contributed to inadequate financial management, 93% 
contributed to liquidity risk, and 93% contributed to 
unmanaged cash flows. 88% of respondents contributed to 
market conditions, 87% of respondents contributed to the 
fluctuation of the inflation rate, 85% of respondents 
contributed to the fluctuation of the exchange rate, 84% of 
respondents contributed to changes in government legislation, 
82% of respondents contributed to currency exchange risk, 
81% of respondents contributed to errors in estimating, and 
78% of respondents contributed to the rise in fuel prices, 75% 
of respondents contributed to the fluctuation of interest rates, 
and 67% of respondents contributed to the insurance risk. 

TABLE VI.  IMPACT OF FINANCIAL RISK FACTORS ON PROJECT 

DELAYS IN SRI LANKAN BUILDING CONSTRUCTION 

No Factors causing financial risks % of RII Rank 

1 Bankruptcy 94% 1 
2 Inadequate financial management 93% 2 

3 Unmanaged cash flows 89% 3 

4 Liquidity Risk 89% 3 

5 Market conditions 88% 4 

6 Fluctuation of inflation rate 87% 5 

7 Fluctuation of exchange rate 85% 6 

8 Changes in government legislation 84% 7 

9 Currency exchange risk 82% 8 

10 Errors in estimating 81% 9 

11 Rise in fuel prices 78% 10 

12 Fluctuation of interest rate 75% 11 

13 Insurance risk 67% 12 

 

As revealed by the findings, the top three tiers of financial 
risk factors that impact project delays in building construction 
projects in Sri Lanka are as follows: 

 

Bankruptcy contributes to project delays in Sri Lankan building 

construction. 

Fig. 15. Bankruptcy contributes to project delays in Sri Lankan building 

construction. 

As illustrated in figure 15, 74% of respondents strongly 
agree, and 26% of respondents agree with the statement that 
"bankruptcy contributes to project delays in building 
construction projects in Sri Lanka." 

Inadequate financial management contributes to project delays in 

Sri Lankan building construction. 

Fig. 16. Inadequate financial management contributes to project delays in Sri 

Lankan building construction. 

As illustrated in figure 16, 71% of respondents strongly 
agree, and 29% of respondents agree with the statement that 
"inadequate financial management contributes to project 
delays in building construction projects in Sri Lanka." 

Unmanaged cash flows contribute to project delays in Sri Lankan 

building construction. 

Fig. 17. Unmanaged cash flows contribute to project delays in Sri Lankan 

building construction. 

As illustrated in figure 17, 56% of respondents strongly agree, 
39% of respondents agree, and 5% of respondents sometimes 
agree with the statement that "unmanaged cash flows 
contribute to project delays in building construction projects 
in Sri Lanka."Liquidity risks contribute to project delays in Sri 
Lankan building construction. 

Fig. 18. Liquidity risks contribute to project delays in Sri Lankan building 

construction. 
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As illustrated in figure 16, 52% of respondents strongly 
agree, and 48% of respondents agree with the statement that 
"liquidity risks contribute to project delays in building 
construction projects in Sri Lanka." 

2) Suggest the most suitable strategies to mitigate the 

financial risks involved in building construction projects in 

Sri Lanka. 
As depicted in Table VII, the structured interviews yielded 

nine strategies that were suggested as effective for mitigating 
financial risks in building construction projects. These 
strategies include securing insurance policies, establishing an 
emergency fund, diversifying income sources, practising risk 
avoidance, implementing risk reduction measures, 
transferring risk, retaining the risk, developing a contingency 
plan, and promoting clear communication among all project 
stakeholders. 

The study findings revealed a unanimous consensus 
among all respondents in favour of three key strategies: 
building an emergency fund, risk retention, and having a 
contingency plan. Additionally, two out of the three 
participants acknowledged the significance of securing 
insurance policies, risk avoidance, risk reduction, and risk 
transfer in mitigating financial risks. Moreover, one 
respondent emphasized the importance of diversifying income 
sources, adopting risk avoidance strategies, and fostering clear 
communication among all project stakeholders as effective 
measures to mitigate financial risks. 

The identified strategies are vital for improving financial 
risk management in building construction projects in Sri 
Lanka. By employing these recommended measures, 
stakeholders can enhance their ability to respond to potential 
financial challenges, ultimately leading to more successful 
and financially stable construction projects. 

TABLE VII.  STRATEGIES FOR MITIGATING FINANCIAL RISKS 

INVOLVED IN BUILDING CONSTRUCTION PROJECTS IN SRI LANKA 

No Strategies to mitigate the 

financial risks 

1st 

Respon

dent 

2nd 

Respon

dent 

3rd 

Respon

dent 

1 Securing insurance policies        x ✓  ✓  

2 Building an emergency fund ✓  ✓  ✓  

3 Diversifying income sources         x ✓        x 

4 Risk avoidance        x ✓        x 

5 Risk reduction ✓  ✓        x 

6 Risk transfer ✓  ✓        x 

7 Risk retention ✓  ✓  ✓  

8 Have a contingency plan ✓  ✓  ✓  

9 Clear communication 

between all parties involved 

in the project 

       x ✓        x 

VII. CONCLUSION(S)/ IMPLICATIONS/ RECOMMENDATIONS 

& LIMITATIONS 
This study exclusively focused on mitigating financial 

risks in building construction projects in Sri Lanka's Colombo 
suburbs, particularly for high-rise buildings costing more than 
100 million rupees. 

Among the risk factors, unmanaged cash flows, 
inadequate financial management, bankruptcy, errors in 
estimating, liquidity risk, changes in government legislation, 
and the fluctuation of the inflation rate showed the highest 

impact on budget performance issues. In contrast, insurance 
risk had the lowest impact. 

Based on expert interviews, building an emergency fund, 
ensuring risk retention, and having a contingency plan were 
highly recommended methods for mitigating financial risks. 
On the other hand, diversifying income sources and clear 
communication between project stakeholders were least 
preferred. 

The study suggests implementing suitable strategies to 
mitigate financial risks in building construction projects in Sri 
Lanka. Additionally, it proposes a critical examination of the 
least preferred methods for further research to improve risk 
mitigation in the Sri Lankan construction industry. 
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Abstract- Sri Lankan building construction projects face 

significant obstacles specifically, as a result of the economic 

crisis in the year 2019-2022. This research is conducted to 

identify the correlation between the critical challenges of the 

Economic Crisis of the construction sector of Sri Lanka 

(2019-2022), on project performance variables, and derive 

corrective measures to mitigate the impacts. The research 

focuses as objectives on identifying the critical challenges of 

a construction project, and further identifying the Project 

performance criteria for building construction projects. 

Research also identified the correlation between the most 

critical challenges of the Economic Crisis, with construction 

project performance. It also suggested corrective measures 

to mitigate the impacts. The mixed method was applied in 

the methodology. Data was analyzed using Excel and SPSS 

software. Among 21 critical challenges, 12 most preferred 

factors were identified over the ranking of factors by 

Relative Importance Index (RII)/ Further, the correlation 

between the ranged 12 critical challenges, with project 

performance variables:  time, cost, and quality were 

identified. As per the findings, it was found that, considered 

three project performance indices: time, cost and quality. 

Key 12 performance metrics have impact positive and 

negative versions, on the current building construction 

performance.   

Keywords-: construction, challenges, economic crisis, 

correlation, immediate attention 

I.INTRODUCTION 

The growth of the Sri Lankan economy is 

significantly influenced by the construction industry 

activities [1]. Any type of construction business is 

always at risk from unforeseen events [2]. Some actions 

and decisions are needed to mitigate and remove those 

challenges and protect the industry [3]. 

An "economic crisis" is any circumstance where 

financial assets or institutions experience an abrupt and 
significant decline in value [4]. The Sri Lankan 

economy has been in a state of economic crisis since 

2018 and many issues are contributing to this crisis, such 

as trade imbalances, declining foreign exchange 

reserves, growing public debt, and the COVID-19 

pandemic in 2020 [5]. The financial crisis-induced 

global downturn is affecting the real economy, and the 

construction industry is beginning to show signs of a 

financial crisis, primarily in the form of postponed 

investment and cancellation of contracts. Additionally, 
construction firms encounter financial challenges, and in 

some dire circumstances, even bankruptcy occurrences, 

[6]. The country's economy has been severely hampered 

by Sri Lanka's economic crisis, which has had a major 

impact on the construction industry [5]. The economic 

crisis caused a decrease in building projects, which led 

to job losses, especially for contractor businesses. Many 

workers were laid off, and others had their hours reduced 

[7]. The construction industry is vulnerable to collapse 

due to the ongoing economic crisis, as demonstrated by 

[8]. Therefore, it is important to identify the critical 

challenges that have arisen due to the economic crisis in 
order to uplift, protect, and identify premises. It also 

needs to take reactive measures to adapt to the current 

context of the construction industry for the future and 

the present. Yet, identifying the critical challenges of the 

current economic crisis on the performance of 

construction projects in Sri Lanka has not been revealed 

properly. Therefore, it is important to focus on 

identifying the challenges of the economic crisis on the 

performance of construction projects in Sri Lanka that 

require immediate attention and effective mechanisms 

to develop and sustain the construction sector in Sri 
Lanka. 
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II.AIMS AND OBJECTIVES 

The objectives of the research are 

• To identify the critical aspects of Project 
performance criteria for building construction 
projects. 

• To identify the most critical challenges that are 
posed by the economic crisis on the building 
project performance in Sri Lanka. 

• Identify the correlation between the challenges of 
the Economic Crisis that occurred in the year 
2019-2022 on building construction project 
performance. 

• To derive corrective measures to mitigate the 
impacts of the economic crisis on the building 
construction project performance of Sri Lanka. 

III.LITERATURE REVIEW 

A. Project performance criteria for a construction 

project. 

The idea that a project's performance metrics time, 

cost, and quality are generally accepted [9]. Meeting a 
project's budget, schedule, workmanship standard, 

stakeholder satisfaction, technology transfer, and health 

and safety standards are varied criteria used to evaluate 

projects similarly [10], According to Chan [11], several 

other important factors, including health and safety, 

environmental performance, user expectations and 

satisfaction, contractor satisfaction, and commercial 

value, also used to gauge a project's success. 

B.  An overview of the economic crisis (2019-2022) in 

Sri Lanka  

In 2022 Sri Lanka’s economy turn down to a 

significantly lower rate, as per the world economy [12]. 

As a result, there identified a shortage of daily 

necessities [12] [13] [14]. The roots of the noted 

economic crisis are understood as spread also over 

political and social spares [13].  The multi-faced crisis 

impacted households, businesses, and communities 

[15] [16]. 

1) Challenges faced by the Sri Lankan building 

construction industry due to the Current crisis 

(2019- 2022).    

The economic crisis has impacted the Sri Lankan 

construction industry in several ways as other industries 

and created a hardship on construction project 

performance [15]. [17], pointed out that one of the 
major reasons for the downturn in construction 

performance was impacted by travel restrictions due to 

Covid 19. However, the multiple root causes of the Sri 

Lankan crisis (2019-2022) together impacted 

negatively on the Sri Lankan Construction project 

performance, as discussed below. 

a) High inflation (Unprecedented cost escalations) 

The inflation of commodities results from excessive 

money printing by the Government during 2019-2022 

[18]. According to [19], the price commodity inflation 

rate breached 50 percent in 2022. Also, construction 

material prices significantly increased. 

b) High foreign currency exchange rates  

The result of the noted economic mismanagement of the 

Sri Lankan government diminished the value of the 

rupee and significantly impacted foreign exchange rates 

[13] [19]. Researchers who studied Sri Lanka’s crisis 

have identified that high foreign exchanges had limited 

essential imports to households as well as industrial use. 

Accordingly [17], the acceleration of the foreign 

exchange rates directly affected construction costs and 

performance.  

a) c) Restrictions on forward contracts of foreign 

exchange, import restrictions, and material shortage. 

[20] Posited as per the CBSL instructions of the 

licensed commercial banks for a period of three months 
maintain a refraining process for entering at forward 

contracts (foreign exchange) that will prevent excessive 

volatility of the market of foreign exchange. Import 

restrictions and limitations place mitigate the deduction 

of foreign reserves, further found with a significant 

effect on producers and the supply chain [17] on 

consumption goods, and capital goods [18]. 

The significant factor that contributed to the 

disruption of supply chains due to the global pandemic 

was travel restrictions imposed by the government, 

which impacted both labor and materials and 

significantly disrupted their supply chain channels [21]. 

However, [15] highlighted that 70% of Sri Lankan 

construction materials requirements depend on imports. 

Accordingly, during 2019- 2022 import restriction 

measures because of the negative foreign reserves in the 

country led to the raw material shortage in Sri Lanka. 

However, in general, a 40%-60% tax is based on 

imported contrition materials [22]. 

d) Fuel and power crisis  

[15] Established that a fuel shortage causes stoppage 

of essential services.  

e) Significant project delays  

Nearly 90% of Sri Lanka’s construction projects 

have been halted due to the impacts of the ongoing 
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crisis [23]. Due to the impacts of the Covide -19 and the 

economic crisis, some of the mega condominium 

development projects in Sri Lanka were halted [17]. 

f) Unprecedented payment delays 

During the crisis, as clients are at significant risks 

such as losses, bankruptcy, high loan interest, and rental 

costs for office buildings and rented plants and 

machinery, there is the potential for claims and payment 

delays by clients [24]. Accordingly, [22] found that Sri 

Lankan contractors are struggling with high bank loan 

interest rates of 15%-25%, whereas other foreign 
contractors have 1%-3%, hence foreign contractors 

who engage with the national project but operate their 

financial accounts outside the country have more 

favorable situation than local contractors.  

g) Government policy changes  

According to [15], the Sri Lankan government and 
Central Bank (CBSL) have taken instant recovery 

strategies such as import restrictions, fuel, and power 

price increments. Further, the IMF recommended re-

implementing and upgrading previous tax policies 

which were amended in 2019 (fiscal rules were 

suspended), the automatic fuel price mechanism, and 

lower price reform which was halted in 2019 [18].  

II. METHODOLOGY 

The research focuses on identifying the critical 

challenges of a construction project, identifying the 

Project performance criteria for building construction 
projects, to identifying the correlation between the two 

sets of variables. A mixed research design approach 

was carried out in the research. to identify critical 

challenges a question survey was carried out, and data 

collected from a  non-random sample of 35 engineers, 

quantity surveyors, and project managers (C1, C2, C4 

grade) contractors used in the survey.  The most critical 

challenges which are posed by the economic crisis on 

the building project performance in Sri Lanka and 

responsive strategies were according to a 5-point Likert 

scale. 

Data for critical challenges are analyzed using Excel 
software and the ranking of factors is calculated based 

on the Relative Importance Index (RII), to identify the 

most critical performance challenges. 

𝑅𝐼𝐼 % = ∑ 𝑎 ×
𝑛

𝑁
×

100

5
           (1) 

Where is constant expressing the weighting given to 

each response, n is frequency of responses and N is total 

number in the responses. The most critical challenges 

that are posed by the economic crisis on the building 

project performance in Sri Lanka.  

After identifying the most critical challenges 

selected over an RII evaluation, a secondary Google 

Survey questionnaire was carried out to identify the 

correlation between the identified most critical 

challenges and Project performance criteria (cost, time, 
and quality) on building construction project 

performance. Data was analyzed using SPSS software 

and calculated the correlation.  

Finally, findings were validated over 05 semi-

structured interviews conducted with Managing 

Directors and Chief Quantity surveyors to derive 

corrective measures to mitigate the impacts of the 

economic crisis on the building construction project 

performance. 

 

III. DATA ANALYSIS AND RESEARCH 

FINDINGS 

A. Project performance criteria: construction project. 

The project's performance variables were identified 

as per the literature review. Accordingly, time, cost, and 

quality are generally accepted [9]. Meeting a project's 

budget, schedule, workmanship standard, stakeholder 

satisfaction, technology transfer, and health and safety 

standards are just a few of the varied criteria used to 

evaluate projects Similarly [25], According to [11] a 

number of other important factors, including health and 
safety, environmental performance, user expectations 

and satisfaction, contractor satisfaction, and 

commercial value, are also used to gauge a project's 

success 

Figured out how to gauge project performance, cost, 

time, quality, client satisfaction, functionality health, 

and safety. 

 

A. Identify the critical Challenges of the Economic 

crisis of Sri Lanka (Research Objective 1) 

Based on the literature review and questionnaire 

survey findings critical challenges of highly impacted 

construction performance due to the economic crisis. It 

is indicated in TABLE I. 

21 critical challenges have been recognized and will be 

taken into consideration for this research study are 

shown in TABLE I. 
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TABLE 1 . CRITICAL CHALLENGES OF THE CURRENT ECONOMIC 

CRISIS ON THE PERFORMANCE OF SRI LANKAN CONSTRUCTION 

PROJECTS 

CRITICAL CHALLENGES OF CURRENT ECONOMIC 

CRISIS ON THE PERFORMANCE OF SRI LANKAN 

BUILDING CONSTRUCTION PROJECTS 

  Question RII Rank 

  

There is a relationship between the 

Government Policies and the 

performance of the construction projects     

1 

Increasing Recovery action by banks will 

affect the Performance of Sri Lankan 

construction projects. 0.931 1 

2 

Changing government priorities for various 

sociological will  the Performance of the 

Sri Lankan construction project 0.800 8 

3 

The performance of construction projects 

in Sri Lanka will be positively affected 

when the government stops importing 

materials from foreign markets 0.800 8 

  

There is no relationship between the 

Exchange Rates and the performance of 

the construction projects     

4 
Changing Exchange Rates will not affect 

the Performance of Sri Lankan 

construction projects with local materials. 0.543 12 

  

There is a relationship between the 

Exchange Rates and the performance of 

the construction projects     

5 

Changing Exchange Rates will affect the 

Performance of Sri Lankan construction 

projects with import materials. 0.863 5 

6 

Changing Exchange Rates will affect the 

Performance of Sri Lankan construction 

projects with Difficulties in importing raw 

materials to manufacture construction 

materials. 0.834 6 

7 

Fluctuation of the exchange rate will affect 

the Performance of Sri Lankan 

construction projects. 0.874 3 

  

There is a relationship between the 

socio- economic and the performance of 

the construction projects     

8 

Shortage of construction materials will 

affect the Performance of Sri Lankan 

construction projects. 0.931 1 

9 

A shortage of Skilled laborers will affect 

the Performance of Sri Lankan 

construction projects. 0.874 3 

10 

Lack of initiatives will affect the 

Performance of Sri Lankan construction 

projects. 0.800 8 

11 

Lack of opportunities will affect the 

Performance of Sri Lankan construction 

projects. 0.800 8 

12 

Suspension of capital expenditure works 

will affect the Performance of the Sri 

Lankan construction projects. 0.800 8 

13 

Changing government priorities for various 

sociological will affect the Performance of 

Sri Lankan construction projects. 0.869 4 

  

Attitudes are an important concept in 

helping people to understand their social 

world. They help us to define how we 

perceive and think about others, as well 

as how we behave towards them. There 

is a relationship between the Attitudes 

and the performance of the construction 

projects     

14 

People’s attitudes related to material waste 

are directly or indirectly affected by the 

behavior of the construction and the 

performance of the construction projects. 0.754 10 

15 

Directly or indirectly affects people's 

attitudes towards the use of natural 

resources, and the performance of 

construction projects. 0.709 11 

  

There is a relationship between the 

Political situation and the performance 

of construction projects     

16 

Political risks also arise from corruption, 

nepotism, and cronyism at all political 

levels. The performance of the building 

project in the country will be directly 

affected by political circumstances. 0.766 9 

  

There is a relationship between the 

Interest Rates and the performance of 

the construction projects     

17 

Increasing Interest Rates will affect the 

Performance of Sri Lankan construction 

projects with supply chain issues and 

increased costs for building materials. 0.874 3 

18 

Lack of funds will affect the Performance 

of Sri Lankan construction projects, with 

project cash flow issues. 0.880 2 

19 

Inadequate investment plans will affect the 

Performance of Sri Lankan construction 

projects 0.817 7 

20 

Delays in payments for work done will 

affect the Performance of Sri Lankan 

construction projects 0.834 6 

21 

Unprecedented cost escalations will affect 

the Performance of Sri Lankan 

construction projects. 0.817 7 

 

B. Identify the most critical Challenges of the 

Economic crisis of Sri Lanka (Research Objective 

2) 

Based on the literature review and questionnaire 

survey findings identify the critical challenges of highly 

impacted construction performance due to the 

economic crisis. To identify the most critical challenges 

of highly impacted construction performance due to the 

economic crisis, the Relative Important Index (RII) has 

been used for this research study. Based on the analysis 

12 most preferred factors among 21 challenges have 
been identified. It is indicated in TABLE 2. 

According to TABLE 2, There are 12 most preferred 

factors among 21 factors that have been selected as the 

most critical challenges of economic crisis based on the 

RII values ranging. 
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TABLE II. THE MOST CRITICAL CHALLENGES OF THE CURRENT 

ECONOMIC CRISIS ON THE PERFORMANCE OF SRI LANKAN 

CONSTRUCTION PROJECTS 

THE MOST CRITICAL CHALLENGES OF THE 
CURRENT ECONOMIC CRISIS ON THE 

PERFORMANCE OF SRI LANKAN BUILDING 
CONSTRUCTION PROJECTS 

No Question RII Rank 

 

 

1 

There is a relationship between 

the Government Policies and 

the performance of the 

construction projects. 

Increasing Recovery action by 
banks will affect the 

Performance of Sri Lankan 
construction projects. 

 

 

 

0.931 

 

 

 

1 

 

 

 

O 

2 

There is a relationship between 

the Socio-economic and the 

performance of the 

construction projects 

Shortage of construction 

materials will affect the 
Performance of Sri Lankan 
construction projects. 

 

 

 

0.931 

 

 

 

1 

 

 

 

3 

There is a relationship between 

the Interest Rates and the 

performance of the 

construction projects. 

Lack of funds will affect the 

Performance of Sri Lankan 
construction projects, with 
project cash flow issues. 

 

 

 

0.880 

 

 

 

2 

 

 

 

4 

 

There is a relationship between 

the Exchange Rates and the 

performance of the 

construction projects. 

Fluctuation of the exchange rate 

will affect the Performance of Sri 
Lankan construction projects. 

 

 

 

0.874 

 

 

 

3 

 

 

 

5 

There is a relationship between 

the socio-economic and the 

performance of the 

construction projects. 

Shortage of Skilled laborers will 

affect the Performance of Sri 
Lankan construction projects. 

 

 

 

0.874 

 

 

 

3 

 

 

 

6 

There is a relationship between 

the Interest Rates and the 

performance of the 

construction projects. 

Increasing Interest Rates will 
affect the Performance of Sri 

Lankan construction projects 
with supply chain issues and 
increased costs for building 
materials. 

 

 

 

 

0.874 

 

 

 

 

3 

 

 

 

7 

There is a relationship between 

the socio-economic and the 

performance of the 

construction projects. 

 

 

 

 

 

 

 

 

 Changing government priorities 
for various sociological will 
affect the Performance of Sri 
Lankan construction projects. 

0.869 4 

 

 

 

8 

 

 

9 

 

There is a relationship between 

the Exchange Rates and the 

performance of the 

construction projects. 

Changing Exchange Rates will 
affect the Performance of Sri 
Lankan construction projects 

with import materials. 
Changing Exchange Rates will 
affect the Performance of Sri 
Lankan construction projects 
with Difficulties in importing 
raw materials to manufacture 
construction materials. 

 

 

 

 

0.863 

 

 

 

0.834 

 

 

 

 

5 

 

 

 

6 

 

 

 

10 

 

There is a relationship between 

the Interest Rates and the 

performance of the 

construction projects. 

Delays in payments for work 
done will affect the Performance 
of Sri Lankan construction 
projects. 

 

 

 

0.834 

 

 

 

6 

 

 

 

11 

 

 

12 

There is a relationship between 

the Interest Rates and the 

performance of the 

construction projects. 

Inadequate investment plans will 
affect the Performance of Sri 
Lankan construction projects. 
Unprecedented cost escalations 
will affect the Performance of Sri 

Lankan construction projects. 

 

 

 

0.817 

 

 

0.817 

 

 

 

7 

 

 

7 

 

C. Analysis of research objective (3) - Correlation 

between the challenges of the economic crisis that 
occurred (2019-22) on project performance 

criteria of Sri Lankan building construction 

projects.  

Findings are based on the data collected from the 

questionnaire and calculated correlation between the 
most critical challenges and cost time or quality 

variables. 
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1) Identified challenges correlated with cost 

performance criterion in the construction 

project. 

