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PREFACE  

The National Engineering Research and Development Centre (NERDC) of Sri Lanka 

was enacted by an act of parliament under Special Gazette Notification (No 124/6) 

published under the Industrial Corporation Act No. 49 of 1957, on 14 August 1974. 

NERDC became o perational during the latter part of 1974, with Professor K.  K. Y. W. 

Perera as its first chairman. The centre was located in a small  section of the Industrial 

Development Board complex at Katubedda, Moratuwa, with the employment of 

support staff as engine ers and clerical grades. Subsequently the office was located at 

a more spacious building at Galle Road, Colombo -03. In September 1978 office was 

shifted to its present location at 2P/17B, IDB Industrial Estate, Ekala, Ja -Ela, Sri 

Lanka.  NERDC is a premier engineering R&D organization in Sri Lanka, engaging in 

multidisciplinary innovation and R esearch and Development  activities in the fields of 

engineering over the last five decades.  

This Symposium is the annual engineering and research conference conducted  by 

NERDC, since the year 2014. This year it is extended as an International Engineering 

Research Symposium (IERS), under the theme "Economic  Resurgence t hrough 

Engineering Innovations". This symposium will be held in parallel to National Science 

Week of t he Ministry of Education and in partnership with DIGIECON  2030 of  the 

Ministry of Technology. IER S 2023 facilitates a paper presentation session, a poster 

session and a networking forum. It provides a platform for academics, researchers, 

industry experts a nd students to meet, share and discuss the latest achievements in 

engineering research, innovations, developments, applications, and impacts, that can 

contribute for reviving the economy of the nation.  

National Science Week in Sri Lanka is organized by th e Ministry of Education as an 

annual event. It commences with the National Science Day celebration. The Ministry 

of Education has declared the week from 10 th  -17 th  November as Science Week to 

coincide with the celebration of World Science Day, which falls on 10 th  November every 

year.  The Ministry of Education and its institutions under the Research & Innovation 

Division and Department of National Museum are collaboratively engaging in 

organizing an Exposition at the cele bration of National Science Day 2023  under the 

theme of òProsperity through Scientific Empowermentó with the main objective to 

spread the message about the importance of Science & Technology use in the day 

today life and encourage people for emerging technologies. This Exposition will also 

be a platform to facilitate business startups, jobs and career fairs, research 

commercialization as well as to support inventors to commercialize their inventions 

and secure their IP rights.  

DIGIECON 2030 - ôDigital Economy 2030õ, is organized by the Government of Sri 

Lanka and coordinated by the Ministry of Technology as the leading organization for 

digitalization with the participation and patronage of His Excellency the President 

Ranil Wickremesinghe. DIGIECON  2030 aims to accelerate Sri Lanka's economy 

towards an inclusive digital economy by leveraging advanced technology -based 

solutions. DIGIECON  2030 encompasses a digital master plan & regulatory policy 

framework, along with a series of annual events which will give direction and a gesture 

of the commit ment of the government towards facilitating a digital ecosystem. With 

the blessings of  His Excellency the President, g overnment of Sri Lanka and industry 

stakeholders are committed to working on a digitalization strategy in line with ôDigital 

Economy 2030õ. The industry sectors of Sri Lanka will be guided by Industry 5.0 
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framework to achieve its full potential in the domestic and export markets supported 

by a strong digital infrastructure. ICT investment, digital skills development, 

entrepreneurship, a robu st framework for R&D, digital governance, digital public 

infrastructure, digital financial services, cybersecurity, Environment Sustainability 

Governance (ESG) and Sustainable Development Goals (SDG) will underpin the 

acceleration of digital economy. Digit al skills in Sri Lankan society will bridge the 

digital divide and unlock access to the opportunities presented by the digital economy 

to everyone.  As the first milestone, ôDIGIECON 2023õ, taking place from October to 

November 2023, which will unveil digit al masterplan & regulatory policy framework 

in conjunction with a series of international conferences, symposiums, and 

exhibitions accelerating digital transformation and fuelling ôDigital Economy 2030õ. 