TABLE III: Details of the identified challenges correlated with cost 

performance criterion 

 

  
Cost 

Identified challenges 

Pearson 

Correlati

on 

Sig. (2-

tailed) 

Increasing Recovery action by 
banks 

-0.095 0.589 

Shortage of construction 
materials 

0.359* 0.034 

Lack of funds with project cash 
flow issues 

0.163 0.350 

Fluctuation of the exchange rate  -0.181 0.299 

Shortage of Skilled labors  -0.024 0.890 

Increasing Interest Rates with 
supply chain issues and increased 

costs for building material 

0.242 0.161 

Changing government priorities 
for various sociological 

0.148 0.397 

Changing Exchange Rates with 
import materials 

0.169 0.333 

Changing of Exchange Rates with 
Difficulties in importing raw 

materials to manufacture 
construction materials. 

-0.135 0.441 

Delays in payments for work 
done  

-0.004 0.983 

Inadequate investment plans 0.273 0.113 

Unprecedented cost escalations  0.327 0.055 

 

According to TABLE 3 Shortage of construction 

materials, Lack of funds due to project cash flow issues, 

Increasing of Interest Rate with supply chain issues and 

increased costs for building materials, Changing 

government priorities for various sociological, 

Changing of Exchange Rates with import materials, 
Inadequate investment plans and Unprecedented cost 

escalations variable are positively correlated with the 

cost performance criterion of construction project. At 

the same time from those positively correlated 7 

variables, only the Shortage of construction materials 

variable correlation significant value (.034) is 

statistically significant (sig < 0.05) and the rest of the 6 

variables are not statistically significant. When 

considering the correlation of the 7 variable factors with 

the cost performance criterion, a positive value means 

changes in the challenge variable positively or 
negatively change the cost performance of the 

construction project. To improve the cost criterion 

performance of the construction projects, need to 

improve the 7 most critical challenges identified by the 

correlation values. 

2) Identified challenges correlated with time 

performance criterion in the construction 

project. 

TABLE IV: DETAILS OF THE IDENTIFIED CHALLENGES 

CORRELATED WITH TIME PERFORMANCE CRITERION 

 

  
Time 

Identified challenges 

Pearson 

Correlat

ion 

Sig. (2-

tailed) 

Increasing Recovery action by banks -0.138 0.429 

Shortage of construction materials 0.093 0.594 

Lack of funds with project cash flow 
issues 

0.048 0.784 

Fluctuation of the exchange rate  0.110 0.529 

Shortage of Skilled labors  0.030 0.865 

Increasing Interest Rate with supply 
chain issues and increased costs for 

building material 
0.002 0.992 

Changing government priorities for 

various sociological 
0.022 0.899 

Changing of Exchange Rates with 
import materials 

-0.160 0.359 

Changing Exchange Rates with 
Difficulties in importing raw materials 
to manufacture construction materials. 

-0.108 0.535 

Delays in payments for work done  0.370* 0.028 

Inadequate investment plans 0.197 0.256 

Unprecedented cost escalations  -0.140 0.422 

 

According to TABLE 4 Shortage of construction 

materials, Lack of funds with project cash flow issues, 

Fluctuation of the exchange rate, Shortage of Skilled 
laborers, Increasing of Interest Rate with supply chain 

issues and increased costs for building materials, 

Changing government priorities for various 

sociological, Delays in payments for work done and 

Inadequate investment plans variable are positively 

correlated with the time performance criterion of the 

construction project. At the same time from those 

positively correlated 8 variables, only delays in 

payments for work done variable correlation (.028) is 

statistically significant (sig < 0.05) and the rest of the 7 

variables are not statistically significant. When 

considering the correlation of the 8 variable factors with 
the time performance criterion, a positive value means 

changes in the challenge variable positively or 

negatively change the time performance of the project. 

To improve the time criterion performance of the 
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construction projects, need to improve the 8 most 

critical challenges identified by the correlation values. 

3) Identified challenges correlated with quality 

performance criterion in the construction 

project. 

 
TABLE V: DETAILS OF THE IDENTIFIED CHALLENGES 

CORRELATED WITH QUALITY PERFORMANCE CRITERION 

  
Quality 

Identified challenges 

Pearson 

Correlation 

Sig. (2-

tailed) 

Increasing Recovery action by 
banks 

0.056 0.748 

Shortage of construction 
materials 

-0.147 0.401 

Lack of funds with project 
cash flow issues 

-0.072 0.680 

Fluctuation of the exchange 
rate  

0.131 0.453 

Shortage of Skilled labors  -0.226 0.191 

Increasing Interest Rate with 
supply chain issues and 

increased costs for building 

material 

-0.082 0.641 

Changing government 
priorities for various 

sociological 
0.205 0.239 

Changing of Exchange Rates 
with import materials 

0.082 0.640 

Changing Exchange Rates 
with Difficulties in importing 
raw materials to manufacture 

construction materials. 

-0.231 0.183 

Delays in payments for work 
done  

-0.106 0.544 

Inadequate investment plans 0.169 0.331 

Unprecedented cost 
escalations  

0.169 0.331 

 

According to TABLE 5 Increasing Recovery action 

by banks, Fluctuation of the exchange rate, changing 

government priorities for various sociological, 

Changing of Exchange Rates with import materials, 
inadequate investment plans, and Unprecedented cost 

escalations variable are positively correlated with the 

quality performance criterion of construction project. 

At the same time, for all those positively correlated 6 

variables, correlation-significant values are not 

statistically significant because their values are more 

than > 0.05. When considering the correlation of the 6 

variable factors with the quality performance criterion, 

a positive value means changes in the challenge 

variable positively or negatively change the quality 

performance of the construction project. To improve 

the quality criterion performance of the construction 

projects, need to improve the 6 most critical challenges 

identified by the correlation values. 

D. Analysis of Research Objective - 4 

It is very important to find out the effective 

mechanisms, to protect the construction industry and its 

performance immediately, which have ceased today 

due to the economic crisis according to the 

interviewees' answers based on industry experiences 

and openings from semi-structured interviews 

conducted with senior management professionals to 
validate the literature findings, reinforce the findings 

from the initial staff career questionnaire, and address 

the fourth objective is as follows; 

1) Immediate attention on increasing recovery 

action by the banks with Government policy 

changes.  

• Maintain good relationships with banks 

• Prioritize cash flow management  

• Engage in dialogue with the government 

• Prioritize cost management 

2) Shortage of construction materials 

• Find substitute material locally 

• Relax import control regulations. 

• Reducing the wastage of material 

3) Immediate focus on maintaining stability in 

finances. 

• Develop a financial plan  

• Prioritize cost management 

• Maintain good relationships with stakeholders  

4) Positively dealing with exchange rate 

fluctuations 

• Adopt a hedging strategy  

• Monitor exchange rates 

5)  Prioritize retaining qualified laborers on-site 

right away. 

• Encourage vocational training  

• Increase wages and benefits  

• Use technology and automation 

• Improve working conditions 
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6) Immediate focus on supply chain difficulties and 

cost increases.  

• Plan and budget carefully 

• Negotiate favorable contracts 

• Optimize supply chain management 

• Monitor interest rate changes 

7) Immediate attention on changing government 

priorities for various sociological.  

• To address changing government priorities, it's 
important to build flexibility into construction 
projects.  

• Communication is key when government priorities 
change.  

• Focus on project outcomes.  

• Foster a culture of innovation  

• Emphasize risk management  

8) Immediate attention to the difficulties posed by 

importing raw materials for the production of 

construction materials and construction 

materials. 

• Diversify suppliers 

• Invest in local manufacturing  

• Monitor exchange rates. 

9) Immediate attention to Delay in payments for 

work done.  

• Establish clear payment terms Construction 
companies should establish clear payment terms 
with clients at the outset of the project.  

• Monitor cash flow 

• Consider legal options 

10) Immediate attention on inadequate investment 

plans. 

• Develop a comprehensive investment plan. 

• Use project management tools 

• Prioritize value engineering 

11) Immediate attention on unprecedented cost 

escalations items or materials. 

• Engage experienced professionals.  

• Use alternative materials.  

• Get government assistance. 

12) Effective planning and design are crucial to 

mitigate cost escalations.  

• In addition to the above, there are some other tips 
for overcoming cost escalation in 
construction projects. 

• Start planning early. 

• Build in the contingency fund 

IV. CONCLUSION 

The research emphasizes the important and crucial 

components of construction project performance 

criteria, the biggest challenges to project performance 

caused by the economic crisis, the correlation between 

the challenges posed by the 2019–2022 economic 

crisis, and derive corrective measures to mitigate the 

impacts of the economic crisis on the building 

construction project performance of Sri Lanka. The 

thorough literature review, questionnaire surveys, and 

semi-structured interviews with professionals in the 

construction industry all contributed to the research's 
accomplishment of its aim. The research findings 

indicate that in building construction projects, the most 

important components of the project performance 

criteria have been identified to be time, cost, and 

quality. There was no discernible difference in the RII 

value of the 21 identified construction challenges. It 

implies that none of these construction-related 

challenges are any less pressing given the current 

economic crisis. However, only 12 of the highest value 

points have been taken into consideration. The most 

important finding is that all identified challenges and 
the correlation between the three key performance 

metrics have an impact on the current building 

construction performance. This decision was made as a 

result of the fact that every response was either strongly 

agreeing or responding with a higher percentage of 

agreeing. According to the information gathered from 

the interviews, it is recommended that management 

level staff in the construction industry should take 

necessary measures to reduce the impact of the 

economic crisis on the success of building construction 

projects performance in Sri Lanka. These findings 
measures may have been mentioned above 5.5 under 

the analysis of research objective 4, derive corrective 

measures to mitigate the impacts of the economic crisis 

on the building construction project performance of Sri 

Lanka.  

These measures may include working to change the 

contract provision about the payment system and price 

fluctuations method for all materials, not just a select 

few, utilizing local market options to reserve a spot for 
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the government's locally produced materials, and 

bargaining with foreign parties for credit facilities for 

materials. Even construction companies should assess 

and forecast their risk, and used to effective project 

management is essential for managing cost, they insist 
that a should be built a contingency fund to cover 

unexpected cost increases and obtain appropriate 

measures to stabilize the construction industry, 

including alterations to the procurement process. By 

implementing these strategies, the construction sector 

in Sri Lanka can be stabilized and sustainable growth 

can be attained. 

V. RECOMMENDATIONS 

 The research can make the following 

recommendations for better building construction 

project performance in Sri Lanka during the current 

economic crisis. Shifting towards value engineering 

and leaning towards using local resources, The 

government should (ICTAD) incorporate price 

increases to account for inflation and high import taxes 

into the formula used to determine price escalations, 

The construction industry is surrounded by many 

jobs and related lives and in an effort to protect it, the 

government provides loan relief to business owners 
who manage the sector. Many educated workers in the 

construction industry are emigrating because of the 

country's high unemployment rate. In order to prevent 

them from leaving the country, the government and 

organizations in the construction sector need to look 

into this. If not, they will benefit from free education in 

this nation and export its benefits to other nations. The 

government should give locally produced building 

materials a chance. This should be a relief for all local 

manufacturers who make those building materials, not 

just one, and the government should make sure that the 

raw materials are sold for a very fair price. Sri Lanka 
Should work with important financial institutions and 

partners to develop a new social security system, lower 

debts, ensure fair taxes, and fight corruption at the 

highest levels of the government challenge to the 

economic crisis. 
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Abstract— The increasing electricity demand has led to the 

widespread utilization of fossil fuel-based electricity generators, 

which, in turn, has raised concerns about their environmental 

impact due to emissions of pollutants. This paper presents a 

thorough review of emission filtering and controlling systems 

suited for fossil fuel-based electricity generators. The study 

encompasses various technologies aimed at mitigating the 

adverse effects of emissions, encompassing both emission 

filtering systems and advanced control strategies. Through an 

in-depth analysis of these systems, this paper aims to provide 

insights into their effectiveness, challenges, and prospects in the 

context of environmental sustainability and regulatory 

compliance.   

Keywords— Emission filtering, Emission controlling 

Systems, Fossil fuel-based generators, Environmental impact.  

I. INTRODUCTION  

The increasing global demand for electricity has led to the 
widespread deployment of fossil fuel-based power generators, 
which are essential to the energy needs of modern societies.  
However, reliance on these fossil fuels has led to 
environmental problems, primarily arising from the emission 
of harmful pollutants during power generation. These 
emissions, which include nitrogen oxides (NOx), sulfur 
dioxide (SO2), carbon monoxide (CO) and particulate matter 
(PM), not only contribute to the deterioration of air quality but 
also contribute to the larger challenge of climate change [1]. 

TABLE I - presents a quantitative analysis of the emission 
output from diesel generators, offering a comprehensive 
insight into the magnitude of pollutants released into the 
atmosphere annually. By showcasing the actual emission 
figures in kilograms per year, this table underscores the 
tangible contribution of diesel generators to air pollution and 
their role in shaping environmental quality. 

       In response to these environmental challenges, there has 
been a major shift in the power generation industry, focusing 
on developing and implementing advanced emission filtering 
and control systems. These systems have to be designed with 
the objectives of reducing the adverse environmental impact 
of fossil fuel-based industrial electricity generation and 
ensuring a stable and reliable energy supply for society [2]. 

This review paper provides a wide-ranging exploration of the 
latest advances in emission filtering and control systems of 
internal combustion engines suited for fossil fuel-based power 
generators [3]. By looking at the various techniques 
available,[4] this study hopes to provide a comprehensive 
analysis of the methods employed to mitigate the adverse 
effects of emissions. From traditional methods of capturing 

and removing emissions to cutting-edge control strategies 
driven by technology and innovation, this review aims to 
uncover the complexities of these systems and explain their 
effectiveness in achieving emissions reduction targets [5]. 

TABLE VIII.   DIESEL GENERATOR POLLUTANT[6] 

 

 

 

 

 

 

 

Table II represents an overview of the intricacy of generator 
emissions and their far-reaching consequences on both human 
health and the environment. 

II. EMISSION FILTERING SYSTEM  

This section outlines various emission filtering systems 

applicable to fossil fuel-based electricity generators, 

including: 
 

A. Flue Gas Desulfurization (FGD) Systems 

The Flue Gas Desulfurization (FGD) system is designed 
to reduce the environmental impact of fossil fuel-based 
electricity generators. The combustion of fossil fuels releases 
sulfur dioxide (SO2) into the atmosphere. SO2 is a significant 
contributor to acid rain and respiratory diseases. FGD system 
is a key solution for minimizing SO2 emissions [7]. 

• Mechanism and Components: 

 FGD systems use the principle of sulfur dioxide 
absorption, where flue gases with SO2 are subjected to a series 
of processes that facilitate the removal of this noxious gas 
before it is released into the atmosphere. A central component 
within FGD systems is the absorber, where flue gases come 
into contact with a reagent, often composed of limestone 
(calcium carbonate) or lime (calcium oxide) [8].Upon 
interaction with the reagent, SO2 undergoes a series of 
chemical reactions that lead to its conversion into calcium 
sulfate (CaSO4), commonly known as gypsum. This gypsum 
is then separated from the gas stream and can subsequently be 
used in various industrial applications, thereby offering an 
avenue for recycling the captured pollutant [9]. 

Pollutant Emission (kg/yr.) 

Carbon Dioxide (CO2) 156,152 

Carbon Monoxide (CO) 385 

Unburned Hydrocarbons 42.7 

Particulate Matter 29.1 

Sulfur Dioxide (SO2) 314 

Nitrogen Oxides (NOx) 3,439 
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TABLE IX.  ENVIRONMENTAL & HEALTH  IMPACT OF GENERATOR 

EMISSION 

.  
 

• Types of FGD Systems: 

Several FGD technologies have been developed, each 
tailored to specific plant requirements and fuel types. Prominent 
among these are wet, dry, and semi-dry FGD systems: 

1. Wet FGD Systems: These systems employ a wet scrubbing 
process where flue gases are brought into contact with a 
liquid absorbent, typically a slurry of limestone (CaCO3) 
or lime (Cao) in water. The resultant chemical reactions 
lead to the formation of gypsum (CaSO4) and calcium 
sulfite (CaSO3). Wet FGD systems are highly efficient but 
require a significant amount of water and produce a liquid 
waste stream that necessitates proper management [10]. 

      SO2 + CaCO3 (or Cao) + H2O → CaSO3 (or CaSO4) + CO2 + H2O 

2. Dry FGD Systems: Dry FGD systems operate on a similar 
principle but use a dry absorbent, often in the form of 
hydrated lime (Ca(OH)2) or sodium-based 
reagents(NaHCO3). These systems are advantageous in 
terms of reduced water usage and waste generation. 
However, their efficiency may vary depending on factors 
like humidity levels [11, 12]. 

    SO2 + Ca (OH)2 → CaSO3 + H2O 

3. Semi-Dry FGD Systems: These systems combine elements 
of both wet and dry processes. Flue gases are contacted with 
a wet slurry, but subsequent drying steps remove excess 
water before the gases are released. This hybrid approach 
aims to strike a balance between efficiency and resource 
consumption [8, 12]. 

•  Challenges and Advancements: 
 

While FGD systems have demonstrated their efficacy in 
reducing SO2 emissions, challenges persist. The procurement, 
transport, and disposal of reagents, as well as the management 
of generated waste, remain areas of concern. Additionally, the 
energy required for the operation of FGD systems can slightly 

impact the overall efficiency of generators. Advancements in 
FGD technology focus on optimizing reagent utilization, 

enhancing absorption rates, and improving the disposal and 
reuse of byproducts [13]. 

B. Selective Catalytic Reduction (SCR) 

Selective Catalytic Reduction (SCR) is a pioneering emission 

reduction technology that holds the potential to significantly 

mitigate the impact of nitrogen oxide (NOx) emissions from 

fossil fuel-based electricity generators. NOx is a major 

contributor to air pollution and smog formation [14].  
 

• Mechanism and Components 
 

At the core of SCR systems lies a catalytic converter containing 

a catalyst, typically composed of metal oxides such as 

vanadium, titanium, or zeolite. Flue gases with NOx are 

directed through the catalyst bed of the reducing agent, 

commonly an aqueous solution of ammonia (NH3) or urea 

(CO(NH2)2). Upon contact with the catalyst, NOx molecules 
undergo a chemical reaction facilitated by the reducing agent, 

resulting in the conversion of NOx into harmless nitrogen (N2) 

and water (H2O) [15]. 
 

• Key Reactions: 
 

The primary reactions within an SCR system involve the 

reduction of nitrogen oxides: [16, 17]. 

 

1. NO + NH3 → N2 + H2O: This reaction produces nitrogen 

gas and water vapor, effectively converting nitrogen oxides 

into benign substances. 

 

2. NO2 + NH3 → N2 + 2H2O: In the presence of nitrogen 
dioxide (NO2), a similar reaction occurs, yielding nitrogen 

gas and water.  
 

 

• Advancements and Future Directions: 
 

Advancements in SCR technology focus on optimizing catalyst 

formulations, enhancing catalyst durability, and improving the 

Pollutant Health Impact Environmental Impact 

Particulate Matter 

(PM) 
-Respiratory issues and cardiovascular problems 

-Air quality degradation. 

-Soil and water contamination. 

Nitrogen Oxides 

(NOx) 

-Aggravates respiratory conditions,  

-Impairs lung function,   

-Increases susceptibility to respiratory infections. 

-Can exacerbate heart diseases. 

-Contributes to the formation of ground-level ozone (smog) 

-Contributes to eutrophication (excess nutrients) in water bodies. 

-Can lead to nitrogen deposition, affecting soil and ecosystems. 

-Can contribute to particulate matter formation. 

Carbon Monoxide 

(CO) 

-Reduces oxygen transport, leading to headaches, 

dizziness, and nausea. 

-It Impairs cognitive function and memory,  

-Aggravates cardiovascular conditions, leading to 

angina and heart attacks. 

-Contributes to air pollution and smog. 

-Contributes to ground-level ozone formation.  

-Contributes to climate change as a greenhouse gas. 

SOx 

-Aggravates respiratory conditions (asthma, bronchitis).

  

-Irritates eyes, nose, and throat. 

-Can lead to heart and lung problems. 

-Aggravates existing heart conditions. 

-Contributes to acid rain, leading to soil and water acidity. 

-Harmful to aquatic ecosystems, causing damage to aquatic life,  

-Contributes to the formation of fine particulate matter (PM2.5). 

-Can damage plants and vegetation. 

Fig. 1 – Selective Catalytic Reduction process 
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distribution and mixing of reducing agents. Furthermore, 

integration with other emission control systems, such as 

particulate matter removal technologies, is gaining attention to 

achieve comprehensive emission reductions. 

C. Electrostatic Precipitators (ESP)  
 

Electrostatic Precipitators (ESP) represent a significant 

innovation in emission control technology, serving as a potent 

tool for minimizing particulate matter (PM) emissions from 

fossil fuel-based electricity generators. As the combustion of 

fossil fuels generates a diverse array of particles, ranging from 
fine ash to soot, the ESP system is a possible solution to 

mitigate the environmental impacts of these emissions. [18].  
 

• Principle of Operation: 
 

The underlying principle of ESP technology lies in the 

utilization of electrostatic forces to capture and remove 
particulate matter from flue gases. ESPs consist of a series of 

collection plates, with alternating positive and negative 

charges. Flue gases containing PM pass through this 

arrangement, inducing an electrostatic charge on the particles. 

Charged particles are then drawn towards oppositely charged 

plates, resulting in their deposition on the plate surfaces. Over 

time, the accumulated particulate matter forms a layer, known 

as a "dust cake," which can be periodically removed through 

processes like rapping or mechanical shaking. 

 
 

• Considerations and Challenges: 

 

1. Maintenance: Dust cake buildup on collection plates 

requires periodic cleaning, which can disrupt 
operation and impact efficiency. 

2. Particle Resistivity: The electrical properties of 

particles, known as resistivity, can influence ESP 

performance. Highly resistive particles may require 

additional measures for effective removal. 

3. Size Limitations: Large ESP systems may be required 

to handle high flow rates, making them space-

intensive. 

 

• Advancements and Future Trends: 

 
Advancements in ESP technology aim to address limitations 
and improve performance. Enhanced electrode designs, 
utilization of advanced materials, and improvements in 
rapping and cleaning mechanisms are being explored to 
optimize efficiency and reduce maintenance requirements 
[19]. 

D. Fabric Filters (Baghouses) 

 
Fabric filters, commonly referred to as baghouses, are 
suitable emission control systems that excel in the removal 
of PM and other pollutants from the exhaust gases of fossil 
fuel-based electricity generators. As the combustion of fossil 
fuels generates a diverse range of fine particles and 
pollutants, a fabric filter system is a good solution for 
minimizing the environmental impact of these emissions 
[20]. 

• Operational Mechanism: 

 

Baghouses operate on the principle of mechanical filtration, 
employing a matrix of fabric filter bags to capture particulate 
matter as flue gases pass through. These bags, typically made 
from woven or felted materials, possess intricate porous 
structures that effectively trap particles larger than the pore 
size while allowing cleaned gases to pass through. As the 
flue gases laden with PM traverse the filter bags, the particles 
collide with the fabric's surface and adhere to it due to 
various mechanisms such as impaction, interception, and 
diffusion. Over time, the accumulation of captured particles 
on the filter surface forms a layer, known as the "dust cake," 
which further enhances the filtration efficiency. 

• Considerations and Challenges: 

While baghouses offer robust performance, they come with 
considerations: 

1. Pressure Drop: As the dust cake accumulates, it 
causes an increase in pressure drop across the filter, 
which can impact the system's energy efficiency. 

2. Maintenance: Regular maintenance involves periodic 
cleaning or replacement of filter bags to ensure 
optimal performance. 

3. Temperature and Corrosion: The selection of 
appropriate filter materials is crucial, as high 
temperatures or corrosive gases can affect the fabric's 
integrity. 

 
 
 
 
 
 
 

Fig. 2 – Electrostatic Precipitator [38] 
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• Advancements and Innovations: 

Advancements in baghouse technology are aimed at 
improving performance, reducing energy consumption, and 
extending the lifespan of filter media. Innovations include: 

1. Pulse Jet Cleaning: Advanced cleaning mechanisms 
use pulses of compressed air to dislodge accumulated 
particles from the filter bags, reducing pressure drop. 

2. Advanced Filter Media: Enhanced filter materials, 
coatings, and treatments are developed to withstand 
high temperatures, corrosive gases, and abrasive 
particles [21]. 

3. Hybrid Systems: Combining baghouses with other 
emission control technologies, such as scrubbers or 
electrostatic precipitators, can lead to comprehensive 
pollutant removal. 

E. Carbon Capturing System 

Carbon capture for generator emissions involves capturing 

carbon dioxide (CO2) released during the operation of power 

generators. The mechanism typically includes three steps: 

capturing CO2 from exhaust gases, transporting it to storage 

sites, and securely storing it underground.[22, 23]. 

• Considerations: 

1. Efficiency: Ensuring efficient capture without affecting 
generator performance. 

2. Cost: Balancing the expense of implementation against 

environmental benefits. 