The Keynote address  for the IERS 2023 is  to be deliv ered by Mr.  Takafumi Kadono, 

ADB Country Director for Sri Lanka at the inauguration and Mr. Nalin Welgama, 

Founder/Chairman Ideal Motor Group delivers the plenary speech  at the networking 

forum.  

IERS 2023 received 53 submissions , and after the peer review  process by over 65 

international and local reviewers, 29  papers were accepted for publication. In order to 

organize the content effectively, the symposium committee has divided the accepted 

papers into two distinct tracks:  

Digitalizing the Economy through  Engineering Innovations  

Reviving the Economy through Engineering Innovations  

To showcase the selected papers, we have planned both paper presentation sessions 

and poster sessions. The pre sentation session will include all accepted papers falling 

under the "Digitalizing the Economy through Engineering Innovations" track. On the 

other hand, the poster presentation session will encompass papers under the 

"Reviving the Economy through Engineer ing Innovations" track. All the meticulously 

peer-reviewed full papers from both categories will be included in the IERS 2023 

proceeding and it will be published in S ri Lanka Science Index Database
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Message from the President of the Democratic Socialist Republic 

of Sri Lanka   

It is indeed a pleasure to extend my best wishes to the International Engineering 

Research Symposium (IERS) 2023, meticulously organized by the National 

Engineering Research and Development Centre (NERDC) of Sri Lanka. This 

symposium, themed òEconomic Resurgence through Engineering Innovationsó, 

stands as a testament to the unwavering commitment of the NERDC to innovation, 

progress and revitalization in the engineering field.  

The convergence of the IERS 2023 with the National Science Week of the Ministry o f 

Education and the partnership with DIGIECON 2030 of the Ministry of Technology, 

exemplify our collective determination to shape a future, distinguished by 

technological prowess and economic prosperity. This symposium serves as an 

invaluable juncture, for  luminaries in academia, pioneering researchers, industry 

stalwarts and expiring students to convene, exchange insights and deliberate on the 

latest breakthroughs in engineering research.  

The theme itself, underscores the recognition of the pivotal role e ngineering plays in 

reigniting the countryõs economic vibrancy. As the world rapidly transforms, 

engineering innovations emerge as catalysts of change, capable of breathing new life 

into the nationõs economy and society. This Symposium, distinguished by its fusion 

of diverse minds, creates a fertile ground for unearthing solutions that can drive the 

countryõs progress.  

It is gratifying to note the resonance of this Symposium with the national vision. The 

Governmentõs unwavering commitment is reflected in the partnership with DIGIECON 

2030, as well as the allocation of resources for the development of a digital policy and 

substantial research in the IT sector and Artificial Intelligence. These initiative embody 

the governmentõs resolve to nurture innovation, fuel economic resurgences, and pave 

the way for a technologically empowered future.  

I commend the NERDC of Sri Lanka for initiating this timely Symposium. Its 

dedication to fostering a space for learning, collaboration and growth is commendable. 

I am conf ident that the participants of the Symposium will engage diligently, by 

sharing their insights candidly to nurture collaborations that would transform the 

nation, and with the outcome of the Symposium every success.  

His Excellency Ranil Wickremesinghe  
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Message from the Minister  of Education  

RE-ENGINEER THE PROCESSES OF ECONOMIC RESURGENCE  

The theme, Economic Resurgence through Engineering Innovations, is timely and a 

challenging subject for serious professional debate at a conference like the 

Internatio nal Engineering Research Symposium (IERS) 2023. The time has come for  

the professionals to think re -engineering the processes of economic resurgence such 

as economic planning, resource utilization, deployment of human capital, and 

processes of production a nd marketing. While advances in science and technology 

should pave the way for novel thinking, it is important that learning from other 

countries in addressing issues of turning around economic recessionsõ guide our 

approaches to action.  