3. Storage: Identifying suitable geological formations for 

safe and permanent storage. 

4. Regulations: Navigating legal and regulatory 

frameworks for storage and transport. 

5. Environmental Impact: Addressing potential risks, such 

as leakage from storage sites [4]. 

•  Challenges: 

1. Energy Intensity: Carbon capture processes require 

energy, potentially reducing net emission reductions. 

2. Scale: Implementing at a large scale to make a 

significant impact on emissions. 

3. Cost: High upfront costs for technology setup and 

maintenance. 

4. Infrastructure: Developing pipelines for CO2 transport 
and storage sites. 

5. Public Acceptance: Addressing concerns about long-

term storage safety and environmental impacts. 

 

Advancements and Innovations: 

1. Solvent Improvements: Enhanced CO2-absorbing 

solvents for more efficient capture. 

2. Direct Air Capture (DAC): Technologies that 

capture CO2 directly from the air, offering 

flexibility in location. 

3. Carbon Mineralization: Converting CO2 into 

stable minerals to ensure long-term storage. 

4. Hybrid Systems: Integrating carbon capture with 

renewable energy sources to reduce emissions 

further. 
5. Machine Learning: Optimizing capture processes 

through data-driven insights. 

 

 Table III represents a  brief comparison of emission filtering 

systems for the technologies mentioned above.   

III. EMISSION CONTROLLING STRATEGIES  

This section highlights advanced control strategies and 

technologies to regulate emissions 

A. Combustion Optimization  

 

Optimizing combustion parameters is a method that can be 

applied for generators to mitigate emissions, particularly those 

utilizing fossil fuels. The combustion process within generators 

is a primary source of various pollutants, including nitrogen 

oxides (NOx), carbon monoxide (CO), and particulate matter 

(PM). Through precise control and fine-tuning of combustion 

parameters, it is possible to achieve more efficient and cleaner 
combustion, leading to substantial reductions in emissions and 

improved energy efficiency [24]. 

 

• Key Combustion Parameters: 

 

1. Air-Fuel Ratio: The ratio of air to fuel directly influences 

the completeness of combustion. A stoichiometric ratio 

(perfect balance) results in minimal CO emissions but can 

elevate NOx levels. Leaner mixtures reduce NOx but may 
increase CO emissions. Optimal tuning can strike a 

balance. 

2. Combustion Temperature: Higher combustion 

temperatures can lead to increased NOx emissions due to 

thermal nitrogen oxidation. Controlled cooling techniques 

can mitigate this effect. 

3. Ignition Timing: Proper ignition timing ensures efficient 

combustion and minimizes the occurrence of incomplete 

combustion and the associated emissions of CO and 

unburned hydrocarbons (HC). 

4. Burner Design: The geometry of burners and combustion 

chambers can influence combustion efficiency and 
emissions. Swirl, recirculation, and staged combustion 

techniques enhance combustion quality. 
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• Benefits of Combustion Optimization: 

1. Reduced NOx Emissions: By controlling combustion 

parameters, generators can operate in conditions that 

promote lower NOx formation rates, helping meet 

stringent emissions regulations. 
2. Improved Fuel Efficiency: Optimized combustion leads to 

better fuel utilization, maximizing energy output, and 

reducing fuel consumption. 

3. Minimized CO and HC Emissions: Fine-tuning parameters 

like air-fuel ratio and ignition timing ensure complete 

combustion, resulting in reduced emissions of carbon 

monoxide and hydrocarbons. 

4. Enhanced Particulate Matter Control: Efficient combustion 

minimizes the production of particulate matter, 

contributing to cleaner exhaust gases. 

 

• Advanced Techniques: 

 

1. Computational Fluid Dynamics (CFD): CFD simulations 

model combustion processes, aiding in the assessment of 

various parameter combinations for optimal emission 

reduction [25]. 

2. Closed-Loop Control Systems: Real-time sensors and 

control algorithms adjust combustion parameters 

dynamically to respond to changing load demands and fuel 

characteristics [26]. 
3. Low-NOx Burner Technology: Advanced burner designs 

create favorable conditions for combustion with lower 

NOx production [27]. 

4. Combustion Diagnostics: Monitoring equipment 

measures key combustion indicators, facilitating 

adjustments for emissions reduction [28]. 

 

• Challenges and Considerations: 
 

1. Trade-offs: Optimizing for one emission may inadvertently 

lead to an increase in another. Striking a balance is 

essential. 

2. System Complexity: Achieving optimal combustion may require 

sophisticated control systems and instrumentation 

 

 

 

 

 

 
 

 

 

 

 

 

 

IV. CONCLUSION  

Considering the growing demand for electricity and the 
associated environmental concerns stemming from emissions of 
pollutants, this review has extensively explored a range of 
emission filtering and control systems suitable for fossil fuel-
based electricity generators. The utilization of these systems is 
vital for mitigating the adverse effects of emissions, meeting 
regulatory standards, and fostering environmental sustainability. 

From the in-depth examination of emission filtering systems, 
including Flue Gas Desulfurization (FGD), Selective Catalytic 
Reduction (SCR), Electrostatic Precipitators (ESP), and Fabric 
Filters (Baghouses), it is evident that each technology presents 
unique advantages and challenges. These systems play crucial 
roles in reducing the release of harmful gases and particulate 
matter into the atmosphere, ultimately contributing to cleaner air 
quality and improved public health. 

Furthermore, the exploration of advanced emission-
controlling strategies, particularly combustion optimization, 
underscores the importance of addressing emissions at their 
source. By fine-tuning combustion parameters, employing 
cutting-edge technologies like Computational Fluid Dynamics 
(CFD), and implementing closed-loop control systems, power 
generators can significantly reduce emissions of NOx, CO, and 
particulate matter, while concurrently enhancing fuel efficiency. 

In conclusion, the field of emission filtering and controlling 
systems for fossil fuel-based electricity generators is advancing 
rapidly, driven by a global imperative to combat air pollution, 
climate change, and resource depletion. Through a 
multidimensional approach that combines effective emission 
filtering systems with innovative control strategies, the power 
generation industry can ensure a sustainable and responsible 
energy future while meeting the challenges of a changing 
environmental landscape. As new technologies continue to 
emerge and regulations become more stringent, ongoing 
research and development efforts will remain crucial for 
achieving comprehensive emissions reduction and ensuring a 
cleaner and healthier planet for future generations. 
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Aspect FGD 

SCR 

ESP Baghouse Carbon Capturing Technology 

Function Remove sulfur dioxide Reduce nitrogen oxides Collect particulate matter Collect particulate matter Collect co2 

Pollutants 

Removed 
SO2 NOx Particulate matter Particulate matter co2 

Process Type 
Chemical 

absorption 
Chemical absorption Electrostatic attraction Mechanical filtration 

Post & pre- combustion Carbon 

capture 

Efficiency High for SO2 High for NOx Moderate to high High High for CO2 

Applicability Coalfired plants Various combustion sources Various combustion sources Various combustion sources Various combustion sources 

Byproducts Gypsum  Fly ash, Collected particulates co2 

Operating Cost Moderate to high Moderate to high Low to moderate Moderate to high Moderate to high 

Maintenance Regular chemical Catalyst replacement Electrode cleaning Filter replacement Calibration & Sensor Check 

Space 

Requirement 
Moderate Moderate Low to moderate Moderate to high Moderate 

Energy 

Consumption 
Moderate Moderate Moderate to high Moderate 

Moderate to high 

 

Installation 

Complexity 
Complex Moderate to complex Moderate to complex Moderate to complex Moderate to complex 

Start-up Time Longer Shorter Short Moderate Short 

Regulatory 

Compliance 
Effective for SO2 Effective for NOx Effective for PM Effective for PM Effective for co2 

Environmental 

Impact 
Generates waste streams Requires ammonia injection Ozone generation possible Generates waste streams Depends on Storages  

Flexibility Limited Limited Limited Moderate Moderate 

Advantages 

High efficiency for SO2 

removal. Effective 

regulatory compliance for 

SO2 

High efficiency for NOx reduction. 

Effective regulatory compliance for NOx. 

Applicable to various combustion sources. 

Short start-up time. 

Limited maintenance. 

Collects particulate matter., 

Effective regulatory compliance 

for PM., Low to moderate 

operating cost. 

Moderate space requirement. 

Continuous operation. 

Versatility. 

Moderate to high flexibility 

High efficiency for particulate 

matter. 

Applicable to various 

combustion sources. 

Filter replacement is the main 

maintenance. 

High efficiency., Moderate 

flexibility. 

Emission reduction 

Preservation of existing 

infrastructure 

Can be apply to various 

industrial process. 

Disadvantages Generates waste streams 

(gypsum production) 

Requires moderate space. 

Higher operating cost. 

Complex installation and 

maintenance 

Requires ammonia injection. 

Moderate to high operating cost. 

Moderate energy consumption. 

Moderate to complex installation. 

Limited flexibility. 

Moderate to high energy 

consumption. 

Moderate to complex 

installation. 

Short start-up time. Requires 

regular electrode cleaning. 

Generates waste streams 

(collected particulates). 

Moderate to high operating 

cost.Moderate to high space 

requirement. 

Moderate energy 

consumption., Moderate to 

complex installation. 

Limited flexibility. 

High cost 

Energy intensive 

Environmental consents 

  

References [9]–[11], [13], [29], [30] [14], [15], [31]–[33] [18], [34], [35] [20], [36] [4], [22], [23], [37] 

TABLE III -FILTERING SYSTEM CATAGORIES 
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Guidelines to improve supply characteristics of 

Solar PV system components to improve 

sustainable supply chain practice  

 

 
 

 

 

 

  
Abstract- Sri Lanka has a considerable solar energy potential as, 

over two-thirds of the land mass attains a 4.0–4.5 kilowatt-hours 

per square meter per day (kWh/m2 /day), as solar radiation in 

general. Yet, as per earlier research findings it was found out that, 

because of the lack of detailed market data in supply and demand 

statistics, it was difficult to develop a comprehensive solar PV-

based energy supply chain in Sri Lanka.This research is 

conducted to find the frequency of correlated Performance 

characteristics related to the supply of Solar PV systems for 

buildings in Sri Lanka, to provide supply-side recommendations 

for improvement. Thus, the Literature review finds variables for 

supply components of a Solar PV system for buildings such as PV 

panels, Inverters, DC Cables, Surge Arresters, Mounting 

structures, Batteries, and Charge Controllers. Among the criteria 

of Solar PV system for residential buildings Cost, Efficiency and 

Durability was considered for performance evaluation. 

Accordingly, the frequency of correlations of each interpolated 

variable was identified. Further in the research strategies 

suggested for improving the supply characteristics of Solar PV 

system components to improve supply characteristics to the 

market. 

 

Keywords-: supply components of a solar PV system, performance 

characteristics, effective mechanism 

 

I. INTRODUCTION 

Approximately 80% of global energy production depends 

on fossil fuels, and this proportion is estimated to decrease 

gradually [1].  Energy conservation and renewable energy are 

becoming increasingly important due to rising energy costs 

and urbanization [1]. The rapidly growing construction sector 

of Sri Lanka makes up 35% of the national energy 

consumption [2].  

Electricity is an essential service for any country, and Sri 

Lankan industries rely on reliable, competitively priced, and 

sustainable power generation systems. However, the power 
generation sector in Sri Lanka is not living up to the industry, 

services, and public expectations. The surge in imports of 

generators after an announcement of power cuts occurred 

recently shows the level of trust people have in Ceylon 

Electricity Board (CEB) supply chain merely broken [3]. The 

mismanagement qualities performed by CEB and public 

unrest towards electricity provided an opportunity for 

opportunists to infiltrate the country [3]. 

It is a fact that Sri Lanka first used solar photovoltaic (PV) 

technology in 1970. However, 

the usage of solar power in Sri Lanka is still in the 

primitive age. Sri Lankan Electricity Board established the 
Energy Unit in 1980, and the Sri Lankan government had 

not ventured to promote solar photovoltaics to electrify 

rural domestics [4] Despite the government’s aim to 

enhance the use of solar PV to reduce energy poverty, there 

is relatively less intent in the Sri Lankan community to use 

solar PV to meet the impending energy crisis in the world 

[5] Therefore, introducing solar panels to the same 

consumer base will be a big challenge.  

Electricity was identified as a strategic objective, and 

the development of renewable energy projects was 

identified as a part of this strategy. (Sustainable Energy 
Authority, 2017) [6]. Therefore, though introducing solar 

panels to the existing electricity users and suppliers is 

challenging, it becomes a must to address the upcoming 

energy crisis. Therefore, it is identified that finding a 

sufficient amount of supply and demand detailed market 

data is important to develop comprehensive proposals to 

enhance the solar PV-based energy economy in Sri Lanka. 

This research is identified with supply-side data for 
improving the supply faces specifically at Solar PV system 

components to improve of supply characteristics of the 

market.  

II. LITERATURE REVIEW 

 
A. Current state of renewable energy in Sri Lanka 

By the end of 2014, 98.4% of the households in Sri Lanka 

were electrified. The average per capita electricity 

consumption increased to 540 units from 519 units 

(kWh/person) in the previous year thus recording an 
increase of 21 units. The total electricity sales during the 

year increased from 10,621 GWh in the previous year to 

11,063 GWh, a percentage increase of 4.2%. The average 

daily electricity consumption in the year was 30.3 GWh as 

against 29.1 GWh in 2013. The trend of using renewable 

energy sources has increased with time to a considerable 
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amount. Among the renewable energy sources, solar power 

is the most common method used in Sri Lanka. Meanwhile 

in solar energy, installed capacities in megawatts as well as 

the number of solar connections have increased. [7]. 

Due to the rapid consumption of conventional energy 

resources such as crude oil, coal, and natural gas, many 

initiatives taken all over the world have addressed the 

efficient use or replacement of the resources. Several 

renewable energy sources have been introduced and argued 

as alternatives to traditional sources to protect 

environmental resources and improve the quality of life. 
With the growing concerns about Green House Gas (GHG) 

emissions and consequent climate change, renewable 

energy sources have become more attractive options for 

power Generation around the world [8, 9]. 

B. Sri Lanka Energy Market 

Sri Lanka’s government expects a significant increase 
in renewable energy investment by the public and private 

sectors as it unveiled an ambitious plan to gain energy self-

sufficiency in the next 15 years [9]. In regions of higher 

latitudes, the application of BIPV on the facades of modern 

buildings has become widespread [9]. 

The development of solar and rooftop solar power 

generation was based on the Government of Sri Lanka’s) 

strong policy initiative. In September 2016, the government 

announced “The Battle for Solar Energy” program, under 

which the government intended to increase solar 

photovoltaic generation capacity from the current level of 
about 61.4 megawatts (MW) to 200.0 MW by 2020 and 

1,000.0 MW by 2025. [10]. The strong government 

commitment to creating a conducive business environment 

to enable rooftop PV system financing is the bedrock of this 

project design. 

The present market condition in Sri Lanka is 

considerably favourable for rooftop solar system 

development. The government introduced net metering in 

July 2008 [11, 12]. Ceylon Electricity Board (CEB) 

currently has attractive rates of SLRs 22.0 per kWh for 7 

years and SLRs 15.5 per kWh for the next 12 years [12]. 

There are more than 100 dedicated private sector renewable 
energy service companies to provide rooftop solar systems 

installation and maintenance. Both solar panels and 

inverters enjoy duty and tax exemptions. Both the 

Government of Sri Lanka and Lanka Electricity Company 

(LECO) have subsidized rooftop solar loan schemes at 6% 

and 8% annual interest rates (and a tenor of about 5–7 

years) to catalyze market demand [12]. Both solar panels 

and inverters enjoy duty and tax exemptions. As a result, 

the rooftop solar power generation capacity expanded 

rapidly [11]. 

C.  National Energy Policy 2006 

Electricity was identified as a strategic objective, and 

the development of renewable energy projects was 

identified as a part of this strategy in the National Energy 

Policy 2006 [13]. Therefore, though introducing solar 

panels to the existing electricity users is challenging, it 

becomes a must to address the upcoming energy crisis. 

D.  Market Analysis Factors for Sri Lanka 

Among the three key variables to affect the market demand 

for Sri Lanka are the prevailing electricity tariff rates, and 

solar system costs for rooftops with financing incentives in 

higher priority [14].  

III. OBJECTIVES 

 

1. Identify components of a Solar PV system for buildings. 

2. Identify Performance characteristics for a Solar PV system 

for residential buildings, 

3. Identify the frequency of interrelated Performance 

characteristics for the supply of Solar PV systems for 

buildings in Sri Lanka 

4. Develop a strategy for improving the Solar PV system of 

supply of market economy in   Sri Lankan buildings,  

IV. METHODOLOGY 

Solar PV system components as well as the 

Performance characteristics for a Solar PV system were 

investigated through a literature survey. 

A questionnaire survey was conducted among a focus 

group of Solar PV supply party engineers and technicians 

as a selected population of the construction sector of Sri 

Lanka, for a sample size of 33.  Data was collected via a 

questionnaire based on a 5-point Likert scale. Data was 
analyzed with Microsoft Excel software to develop charts 

to display the results of objective 3 and to display the 

correlation between the impact of Performance 

characteristics for the supply of Solar PV systems for 

residential buildings. Objective 04 was covered with the 

results of the objective 03. 

V. RESULTS AND DISCUSSION 

 
A. Components of a Solar PV system for buildings. 

The system consists of an array of photovoltaic (PV) 

panels, a solar charge controller (SCC), an Array battery as 

a storage unit, Inverters, a metering unit and a control panel 

to monitor system performance. 

 

B. Performance Characteristics of a Solar PV system for 

buildings 
Characteristics considered in evaluating a Solar PV 

system's performance for residential buildings are 

identified as Cost, Efficiency and Durability. 

C. Frequencies of interrelated Performance 

characteristics for the supply of Solar PV systems for 

buildings in Sri Lanka
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Fig. 1.  PV Panel Vs Cost 

For Cost as a factor to consider for buying Solar panels 
85% of the commented cost is a highly applicable factor, 

15% of commented cost is an applicable factor. Yet, No 

respondents are Neutral, Not sufficiently to consider or not 

at all to consider categories.   

 
Fig. 2.  Inverter Vs Cost 

Accordingly, when occupying inverters 50% of the sample 

considered cost as an applicable factor, and 40% 

considered Cost as a highly applicable factor to consider 

for buying inverters. For Neutral, Not Sufficiently to 

consider or not at all to consider any respondents 

commented 

 
Fig.3.  DC Cables Vs Cost 

When considering Cost as a factor to consider in occupying 

DC cables 90% commented cost is an applicable factor, 

while 10% observed the cost as a highly applicable factor 

and, no respondents retorted or Neutral, Not Sufficiently to 

consider or not at all to consider groups.   

Further, concerning DC Cables 90% of the sample 

considered cost as an applicable factor, and 10% 

considered Cost as a highly applicable feature to study for 

buying DC Cables. For Neutral, Not Sufficiently to 

consider or not at all to consider no respondents 

commented.   

 
Fig. 4.  Surge Arresters Vs Cost 

For Cost to consider as a factor for buying Surge Arresters, 

a 100% commented cost is an applicable option, yet all 

other option categories were not considered in the answer.   

 
Fig. 5.  Mounting Structure Vs Cost 

When considering Cost as a factor for selecting mounting 

structures for installation, 100% of the sample (total) 

commented cost is a highly applicable option, and all other 

options not considered. 

 

Fig. 6.  Batteries Vs Cost 

Considering the Cost as a factor of lodging Batteries as 

accessories of solar PV systems, 70% commented cost is not 

sufficiently considered as a factor, while 30% observed the 
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cost neural factor to consider. No respondents responded to 

other responses.   

 
Fig. 7.  Charge Controller Vs Cost 

When occupying Charger controllers 40% of the sample 

considered cost as an applicable factor, and 30% consequently 

considered Cost as a highly applicable factor and also as a 

neutral factor to consider for buying Charger controllers Not 

Sufficiently to consider or not at all to consider no respondents 

commented. 

 

Fig. 8.  PV Panel Vs Efficiency 

Further, while concerning PV panels for efficiency, 

60% of the sample considered efficiency as a highly 

applicable factor, and the rest of the 40% considered 

efficiency as an applicable feature to study for buying 

 
Fig. 9.  Inverter Vs Efficiency 

Considering inverters' efficiency, for highly applicable 

fund applicable responses 50% of the sample commented 

as efficiency to consider. For Neutral, Not Sufficiently to 

consider or not at all to consider no respondents 

commented.   

Fig. 10.  DC Cables Vs Efficiency 
Considering the efficiency as a factor of lodging DC cables 
as accessories for solar PV systems, 90% commented 

efficiency is applicable as a factor, while 10% observed 

efficiency as a highly applicable factor. No respondents 

responded to other responses.   

 
Fig. 11.  Surge Arresters Vs Efficiency 

Further, while considering Surge Arrestors for 

efficiency, 50% of the sample considered efficiency as not 

sufficient to consider, 40% responded in neural 

consideration, and 10% think efficiency is not at all to 

consider. No respondents responded to other responses.  

  

 
Fig. 12. Mounting Structure Vs Efficiency 

For efficiency as a factor to consider for buying a Mounting 

structure 70% commented efficiency as an applicable 

factor, and 20% commented cost as a highly applicable 

factor. 10% commented on efficiency as a Factor Not 

Sufficiently to consider, No respondents were Neutral, or 

not at all to consider categories. 
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Considering the efficiency as a factor of lodging batteries 

as accessories for solar PV systems, 50% remarked 

efficiency is applicable as a factor, while 50% observed the 

efficiency as a highly applicable factor. No respondents 

responded to other responses.   

Considering the efficiency as a factor of lodging DC cables 

as accessories for solar PV systems, 90% commented 

efficiency is applicable as a factor, while 10% observed 

efficiency as a highly applicable factor. No respondents 

retort to other responses 

 
Fig. 13.  Batteries Vs Efficiency 

Considering the durability as a factor of Solar Panels as 

accessories for solar PV systems, 100% commented 

efficiency is highly applicable as a factor.  Interestingly No 

respondents responded to other responses.   

 
Fig. 14.  Inverter Vs Efficiency 

Accordingly, when occupying inverters 70% of the sample 

considered durability as an applicable factor, and 30% 

considered durability as a highly applicable factor to 

consider for buying inverters. For Neutral, Not Sufficiently 

to consider or not at all to consider no respondents 

commented.   

 
Fig. 15.  DC Cables Vs Efficiency 

For durability as a factor to consider for buying DC 

Cables, 100% commented on it as an applicable factor, Yet, 

No respondents other considered categories. 

 
Fig. 16.  Surge Arresters Vs Durability 

Considering the durability as a factor of lodging surge 

arrestors as accessories for solar PV systems, 40% 

commented durability is highly applicable as a factor, while 

30% observed durability as an applicable factor. 30% 
observed durability as a neutral factor to consider. No 

respondents responded to other responses.   
Fig. 17.  Mounting Structure Vs Durability 

For durability as a factor to consider for buying a Mounting 

structure, 100% commented durability is a highly 

applicable factor. Yet, No respondents for other categories. 

Considering the durability as a factor of Batteries for solar 

PV systems, 50% commented durability is highly 

applicable as a factor, while 30% observed the durability as 

an applicable factor. 30% observed durability as a neutral 
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factor to consider. No respondents responded to other 

responses.   

 

 

Fig. 18.  Batteries Vs Durability 

 

Fig. 19.  Charge Controller Vs Durability 

Considering the durability as a factor of 

accommodations of charger controllers as attachments of 

solar PV systems, 50% commented durability is an 

applicable factor, while 10% observed the durability neural 

factor to consider. 40% commented durability is a factor 

not sufficiently to consider. No respondents responded to 

other responses.   

D.  Strategies for improving the Solar PV system of supply 

of market economy in   Sri Lankan buildings 

When considering the Cost as a performance characteristic, 

the Solar panels, DC Cables, Surge Arresters and Mounting 

cables are highly dependent on the Cost factor. As usual, 

Cost is preferred in all component selections.  

Therefore, on the supply side of the market cost is to be 

considered in preparing strategies for market conditions. 

For Efficiency as a performance characteristic, Only DC 

cables are considered high as a factor. Yet, all the 

components (instead of Surge Arresters) in general were in 
the selection of efficiency as an applicable factor. 

Therefore, for supply applications DC cables were to 

moderate with market conditions. 

Durability as a performance characteristic for Solar PV 

components, PV Panels, DC Cables and Mounting 

Structure responded to 100% option is a highly dependent 

factor.  

Thus, for the supply side of the market for durability when 

preparing strategies for market conditions, the above 

factors need to be considered higher in priority. 