The symposium take s place in conjunc tion with the National Science W eek organized 

by the Ministry of Education and in collaboration with DIGI ECON 2023 of the Ministry 

of Technology. I am made to understand that the symposium aims to provide an 

exceptional platform for acade mics, researchers, industry experts, and students to 

exchange ideas, discuss issues of recent breakthroughs in engineering research, 

innovations, developments, applications, and their potential impacts.  

Your theme, òEconomic Resurgence t hrough Engineering  Innovations,ó highlights 

your collective commitment to harnessing the power of engineering to drive economic 

growth and rejuvenation. In an ever -evolving world, innovation stands as a driving 

force and engineering plays a pivotal role in shaping the futur e of our nationõs 

economy. I suggest that the symposium would devote some time to search for 

alternative paths to bring in dramatic and significant change in the way forward of 

our economic transformation.  

The fact that the symposium is scheduled concurren tly with the National Science 

Week gives it a broader national perspective. The Integration of these two events 

should offer a comprehensive platform to explore the intersections between 

engineering and various scientific disciplines.  

I tha nk the IERS 2023  organizing committee, NERDC management and all those who 
have contributed their time, resources, and expertise to ensure the efficient execution 
of this event towards success.  
 

Dr. Susil Premajayatha, M.P.  
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Message from the State  Minister of Technology    

It is an honor to extend my warmest greetings to the National Engineering Research 

and Development Centre of Sri Lanka for organizing an International Engineering 

Research Symposium (IERS) 2023. This symposium holds significant im portance as 

it aligns with our shared vision of driving economic resurgence through engineering 

innovations.  

I am delighted that this event is taking place in conjunction with the National Science 

Week of the Ministry of Education and in partnership with t he DIGIECON  2030 

initiative of the Ministry of Technology. Our collaboration underscores the 

interconnected nature of science, technology, and innovation, and their collective 

potential to drive our nation forward.  

The DIGIECON  2030 program, driven by our commitment to an inclusive digital 

economy, seeks to harness the power of advanced technology -based solutions. With a 

comprehensive digital master plan and regulatory policy framework, alongside a series 

of annual events, we are steering Sri Lanka towards a robust digital ecosystem. The 

upcoming 'DIGIECON 2023' marks the first milestone in this journey, unveiling our 

roadmap for a digital future up until 2030.  

As we gather to discuss the latest achievements, innovations, developments, 

applications, and impa cts in engineering research, let us remember that our collective 

efforts have the power to revive our nation's economy. Through the exchange of ideas 

and expertise, we can chart a course that not only revitalizes industries but also 

enhances the quality of  life for our citizens.  

I commend the IERS  2023 organizers, participants, and partners for their dedication 

to pushing the boundaries of knowledge and innovation. May this symposium be a 

beacon of inspiration, fostering collaboration that paves the way for  a prosperous and 

technologically empowered Sri Lanka.  I wish you all a successful and enlightening 

symposium.  

 

Mr. Kanaka Herath, M.P.  
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Message from the Secretary of the Ministry of Education  

The Ministry of Education is actively involved in organizing the National Science Week, 

an event that has consistently showcased the remarkable achievements in scientific 

research and education. This year, we are taking our commitment to new heights by 

partnering with the Ministry of Technology's DIGIECON  2030 to host the International 

Engineering Research Symposium (IERS)  2023, organized by National Engineering 

Research and Development Centre of Sri Lanka. This symposium, held under the 

theme "Economic Resurgence through  Engineering Innovations," promises  to be a 

convergence point for academics, researchers, industry experts, and students to 

explore the latest advancements in engineering and their potential impact on our 

economy.  

The symposium's core objective is to create a platform where ideas, research findings, 

and innovations can be shared, discussed, and nurtured. By facilitating discussions 

between these stakeholders, we aim to harness the power of engineering to contribute 

significantly to the revitalization of our national economy. The collaboratio n with 

DIGIECON  2030 adds a unique dimension to the symposium, emphasizing the 

importance of interdisciplinary cooperation and holistic development. As we continue 

our efforts to enhance the nation's educational landscape, I believe this initiative 

aligns perfectly with our shared goals.  