VI. CONCLUSION 

 
A. Cost as a function when selecting Components: 

For PV panels, cost was preferred as a highly applicable 

option, whereas Neutral not sufficiently applied or not at all 

applied were not selected by any respondent. For Inverters 

selection cost was a moderate option as 60% preferred cost 

as applied. When Selecting DC Cables cost “Applicable” is 

the 90% highest option. For Surge Arresters all respondents 

selected “Applicable” as the option. Selecting Mounding 

Structures Cost Played “Highly applicable option. For 
selecting Batteries cost is not a highly considerable factor, 

more respondents prefer not a highly considered option. 

Charge Controllers in considerations, applicable, highly 

applicable and neutral options are mostly preferred. 

B. Efficiency as a function when selecting Components: 

Selecting PV panels, Efficiency was preferred as a 

highly applicable option and applicable option, and Neutral 

not sufficiently applied or not at all applied were not 

selected by any respondent. For Inverters selection 

Efficiency was a moderate option as 50% preferred 

Efficiency as applied in Applicable and Highly applicable 
options. Selecting DC Cables Efficiency “Applicable” 

selected as the 90% highest option. The Surge Arresters are 

neutral, not sufficiently applied and not at all considered 

are the options. For Mounding Structures selection 

Efficiency played “applicable” for 70%. Batteries selection 

and efficiency is a considerable and highly considerable 

factor (50%). 

Selecting Charge Controllers as considerations, 

applicable, and neutral are mostly preferred options. 

C. Durability as a function when selecting Components: 

While selecting PV panels, Durability was 100% 

preferred as a highly applicable option, whereas Neutral not 

sufficiently applied or not at all applied were not selected 

by any respondent. When selecting Inverters select 

Durability Applicable (70%) and Highly Applicable (30%). 

When Selecting DC Cables Durability “Applicable” is the 

100% option, and no other options are selected by any 

occupant of the sample. For Surge Arresters Applicable” is 

30%, Highly applicable 40%, and Neutral is 30%. Selecting 

Mounding Structures Durability Played 100% option. For 

selecting battery durability 50% selected Applicable 

option, 30% selected not applied, 20% is applicable.  

Charge Controllers in consideration, 50% considered in 

applicable option, neutral 10% and 40% not applied. 
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Abstract— Lighting accounts for significant energy usage of 

household consumers. In Sri Lanka, morning and evening peak 

in the energy demand curve occurs mainly due to the household 

energy demand. The lighting technologies used in households 

will impact the energy consumed since the energy efficiency of 

different lighting technologies are different.  This study 

investigates lighting technologies used by household consumers 

through a survey and the possibility of reducing the peak 

demand by changing the lighting to more energy efficient 

technologies is explored.  The survey covers a sample of 1000 

houses randomly selected and the results are extrapolated to the 

total number of houses in the country to arrive at national level 

data. The lighting technologies considered are incandescent, 

compact fluorescent lamps and light emitting diodes.  Further, 

some other aspects regarding other characteristics of the 

household lighting systems are also investigated. The findings 

indicate that the majority of the households now use light 

emitting diode technology. However, the lighting load can be 

further reduced by converting the incandescent and compact 

fluorescent lamps used to light emitting diodes.  This conversion 

can reduce the thermal energy usage for electricity generation 

at peak load situations which can immensely contribute to 

reduce the electricity generation cost and also reduce the carbon 

footprint of the power generation system of the country. 

Keywords—lighting technologies, households, Sri Lanka, 

energy efficiency, peak demand 

I. INTRODUCTION  

Sri Lanka has faced a series of issues in terms of meeting its 
electricity demand in recent years and still, the issue is 
persistent. The recent economic situation of the country, 
unexpected weather changes and price escalations of other 
energy sources have worsened the issue. In such situations, 
demand side management strategies can be used to mitigate 
this issue to a certain level. 

According to [1] household electricity consumption in the 
country has significantly increased in the last two decades due 
to two major reasons, expansion of rural electricity 
distribution programs and a dramatic increase of types of 
energy consuming equipment in use and the pattern of using 
those equipment.  Electrification of households reached 100% 

in 2017 Sri Lanka [2] and according to the [3] 24.7% of the 
annual electricity consumption in 2022  was accounted by the 
household customers. 

Therefore, it is evident that household consumers play a major 
role in Sri Lankan energy demand and the demand 
management of household consumers is very important 

Lighting is one of the main electricity consumption equipment 
in a household. According to [4] Lighting is a substantial 
component in household electricity consumption especially in 
the lower consumption (<90 kWh/month) category. 
Therefore, it is essential to investigate the type of lighting 
equipment that is used in the household in Sri Lanka and its 
impact on the energy demand of the country.  

Traditionally incandescent bulbs were commonly used in 
households for lighting. However, with technological 
advancement consumers shifted to more energy efficient 
lighting technologies such as compact fluorescent lamps 
(CFL) and linear fluorescent lamps. These two technologies 
reduced the energy consumption by approximately 80%. Later 
LED (Light Emitting Diode) lighting was introduced and it is 
the most modern energy efficient lighting technology widely 
used in the world.  At present LEDs reduce energy 
consumption by approximately 90% compared to 
incandescent lamps. 

II. LITERATURE  SURVEY & PROBLEM IDENTIFICATION 

Previous research work done in this sector in Sri Lanka is 

very minimal. However, a comprehensive study has been 

carried out [4] in 2013. The researchers have found that the 

use of other technologies such as LED still low in the 

domestic sector. There is a market shift from 

FTL(Fluorescent Tube Lights) to CFL (Compact Fluorescent 

Lamps) because of the convenience of using CFLs. However, 

they have also noted that LED used in Sri Lanka is relatively 

new and rare. The reason is that good quality LED lamps are 

expensive and cheap lamps do not perform well at all. 

One of the main objectives of this study is to find out the 

current situation of the lighting technologies used in the Sri  
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Fig. 19. Daily electricity laod curve Source: CEB Load Curve October 1, 

2022  

Lankan households now since the 9 years have passed from 

the earlier study and it is observed at a glance that LEDs are 

more common in Households in the current context.  

The major findings of this study [4] In the less 90 unit 

category, lighting loads peak during morning and evening 

times with incandescent dominating, closely followed by 

CFL load. In the 90 – 180 units category, lighting loads also 

peak in the morning and evening with equal contributions 
from incandescent and CFLs. Contribution from FTL was 

marginal. In the over 180 unit category, CFL is dominating 

the load as anticipated because of high tariffs. However, there 

is a relatively large component of filament lamps (IBs) used 

during peak hours. The presence of other technologies such 

as LED is not significant.  

The lighting load of the household has a significant 

relationship with the peak load of the system.  

Sri Lanka has a load curve with a steep peak in the late 

evening. From about 6:00 p.m., the load grows to about 2,500 

MW by 7:30 p.m. and falls off after about 8:30 p.m. 
Therefore, the system requires substantial additional 

generation capacity only to meet the sharp night peak. [2] 

The Fig 1 illustrates the daily energy demand of Sri Lanka. 
The nighttime peak that occurs from 6.00 pm to 8.30 pm is 
created by the lighting load since most of the households 
switch on the lights during this period. [4] also mentions the 
impact of residential lighting is highlighted in the CEB system 
load profile, the system peak is predominantly from lighting 
and hence, energy efficient lighting systems can make a major 
contribution to reducing the peak demand. 

Due to these factors, the research gap exists to identify the 
lighting technologies used in Sri Lankan households and their 
impact on the peak electricity demand. 

III. RESEARCH METHODOLOGY 

The data collection for the research was carried out with 
primary and secondary data. Secondary data was collected 
from previous research and the data published by the Ceylon 
Electricity Board. 

The primary research was collected through a survey.  Two 
separate survey instruments were designed and applied, those 
are on-site surveys and questionnaire surveys. On site survey 
was done by researchers visiting randomly selected houses to 
collect the data. The questionnaire survey was done through 

using Google Sheets and handouts survey and the data was 
input to the sheets by the residents of the houses. It was  

TABLE X.  DISTRIBUTION OF HOUSES IN CATEGORIES 

 

 

 

 

 

 

 

TABLE XI.  DISTRIBUTION OF HOUSES IN CATEGORIES 

District Total 

Colombo 51 

Kaluthara 7 

Kandy 280 

Matale 2 

Galle 282 

Mathara 5 

Kurunagala 27 

Anuradhapura 16 

Polonnaruwa 273 

Monaragala 44 

Rathnapura 11 

Kegalle 2 

 

planned to select a sample of 1000 households for the survey 
and the actual number of households used for the survey was 
1011. For each house, the consumption categories by type of 
technology used, location of use, wattage of each lamp and 
average hours of use per day were collected. The households 
were categorized according the electricity consumption, 1-28 
kWh, 29-56 kWh, 57-84 kWh, 85-112 kWh, 113-154 kWh, 
and 154+ kWh. Information about the current situation of 
lighting in households was collected. and Table 1 indicates the 
distribution of samples over the categories of usage. 

Initially, it was planned to select houses from all districts in 
the country equally, however, due to the corona pandemic and 
limitations regarding transport we could not conduct the 
survey to cover the whole country equally, hence the majority 
of the data collected in the districts of Kandy, Anuradhapura, 
Galle and Colombo. Table 1 indicates the distribution of 
samples in the districts and Table 2 indicates the distribution 
of samples over the categories of usage.  

IV. RESULTS AND DISCUSSION 

It was found out from the data that out of the light points that 

were considered for the survey 95.6% o were LED, 2.92% 

were CFL, 1.43% were incandescent and 0.03% were 

fluorescent. This was a very different scenario from the 
findings [4] of 2013. The majority of the light points have 

been now converted to LED whereas earlier they were 

incandescent and CFL lamps. 

 

However, a considerable number of points were using non 

LED technologies and it was important to calculate and 

obtain the effect on energy demand during the peak that can 

Electricity 

usage (kWh) 

range 

No of houses 

Percentage 

from total 

0-28 43 4% 

28-56 128 13% 

57-84 228 23% 

85-112 384 38% 

113-154 202 20% 

154+ 26 3% 
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be created by converting all these points to LED. A 

calculation was carried out for this purpose and the data that 

was collected for 1000 households was extrapolated for the 

total number of household customers in the country 

considering the data from [5]. 
 

TABLE XII.  ESTIMATED ENERGY SAVING DURING PEAK TIME 

 Saving From Conversion 

Morning 

Peak 

Night 

Time 

Peak 

Saving from converting incandescent 

lamps (MWh) 

40.78 209.40 

Saving from converting fluorescent lamps( 

MWh) 

0.14 1.06 

Saving from converting CFL lamps 

(MWh) 

1.56 7.51 

 

TABLE XIII.  CORRELATED COLOUR TEMPERATURE  DATA 

Color of Lamp Total Number of Bulbs Percentage 

Cool White 13799 
97% 

Warm White 467 3% 

Total 14266 
 

 

The results of the calculation are given in Table 3. It was 
observed that considerable savings can be obtained during the 
peak time. 

Further, the energy that was generated during the peak hours 
with thermal oil was calculated by analyzing the daily curve 
in Fig 1. 

According to the calculation on the given day, the total energy 
that was generated with thermal oil during the night peak time 
is 665MWh. According to the data in Table III, if all 
incandescent lamps are converted to LED, 209.4 MWh energy 
can be saved on average during night peak. Since thermal oil 
is the most expensive energy source that is used to meet the 
additional demand, if the peak demand is reduced it can be 
utilized to reduce the energy produced using thermal oil. 
Hence on average, 31% of the energy produced by thermal oil 
can be saved from converting the incandescent bulbs 
remaining in the country to LED which is also a significant 
saving to the system since thermal oil generation is very 
expensive. 

Data was collected regarding the correlated colour 
temperature of the lamps used by the households and the 
findings are tabulated in table 4. Although theoretically warm 
white light is recommended for most household areas, it was 
found that the majority of the users use cool white lamps. 

Further data was also collected regarding whether luminaires 
are used in the households. It was observed luminaires were 
used only in 9% of the households and in all other cases bare 
lamps were used for lighting without any type of luminaire. 

V. CONCLUSIONS AND FURTHER WORK 

The major conclusion that can be arrived from the study is 

that the majority of the households in Sri Lanka now use 

energy efficient lighting technologies, CFL or LED. This is a 

drastic change from the observations made in 2013 [4] This 

is a positive trend which needs to be further encouraged by 

the relevant authorities perhaps by providing subsidies for 

lower-income consumers. 

 It was observed through calculations that it is possible to 
reduce the usage of thermal oil from about 30% during the 

peak time if all the incandescent lamps that are still in use can 

be converted to LED. This indicates that there are still 

opportunities for improvement and the country can still try to 

reduce the peak load by using more energy-efficient lamp 

technology. As future work, a larger study needs to be carried 

out to generalize these data covering all the districts in the 

country. 
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Abstract— It is evident that the existence of mankind on 

earth is dependent on “energy”. However, human inclination 

to use non-renewable sources of energy such as fossil fuels 

exert considerable pressure on the environment and human 

health. This has made the countries to adopt the renewable 

sources of energy such as “green energy”. Thus, it has become 

a goal of modern governance to implement “green energy 

management” to achieve sustainable development. The 

author has adopted a qualitative approach as the 

methodology and objective is to elaborate on the applicability 

of the concept of “sustainable green energy” in the landmass 

of Sri Lanka, the challenges in implementation and the future 

aspects. The author has identified that the corporate sector 

must implement sustainable green energy strategies. 

However, this has several obstacles which are economical, 

educational and socio-cultural. The shortage of investments, 

technological support, data and the norms of the society are 

prominent impediments in the context of Sri Lanka. It is 

evident that the government and relevant authorities on 

energy are entrusted with the obligation to consider the 

prospects of green energy management by imposing laws and 

policies in setting targets, increasing the private sector 

interference in providing financial support, enhancing the 

institutional support in exploring the sources of green energy 

and the promoting common initiatives. The ultimate success 

is based on the manner in which Sri Lanka interacts with 

foreign nations. The conclusion of the paper has elaborated 

that, “green energy management” is an imperative 

component in the governance of Sri Lanka which can be 

developed by global collaboration. 

  Keywords— energy, green energy management, sustainability, 

policies, strategies  

I. INTRODUCTION  

“Energy” is considered a major component in human 
life and one of the essential basic needs. It is a key point in 
the context of economic, social and environmental 
dimensions of sustainable development [1]. The low 
security of the energy becomes directly influential to the 
overall economic framework of a country and the energy 
sources with maximum advantages should be utilized. 

“Clean sources of energy that generate lower 
environmental impact in relation to conventional energy 
technology” are referred to as green energy. 

Throughout the last decades, the concept of “green 
energy” emerged as a strategic sustainable energy formation 
process in the global arena. With the passage of time, the 
interest of the nation in green energy has increased. 

It is apt to consider the context in Sri Lanka in this 
regard. There are different types of energy in Sri Lankan 
context among which “fossil-based energy” is of higher 
significance. In addition to this, Coal, petroleum, natural 
gas, etc. are also included under the same category and 
substantially influence the environment. Green energy has 
its significance as it prioritizes sustainable energy 
approaches due to the non-renewable nature and harmful 
nature of fossil energy for the environment [2]. Thus, a 
justification can be given for the transition through 
sustainable green energy strategies in the Sri Lankan 
context. 

     The paper consists of major parts under which current 
statutes of the energy consumption of Sri Lanka, Transition 
through sustainable energy, Challenges and future prospects 
are discussed.  

The paper has three main objectives to deal with. This 
gives an idea of the transition through green energy 
strategies in Sri Lanka while reducing the negative 
environmental impacts of fossil energy. The second 
objective is the identification of the role of energy 
entrepreneurs in the implementation of sustainable green 
energy strategies in Sri Lanka. The third objective is 
directed at the understanding challenges and future 
prospects of green energy management in Sri Lanka. 

II. LITERATURE REVIEW  

Since the early twentieth century, Sri Lanka has 
progressed in the usage of renewable energy in the context 
of generation of local power and tea/plantation industries, 
hydropower generation can often be seen. Sri Lanka has 
faced the challenge of achieving environmental 
sustainability while meeting the demands of technological 
development. Sri Lanka is a country with a middle-income 
generation and self-sufficiency can be achieved by the use 
of renewable and other local indigenous resources. The 
maximum availability of solar energy and rainfall influence 
the plantations in Sri Lanka which becomes a key factor in 
the production of the high amount of biomass from a single 
unit of area. Sri Lanka has an optimistic hydropower 
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potential and its location near the equator provides a good 
opportunity to take the maximum benefit of solar power 
energy. The solar panels can be used to produce electricity. 
Sri Lanka being an island surrounded by ocean has the 
benefit of wind energy. However, in addition to the 
aforementioned sources, energy produced from waves, 
current energy from the ocean, geothermal energy and 
conversion of thermal energy from the Ocean are prominent 
[3]. It is achieved by positioning local economic strategies 
with the global trends by being an energy dependent nation 
in 2050 with a value of 100% [4].  Electricity generation can 
be done using renewable energy in the year 2050 and,  it 
shall be a tremendous future goal of Sri Lankan energy [5]. 
Comprehensiveness of own energy sources and coherent 
energy transition policies with Long-term sustainability are 
imperative concerns in building up the indigenous 
capacities to overcome the failure of a country at the 
geopolitical battleground [6].  

III. METHODOLOGY  

The author of this paper has adopted a qualitative 
methodology and has undertaken a literature survey. The 
literature used in the paper is both national and international. 
The author has perused research papers and articles to 
enhance the quality of the study.  

 

IV. RESULTS AND DISCUSSION 

A.  Transition through sustainable green energy 

 

   Sri Lanka is an island situated about 60 km from the 

Indian mainland and in the year 2022, it seems that 65,610 

km² of area of the country. In the same year, Sri Lanka had 

a 22.2 million total population according to the Department 

of Census and Statistics, 2022. The gross domestic 

Production (GDP) in Sri Lanka in 2022 was 74.40 billion 

US dollars and the 0.003 percent of GDP value is shown 
for the world economy. Table 1 given below depicts statics 

on the energy supply of Sri Lanka. 

 

TABLE 1 ENERGY SUPPLY AND USAGE PERCENTAGES  

                           IN SRI LANKA (YEAR 2017) BY ASIAN 

DEVELOPMENT BANK, 2019 

 

Total Utilization of oil equivalent energy  12.8 million tons 

Usage of Petroleum 43% 

Usage of Biomass 37% 

Usage of Coal 11% 

Usage of Hydro based energy 6% 

New energy with renewable nature 3% 

 

   Fossil fuel is a non-renewable energy source which 

results in issues pertaining to human health and the 

environment. These issues have arisen due to the excessive 

consumption of such fuel in both industrial and non-
industrial sectors. The fossil-based technologies were used 

by the people as a tool in the governance of both domestic 

and international affairs. The excessive inclination towards 

fossil-based technologies necessitated the urgent and haste 

implementation of sustainable green energy strategies in 

domestic contexts. The main purpose of such a transition is 

to protect human beings from tolerable limits. 

 

    Green energy has tremendous advantages. One of the 

prominent advantages is that it is a source of energy which 

has the minimum environmental impact [7]. Green energy 

is favourable for the environment and is extracted as solar-

based, hydro-based, biomass-based, wind-based, 

geothermal-based etc. This directs to the reduction of the 

negative results of fossil-originated energy and the overall 

harmful emission from the generation of electricity and 

suppresses the level of gases with the greenhouse effect. 

This creates a balance between environmental 
improvements and support in meeting the demand for clean 

energy in both industrial and non-industrial sectors. 

 

   There is an interrelationship between nature and society 

which supports gauging the sustainability of the 

environment and the progress of the utilization of green 

energy sources. The sustainable development can be 

reached with nature at a reasonable cost with minimum 

negative impacts on society. Comparatively, Green energy 

sources are preferable due to their sustainability. 

Contrarily, fossil fuels lack the elements of sustainability 
[8]. The green energy has become a catalyst to achieve 

sustainable technological development, and industrial 

development while exerting positivity on the living 

standards of the people. In Sri Lanka, everlasting and 

productive sustainable green energy approaches become 

supportive in promoting green energy origins and 

technologies. 

 

B.  Role of the energy entrepreneurs and sustainable 

green energy strategies in Sri Lanka 

 

   In the domestic arena, most of the companies face the 

challenge of sustainable energy management. Long-term 

strategic thinkers and energy entrepreneurs are closely 

knitted to the process. They perform the function of 

supporting organizations in choosing sustainable energy 

approaches. The in-depth knowledge and plenty of 

approaches granted by them lead to the ultimate decision-
making on renewable energy. 

 

    It is axiomatic that the responsible authorities on energy 

should implement effective sustainable energy strategies 

by considering the needs of future generations. 

Sustainability is an outcome of sound and effective 

strategies. However, it is imperative to have clear strategies 

with coherence to use the appropriate energy in the 

achievement of goals. 

 

   The use of “green energy” is interwoven around different 
stakeholders including authorities of government, 

industries, clients, investors and bottom line of the financial 

sector, current & employees with future potential, non-

governmental organisations, local community suppliers, 

etc. The main function of stakeholders of such categories is 

prominent as the main characters of the strategies and 

simultaneously have to analyze their choices. Thus, it 

necessitates the existence of effective sustainable energy 

management. The effective management is a collection of 

efforts namely the awareness about the target which should 

be set manner of structuring and financing the consumption 
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reduction efforts, the manner of dealing with the renewable 

energy generation approaches at on-site and cogeneration 

projects and the way of greening the remaining off-grid 

supply. Among all the ventures, the identification of the 

most pertinent sustainable energy generating technologies 

is of high significance. The initiation of technological areas 

with minimum environmental effects should be the main 

focus. Thus, the higher inclination towards solar panels 

established at on-site, windmills, biomass projects, 

cogeneration, and other renewable energy sources is 

remarkable. 
 

   The ultimate objective of using these sources is the 

achievement of the goals of sustainability with the nature 

of good rates-of-return on the implemented sustainability 

projects while ensuring the enhancement of security-of-

supply (Ex: in a remote area) etc. Negotiating self-

generation contracts is the main task of an energy 

entrepreneur. The calculations on the returns of 

investments are based on the more commercial approaches 

to self-generation projects. A good perception of costs and 

revenues will result in better forecasts, as the incline or 
decline of returns produced by the fluctuations of the 

available market should be noted. In this instance, the 

launching of projects excessively will result in the failure 

to deliver the expected rate of return. The reason behind the 

failure is the initial calculation based on over-optimistic 

forecasts of future energy costs or a lack of insight into cost 

components. The process of trading green commodities 

should be lawful and effected under a legally approved 

mechanism with better certification. The main purpose of 

certification is to grant the commodities a tradable nature. 

The improvement of return on investments can be achieved 

by planning and implementing a good approach for the 
trading of green-based commodities. The launch of 

sustainable green energy management can be swiftly 

attained by the adoption of green energy strategies such as 

trading green electricity. 
 

C. Challenges  

 

The green energy development in Sri Lanka is challenging 
and can be categorized under environmental, social and 

economic facets. 

 

1) Economic Barriers 

 

   Under the economic facet, social cost and benefit analysis 

are of high significance. The deployment of energy of green 

origin is highly influenced by a shortage of investments to 
adopt green energy-related technologies, under-rated 

environmental shocks, cost for high investment in the 

country, fluctuation and under-rating of energy prices at the 

future, risks in the financial activities and various 

interrelated factors emerged with Corona Pandemic. 

 

2)  Barriers related to Informational and Awareness 

 

     Lack of thorough data on green energy sources has 

become a major problem. This issue has further been 

aggravated by the shortage of human resources and 

technical knowledge of the people. The formation of green 

energy strategies with sustainable characteristics is 

impeded by the inadequacy of reliable data on wind and 

solar radiation. The successful execution of a green energy 

system needs competent human resources. However, in the 

domestic arena, there are several issues namely scarcity of 

opportunities to the training workforce with advanced 

technological knowledge, lack of specifies knowledge and 

minimum awareness of the academic institutions on the 

shifting from traditional energy technologies to 

modernized eco-friendly technologies etc. 

 
 

3)  Barriers emerging from Socio-Cultural aspects 

 

    The values and norms of the country have a direct 

connection with the socio–cultural barriers to launching 

green energy strategies. The society’s perception and the 

subsequent acceptance of the establishment of green energy 

technologies impact the dispensation of resources. The 

ignorance and lack of concentration on the values and 

norms of the country influence the formation of these types 

of barriers. As the solutions, some strategies can be 

practiced (Ex: The indirect improvement of land extent for 
the agricultural development for both crop cultivation and 

animal husbandry while implementing the green energy 

strategies). 

 

    The Market structure is also a key component in the 

implementation of a successful green energy system within 

the country. Notably, there exist a small number of 

competitors within the energy industry. The system is 

highly centralized and consists of a minimum number of 

participating organizations. The process of production, 

distribution, and transmission is controlled by fewer 

organizations and such dominance makes it inconvenient 
for the compliance of a larger-scale green energy system. 

This necessitates the modification of market structure, and 

such a modification should be prioritized for the successful 

movement towards the renewable energy system [9]. 

 

D. Future Prospects 

 

    The authorities have an obligation to undertake the 

approaches to increase the green energy supply. Thus, they 

are responsible to supervise the matters of, institutional and 

technology-based support for green energy, publicizing and 

promoting the importance of green energy towards 

sustainability, strengthening and expanding the National 

and International Collaboration etc. 

 

   The preliminary step is to set objectives for green energy, 

and the next step is the implementation of targets via 
suitable policies. Such policies have the potential to 

provide strong market signs and realize the responsibility 

of the government in transition to the green energy. 

 

    Financial support is sprung from both government and 

private sectors. The private sector has the potential to 

increase new investments in encouraging green energy. 

Simultaneously, exploring the sources from which green 

energy can immensely be produced is highly significant. 

The second important factor is the institutional and 
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technical support which ensures the due extraction of green 

energy from the explored sources. It is imperative to have 

common initiatives which involve lowering the cost of 

worldwide green energy establishment. Further, the 

common initiatives should accelerate from the financial 

and technical parties and increase economies of scale while 

stimulating trade at domestic and international levels. The 

advantages of common initiatives can be further elaborated 

as collaboration with other countries to overcome the 

financial deficiency while incorporating relevant funding, 

and donation schemes. The negotiations with the partner 
countries and the formation of joint markets have the 

potential to reduce the costs of deployment. 

 

      It is axiomatic that the global collaboration of Sri Lanka 

with other countries creates a platform facilitating the 

sharing of technology-based knowledge and strengthens 

ideal practices for the expansion of green or renewable 

energy markets. This is not single-handedly applicable to 

Sri Lanka but to foreign countries as well. 

 

V. CONCLUSION 

   The different types of energy in Sri Lanka bring different 

repercussions on the environment, economy and society of the 

country. The “fossil-based energy” including coal, petroleum, 

natural gas, etc. has a direct impact on the environment. “Green 

energy” is a significant type of energy and prioritizes sustainable 

energy approaches. It is preferred over the non–renewable sources 

of energy which cause harm and deterioration of the environment. 

Currently, the public concern has increased on the use of green 

energy and it is evident that there is a transition through green 

energy which can be justified under the conditions of Sri Lanka. 

  The companies established in Sri Lanka often confront the key 

challenge of sustainable energy management. Long-term strategic 
thinkers and energy entrepreneurs should support the decision 

making on the launch of renewable energy via different 

approaches. Green energy development of Sri Lanka is impeded 

by environmental, social and economic facets namely financial 

shortages, lack of information on awareness regarding green 

energy and sociocultural obstacles. The elimination of problems 

and overcoming of such obstacles can be done through global 

collaboration with foreign nations while increasing the adequate 

supply of green energy, policy implementation, gaining the 

financial support of the relevant authorities, exploration of new 

sources of green energy, launching of the joint market strategies 

etc.   
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Abstract— Human behaviour stands as a pivotal 

determinant impacting household energy consumption. While a 

building's technical attributes wield significant influence, 

occupant behaviour remains crucial. Our study aims to explore 

the intricate interplay between energy use and occupant 

behaviour. Data was gathered through questionnaires and 

interviews, with 103 residents from the National Housing 

Scheme of Raddolugama participating. The questionnaire 

encompassed thirteen parameters, including comparisons like 

Hours Spent vs. Energy Costs, Total Energy vs. Family Income, 

and Total Energy vs. Family Size. The analysis utilized the 

Minitab software, facilitating the exploration of relationships 

between energy consumption and the mentioned parameters. 

The collected data was rigorously examined using the Minitab 

software. 

Keywords: human behaviour, energy consumption, residential 

building, household energy use 

I. INTRODUCTION  

In recent years, the global necessity for sustainability has 

driven a heightened emphasis on energy-related research and 

analysis. Climate change is recognized as one of the most 

significant environmental challenges of our era, and 

according to Delzendeh and others this recognition has led to 

a surge in international, and national agreements and 

initiatives [1]. These include landmark agreements like the 

Kyoto Protocol, regional measures such as the European 
Emissions Trading Scheme and the European Directive on 

the Energy Performance of Buildings (EPBD), and national 

efforts like the United Kingdom's Climate Change 

Programme (UKCCP) and the Climate Change Levy (CCL).  

Residential buildings play a pivotal role in the global energy 

landscape, accounting for a substantial portion of energy 

consumption and greenhouse gas emissions [2]. Therefore, 

sophisticated software tools are used to analyse the energy 

consumption of buildings and strategies integrated to reduce 

energy consumption accordingly, it is identified that 

significant difference between calculated energy 

consumption and actual energy consumption [3]. Paone and 

Bacher [4] state that human behaviour and occupancy 

preferences are crucial factors that contribute to the gap 

between predicted and actual energy consumption. The way 

occupants interact with their living spaces, appliances, and 

energy-consuming systems significantly influences the 

overall energy usage and efficiency but these factors have not 

been considered generally in design and pre-occupancy 

energy evaluations. Alterations in human behaviour hold the 
potential to augment the energy efficiency of buildings. 

While effecting enduring shifts in behaviour can prove 

challenging, recent years have witnessed the emergence of 

novel strategies to cultivate energy efficiency towards 

technological advancements in energy information 
measurement, storage, and presentation (such as smart 
meters, dashboards, and mobile applications) have become 

accessible. These technologies furnish consumers with data 

that enable informed decision-making in pursuit of energy-

conscious choices. This intricate interplay between human 

behaviour and energy consumption underscores the 
importance of understanding behavioural dynamics for 

devising effective energy-saving strategies. 

Over the years, research has indicated that while 

advancements in building technologies and energy-efficient 

designs contribute to energy conservation, the role of human 

behaviour cannot be underestimated [5]. Occupant behaviour 

impacts various facets of energy consumption, ranging from 

daily activities such as lighting, heating, and cooling to the 

utilization of electronic devices. A nuanced comprehension 

of these behavioural patterns is paramount in ensuring the 

effectiveness of energy management initiatives and 
sustainable building practices [5]. 

This study aims to identify the relationship between 

behavioural changes and energy consumption in residential 

buildings through a comprehensive case study. By analyzing 

real-world data and employing rigorous methodologies, this 

research endeavours to provide insights into the tangible 
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effects of behavioural interventions on energy use. Through 

a systematic investigation of behavioural patterns, energy 

consumption trends, and their mutual influence, this study 

seeks to inform policymakers, urban planners, and architects 

about the significance of incorporating behavioural 
considerations into energy-efficient building designs and 

policies.  
 

II. METHODOLOGY 

 

A. Selecting a Case study 

Established in 1982 Raddolugama, National Housing 
Scheme (RNHS) is the largest housing scheme in South East 
Asia 1982 located at the Raddolugama semi-urban area closer 
to the Seeduwa in Gampaha District, Western Province. This 
housing scheme consists of 2022 no. dwelling units including 
1696 nos.  “B” type, 248  nos. “ D” type and 78 nos. “ F “ type 
houses.  

 

TABLE I. INITIAL DESIGN DETAILS OF HOUSING UNITS 

House  
Type 

No. of 
Housing 

Units 

Facilities s Extent of 
Land 

B (Single 
Story) 

1696 Living, 02 Bed 
Rooms, Kitchen and 

Bathroom 

4.5 p 

D (Two 

Storied) 
248 Living, 02 Bed 

Rooms, Kitchen and 
Bathroom 

7.0 p 

F  (Two 
Storied ) 

78 Living, 02 Bed 
Rooms, Kitchen and 

Bathroom 

8.0 p 

 

Table I shows the initial development details of this 
housing scheme. The original blueprint of the housing scheme 
has undergone substantial transformations over time. 
Presently, these alterations have extended significantly, driven 
by the residents' individualized designs that align with their 
preferences and needs.  

The housing scheme accommodates a diverse population 
encompassing various ethnicities, economic levels and 
different social parameters. Hence this house scheme was 
selected as a case for this study. 

B. Sample and data collection 

160 nos. of housing units were selected as a sample for this 
study using a simple random sample method. This sample 
included 130 nos. from “B” type, 24 nos. from “D” type and 
6 nos. from “F” type housing units. Primary data were 
collected using a questionnaire survey from 80 nos. housing 
units and conducting structured interviews for other 80 
housing units. A summary of the questionnaire categorization 
used for both the questionnaire survey and structured 
interview is given in Table II.  

 

 

 

 

TABLE II.  QUESTIONAIRE CATEGORIZATION 

 
Key Categories Questions 

Energy 

Consumption 

Electricity Bill, Water Bill, Gas Consumption, 

Firewood Consumption 

Building building type, building area, number of rooms 

and bathrooms 

Occupant Details Name, age, sex, religion, race, education level, 

number of occupants, income, job, workplace 

address, occupancy schedules 

Equipment Details equipment used, number, of hours consumed per 

day and wattage  

 

C. Data Analysing 

Minitab software was used to find whether there is a 

relationship between energy consumption and the following 

parameters. Minitab is a software product that helps to 

analyse data. It provides a simple effective way to input the 

statistical data manipulate that data identify trends and 

patterns and then extrapolate answers to the current issues. 

Collected data was analyzed using this software as mentioned 

below in Table III Compared Parameters.  
 
TABLE III.  COMPARED PARAMETERS 

Item No Compare Parameters 

1 Spend Hours Vs Cost of energy (Total Sample) 

2 
 Total Energy Vs Total Income of Family (Type B,D,F 

Houses) 

3 Total Energy Vs Total Income of Family (Type B House) 

4 Total Energy Vs Total Income of Family (Type D House) 

5 Total Energy Vs Total Income of Family (Type F House) 

6 
Total Energy Vs Number of Family Members (Total 

Sample) 

7 
Total Energy Vs Number of Family Members (Monthly 

Income Bellow Rs.50,000) 

8 
Total Energy Vs Number of Family Members (Monthly 

Income Between Rs.50,000 – 100,000) 

9 
Total Energy Vs Number of Family Members (Monthly 

Income Above Rs.100,000) 

10 Cost of water bill Vs Number of Bathrooms 

11 
Total Wattage of Bulbs Vs Total Spend Hours of Family 

Members 

12 
Total Wattage of Appliances Per month Vs Total Spend 

Hours Per Month 

13 
Total Wattage of Appliances per Month Vs Number of 

Family Members 

 

After the comparison of the above-mentioned parameters, 

ANOVA (one way) was used to identify the P-value from the 
analysis of variance and compare them.  
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III. RESULTS AND DISCUSSION 

 

TABLE IV. SUMMARY 

 
Item No Description P Value Significant 

Difference 

Yes/No 

1 Spend Hours vs cost of energy 

(Total Sample 

0.003 Yes 

2 Total Energy Vs Total Income of 

Family (Type B, D, F Houses) 

Total Energy Vs Total Income of 

Family (Type B, D, F Houses) 

0.008 Yes 

3 Total Energy Vs Total Income of 

Family (Type B House 

0.023 Yes 

4 
Total Energy Vs Total Income of 

Family (Type D House) 

 

0.516 No 

5 Total Energy Vs Total Income of 

Family (Type F House) Total 

Energy Vs Total Income of 

Family (Type F House) 

0.732 No 

6 Total Energy Vs Number of 

Family Members (Total Sample) 

0.000 Yes  

7 
Total Energy Vs Number of 

Family Members (Monthly 

Income Bellow Rs.50,000) 

0.000 Yes  

8 Total Energy Vs Number of 

Family Members (Monthly 

Income Between Rs.50,000 – 

100,000)  

0.020 Yes 

 

9 Total Energy Vs Number of 

Family Members (Monthly 

Income Above Rs.100,000) 

0.024 Yes 

 

10 Cost of water bill Vs Number of 

Bathrooms 

0.000 Yes 

 

11 Total Wattage of Bulbs Vs Total 

Spend Hours of Family Members 

0.939 No 

 

12 
Total Wattage of Appliances Per 

month VS Total Spend Hours per 

Month 

 

0.001 Yes 

 

13 Total Wattage of Appliances per 

Month vs Number of Family 

Members 

0.002 Yes 

 

 

In a series of one-way ANOVA tests, various factors were 

examined related to energy consumption and household 

attributes. Firstly, the analysis comparing the total spent 

hours on family members to the cost of energy revealed a 
significant difference among different family sizes (Total 

Sample), with a P-value of 0.003, indicating that the time 

spent by family members influences the energy cost. 

Similarly, when comparing total energy consumption to the 

total income of family members in Type B, D, and F houses, 

the ANOVA results showed a significant difference in the 

case of Type B and Type F houses with P-values of 0.023 and 

0.008, respectively, while there was no significant difference 

for Type D houses (P-value > 0.05). 

Moving forward, the analysis of total energy consumption 

and the number of family members (Total Sample) exhibited 

a significant difference, with a P-value of 0.000, indicating 
that the number of family members impacts energy 

consumption. This trend continued when examining the 

effect of the number of family members on energy 

consumption in households with monthly incomes below Rs. 

50,000 (P-value of 0.000), between Rs. 50,000 and 100,000 

(P-value of 0.020), and above Rs. 100,000 (P-value of 0.024). 

These results suggest that the number of family members 

plays a significant role in energy consumption across 

different income brackets. 

Furthermore, in the context of cost analysis, a significant 

relationship was found between the cost of the water bill and 
the number of bathrooms in households, with a P-value of 

0.000, demonstrating that the number of bathrooms impacts 

water bill costs. 

Lastly, the analysis of the total wattage of appliances per 

month against total spent hours per month and the number of 

family members also displayed significant differences, with 

P-values of 0.001 and 0.002, respectively, indicating that both 

the time spent using appliances and the number of family 

members affect the energy consumption related to this study. 

These ANOVA tests provide valuable insights into the factors 

influencing energy and cost dynamics in different household 

scenarios. 
 

IV. CONCLUSION 

 

In conclusion, this research, grounded in rigorous numerical 

analysis, has yielded valuable insights that lead to a set of 

practical recommendations for optimizing energy 

consumption in a residential housing complex. These 

recommendations encompass a range of strategies, from 

judicious appliance usage to income-based energy 

management and family size considerations. Emphasis is 

placed on the adoption of energy-efficient appliances, time-
based usage schedules, and consumer awareness initiatives. 

Architectural and design interventions, as well as 

environmentally conscious landscaping and the use of light-

coloured paints, offer opportunities for energy savings and 

comfort improvement. The incorporation of sound and heat 

insulation materials can further enhance energy efficiency. 

By embracing these recommendations, residents, 

administrators, and policymakers can collectively embark on 

a path towards enhanced energy efficiency, reduced costs, 
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and a more sustainable residential environment. This study 

not only contributes to the energy conservation discourse but 

also provides a practical roadmap for informed decision-

making, fostering a greener and more sustainable future for 

residential communities. In conclusion, this research, 
grounded in rigorous numerical analysis, has yielded 

valuable insights that lead to a set of practical 

recommendations for optimizing energy consumption in a 

residential housing complex. These recommendations 

encompass a range of strategies, from judicious appliance 

usage to income-based energy management and family size 

considerations. Emphasis is placed on the adoption of energy-

efficient appliances, time-based usage schedules, and 

consumer awareness initiatives. Architectural and design 

interventions, as well as environmentally conscious 

landscaping and the use of light-colored paints, offer 

opportunities for energy savings and comfort improvement. 
The incorporation of sound and heat insulation materials can 

further enhance energy efficiency. By embracing these 

recommendations, residents, administrators, and 

policymakers can collectively embark on a path towards 

enhanced energy efficiency, reduced costs, and a more  

sustainable residential environment. This study not only 

contributes to the energy conservation discourse but also 

provides a practical roadmap for informed decision-making, 

fostering a greener and more sustainable future for residential 

communities. 
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Abstract-As the global demand for renewable energy sources 

intensifies to mitigate climate change and reduce greenhouse gas 

emissions, the solar energy sector has garnered significant 

attention. The increasing demand for clean and sustainable energy 

sources has prompted the development of advanced solar 

photovoltaic (PV) systems. While solar installations have 

proliferated, the quest for optimizing energy generation remains a 

pertinent challenge. In this research paper, we present the design, 

development, and analysis of a solar photovoltaic system equipped 

with a single-axis tracking mechanism. This system aims to 

enhance the overall energy output of solar panels by optimizing 

their orientation to the sun throughout the day. The system 

outlined in this study integrates advanced controllers and sensors, 

which autonomously govern solar tracking, optimizing energy 

generation. Additionally, it incorporates an innovative water 

sprinkling mechanism to regulate panel temperature and 

cleanliness, further elevating energy output and system durability. 

Keywords: solar panel moving system, single axis solar tracking, 

photovoltaic solar tracking 

I. INTRODUCTION 

Solar power, an increasingly vital facet of the global energy 

landscape, represents a compelling solution to meet burgeoning 

energy demands while mitigating the deleterious effects of 
greenhouse gas emissions. The utilization of solar panels has 

expanded significantly, yet the quest for enhancing their 

efficiency remains paramount. In pursuit of this objective, solar 

tracking systems have emerged as transformative technologies, 

offering the promise of optimizing energy generation. 

This research paper delves into the realm of solar energy 

innovation, with a specific focus on the potential of single-axis 

solar panel tracking systems. In contrast to fixed solar panels, 

these systems offer a simpler and cost-effective approach to 

harnessing the sun's energy. By continually adjusting the tilt or 

azimuth along a single axis, these tracking systems have the 

capacity to dynamically align solar panels with the sun's 
movement, thus optimizing solar energy generation. The study's 

findings contribute valuable insights to improve the performance 

in the field of solar energy technology, offering practical 

implications for sustainable and cleaner energy solutions. There 

are mainly few sections to implement this control system.  The 

first part of this paper introduces some important topics in solar 

tracking systems. The second section describes the system 

description of overall system design and implementation, which 

includes the control system, and some detailed features of the 

Solar Tracking System. Conclusion at  

 

 the end summarizes the achievements by applying the    

proposed system. 

 

Photovoltaic Technology 

Solar Cells are the best-known technique for producing 

electrical power through Silicon Cells swaddle in photovoltaic 

modules. To elucidate the photovoltaic solar panel more 

easily, photons from sunlight energies electrons in an upper 

state of energy and coming to the lower state to release one 

electron so that it can generate electricity. The term 

photovoltaic defines the general unbiased working condition 
of a photodiode in which current through the appliance is due 

to the transduced light energy [7]. Solar cells generate direct 

current electricity from light, which can be used to recharge a 

battery for electric devices [2]. 

1.1 solar potential in the Sri Lanka 

Sri Lanka, with its tropical location and abundant sunshine, 

is uniquely poised to harness the power of the sun for energy 

generation. The island nation experiences consistently high 

solar irradiance levels throughout the year, presenting a 

significant opportunity for solar energy development. On a 

global scale, solar energy has emerged as a dynamic force in 
the transition to sustainable power sources. Countries 

worldwide are tapping into this boundless resource to reduce 

carbon footprints and mitigate climate change. The sun, once 

considered an inexhaustible source of life, is now also the 

wellspring of clean, renewable energy for our future 

2.1 Solar Tracking System 

A solar tracking system is designed to dynamically adjust the 

position of solar panels, aligning them with the sun's path as 

it moves across the sky during the day. 

Solar tracking systems come in two primary types: single-

axis and dual-axis(figure1). Single-axis systems track the 

sun's movement along one axis (typically east-west), while 
dual-axis systems can track both the sun's elevation and 

azimuth. 

By continuously following the sun, solar tracking systems 

maximize the amount of sunlight that reaches the solar 

panels, resulting in increased energy generation compared to 

fixed panels. 

Solar tracking systems are more complex and require 

additional components (such as sensors, motors, and control 
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systems) to move the panels. As a result, they tend to be more 

expensive to install and maintain than fixed solar panels. 

 

 

 

 

 

 

 

 

 

 

2.2 Fixed Solar Panels: 

Fixed solar panels are stationary and remain in a fixed 

position, with a predetermined tilt and azimuth angle relative 

to the ground or roof (figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Unlike solar tracking systems, fixed panels do not adjust 

their position throughout the day to follow the sun's 

movement. They remain static, with a fixed orientation. 

Fixed panels are simpler, have lower installation costs, and 

require less maintenance since they don't have moving parts 

or tracking mechanisms. 

However, fixed panels are less efficient than solar tracking 

systems because they cannot maintain an optimal angle to 

the sun at all times. Their energy generation is limited to the 

amount of sunlight they receive at their fixed tiltSolar 
tracking systems are most beneficial in locations with 

significant variations in sun position throughout the day, 

such as areas far from the equator and regions with distinct 

seasonal changes. 

Fixed solar panels are more suitable in locations with 

relatively consistent and predictable sun angles year-round, 

especially in areas closer to the equator. 

The choice between a solar tracking system and fixed panels 

depends on factors like the site's latitude, available space, 

budget, and desired energy output. 

In summary, solar tracking systems offer improved energy 

generation by continuously following the sun's path, while 

fixed solar panels remain static and have lower installation 

and maintenance costs. The decision to use either system 

depends on specific site conditions and project requirements 

II. LITERATURE REVIEW. 

 

Within the renewable energy sector, solar tracking systems 

have garnered considerable interest for their capacity to 
amplify solar energy generation. These systems achieve this 

by continuously aligning solar panels to track the sun's 

trajectory throughout the day. This literature review embarks 

on an exploration of the existing body of research dedicated 

to single-axis solar panel tracking systems. Our focus is 

centred on delineating the strengths, limitations, and 

performance attributes of these systems in contrast to 

traditional fixed solar panels. 

Imam Abadi proposes a single-axis solar tracking system 

implemented with a fuzzy logic controller [1]. The study 

aims to enhance the efficiency of solar panels by 
dynamically adjusting their tilt angle based on solar radiation 

levels. Results indicate that the fuzzy logic-based control 

strategy effectively improves energy output compared to 

fixed solar panels. 

In A Review Paper on Solar Tracking System for 

Photovoltaic Power Plant [2]. This review paper provides an 

overview of solar tracking systems in photovoltaic power 

plants. It discusses various tracking approaches, including 

single-axis and dual-axis systems, while highlighting their 

respective advantages and challenges. The paper emphasizes 

the importance of choosing an appropriate tracking 

technology based on site-specific factors to optimize energy 

generation. 

From Rajan k. solar tracking system- a review article in 

international journal of sustainable engineering [3] This 

review article discusses solar tracking technologies with a 

focus on their applications and benefits in solar energy 

systems. The study presents a comprehensive overview of 

various solar tracking methods, including single-axis 

tracking. It covers key design considerations, performance 

metrics, and potential cost savings through energy 

optimization. Dhanabal et al. [4] compared the efficiencies 

of static panels and tracking systems of single axis and dual 
axis fixed mount. The readings are taken from morning 8 

AM to evening 6 PM for fixed panel, single axis tracker and 

dual axis tracker for every one hour. The results says the 

efficiency of the single axis tracking system over that of the 

static panel is calculated to be 32.17% and dual axis tracking 

figure 1- single-axis and dual-axis 

Figure 2-fixed solar 
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system over that of the static panel is calculated to be 

81.68%. 

Tiberiu tudorache et al [5] compared the solar tracking PV 
panel with a fixed PV panel in terms of electric energy output 

and efficiency. The proposed device automatically searches 

the optimum PV panel position with respect to the sun by 

means of a DC motor controlled by an intelligent drive unit 

that receives input signals from dedicated light intensity 

sensors. The solar tracking PV panel produced more energy 

than fixed one with about 57.55%. 

Anusha et al. [6] compared the fixed PV panel and single 

axis solar tracking based on real time clock(RTC) using 

ARM processor. The experiment 

is conducted using both fixed and 

tracking system for 6 days. The 
results show that the solar tracking system increased the 

efficiency around 40% and energy received from the sun is 

improved from 9.00AM to 6.00 PM.  

III. METHODOLOGY 

4.1System Overview and design  

The single-axis solar tracker system is a harmonious fusion 

of hardware components and software control mechanisms. 

At its core, the ESP32 takes on the pivotal role of central 

controller, orchestrating interactions with an array of sensors 

and actuators. In this intricate symphony of technology, the 

ESP32 processes inputs derived from the Light-Dependent 
Resistor (LDR) to meticulously track the sun's radiant path. 

It then meticulously guides the DC motor to manipulate the 

solar panel's orientation. Additionally, the ESP32 exercises 

precise command over the temperature-driven water 

sprinkler system via a relay. 

1. ESP32 

2. Internet 

3. Monitoring device 

4. LDR 

5. Temperature sensor 

6. Motor controller 

7. Motor 

8. Solar panel 

 

 

4.2Component Roles: 

ESP32 Controller (figure 4): In its key role, it acts as the brain 

of the system. It gathers data from sensors, processes it, and 

sends instructions to the motor and relay. 