I would like to take a moment to express my heartfelt appreciation to the dedicated 

individuals who comprised the IERS 2023 organizing committee, NERDC 

management and all those who contributed to make this event a success.  

 

Mr. M. N. Ranasinghe  
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Message from the Secretary of the Ministry  of Technology  

I extend my heartfelt greetings to the National Engineering Research and Development 

Centre of Sri Lanka for organizing an International Engineering Research Symposium 

(IERS). This symposium stands as a testament to our unwavering commitment to 

driving progress through innovative engineering endeavours.  

Themed "Economic Resurgence Through Engineering Innovations," this symposium 

underscores the pivotal role that engineeri ng research plays in shaping the trajectory 

of our nation's growth. It is truly heartening to see the convergence of brilliant minds 

from academia, industry, and the broader research community, all united by a 

common passion for advancing the frontiers of knowledge.  

IERS 2023 is a remarkable event, we do so in synergy with the National Science Week 

of the Ministry of Education and in partnership with the visionary DIGIECON  2030 

initiative of the Ministry of Technology. This partnership highlights the 

interc onnectedness of scientific exploration, technological advancements, and the 

digital transformation necessary to propel our country to new heights. DIGIECON  

2030 represents our resolute endeavour to foster an inclusive digital economy, 

leveraging cutting -edge technology solutions. The program's digital master plan, 

regulatory policy framework, and a series of strategic events collectively exemplify our 

dedication to cultivating a thriving digital ecosystem. The forthcoming 'DIGIECON 

2023' is a significant st ep in this journey, where we unveil our blueprint for a digital 

future extending to 2030.  

I extend my profound appreciation to the organizers, participants, and partners for 

their steadfast commitment to pushing the boundaries of knowledge and technology.  

Let this symposium serve as a catalyst for collective action and cooperation, 

contributing to a stronger, more resilient, and digitally empowered Sri Lanka.  

 

Snr. Prof. Niranjan D. Gunawardena  
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Message from the Keynote Speaker  

I extend my gratitude to the National Engineering Research and Development Centre 

of Sri Lanka for orchestrating this exceptional International Engineering Research 

Symposium (IERS). Under the theme of "Economic Resurgence Through Engineering 

Innovations," this symposium stands  as a beacon of progress, innovation, and 

collaboration; a testament to the potential that lies within the realm of engineering.  

This event is not just a symposium; it is a confluence of minds, ideas, and aspirations. 

As we convene under the umbrella of th e ôNational Science Weekõ of the Ministry of 

Education and in partnership with DIGIECON  2030 of the Ministry of Technology, we 

recognize the power of synergy. This symposium is more than an academic endeavor. 

It is a testament to the strength of cooperatio n among academia, industry, and 

government. A collective pursuit of engineering innovations that will drive economic 

resurgence.  

The Asian Development Bank's steadfast partnership with the people of Sri Lanka 

during the pandemic and economic crises reflect s our shared commitment to progress 

and resilience. As we collectively endeavor to overcome challenges and forge a path 

towards a brighter future, ADB remains dedicated to supporting the Sri Lankan 

government's efforts. Our collaboration extends not only t o budgetary support and 

economic reforms but also to ensuring the well -being of every individual through this 

transition.  

 

Mr.  Takafumi Kadono,  ADB Country Director for Sri Lanka  
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Message from the Plenary Speaker ð Networking Forum  

I am thrilled to stand before you at the International Engineering Research 

Symposium (IERS) 2023, a remarkable event hosted by the National Engineering 

Research and Development Centre of Sri Lanka. With its centr al theme, "Economic 

Resurgence t hrough Engineering Innovatio ns," this symposium represents a 

significant leap forward in our collective journey towards technological advancement 

and the revitalization of our nation's economy.  