 

 

 

- 

 

 

 

 

 

Specifications 

 448 KByte ROM 

 520 KByte SRAM 

 16 KByte SRAM in RTC 

 Power supply: 2.2 V to 3.6 V 

LDR (Light Dependent Resistor) (figure5): Detects 

sunlight intensity and provides analogue input to the 

ESP32. 

Figure 3-design 

Figure 4-ESP32 

Figure 5-LDR 

sensor 
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DC Motor: Adjusts the solar panel's angle to follow the 

sun's movement across the sky. 

Temperature Sensor (figure 6): It keeps an eye on the 
temperature of the solar panel, and when it gets too hot, 

the system turns on the water sprinklers to cool it down. 

 

 

 

 

 

Figure 6-temperature sensor 

Relay: Controls the activation and deactivation of the 

water sprinkler system based on temperature readings. 

4.3 Communication and Interaction: 

The LDR constantly checks how bright the sunlight is and 
tells the ESP32. The ESP32 then figures out where the 

solar panel should move to get the best generating and 

tells the DC motor how to turn. While that's happening, 

the temperature sensor tells the ESP32 how hot things 

are. The ESP32 decides if the solar panel needs cooling 

and turns on or off the water sprinklers accordingly. 

4.4 Sunlight Detection: 

Utilization of the LDR: The LDR serves as a light sensor 

when properly positioned on the solar panel. Its resistance  

varies with light intensity, allowing it to detect levels of 

sunshine. 

Process and 

Frequency of Data 

Collection: The LDR continually generates analogue 

voltage values proportional to light intensity. The ESP32 

receives these numbers at regular intervals, often every 

few seconds, ensuring accurate real-time tracking. 

LDR Data Processing: The ESP32 translates the LDR's 

analogue voltage to a digital value. The digitized values 

are then mapped to the sun's location using a calibration 

technique. The ESP32 identifies the direction in which 

the solar panel should be adjusted to face the sun by 

comparing repeated measurements. 

4.5Motor Control Algorithm: 

Algorithm for Movement Calculation: Using LDR data, 

the algorithm computes the difference between the 

present solar panel orientation and the intended 

orientation. It determines the required motor movement 

by taking into account aspects such as the time of day, 

current position, and desired tracking precision. 

Motor Control Logic: The ESP32 sends pulse-width 

modulation (PWM) signals to the DC motor. PWM 

signals regulate the speed and direction of the motor, 

allowing for exact changes. The ESP32 changes the 

PWM duty cycle based on the predicted movement, 

providing progressive and precise solar panel relocation. 

Smooth Movement Considerations: The algorithm may 
include acceleration and deceleration characteristics to 

prevent sudden or jerky motions. This contributes to 

smooth transitions and reduces unneeded stress on 

mechanical components. 

Implementation and Results 

A single-axis solar panel structure was set up to allow 

angle adjustments by rotating the top structure along the 

middle axis. This ensured all panels faced the sun at the 

same angle. A controller circuit,  was assembled to 

manage the system. Sensor inputs were connected to the 

controller, and output signals were generated to control 

the motors. In our testing, the system successfully 
directed the solar panels. This resulted in a significant 

increase in monthly power generation, approximately 

35%-40%, within the first month of implementation 

compared to the fixed configuration.. 

Results of the cooling effects using water sprinkles yet to 

be explored. 

• Circuit diagram: 

 

 

 

 
 

 

 

 

 

 

 

 

IV. RESULTS  

Results were obtained from a similar capacity fixed solar panel 

and single axis solar panel tracker system. 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 7 - circuit diagram 

Table 1-collected data 
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There is a significant increase in energy generation of 
single-axis solar tracking system compared to the similar 

capacity fixed system. On average it is about 40 per cent 

increase of the efficiency. 

 

• Existing System   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

This is the exist system of the solar panel  

 

 

 

 

 

V. CONCLUSIONS 

In this study, we designed and implemented an automated solar 

tracking system. The research has unequivocally demonstrated 

the effectiveness of single-axis solar panel tracking in 

optimizing solar energy generation. This tracking system 

consistently outperforms fixed solar panels, leading to a 
significant increase in energy production. The insights from this 

study have profound implications for sustainable energy 

solutions, highlighting the potential of solar tracking technology 

to enhance photovoltaic efficiency. While the benefits are clear, 

further research is warranted to explore advanced control 

algorithms, integration with energy storage, and cost-

effectiveness analysis. Continued innovation in this field can 

contribute to a more sustainable and eco-friendly energy future. 

As solar energy remains pivotal in global energy transitions, the 

findings from this study can offer valuable guidance to decision-

makers, solar developers, and researchers in leveraging solar 

tracking systems and advancing renewable energy adoption 

worldwide. 
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Figure 9 – Solar Panel Structure  

Figure 8-comparison of the data 
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Abstract-Energy is an important requirement in our daily 

life. The resources we use are limited and many of them 

considerably lead to environmental pollution. Therefore, there 

is a need to find a way to establish methods to get the maximum 

use of natural resources to generate energy. The project aims to 

generate electrical energy by harnessing the force and vibration 

of the earth's surface when people walk. We designed a method 

for generating and storing energy using a piezoelectric plate. We 

wanted to find a solution using our energy source. This is a non-

traditional innovative solution.  Our source holds the model in 

place and uses the same vibration generated by humans to 

generate energy. It generates electrical energy that can be used 

to apply street lamps and phone charger points. This saves 

energy due to its survival and is easy to use even in the event of 

a power outage.  

 

Keywords: Environmental Pollution, Natural 

Resources, Piezoelectric and vibration 

 

I INTRODUCTION 

There is a huge demand for energy in the world today. People 
employ various strategies to meet this demand. Energy is the 

workforce. Electricity is a widely used energy source. Human 

consumption has been high since industrialization. It is 

important to provide a simple supply of consumption. 

Precaution must be taken in the production of energy sources 

that minimize the negative impact on the environment as well 

as increase energy.There are two ways to generate energy 

such as renewable energy and non-renewable energy. At 

present non-renewable energy is becoming available and due 

to this, the energy is facing an energy crisis. Due to this, the 

focus is on renewable energy. Renewable energy sources are 
either renewable sources or crystals. These are solar energy, 

wind energy, geothermal energy, and hydropower as well as 

different energy sources. Renewable energy sources are often 

referred to as green energy and pure energy sources. There 

are differences in these categories as well. Renewable sources 

are recyclable, and energy sources that do not emit pollutants 

to the environment are referred to as pure energy sources, and 

green energy sources are energy sources derived from natural 

sources.[2] 

In our project, we use the energy generated by human 

walking to produce energy. There is no environmental 

damage from this. Renewable and clean energy is produced. 

The average person travels about 3000 - 5000 steps a day. 

These vibrational times travel over a surface and receive 

vibrational energy, both magnetic and electrostatic, and 
piezoelectric. Vibration energy is converted into electrical 

energy.  

This project is a kind of attempt to do that. In this project, the 

human footstep becomes the main energy generation source. 

The strain of the human step is generating electricity from the 

usage of the piezoelectric transducer. We arranged 15 

piezoelectric traducers in this project and all are connected 

parallels.   

The modern world needs more renewable, Sustainable energy 

generation methods.  

So the objective of this research is 

To introduce an emerging eco-friendly energy production 
system using piezoelectric technology. which is one of the 

sustainable energy-producing methods then it will lead to a 

reduced amount of pollution marking fossil fuel utilization in 

our country 

II BACKGROUND 

It is important to identify an innovative eco-friendly power 

generation system in the face of the current energy crisis in 

the world as well as in our country. A footstep power 

generation system is a good solution for this. This is a unique 

energy source that has been identified and identified. 
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This is a successful solution to the energy crisis that we have 

introduced with low cost and innovation to suit our country. 

But many problems can be solved successfully in this project. 
In this, the vibration time travels through a surface and 

receives vibrational energy from both magnetic electrostatic 

and piezoelectric components.  Vibration energy is converted 

into electrical energy. Electricity can be generated without a 

complex mechanical structure. In this project, we use this 

method the electrical energy received from a piezoelectric 

converter is usually powered by a very light, loaded, and 

generated AC catalyst.  This is because it requires the 

development of an interface that converts to DC.  It uses a 

full wave bridge rectifier to convert AC to DC, which is 

stored in a capacitor before the waveform is filtered.[5] 

In the modern world electricity generation is such an 
important thing. Ecofriendly renewable methods are even 

more important. That’s why these kinds of projects are 

invaluable for the modern world. This system can generate 

constant electric energy when a lot of motions happening 

around. It means, need to apply this project to busy places 

where people are moving rapidly. The system provides a lot 

of benefits. Ecofriendly Ness, easy to apply, are a few of 

them. But the most important thing is the energy source. The  

system uses energy sources that are available freely and most 

of the time wasting. That is the mechanical stress of human 

footsteps. Energy supply and power generation are important 
for sustainability, longevity as well and economic growth in 

a country in the modern world. Often gratifying electricity 

necessities take up a full-size element of a nation’s finances 

and it is due to the fact of the irrefutable fact that no industry, 

profession, or company can feature except the required 

energy. 

Out of the various forms of energy available for use in the 

modern world, electricity has by far become the preferred 

choice to fulfill most energy needs in households and 

industries. This is because electricity can be produced, 

transferred over very long distances, and then converted to 

the desired form of energy with minimum wastage and high 
conversion and transmission efficiencies. So for any 

individual in the field of energy, power, and engineering in 

Sri Lanka, knowledge of electricity generation will be a basic 

requirement for success in the field. Therefore, in this report, 

understanding will be gained on the past, present, and future 

of electrical energy generation in Sri Lanka.[1] 

The total electricity generation in Sri Lanka for the year 2017 

was 14,764 GWh, an increase of 4.9 % from 2016. Here it 

can be observed that in 2017 major hydropower constituted 

less than a quarter of the generation. 

Fig.1: Electricity Generation Statistics in Sri Lanka in 2017 

II. METHODOLOGY 

It is possible to generate electricity without a complex 

mechanical structure. The piezoelectric effect we use has two 

modes of energy conversion, the direct piezoelectric effect, 

and the opposite piezoelectric effect. When a shock or 

mechanical stress is applied to a piezoelectric, the converter 

deforms and produces electric charges. The inverse 

piezoelectric effect converts electrical energy into 

mechanical energy, whereas the piezoelectric transformation 

is distorted. The piezoelectric converter is subjected to an 

electric field. The operation of collecting the vibration energy 
begins with obtaining the mechanical vibration energy and 

conversion of AC and generating AC (AC) conversion 

voltage Current (DC) voltage. Using the piezoelectric effect, 

waste energy generation can be used electrical. Energy by 

converting mechanical energy from the foot can be used as 

piezoelectric materials Mechanical energy, usually ambient 

vibration, is the mechanism of conversion to potential 

electrical energy Stored and used to power other devices. 

Electrical energy from a piezoelectric converter the vibration 

system is generally very light, loaded, and powered by the 

generated AC excitation. For this, it is necessary to develop 

an interface that converts to DC. A full wave bridge rectifier 
is used to convert AC to DC, it is then stored in a capacitor 

before filtering the waveform. The project can be used to 

generate energy. The electricity generated by this can be used 

as a street light and phone changer point.[3] 

That whole unit, we call it piezoelectric tile. This 

piezoelectric tile has a top layer and a bottom layer. The 

bottom layer is the place where all the piezo transducers are 

placed. The upper layer is the platform that transmits the 

strain of a human step into the piezoelectric transducer when 

someone steps on it. After that generated energy goes through 

a rectification and filtering process.  

That filtered DC voltage is going to the DC-to-DC converter.  

After that, the battery is charged using the regulated voltage. 

Also, a voltage sensor is used to detect generated voltage 

from piezoelectric tile. The microcontroller is used to show 

the generated voltage and battery level in the LCD.   When 

talking about the output of the project, there is direct DC 

output from the battery. Also with the usage of an inverter, 

provide AC output as well. 

When pressure is applied to this piezoelectric plate, it 

produces a potential gap. When we tested with a certain 

amount of pressure, we were able to observe that a potential 
gap was produced on the pressure applied from 0 to 30 V by 

one plate. The image below shows, the generated voltage of 

one piezo transducer. One piezo plate can produce up to a 

maximum of 30V according to applied pressure. 
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Figure 02: Piezoelectric transducer Parallel connection      

      

 

 

 

 

 

 

 

 

 

Figure 03: Illustration of the final product 

 

III.RESULTS AND DISCUSSION 

The initial stage of the project faced a bit of difficulty. 

Especially when finding components like piezoelectric 

transducers had faced difficulties. We found the quality of 

that component available in the local market is not that good. 

Also, when had been designed it was too difficult to obtain 

results. But put more effort and finally got the results that had 

to be wanted. This project is a very innovative one. It was 

unexpected to generate electricity from human footsteps. But 

this effort shows it is a possible thing. Especially in Sri Lanka 

if the government implements this project, it will be a great 
thing for the economy because this is a low-cost energy 

generation system. 

 

 

 

 

IV.CONCLUSION 

The footstep power generation system is a low-cost power 

generation, method, using human footstep as the main energy 

source. The backbone of this project is a piezoelectric 

material. The piezoelectric material has a piezoelectric effect. 

With that property, it can convert mechanical stress into 

electrical energy. We used a Piezoelectric transducer for this 

project which has all those properties and can generate 

electricity. 
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Abstract - A trend concept used by many governments in the 

modern world to achieve infrastructure development goals 

with the contribution of private sector capital and technical 

know-how is unsolicited development projects. Sri Lanka has 

been associating with unsolicited projects during the last two 

decades, targeting infrastructure development needs, but the 

lack of transparency in the process has created a paradox 

among the public. To achieve the aims of this research, a 

literature survey was conducted to understand the features 

and potentials identified by others on unsolicited projects, 

along with a desk study to compare the weaknesses and 

strengths of the procurement processes and the guidelines 

followed by the Sri Lankan authorities at present with similar 

arrangements practiced by Philippines, South Korea, and 

South Africa. Moreover, survey interviews were conducted to 

identify the existing problematic issues in connection with 

unsolicited projects and to collect suggestions for amendments 

to be introduced to the prevailing guidelines for overcoming 

those issues. Finally, to overcome those issues, it is 

recommended to introduce a few reforms to the existing 

system based on four policies. 

 

Key words- accountability, solicitation, transparency, 

viability.   

INTRODUCTION 

The development of infrastructure plays a significant 
role in the development of any economy, and implementing 
development projects as Unsolicited Projects (USPs) has 
been globally recommended as an innovative and 
alternative procurement method for achieving infrastructure 
development goals [1]. USPs are projects that come as 
proposals from the private sector and are invested in and 
implemented by the private sector to develop infrastructure 
facilities with or without the invitation of the government 
[2]. In a situation where human capital and/or financial 
resources are scarce when deploying infrastructure 
development programme, USPs would be substitutes for 
achieving development objectives [3]. Sri Lanka also 
prefers to accept USPs as one of the financing models 
suitable for fulfilling infrastructure needs [4]. When a USP 
concept is initiated by the private sector, the government 
should verify that the proposed project is in line with aspects 

of the government's infrastructure development strategy, 
policies, and development goals [5]. To achieve success 
through an investment, a project should be able to deliver at 
least its minimum level of expectations at the end. That 
means the project is in line with its primary objectives. The 
"Public-Private Partnership Legal Resource Centre", 
attached to the World Bank, has pointed out in their report 
published in 2022 that implementing a project as a USP 
would make sense only if the project itself is viable, and 
"Viability" of a project can be considered under several 
dimensions, such as Economic Viability, Technical 
Viability, Legal Viability, Social Viability, Cultural 
Viability and Environmental Viability [5]. 

Many researchers have attempted to improve the 
operation of a USP by identifying key features such as 
project performance, risk factors, pros and cons, 
etc.  Therefore, the aim of this research paper is to identify 
the requirements and procedures that have to be addressed 
when dealing with the USPs to improve their viability while 
achieving value for money. The objectives of this research 
were to: 1. explore the necessity of unsolicited development 
projects and the procedures and processes that are involved 
in the viability assessment of those projects; 2. identify the 
failures observed in unsolicited development projects and 
the causes of those failures; 3. investigate the strengths and 
weaknesses of existing provisions and procedures available 
for assessing the viability of unsolicited development 
projects; and 4. determine the provisions and procedures 
that need to be incorporated into a future potential guideline 
for unsolicited development projects to improve their 
viability. 

LITERATURE REVIEW 

o Necessity of USPs 

Most governments around the world, especially in 
developing countries, are struggling to develop and 
maintain their infrastructure requirements due to a lack of 
capital requirements and technical capacities [6], and many 
governments around the world are trying to invite 
unsolicited proposals to find solutions through creative 
solutions of the private sector to the problems arising in the 
acquisition of infrastructure needs as alternative 
procurement methods [2]. Through USPs, a government 
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could get the benefits of the knowledge, ideas, and capital 
requirements of the private sector to achieve their 
development targets and also obtain assistance to uplift the 
established knowledge related to industry. Except for those 
benefits, the World Bank’s "Public-Private Infrastructure 
Advisory Facility" exposed that the following benefits can 
also be entertained through USPs, and USPs help to [7]: 

• avoid lengthy competitive processes in order to 
implement projects early. 

• address the government’s inability to plan and 
fund necessary infrastructure development. 

• tap into the private sector’s innovations and 
knowledge to identify value-for-money project 
solutions. 

o Sri Lanka and USPs 

Research shows that USPs have played an important 
role in the development of infrastructure in Sri Lanka [8]. 
For example, a study carried out by "Verité Research" 
(2021) on 50 high-value loans obtained by the Government 
of Sri Lanka to finance infrastructure during 2005–2018 has 
revealed that about 27% of funds secured through loans 
have been originated as USPs for financing large 
infrastructure projects [8]. By granting these loans, they 
have also imposed tight conditions and restricted the 
bidding to contractors from the lender’s country of origin 
[8]. As this report pointed out, Sri Lanka has also 
entertained bids that have been originated as USPs from the 
contractors of the lender’s country when the projects have 
been funded through bilaterally tied loans at higher interest 
rates. As the cost of such financing rises, it is more 
important than ever that the policy framework within which 
these investments take place ensure maximum returns on 
investment and benefit the country as a whole [8].  

o Features of USPs 

USPs are defined as projects for which the project 
proposals are initiated by the private sector, aiming at 
business prospects, and submitted to the government or 
relevant authority without any request for or invitation to bid 
[9]. The "Public-Private Partnership Legal Resource 
Centre" of the World Bank (2022) states that the following 
features can be observed in USPs [5]:  

• USP allows governments to identify and prioritize 
projects and generate innovative solutions to 
infrastructure challenges. 

• The USP process allows the private sector to propose 
project concepts that are in line with a government’s 
development strategies while developing 
commercially viable project solutions. 

• When governments do not have the technical and 
financial resources to develop preliminary feasibility 
studies, a well-designed USP process can request 
that the USP proponent conduct a feasibility study as 
part of the USP submission. 

• Unsolicited proposals do not arise as a part of the 
government's planning process. This raises the 
question of whether the proposed service is 
sufficiently integrated with other sector plans to 

ensure that demand and benefits are robust to 
changing circumstances and priorities. 

• Due to the absence of a transparent or competitive 
procurement process, dealing with a project 
proponent based on a USP may cause distress and 
undermine the legitimacy and public support for the 
USP program. 

• In a government planning process, government 
agencies are responsible for identifying 
infrastructure plans and projects that directly 
respond to the identified social and economic 
needs. However, a private entity's primary 
motivation for coming up with a project idea is 
to advance its own interests without needing to 
align with those of the government or society. 
Accordingly, it is the responsibility of the 
government to ensure that the proposed USP 
project is structured to meet social needs while 
ensuring transparency and accountability. 

o Requirements for Effective Evaluation of USP 

Proposals 

As pointed out in the "World Bank's PPIAF Report in 
2012", there are only a very few projects that have been 
implemented as USPs and also given viability for public 
money, and most projects are found to be financially weak, 
facing high risks, and having failed to give precious value 
for time and public money [7]. The report further exposed 
that the majority of USP projects studied, particularly those 
that were directly negotiated, were charged with corruption 
allegations. Stakeholders often perceive USPs as being 
associated with corruption, regardless of whether or not the 
accusations have been confirmed [7]. Moreover, USPs are 
somewhat more complex than traditional Engineering, 
Procurement and Construction (EPC) contract models. Even 
when there are abilities to mitigate the risks through a 
special mechanism, the scale of complexity of the USP 
system has increased the opportunities for hiding 
wrongdoings [10]. Further the shape of the USPs provide 
relatively higher corruption opportunities [11]. Although, 
the Sri Lanka has a framework for procurement processes 
for both public sector infrastructure (issued in 2006) and 
private sector infrastructure (issued in 1998), that has failed 
to meet the expectations of a procurement guideline [12]. A 
report published by the Sri Lankan Chapter of Transparency 
International" recommends that Sri Lanka needs to take the 
necessary actions to establish a framework to enable 
accountability and transparency when dealing with public 
money. Sri Lanka has to refine its regulations and policies 
to suit the shifting international financing environment and 
optimize the return on its infrastructure investments [13]. 

o Provisions Already Available for Evaluation of USPs 

in Sri Lanka 

Generally, all government procurement works in Sri 
Lanka have to be carried out in accordance with the National 
Procurement Guidelines, and the USPs have been addressed 
by "Supplement 23" to the "Procurement Guidelines 2006 
(for Goods and Works)" facilitating the reference to the 
"Part II of the Guidelines for Government Tender 
Procedure 1998" (GGTP). Accordingly, if a government 
body receives a USP proposal, the relevant line ministry 
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must publicly advertise and call for proposals for the 
project, indicating the requirements under the competitive 
bidding procedure. Then the party that made the unsolicited 
proposal will have the opportunity to amend their original 
proposal to match the needs and objectives identified by the 
relevant government body. Further, the above guidelines 
emphasized that no decision should be taken solely based 
on an unsolicited proposal without conducting a publicly 
advertised invitation for proposals. However, a provision 
has been added to the Guidelines, allowing permission to 
deviate from the above process through a Cabinet Approval 
under urgent or exceptional circumstances, even though a 
clear definition is not provided for this so-called "urgency" 
or "exceptional circumstances". 

Furthermore, if approval has been granted to execute the 

project, overall supervision of the USP process is to be 

carried out by the "Bureau of Infrastructure Investment 

(BII)" of the "Board of Investment of Sri Lanka (BOI)", 

under the supervision of the Ministry of Finance. However, 

in 2017, this authority was transferred to a newly 
established institution under the Ministry of Finance called 

the "National Agency for Public Private Partnerships 

(NAPPP)".  The scope of this agency was to provide all 

facilitative works for PPP investors. Accordingly, NAPPP 

had drafted a wide-ranging guideline for USPs, considering 

the best practices around the world. However, this 

institution was called off in 2020 before finalizing the new 

guideline. Meanwhile, on 26th December 2016, the 

Department of Public Finance published the 

"30th Supplement to the Procurement Guidelines 2006", 

amending Reference 237 of Part II of the GGTP and 
introducing the "Swiss Challenge Procedure" for USPs. 

However, based on a Cabinet decision taken in August 

2018, the Public Finance Department issued another 

Circular on 25th September 2019, abolishing the "Swiss 

Challenge Procedure", and citing an "impractical 

procedure for evaluation of project proposals". 

 

METHODOLOGY  

Firstly, a comprehensive literature review was carried 
out to identify the research gap by referring to journals, 
books, articles, conference proceedings, reports, etc., and 
also to clarify the aim and objectives of the research. 

Secondly, a desk study was conducted to identify the 
viability assessment strategies adopted by other countries 
for USPs and then to select the most appropriate strategies 
ones that could be introduced to improve Sri Lanka's 
practice.  

Due to practical difficulties in collecting information 
about past projects and also the cold-shouldering situation 
to expose the information by personnel who have been 
involved with USPs, in this research, it was decided to 
conduct semi-structured survey interviews over case study 
interviews in order to gather information from industry 
experts. Accordingly, survey interviews were carried out on 
a semi-structured basis with industry experts who have 
through knowledge of USPs, and the collected data were 
analysed using software based system to derive findings to 
achieve the objectives of the study. 

DESK STUDY 

The objectives of the desk study are to identify the existing 

provisions of currently available Procurement Guidelines 

on USPs in Sri Lanka and to identify and compare the 

strategies that have been used by other countries during the 

approval and evaluation process of USP proposals. 

Through the desk study, a detailed comparison of 

practicing guidelines relevant to USPs in the Philippines, 

South Korea, South Africa, and Sri Lanka was carried out. 

It should be emphasized that in selecting those guidelines, 

special attention was paid to selecting internationally 
recognized guidelines, and that these three guidelines use 

three different internationally recognized mechanisms in 

evaluating the financial viability of USPs. Accordingly, the 

major steps which need to be followed when submitting for 

approval and the major steps of the USPs approval systems 

have been studied and then the observed similarities and 

deviations in those guidelines were summarized in Table 1 

below: 

 
 

 

When examining the guidelines used in the Philippines, 
infrastructure projects identified as having major 
importance are not allowed to be procured as USPs. But the 
other three guidelines, including Sri Lanka, do not maintain 
such restrictions. It is evident that all the countries have 
provided adequate provisions for the feasibility assessment  

process (except financial viability), and as far as 
financial feasibility assessments are concerned, all three 
countries except Sri Lanka use three different mechanisms 

Table 1: Summary of the Desk Study 
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that are recognized globally. Accordingly, in those three 
countries, all USP proposals must confirm financial 
viability through a competitive bidding process, and if there 
are additional requirements, a new feasibility assessment 
must also be conducted before granting approval for the 
project. But in the Sri Lankan system, there are no 
provisions provided for evaluating the financial viability of 
USPs. 

From the findings of the desk study, it was revealed that the 
viability assessment systems in Philippines, South Korea, 
and South Africa are more equipped with suitable 
mechanisms to improve transparency and accountability. 
Similar mechanisms could be introduced to fill the gaps 
identified through this research in the procurement system 
of USPs that is currently being adopted by Sri Lanka, such 
as: 

a. To improve the transparency of the system, the project 
proposal has to be solicited through a suitable 
competitive bidding process. 

b. To improve the accountability of the system, restrictions 
have to be imposed on projects that have been 
identified and considered strategically important 
before implementing them as a USP. 

c. Other optional routes or opportunities that can affect the 
transparency of the procurement system of a USP have 
to be removed from the procurement system. For 
example, the authoritative power that is being kept by 
the Cabinet to award a contract directly seems 
questionable. Most importantly, none of the 
procurement systems that were considered for the 
desk study were found to entertain this kind of 
authority. 

SURVEY INTERVIEWS  

o Details of Interviewees 

Six industry experts who have experience with USPs and 

government tender procedures were interviewed to gather 

their views about the USPs and there comments on the 

practicing procedures in Sri Lanka, of whom the details are 

presented in Table 2: 

Table 2: Details of Interviewees 
Interviewee Designation Field Experience 

EI-1 
Procurement 

Specialist 
Engineering over 28 years 

EI-2 Project Manager Engineering over 25 years 

EI-3 
Deputy General 

Manager 

Quantity 

Surveying 
over 20 years 

EI-4 
Director 

(Research) 
Economist over 20 years 

EI-5 Researcher Economist over 05 years 

EI-6 
Manager 

(Investment) 
Investment over 20 years 

DATA ANALYSIS OF SURVEYING INTERVIEWS 

AND DISCUSSION 

o Necessity of Unsolicited Construction Projects 

Through the literature review, it was revealed that the 

viability of the USPs should be considered under economic, 
technical, social, and legal aspects. Hence, the necessity of 

USPs could also be considered under those aspects, and the 

opinions of the experts too were categorized under above 

criteria as presented in  Table 3 below.  

 
Table 3: Necessity of Unsolicited Construction Projects 

 

 The survey results indicate that USPs can address issues 

related to economic, technical, social, and legal aspects 
while attempting to achieve infrastructure development 

goals. When considering the "economic aspect", the 

opinions of the majority of experts were that USPs would 

help overcome financial constraints when  capital 

requirements for infrastructure projects are secured through 

such proposals. It was further found from the analysis of 

interviews that a USP would be the most suitable solution 

for a development project that may get delayed in 

implementation either due to insufficient funds or a lack of 

technical capacity, and through the USPs, the private sector 

would get the self-motivation to invest in infrastructure 
development projects, bypassing traditional procurement 

and business models. 

With the involvement of the private sector as well as foreign 

investments, there is an opportunity to mix with the new 

technologies practiced in the modern world. However,  there 

was a consensus among the interviewees  that "USPs have 

failed to introduce new technical knowledge".  This was a 

new finding derived from interviews that was not 

recognized in the literature review. As such, this opinion 

could be considered an open argument for future research. 

The opinions of the experts about the “social factor" were 
that since the private sector directly invests the capital 

requirement for the infrastructure development projects, it 

will help create new job opportunities that did not exist 

Factor EI-1 EI-2 EI-3 EI-4 EI-5 EI-6 

1. Economic-

Related  
      

Solution for lack 

of funds 
X X X X X  

Incentive for new 

business 

investments 

   X X X 

2. Technical-

Related 
      

Helps introduce 

new technical 

knowledge 

X X X  X  

Fails to introduce 

new technical 

knowledge 

   X   

3. Social-Related       

Helps create new 

job opportunities 
   X X X 

Opportunity for 

infrastructure 

development 

   X X  

4. Legal-Related       

Helps avoid 

lengthy 

procurement 

process 

X      
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earlier due to the lack of supply of capital. And of course, 

USPs may be helpful in avoiding the lengthy process of 

acquiring infrastructure facilities, in the opinion of one of 
the interviewees. 

 

o Failures Encountered in USPs 

Through the literature review, it was revealed that the 

viability of the USPs should be considered under economic, 

technical, social, and legal aspects. Hence, the failures of 
USPs can also considered under those areas, and thus the 

opinions of the experts too, as tabulated in  Table 4 below: 

 

Table 4: Failures Encountered in USPs 
Type of Failure EI-1 EI-2 EI-3 EI-4 EI-5 EI-6 

1. Economic-

related  
X X X X X  

2. Technical-

related 
X X X X X  

3. Social-related    X X  

4. Environmental-

related 
 X X    

5. Legal-related  X X    

 

According to the experts, most projects implemented in 
Sri Lanka as USPs have been economically and technically 
unsuccessful. As pointed out by them as an example, the 
Colombo Lotus Tower Project does not show any economic 
success and still cannot be used as a telecommunication 
tower, which had been the prime objective of this project. 
Another expert pointed out that, as a result of the 
construction of Colombo Port City, the seawater flow 
pattern around the west coast of the island has been 
disturbed, affecting certain coastal areas in the south-
western parts of the island. He further states that the recent 
incident of sand piling observed in coastal areas of Mount 
Lavinia could also have been due to this project. He also 
emphasized that, according to legal experts, projects such as 
Hambantota Port and Colombo Port City would create 
serious legal issues once they start fully functioning as a 
result of not having a proper legal framework when dealing 
in such a heavy investment arena. 

Another two experts pointed out that the ongoing 
Attanagalla Water Supply Project has commenced even 
before the project cost has been properly determined. Even 
today, most of the main roads around the Attanagalla area 
have already been damaged due to this project, and several 
fatal accidents have also been reported. If they have been 
designed and implemented in this manner, it will cause 
economic, technical, and social issues in the future. 

After analysing the data from the survey interviews and 
literature review, it can be observed that most USPs 
implemented in Sri Lanka have experienced mainly 
economic and technical failures, but some failures can also 
be observed under social, environmental, and legal aspects. 

o Causes of Failures 

As observed from the literature review, the "Sri Lankan 

Chapter of Transparency International" has pointed out, and 

it was confirmed during the survey interviews, that the main 

reasons for failures of USPs in Sri Lanka were due to a lack 

of transparency and poor decisions taken by authorities on 

implementing USPs. It is also noted that a lack of 

competition has prevented opportunities for assessing the 

financial viability process. Lack of proper technical 
assessments and feasibility studies (on other factors such as 

environmental and social factors) may also have led to the 

failure of USPs in Sri Lanka. Table 5 shows the distribution 

of the opinions of interviewees on the causes of failures.  

 

Table 5: Causes of Failures 

 

Causes of Failure 
EI-

1 

EI-

2 

EI-

3 

EI-

4 

EI-

5 

EI-

6 

1.  Due to less 

competitiveness 
X X X X X  

2.  Less transparency in 

procurement 

process 

X X X X X X 

3.  Not having a proper 

technical 

evaluation 

X X     

4.  Not having proper 

feasibility studies 
X X X X X  

5.  Poor decisions taken 

by Authorities 
X X X    

o Strengths and weakness of the existing provisions and 

procedures for granting approval for USPs. 

o  

As far as the strengths and weaknesses of existing 

provisions and procedures for granting approval for USPs 

concerned, the experts who were involved with the survey 

interviews pointed out that some areas of the existing 

guidelines are very weak when compared with the other 

guidelines in the world which are using for USPs  ; those 

weaknesses are listed in Table 6 below:  

 

Table 6: Weaknesses of the existing provisions and 

procedures 

Weakness 

Experts Interviewed 

EI-1 EI-2 EI-3 EI-4 EI-5 
EI-

6 

1.  Less transparency X X X X X 
 

 

2.  Poor 

accountability 
X X X X X X 

3.  Low fairness X X     

4.  Low openness X X X X X  

5.  Less competition X X X X X  

 
Strengths of existing provisions and procedures in the 

existing guidelines include the potential to introduce some 
of the mechanisms into the Sri Lankan procurement system 
by introducing a few amendments to these guidelines, such 
as follow-up competitive bidding procedures to fill the gaps 
identified by this research. It was also observed that in none 
of the procurement guidelines of the Philippines, South 
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Korea, South Africa had there been any reference to 
empowering the Cabinet or any other authority to grant 
approval for a USP directly, bypassing the general 
procedure, and Sri Lanka is the only country that entertains 
such authority.  

o Improvements needed for a future potential guideline 

to strengthen the viability assessment procedure of 

USPs and the areas that need to be opened for USPs 

 

According to the results derived from the survey interviews, 
most of the experts’ opinion was that, as a prime 
requirement, necessary actions must be taken to improve the 
transparency of the entire approval process of USPs, and 
special attention should be paid to obtaining a competitive 
bid price for USP proposals through the introduction of 
suitable arrangements such as the "Swiss Challenge 
System" or "Bonus System". 

 

Further, a few of the experts proposed to publish all the 
information related to USPs to the public and to get the final 
approval for USPs through a parliamentary process in order 
to improve the transparency of the USP approval procedure. 

 

 Further, experts pointed out the importance of establishing 

a new independent body to handle USPs and introducing 

suitable arrangements to share both risks and rewards 
among the investor and the government, like in a public-

private partnership project, and some experts had an 

opinion that the government should not go for USPs by 

using public money. Accordingly, those opinions were 

identified and categorized as factors that can be used to 

improve the accountability of the USP approval procedure. 

Additionally, some of the experts had the opinion that the 

government should not allow the implementation of 

infrastructure development projects for the key projects 

that were identified as strategically important as the 

Philippine system, and a few of them had the opinion that 
the government should not restrict the opportunities for 

USPs. Accordingly, all the outcomes under this heading are 

summarized in Table 6 below. 

 

 

 

Table 3: Procedures that need to be followed in a future 

potential guideline to strengthen the viability assessment 

procedure of USPs and the areas that need to be opened for 

USPs. 

 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

o Conclusion 

This research reveals that a USP would be the most suitable 

solution for a development project, which may get delayed 

in implementation either due to insufficient funds or a lack 

of technical capacity. USPs would also assist economic 

development by creating direct and indirect job 
opportunities. Nevertheless, it was revealed that most of the 

Proposal 
Experts Interviewed 

EI-1 EI-2 EI-3 EI-4 EI-5 EI-6 

1. Areas where improvements needed for the procurement processes 

of USPs 

Transparency of the 

USP approval 

procedure. 

      

o USP proposals 

should be attested 

through a 

competitive bidding 

process 

X X X X X  

o All information 

related to USPs to 

be published to the 

public 

    X  

o Final approval for 

USPs should be 

obtained through a 

parliamentary 

process 

    X  

Accountability of the 

USP approving 

procedure. 

      

o Establish a new 

independent body to 

handle USPs 
X   X   

o Both risks and 

rewards should be 

distributed among 

the investor and the 

Government. 

 X   X  

o Government should 

not go for USPs, if 

they use public 

money 

   X X  

The areas which need to be open for USPs 

a. USPs should be 

allowed for 

projects that are 

identified as key 

government 

projects  

   X X  

b. USPs should not 

be allowed for 

projects that are 
identified as key 

government 

projects 
X X X   X 

c. USPs should be 

allowed for new 

and innovative 

projects 

X X X X X X 
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projects that were implemented as USPs in Sri Lanka 

encountered either financial or technical-related failures, 

and a few encountered social, environmental, or legal-
related failures as well. The main cause of financial failures 

was the improper financial evaluation process adopted at 

the initial stages. The reasons for technical, environmental, 

social, and legal failures could be attributed to the poor 

attention paid to those aspects during the feasibility 

assessment stages and also to the low transparency of the 

entire procurement process of USPs.  

The government of Sri Lanka is not equipped with proper 

arrangements to ascertain whether a particular project is 

financially viable and a special arrangement to be provided 

to obtain a competitive and financially viable bid price for 

USP proposals by introducing suitable arrangements such 
as the "Swiss Challenge System" or "Bonus System". The 

research further revealed that although Sri Lanka has a 

framework for procurement processes for both public 

sector infrastructure (issued in 2006) and private sector 

infrastructure (issued in 1998), it does not meet the 

expectations of a procurement guideline. In the case of a 

USP, this weakness has left provisions for the private sector 

to forcefully influence terms and conditions in a contract. 

Mainly lack of transparency and the poor accountability of 

existing procedures have weakened the entire viability 

assessment process of USPs in every aspect. In the 
determination of the procedures that need to be followed in 

a future potential guideline to strengthen the viability 

assessment procedure of USPs, it was discovered that 

necessary actions have to be taken to improve the 

transparency of the entire approval process of USPs.  

Furthermore, the interview findings emphasize the 

importance of publishing all the information related to 

USPs to the public and the need for final approval for USPs 

to be obtained through a parliamentary process in order to 

improve the transparency of the USP approval procedure. 

Also, in order to improve the accountability of the system, 

it is required to establish a new independent body to handle 
USPs. Further, to share the both risks and rewards among 

the investor and the government, an arrangement like a 

public-private partnership for the USPs have been proposed 

as a result of this research. Additionally, the research 

further revealed that the government should not allow the 

infrastructure development projects for the key projects 

which were identified as strategically important. 

 

o Recomendations 

The following recommendations are suggested for 

necessary reforms to improve the transparency and 

accountability of the viability assessment process of USPs: 

• A mechanism to ensure the transparency and 

accountability of the entire approval process of 

USPs.  

• Necessary arrangements have to be made to assure 
the viability of USPs. 

• The existing provision that allows the award of 

USP contracts directly by the Cabinet has to be 

abolished. 

• Establishing a new independent body (like 

independent commissions) to handle USPs 

• Final approvals for USPs have to be obtained 
through a parliamentary process. 

• Proposals for USPs have to be attested to through 

a competitive bidding process. 

• Access to all the information related to USPs has 

to be made available to the public. 

• Projects that have been identified as strategically 

important by the government should not be 

allowed to be implemented as USPs. 
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Abstract— This study investigates the feasibility of adopting 

the Construction Industry Security of Payment Acts practiced 

in developed countries by the Sri Lankan construction industry 

to tackle persistent payment delays and non-payment issues 

faced by the main contractors and subcontractors in the Sri 

Lankan construction industry. Thus, the primary aim is to 

evaluate the suitability of these Acts for the Sri Lankan context 

and determine the potential effective provisions and strategies 

to overcome long-term payment delays and non-payment for the 

main contractors and subcontractors. The research employs a 

comprehensive methodology, including a literature review, a 

desk study, and a questionnaire survey involving industry 

professionals. The outcomes of the research include key insights 

and recommendations to enhance payment practices in the Sri 

Lankan construction industry. To elaborate further, this 

research provides valuable guidance on the matter for 

policymakers and practitioners, ultimately leading to improved 

payment processes, reduced delays, and mitigation of non-

payment problems in the construction industry. 

Keywords— Construction Industry, Security of Payment Acts, 

Payment Delays, Non-payment, Subcontractor payments 

VII. INTRODUCTION 

A. Research Background 

The construction industry is distinguished by 
characteristics like high production costs, lengthy processes, 

complexity, risk, and the creation of diverse and expansive 

products [1]. These products encompass everything from 

individual houses to substantial infrastructure projects such 

as roads and power plants. Key stakeholders, employers, and 

contractors play pivotal roles in this industry [2]. An 

employer contracts with a main contractor to execute the 

construction work, while contractors execute the work as 

defined in the contract agreement. The main contractor 

contracts with subcontractors for specialized tasks, 

contributing to the construction project's completion by 
considering their specialty and experience [3]. 

 
Payment issues in construction are particularly 

pronounced due to large project sizes, substantial payment 
sums, and credit-based payment terms [3]. Delayed payments 
can result in project delays, financial strain, sub-contractor 
disengagement, and strained client-contractor relationships 
[4]. To address such concerns, some countries have 
implemented statutory provisions, as seen in the Housing 

Grants, Construction and Regeneration Act 1996 (UK Act), 
which have introduced mechanisms like adjudication for swift 
dispute resolution. Comparable measures are also adopted in 
Australia, New Zealand, and Singapore [3]. 

The sub-contractors experience long-term non-payments 
with regard to both interim payments and final payments, 
mainly in public sector projects in Sri Lanka. Due to this 
matter, many contractors faced various kinds of challenges 
and problems. But the relevant public sector authorities have 
not yet come up with a solution to the long-term non-payment 
matter. Accordingly, many researchers have focused on the 
causes of delayed payments, the impacts of delayed payments, 
and the necessity of a standard set of actions to follow up with 
in regard to delayed payments. But not much research has so 
far focused on the suitability of existing Security of Payment 
Acts practiced in the global context for Sri Lanka for 
mitigating payment-related issues.   

Accordingly, this research aims to evaluate the 
adoptability of “Construction Industry Security of Payment 
Acts” in developed countries to the Sri Lankan construction 
industry to overcome long-term payment delays and non-
payment for the main contractors and subcontractors. In 
achieving this aim, the following objectives were set out and 
achieved: (1) To identify the nature of delayed / non-payments 
among contractors and their impact on construction projects / 
parties; (2) To identify the current strategies and provisions 
used globally and in the Sri Lankan construction industry to 
mitigate payment-related issues among contractors; (3) To 
compare the provisions available in the Construction Industry 
Security of Payment Acts in developed countries to mitigate 
payment-related issues in the construction industry; and (4) To 
determine suitable provisions in a potential “Construction 
Industry Security of Payment Act” for the Sri Lankan 
construction industry.  

This research is most important to the main contractors, 
subcontractors, and suppliers who engage in public sector 
construction projects, as they are the most affected parties by 
delayed payments. 

VIII. LITURATURE REVIEW  

A. Nature of the construction industry  

The construction industry comprises participants from 
diverse backgrounds collaborating for maximum profit [5]. 
Participants, notably employers and contractors, play essential 

mailto:madhurangapriyanath@gmail.com
mailto:rpalliyaguru@uovt.ac.lk
https://orcid.org/0000-0002-9786-4969


 

 

512 

 

INTERNATIONAL RESEARCH SYMPOSIUM -2023 (IRS2023-UoVT) 

“Emerging Technologies and Skills for Resilient Industries” 

 

 

roles in this sector [2]. It utilizes considerable human and 
financial resources for intricate, long-term projects [6]. The 
complexity and inherent risks are well-noted, involving 
numerous stakeholders such as employers and design and 
construction teams [7]. High risk levels arise due to the 
intricate, dynamic project environment, which exposes it to 
technical, socio-political, and business risks [8]. 
Consequently, dispute occurrence is a common aspect of this 
fragmented and complex industry [9]. 

B. Importance of timely payments and impacts of delayed 

payments on construction projects  

In the construction industry, timely payment by the 
employer to the main contractor and by the main contractor to 
the subcontractors and suppliers is of paramount significance. 
Typically, payment terms involve credit rather than immediate 
delivery, making cash flow a pivotal factor affecting 
construction projects [3]. Deviations from the expected 
revenue flow, represented by the S curve, due to cash flow 
delays can have substantial repercussions, affecting project 
recovery halfway through its course. Cash flow is the 
lifeblood of construction projects, and delayed or non-
payment by employers and main contractors emerges as a key 
reason for failures in this sector [10]. Moreover, the effects of 
delayed payments include financial hardships and may lead to 
project abandonment or disputes [4]. Thus, timely payments 
are crucial for maintaining construction progress, avoiding 
delays and disputes, and ensuring profitability for all 
stakeholders. Delays or non-payments disrupt the supply 
chain and subcontractor relationships, impacting project 
stability [11], and the impact of such issues is not confined to 
construction firms but extends to the broader economy, 
considering the industry's substantial contribution to the GDP 
[10]. 

C. Current status of construction industry payments in Sri 

Lanka and related causes  

In Sri Lanka, delayed payments are considered one of the 
most common issues in construction projects, especially 
government-funded construction projects [12]. Also, 
Illangakoon mentioned that the cash flow issues due to 
payment delays to contractors hugely affect the 
implementation of construction projects and usually make a 
significant impact on small construction companies, and there 
have been many instances where several small construction 
companies have closed down due to payment delays in their 
projects [13]. 

Generally, most payments delays occur due to the actions 
of the client party rather than the main contractor’s party in Sri 
Lanka [13]. Moreover, Illangakoon reveals that some main 
causes related to delayed payments within the Sri Lankan 
construction industry include, but are not limited to: prevailing 
internal system of the client (No of layers /officers passing the 
bill); cash problems of the client (non-availability of funds); 
additional works requested by client after submission of final 
bill; non-adherence of correct formats by contractor; improper 
submissions by contractor (less documentation); improper 
payment practices of client; lack of inter relationship between 
internal units and officials; lack of follow up and guidance by 
top level officials; no fear in contravening conditions of 
contract and handling too much work at a time; improper 
payment practices of contractor; lack of courage & confidence 
to complain to relevant parties/authorities about payment 

delays; lack of unity among contractors who involved in 
public sector construction projects.  

D. Strategies currently implemented to mitigate payment-

related issues in developed countries  

Mitigating the delayed payments on project delivery 
involves fostering strong stakeholder relationships, 
formalizing payment procedures, and ensuring stable and 
regular payments [14]. Stable and consistent payments stand 
out as a crucial solution to address payment challenges in the 
construction sector, providing a reliable cash flow for 
contractors and sustaining project progress [15]. To prevent 
delays and non-payments, Mohamad, Jahn Kassim, and 
Zakaria, suggest proactive measures during the construction 
phase and before resorting to alternative dispute resolution or 
litigation [16]. Similarly, Bissoon and Outridge, emphasize 
standardizing contracts to international norms, enforcing 
relevant laws, and utilizing government bonds to alleviate 
contractor debt [17]. 

In the context of Sri Lanka's government-funded 
construction projects, Samaraweera, Perera, and Dewagoda, 
recommend a range of strategies to deter delayed payments 
[18]: Swift enactment of a "Construction Industry Security of 
Payment Act" to safeguard and advance the construction 
sector; implementation of a payment bond or promissory note 
involving a third-party guarantee in case of default; 
establishment of a comprehensive quality assurance system as 
a checklist to prevent flawed tender documents; introduction 
of milestones or stage payments tied to project progress; 
mandatory allocation of funds to an independent escrow 
account; and granting contractors the right to assess the 
employer's financial status during bidding and understand 
actual project funding. 

E. Security of Payments Acts  

In the UK construction industry, Sir Michael Latham’s 
1994 report ‘Constructing the Team’, which is generally 
known as the Latham Report, laid the foundation for drafting 
the Housing Grants, Construction, and Regeneration Act 1996 
(UK Act), and part of that Act deals with a scheme for 
payment and the resolution of construction disputes through a 
contemporaneous, speedy, and economical dispute resolution 
method called Adjudication [3]. Moreover, Ali mentioned that 
there are now similar Acts in Australia, New Zealand, and 
Singapore namely: the Building and Construction Industry 
Security of Payment Act 1999, amended in 2002 (New South 
Wales, Australia); the Building and Construction Industry 
Security of Payment Act 2002 (Victoria, Australia); the 
Construction Contracts Act 2002 (New Zealand); the Building 
and Construction Industry Payments Act 2004 (Queensland, 
Australia); the Construction Contracts Act 2004 (Western 
Australia); and the Building and Construction Industry 
Security of Payment Act 2004 (Singapore).  

 As such, the United Kingdom, nearly all states in 
Australia and New Zealand, and more recently Singapore, 
have all statutorily enacted provisions to address issues of 
payment in the construction industry and have introduced 
adjudication as a fast and economical dispute resolution 
method for the construction industry [3]. This was further 
proved by Arafat and Skaik by stating that many countries, 
such as the UK, Australia, and Singapore, have a "Security of 
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Payment" regime that includes a rapid statutory adjudication 
process to resolve payment disputes [10]. 

The purpose of a Security of Payment Act is to enable 
prompt payment for progress claims under a construction 
contract. The Acts provide for the appointment of an 
adjudicator to determine the payment to be made when there 
is a dispute relevant to the amount due. The due date for the 
payment and interest are also to be assessed by him. This 
process is established to focus on maintaining the cash flow of 
subcontractors with a rapid settlement procedure. 