The symposium takes place in conjunc tion with the National Science W eek organized 

by the M inistry of Education and in collaboration with DIGIECON 2030 of  the Ministry 

of Technology. IERS  2023 purpose is to help people share their ideas and talk about 

the latest things happening in engineering research, innovations, developments, and 

how these t hings can make a difference. It's a place where smart people come together 

to learn and share their knowledge. I hope this event will inspire and help make our 

future better.  

In line with the theme of Economic Resurgence through E ngin eering I nnovations, i t's 

crucial to recognize the significance of the automotive industry. This sector is a prime 

example of how engineering and innovation can fuel economic growth. Advanced 

materials, electric vehicles, autonomous driving technologies, and sustainable 

manufac turing methods are just a few areas where engineering innovations are 

shaping the future of transportation. The automotive industry is not only an engine 

of economic growth but also a hotbed of technological advancement, and IERS 2023 

welcomes contribution s that explores how these innovations can drive economic 

resurgence.  

As we gather here, I want to extend my deepest appreciation to all the participants, 

sponsors, and organizers who have united to make IERS 2023 a reality. May this 

symposium serve as the spark that ignites innovative thinking, fosters transformative 

collaborations, and heralds breakthroughs that resonate far beyond the boundaries 

of this event. Our commitment to engineering innovations is not just about the here 

and now; it's about shaping  a brighter future for our nation.  

 

Mr. Nal in Welgama, Founder/ Chairman of  Ideal Motor s Group  
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Message from the Chairman of NERDC  

As the Chairman of the National Engineering Research and Development Centre 

(NERDC) of Sri Lanka, it gives me great pleasure and honour to note down this 

message for the International Engineering Research Symposium 2023 (IERS 2023) 

organized by the National Engineering Research and Development Centre (NERDC)  in 

collaboration with DIGIECON 2030. This symposium is a step towards achieving our 

vision in becoming a world class engineering research institution.  

We have organized IERS 2023 with in the National Science Week declared by Ministry 

of Education, under the theme of "Economic Resurgence Through Engineering 

Innovation s." The theme of this symposium underscores our dedication to drive 

economic the resurgence of Sri Lanka through engineering innovations.  At NERDC, 

we firmly believe that engineering and technology can play a key role in shaping the 

future of our nation. Through collaborative Research and development efforts and 

innovative thinking, we aim to explore how engineering can pave the way for economic 

growth and prosperity. I am confident that this symposium will provide a great forum 

for researchers and enginee rs to present their results, exchange new ideas and find 

new directions in applied engineering research. Further I wish to extend my best 

wishes to all those researchers who have submitted their research papers to IERS 

2023.  

I would like to congratulate th e conference chair and the organizing committee for 

their tremendous effort to make this symposium a reality. I extend my sincere 

gratitude to our distinguished speakers, partners, sponsors and all those who have 

contributed to making this symposium a succ ess.  Last but not the least, my 

appreciation and gratitude goes to our collaborator DIGIECON 2030 an initiative of 

ministry of technology.  Their support and collaboration has significantly enhanced 

the scale of IERS 2023.  

Welcome to IERS 2023, and I wish  you all find this symposium enjoyable, informative 

as well as intellectually stimulating.  

 

Prof. S.U. Adikary  
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Message from the Director General of NERDC  

The International Engineering Research Symposium (IERS) 2023, organized by the 

National Engineering Research and Development Centre of Sri Lanka. This 

symposium, held under the theme "Economic Resurgence t hrough Engineering 

Innovations," marks a significan t step forward in our collective pursuit of 

technological advancement and economic revitalization.  

The synergy created by aligning the IERS 2023 with the National Science Week of the 

Ministry of Education and collaboration with DIGIECON  2030 from the Minis try of 

Technology speaks volumes about our commitment to fostering innovation and 

progress.  

Our symposium serves as a convergence point for both researchers and investors, 

transcending the boundaries of conventional symposiums. It is a combined 

symposium and networking forum aimed at facilitating meaningful interactions 

between researchers, industry experts, and investors. By bringing these key 

stakeholders together, we aim to catalyze the transformation of groundbreaking 

research and innovation into impac tful applications that drive economic growth.  