The primary focus of the Security of Payment Acts is to 
protect subcontractors and suppliers in the construction 
industry, rather than main contractors. These acts aim to 
ensure that subcontractors and suppliers receive timely and 
fair payment for their work or supplies, addressing the issue 
of payment delays or non-payment that often occurs in the 
construction sector. While creating a more equitable payment 
ecosystem within the construction industry where all parties 
involved can operate on a level playing field and receive 
payment for their work in a timely manner. By providing 
mechanisms for interim payments, facilitating dispute 
resolution, and establishing clear timeframes for payment, the 
Security of Payment Acts aim to improve cash flow for 
subcontractors and suppliers, reduce payment disputes, and 
promote fairness and transparency in the payment process. 

F. Provisions in ‘Security Payment Acts’ and their 

effectiveness in mitigating payment related issues in the 

construction industry 

Provisions of Security of Payment Acts related to 
developed countries like the United Kingdom, Australia, and 
Singapore are summarized in table 01. 

Progress payments during the project period secure 
payment rights for work completed by the subcontractors and 
goods provided by the suppliers. In order to resolve payment 
disputes swiftly, a rapid and cost-effective adjudication 
method is established in these Acts, allowing work suspension 
or supply withholding for unpaid amounts [19]. The Security 
of Payment procedures expedite decision-making, ensuring 
swift payment dispute resolution and undisrupted contractor 
cash flow. However, their underlying purpose is to prevent 
payment delays for completed work and delivered goods. 

Although different jurisdictions have varied Acts, the core 
objective of SOP remains consistent. It primarily aims to 
confer progress payment rights upon parties executing 
construction work or supplying related goods and services 
[20]. The Acts further enact the objectives as follows: 

1. To ensure that progress payments or payments for 
supplying goods or services under a construction 
contract are recovered by the parties. 

2. To ensure that a person or party is entitled to receive 
a progress payment by providing a legal entitlement 
that is enforceable in court, i.e. An adjudication 
determination that is enforceable in court for that 
payment. 

3. To  ensure  that  a  person  or  a  party  is  entitled  to  
recover  a  progress payment by establishing an 
accepted procedure that consists of: 

• Application of a payment claim by the person or 
party who claim the payment (“Claimant”) 

• Providing of a payment schedule by the person or 
party to whom the payment is payable 
(“Respondent”)  

• Provision for application of any undecided claim 
to an adjudicator for determination 

• Payment of the adjudicated amount by the 
Respondent or the grant assurance by setting 
aside money due and 

• Recovery of the progress payment through a 
court order if the Respondent fails to pay. 

TABLE I.  PROVISIONS IN ‘SECURITY OF PAYMENT ACTS’ 

 

4. The Acts do not limit any entitlement or remedy a 
person or party to a construction contract may have 
under the contract. For example, the payment of 
adjudicated amount or assurance granted by setting 
aside money does not prejudice any claim, counter 
claim or review concerning the work done or material 
or services supplied under a construction contract to be 

Provisions 

available 

United 

Kingdom 
Singapore 

Australia 

New 

South 

Wales 

Victoria 
Queenslan

d 

Western 

Australia 

Name of Act 

Housing 
Grants, 

Constructio
n and 

Regeneratio

n Act 1996 

Building and 
Construction 

Industry 
Security of 

Payment Act 

2004 

Building 
and 

Constructio
n Industry 
Security of 

Payment 
Act 1999 

Building 
and 

Constructio
n Industry 
Security of 

Payment 
Act 2002 

Building and 

Construction 
Industry 

Payments 

Act 2004 

Constructio
n Contracts 
Act 2004 

Definition of 

time 
Not defined Not defined 

Business 

day 
(Monday to 

Friday, 

excluding 
public 

holidays) 

Business 

day 
(Monday to 

Friday, 

excluding 
public 

holidays) 

Business day 
(Monday to 

Friday, 

excluding 
public 

holidays) 

Business 

day 
(Monday to 

Friday, 

excluding 
public 

holidays) 

Are stage 

payments or 

interim 

payments 

allowed? 

Yes Yes Yes Yes Yes Yes 

Time for 

payment of 

progress 

payments in 

case of no 

dispute 

28 days 
(from the 
due date) 

30 days (from 
the due date) 

10 business 

days (from 
the 

reference 

date) 

10 business 

days (from 
the 

reference 

date) 

15 business 
days (from 

the reference 

date) 

28 days 
(from the 
due date) 

Time for 

Payment 

schedule 

submission 

Within 5 
days of a 

written 
request 

Within 14 
days of a 

written 
request 

Within 10 
business 

days after 

receipt of 
payment 

claim 

Within 10 
business 

days after 

receipt of 
payment 

claim 

Within 10 
business 

days after 

receipt of 
payment 

claim 

Not defined. 

Initial steps 

before the  

claimant 

makes an 

adjudication 

application 

Provide 

written 
notice 

Provide 
written notice 

Within 20 
business 

days after 
providing 

written 

notice 

Within 20 
business 

days after 
providing 

written 

notice 

Within 20 
business 

days after 
providing 

written 

notice 

Provide 

written 
notice 

Time to 

submit 

adjudication 

application 

Within 28 
days after 
notice of 

adjudication 

Within 7 days 
after notice of 
adjudication 

Within 10 
business 

days after 
receipt of 

the 

payment 
claim 

Within 10 
business 

days after 
receipt of 

the 

payment 
claim 

Within 10 

business 
days after 

receipt of the 

payment 
claim 

Within 28 

business 
days after 
receipt of 

the payment 
claim 

The period 

for the 

decision of 

the 

adjudication 

28 days 28 days 
10 business 

days 
10 business 

days 
10 business 

days 
28 days 

Appointmen

t of 

adjudicator 

Chosen by 

the parties 
or appointed 

by an 

adjudicator 
nominating 

body 

Appointed by 
the Singapore 

Mediation 
Centre 

Appointed 
by the 

authorized 

nominating 
authority 

Appointed 
by the 

authorized 

nominating 
authority 

Appointed 
by the 

authorized 

nominating 
authority 

Appointed 
by the 

authorized 

nominating 
authority 
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raised in arbitration or any other dispute resolution 
method. 

IX. METHODOLOGY 

A. Introduction  

Research methodology is a way to systematically solve the 
research problem. It may be understood as the science of 
studying how research is done scientifically [21]. This section 
explains the research design, research approaches, research 
strategy, data collection techniques and data analysis 
techniques adopted for this research. 

B. Research Design  

Research design can be considered the structure of 
research, and it is the "Glue" that holds all of the elements in 
a research project together; in short, it is a plan for the 
proposed research work. Moreover, there are four types of 
research designs: exploratory design, descriptive design, 
explanatory design, and experimental design [22]. 
Accordingly, as this research finds solutions to mitigate an 
existing problem related to long-term payment delays and 
non-payment for contractors, exploratory design is used as the 
research design with the purpose of exploring a research 
problem that is relatively new and has not previously been 
studied in depth before.  

C. Research Approaches  

The research approach is a plan for moving from the 
research question to the conclusion, and there are three 
approaches to research: qualitative, quantitative, and mixed 
method, where mixed method is a combination of qualitative 
and quantitative approaches in the methodology of a study. 
And also, inductive, deductive, and abductive approaches are 
used as research approaches. Accordingly, in order to achieve 
the aim of this research, the numerical data collected from the 
questionnaire survey is used, and the aim is achieved by 
focusing on six different Acts. That means for this research, 
the quantitative method and deductive approach are used, 
respectively. 

D. Research Strategies 

A research strategy is simply a plan for how to achieve our 
research aim. Surveys, case studies, action research, and 
scientific experiments are popular research strategies involved 
in social science research. Accordingly, the responses of the 
industrial professionals are required to achieve the aim of this 
research, and that data was collected through a questionnaire 
survey. That means the survey method was used as the 
research strategy.  

E. Research Techniques 

 Research techniques refer to the data collection and 
analysis techniques used to reach solid conclusions on the 
research topic. Accordingly, research techniques can be 
discussed under two main types: "data collection" and "data 
analysis”. 

1) Data collection techniques 

A comprehensive literature review was carried out to 

identify the existing knowledge related to the research topic. 
A desk study was conducted to identify the provisions under 

various Payment of Security Acts used in developed countries 

to address payment issues and to understand the suitability of 

such provisions for the Sri Lankan construction industry. The 

collation and review of information already available about 

the site is known as a desk study. Moreover, a questionnaire 
survey was conducted online among a sample of 40 

respondents to validate the findings of the desk study and 

literature survey.  

2) Data analysis techniques 

Data analysis involves inspecting, cleaning, 

transforming, and interpreting the collected data to extract 

meaningful insights, identify patterns, draw conclusions, and 

make informed decisions about the research objectives. The 

empirical data collection of this research study focused on the 
identification of ground conditions for a potential Security of 

Payment Act in Sri Lanka through the collection of views of 

construction industry practitioners, and those data were 

statistically analyzed to build up the recommendations of this 

research. So, statistical analysis is one of the data analysis 

techniques used to analyze the data from the questionnaire 

survey. 

a) RII Value:   

The Relative Important Index (RII) method was 

adopted to determine the relative importance of on-

time payments in construction projects, the impact of 

delayed payments, and the suitable provisions under 

various Security of Payment Acts used in developed 

countries. The five-point Likert scale ranging from 1 

(very low importance) to 5 (very high importance) was 

adopted and transformed into a relative importance 

index using the equation:  𝑅𝐼𝐼 = ∑ 𝑊 /( 𝐴 𝑥 𝑁).     

X. DATA ANALYSIS AND DISCUSSION 

A. Introduction  

This section explicates the analysis of the data collected 
through the questionnaire survey, which comprised a sample 
of construction industry professionals who are engaged in 
private / public sector construction projects. The profile of the 
respondents for the questionnaire survey was classified 
according to their job category, academic qualification related 
to the construction field, experience related to the construction 
industry, type of organization that they employed, and 
experience in abroad construction projects.  

When considering the respondent’s profile, the largest 

percentage of respondents (72.5%) were identified as 

subcontractors while 27.5% were identified as main 

contractors. The highest percentage of respondents (45%) 

were graduates, and similarly, 22.5% have NVQ Level 

qualifications, while 17.5% were undergraduates. Also, 15% 

hold postgraduate qualifications related to the construction 
industry. The highest percentage of respondents (40%) have 

11 -15 years of experience. 22.5% of respondents have 6-10 

years of experience, and 17.5% have 1-5 years of experience. 

Furthermore, 12.5% have above 20 years of experience, 

while 7.5% have 16-20 years’ experience. The majority of 

respondents (74.4%) have work in the private sector, while 

23.1% of respondents have work in both the public and 

private sectors. Only 2.5% have work experience only in the 

public sector. The majority (82.5%) have not worked on 
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construction projects in other countries, while 17.3% of 

respondents have worked on construction projects in other  

countries. 

B. Current status of payments in the Sri Lankan 

construction industry  

100% of respondents have experienced delayed or non-
payment issues with their construction projects. As per figure 
1, delayed or non-payment issues often arise in the public 
sector and sometimes arise in the private sector as well. 

 

 

 

 

 

 

 

Figure 2 represents the respondents’ views about the 
average duration of payment delays that they have 
experienced. Accordingly, the majority of payment delays fall 
in the range of 30 to 60 days, with 72.5% of respondents 
reporting delays in this range. Also, 12.5% experienced delays 
lasting between 60 to 90 days, and 15% faced delay lasting 
less than 30 days. 

 

 

 

 

 

 

C. Impacts of Delayed or Non-Payment on Construction 

Projects/Parties   

Figure 3 demonstrates the RII value related to the impacts 
of delayed and non-payments on construction projects and 
parties. The RII values related to cash flow problems, inability 
to pay subcontractors and suppliers, delay in project 
completion, reduced productivity and quality of work, and 
negative reputation and credibility in the industry are higher 
than 0.80. Similarly, the increase in legal disputes and claims 
and the termination of a contract have a RII value of 0.79 and 
0.64 respectively.  

 

 

 

 

 

 

 

 

D. The current strategies and provisions used to mitigate 

payment related issues in the construction industry and 

their effectiveness  

As per Figure 4, all (100%) of respondents have used 
strategies to mitigate payment-related issues (non-
payment/delayed payment) in their construction projects. 

 

 

 

 

 

 

 

The rate of agreement by respondents on the usage of the 
mitigation strategies is presented in Figure 5. 

Accordingly, “Contractual Provisions” has a RII value of 
0.62 while both Payment Bonds/Guarantees and Payment 
Schedules have RII values of 0.57 each.  

 

 

 

 

 

 

 

 

E. Assessing the Adequacy of CIDA Conditions in 

Mitigating Payment-Related Issues   

According to Figure 6, 62.5% of respondents indicated 
that the CIDA Conditions are not sufficient to mitigate 
payment-related issues in construction projects, while only 
37.5% state that they are sufficient. 

 

 

 

 

 

 

F. Challenges Encountered in Implementing Payment-

Related Strategies  

Figure 7 demonstrates the RII value of the respondents’ 
responses to the challenges encountered in implementing 
payment-related strategies in construction projects. 
Accordingly, the challenges namely lack of awareness, 
complex payment processes, insufficient communication, and 
insufficient transparency have a RII value greater than 0.80 
while inadequate enforcement mechanisms for payment 
disputes, limited access to financing options for contractors, 

Fig. 2 Average duration related to payment delays 
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cultural norms and practices affecting timely payments, and 
disputes and conflicts arising from non-standardized payment 
terms have a RII value greater than 0.70. 

 

 

 

 

 

 

 

 

 

G. Determine suitable provisions in a potential 

“Construction Industry Security of Payment Act” for the 

Sri Lankan construction industry   

1) Awareness of Security of Payment Acts in other 

countries 
47.5% of the respondents were aware the existing Security 

of Payment Acts in other countries, while 52.5% of 
respondents were not aware. 

2) The familiarity of each act among the professionals 

 
 

 

 

 

 

 

 

 

According to Figure 8, 58% of respondents were aware of 
the Security of  Payment Acts and slightly familiar with the 
UK Act, while the majority of the respondents were not aware 
of the other five Acts. 

3) Awareness of the major provisions in Security of 

Payment Acts 
 

 

 

 

 

 

 

 

As per Figure 9, awareness regarding the major provisions 
in the Security of Payment Acts was very low. 

H. Suitability of Security of Payments Acts in mitigating 

payment related issues 

1) Clear and Well-Defined 'Definition of Time'  
A definition for “Time” was derived through the Security 

Payment Act of the UK, as only it defines the term “Time”. 
According to that, the business day is defined as Monday to 
Friday, excluding public holidays. The appropriateness of the 
definition for the Sri Lankan context is assessed through the 
respondents’ views, the and majority of them reported that the 
definition is suitable as 39 respondents fell on the categories 
of agree and strongly agree with the definition. 

2) Timeframes for Progress Payments 
Figure 10 represents that “10 business days from the 

reference date” has a very higher RII value (0.91) when 
compared to the RII values of the other two time frames, 
called “30 days from the reference date” and “28 days from 
the reference date”. 

 

 

 

 

 

 

 

 

 

 

3) Timeframe for Payment Schedule Submission  
 

 

 

 

 

 

 

Figure 11 shows that “within 10 business days after receipt 
of payment claim” has a higher RII value of 0.91”, while 
“above 10 business days after receipt of payment claim” has a 
RII value of 0.28. 

4) Timeframe for Initial Steps in the Adjudication 

Application  
Figure 12 shows that “within 20 business days after 

providing written notice” has a higher RII value of 0.99 while 
“above 20 business days after providing written notice” has a 
RII value of 0.22. 
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5) Timeframe submitting Adjudication Application  
Figure 13 shows that “within 28 business days after receipt 

of payment claim” has a comparatively higher RII value of 
0.68, while “within 10 business days after receipt of payment 
claim” has a RII value of 0.53. 

 

 

 

 

 

 

 

 

 

6) Suitable Period for Adjudication Decision   
Figure 14 shows that “within 10 business days” has a 

higher RII value of 0.89 while “within 28 business days” after 
receipt of the payment claim has a RII value of 0.31. 

 

 

 

 

 

 

 

I. Potential Benefits of Implementing a Security of 

Payment Act 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
The RII values of the all identified benefits have a RII 

value grater that 0.80. 

J. Challenges in Implementing a Security of Payment Act 

for the Sri Lanka 

 

 

 

 

 

 

 

 

 

The RII values of the challenges called lack of awareness, 
resistance by main stakeholders, and administrative 
complexity have a RII value greater than 0.80, while lack of 
enforcement capacity and cultural and behavioral barriers 
have a RII value greater than 0.70. 

K. Discussion 

In Sri Lanka, delayed payments are considered as one of 
the most common issues related to construction projects, 
especially in government-funded construction projects. Also 
[13] mentioned that the cash flow issues due to payment 
delays to contractors hugely affect the implementation of 
construction projects in Sri Lanka. The findings from the 
analysis proven the above statements as it revealed that 100% 
of the respondents have experienced delayed/non-payment 
issues during their working period and majority of such issues 
are encountered often in public sector project with more than 
30 days of delay.   

Delayed payments will have a devastating effect on the 
contractual payment chain and it expose contractors to a 
greater risk and most serious effects of delayed payment 
include delays in the project's progress, financial hardship, 
collapsing relationship among project stakeholders, formation 
of disputes, abandonment of projects, bankruptcy, etc. [4]. The 
findings of the research consolidated this statement as the 
study identified cash flow problems, inability to pay 
subcontractors and suppliers delay in project completion, 
reduced productivity and quality of work, increased legal 
disputes and claims, negative reputation and credibility in the 
industry and termination of project as major impacts due to the 
delay payment with higher RII value.  

Mitigating delay/non-payments is very important to 
construction projects. Accordingly, formulation and 
enhancement of payment security act, introducing payment 
bonds, utilizing payment schedule for projects, maintaining 
escrow accounts, etc. are proposed by various authors as 
preventive measures related to delay payment [14], [17] ,[18]. 
The findings of the study revealed that standardized 
provisions, utilizing bonds and payment schedules as some 
major strategies to mitigate delay payments and they are not 
more effective as their RII value is low. Moreover, the study 
revealed that the CIDA conditions related to payments which 
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mostly utilized in Sri Lankan construction projects are not 
sufficient to mitigate delay/non-payments. However, lack of 
awareness, complex payment process, insufficient 
communication, and insufficient transparency are some major 
reasons for inefficiency of current strategies while inadequate 
enforcement mechanisms for payment disputes, limited access 
to financing options for contractors, cultural norms and 
practices and disputes and conflicts arising from non-
standardized payment terms are also some factors that effect 
on it. 

Developing countries have Security of Payments Act to 
mitigate payment issues related to construction projects. In the 
UK construction industry following UK Act and part of that 
Act deals with a scheme for payment and the resolution of 
construction disputes. Moreover, now some similar Acts were 
used in Australia, New Zealand and Singapore also namely 
Building and Construction Industry Security of Payment Act 
1999 amended in 2002 (New South Wales, Australia), 
Building and Construction Industry Security of Payment Act 
2002 (Victoria, Australia), Construction Contracts Act 2002 
(New Zealand), Building and Construction Industry Payments 
Act 2004 (Queensland, Australia), Construction Contracts Act 
2004 (Western Australia), Building and Construction Industry 
Security of Payment Act 2004 (Singapore) [3]. However, the 
primary focus of all these Security of Payment Acts is to 
protect subcontractors and suppliers in the construction 
industry, rather than main contractors. But the study shows 
that, in Sri Lanka delay/non-payment is a major issue that 
encountered by both main contractors and subcontractors and 
implementing Security of payment Act for mitigating those 
issues is appropriate. Also, the findings of the study show that 
majority of the construction industry professionals not aware 
about any Security Payment Act and the UK act is the most 
popular act among the once who aware of Security Payment 
Act. Although some are aware of act, they do not process 
sound knowledge regard to its main provision called Interim 
Payment Mechanism, Payment Claims and Payment 
Schedules, Adjudication Process, Timeframes for Payments 
and Enforceability of Adjudication Decisions as RII value 
regard to them are very low and range between 0.30-0.40. 

The Security of Payment Acts provides various benefits 
such as ensure that progress payment or payments for 
supplying goods or services under a construction contract are 
recovered by the parties, ensuring that a person or party is 
entitled to receive a progress payment by providing a legal 
entitlement, which is enforceable in court, i.e. adjudication 
determination which is enforceable in court, to that payment, 
ensuring  that  a  person  or  a  party  is  entitled  to  recover  a  
progress payment by establishing an accepted procedure that 
consist of, and does not limit any entitlement or remedy a 
person or party to a construction contract may have under the 
contract. The findings of the study consolidated from the 
literature survey as improving cash flow for contractors and 
subcontractors, enhancing project efficiency through timely 
payments and reduced payment disputes, promoting fairness 
and transparency in the construction industry, increasing 
investor confidence and attraction of more investment to the 
construction sector and strengthened reputation of the Sri 
Lankan construction industry were identified as major 
benefits of using Security Payment Act with higher RII values 
through the study. 

XI. CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents the derived conclusions from 
research findings and discussion in previous chapter relating 
to analyzed data and literature. Further, the accomplishment 
of each objective of this research is discussed. Subsequently, 
recommendations are provided based on research findings and 
determine suitable provisions in a potential “Construction 
Industry Security of Payment Act” for the Sri Lankan 
construction industry.  

A. Conclusions 

The empirical data analysis shows that delayed or non-
payment issues are prevalent in the Sri Lankan construction 
industry, affecting both the public and private sectors. These 
payment challenges lead to various negative consequences, 
such as cash flow problems, project delays, and reduced 
productivity. Addressing these issues is crucial to improving 
the overall health of the construction industry and ensuring 
timely and fair payments to contractors and stakeholders.  

The data reveals that there is a high level of awareness and 
experience of payment-related issues in the Sri Lankan 
construction industry. While many respondents have used 
strategies to mitigate these issues, challenges related to 
awareness, enforcement mechanisms, payment processes, 
financing options, and cultural norms still exist. The opinions 
on the sufficiency of the CIDA Conditions for mitigating 
payment-related issues are varied. To address these challenges 
effectively, respondents suggested various additional 
contractual provisions like escrow account, project trust fund 
and mechanisms to ensure timely and fair payments in the 
construction industry. 

In regard to this various suggestions were collected from 
the respondents who participated for questionnaire survey 
about  the suitable strategy to mitigate payment-related issues 
and the majority proposed to introduce new contractual 
provisions related to payments, use payment schedules and 
payment bonds/guarantees, implement proper guidelines by 
the government, introduce sufficient penalties or compulsory 
interest claim methods, improve the attitude towards payment 
obligations, and develop claims and disputes conditions in 
contracts as suggestions. Similarly, minority of respondents 
proposed to include the use of escrow accounts, project bank 
accounts, and project funds secure systems to ensure timely 
and secure payments. 

The comparison of provisions of Security of Payments 
Acts that used in various developed countries in relation to 
avoiding payment related issues is included in the Table 1 and 
Table 2. As per the findings the major comparable provisions 
are Interim Payment Mechanism, Payment Claims and 
Payment Schedules, Adjudication Process, Timeframes for 
Payments, Enforceability of Adjudication Decisions. 

The data indicates that there is varying awareness of 
Security of Payment Acts in other countries among 
respondents. Also, the familiarity with specific provisions of 
such Acts also varies. However, when considering the same 
provisions in various Acts, they demonstrate slight differences 
and through the respondents’ view most suitable version of 
each provision in Sri Lankan context were identified. 
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B. Recommendations  

In order to mitigate payment related issues in construction 
projects, developed countries like England, Singapore, and 
Australia have used Security of Payment Acts. By referring to 
those Acts, in this study identified some different provisions 
suitable for an act to mitigate payment related issues.  

Based on the responses obtained from the research 
questionnaire, the following recommendations are made 
regarding the provisions. 

TABLE II.  RESPONDENTS RECOMMENDATIONS  

Provisions Recommendations 

Definition of Time 

(Business Day) 

Monday to Friday, excluding public 

holidays. 

Timeframe for payment of 

progress payments 

At least 10 business days to ensure an 

adequate period for processing payments 

in the absence of any disputes. 

Timeframe for payment 

schedule submission 

Within 10 business days for payment 

schedule submission to align with the 

preference of the majority of 

respondents. 

Timeframe for making an 

adjudication application 

Within 20 business days after providing 

written notice for the initial steps 

required before making an adjudication 

application. 

Timeframe for submitting 

an adjudication application 

Within 28 business days for submitting 

an adjudication application to allow 

claimants sufficient time to prepare and 

submit their applications. 

Period for the decision of 

the adjudication 

Decision on adjudication should be made 

within 10 business days. 
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