The symposium goes beyond academic discussions by offering presenters a platform 

to explore avenues for enhancing value and commercializing their products. This 

aligns with our vision of translating research in to tangible economic outcomes and 

bridging the gap between academia and industry to revive the nation's economy. 

Through real -world applications and investments, we envision a lasting positive 

impact far beyond the event itself.  

I would like to express my heartfelt appreciation to all the participants, sponsors, and 

organizers who have come together to bring IERS 2023 to fruition. May this 

symposium serve as a spark that ignites innovative thoughts, fosters impactful 

collaborations, and heralds breakthrough s that extend their influence well beyond the 

boundaries of this event.  I sincerely appreciate all the participants, sponsors, and 

organizers who have contributed to the success of IERS 2023.  

 

Dr . Jayathu G . Samarawic k rama  
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Message from the IERS  2023 Symposium Chairperson  

The National Engineering Research and Development Centre of Sri Lanka is proudly 

hosting the upcoming International Engineering Research Symposium (IERS). This 

remarkable event is set to unfold under the captivating theme of "Ec onomic 

Resurgence Through Engineering Innovations." The symposium has been thoughtfully 

scheduled in conjunction with the National Science Week of the Ministry of Education 

and is being held in collaboration with DIGIECON  2030, a n initiative spearheaded by  

the Ministry of Technology.  

This symposium is not just a gathering of minds; it is a confluence of ideas, a 

celebration of innovation, and a catalyst for the transformation of economies. The 

symposium provides a unique platform for brilliant minds from a round the world to 

converge, exchange ideas, and collaborate on pioneering research that will drive 

economic resurgence. Our collective efforts will undoubtedly result in breakthroughs 

that not only propel industries forward but also uplift communities and  nations at 

large. Through paper presentations, we shall dive deep into the latest breakthroughs, 

explore pioneering concepts, and examine the intersection of theory and practice. The 

networking forum, which brings together academia, researchers, and indus try 

experts, provides a unique opportunity to bridge the gap between research and 

application.  

It is especially heartening to recognize the potential impact of our collective efforts on 

the digital economy of Sri Lanka. As we gather here, we are not just d iscussing 

theories; we are charting a course that could propel our nation toward becoming a  

hub of digital innovation. The  outcomes  of the symposium  have the potential to 

reshape industries, empower communities, and contribute significantly to our 

country' s economic growth.  

I extend my sincere gratitude to the IERS 2023 organizing committee and NERDC 

management, whose tireless dedication has made this symposium a reality. I am also 

grateful to our sponsors, D IGICON 2030 partners, staff of the Ministry of Ed ucation 

and the Mini stry of T echnology for their invaluable support, which has allowed us to 

create a platform that fosters meaningful interactions and fruitful collaborations for 

organizing the remarkable event.  

 

Eng. (Dr.) (Ms.) T. N . Fernando  
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High Volume Vent Steam through Integrated Power Generation and 
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Abstract  

NASA Hampton Steam Plant (NHSP) is a city waste-contained-energy converter to steam 
which is basically used for Langley Research Centre activities in addition to heating and 
cooling through VAC. However, 40% of steam is vented out as an additional amount owing 
to the protocol by design that city trash to be incinerated by any means. Hence, the research 
focuses on extracting 40% energy plus stuffing steam back to the system in the form of 
condensate or low-pressure steam through deaerator. The energy extraction is mainly done 
through Back Pressure steam turbines (350 kW, 56.7 kW) and ORC (287 kW) which in total 
can produce electricity of 693.7 kW. The deaerator exergy has improved by 30.3% with an 
ƛƴŎǊŜŀǎŜ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜ ŦǊƻƳ пу ɕ/ ǘƻ фуΦт ɕ/Φ ¢ƘŜ ŜŎƻƴƻƳƛŎ ŦŜasibility is at utmost as NPV 
results in a higher positive value with 26.2% of IRR for a discounted rate of 10% and the simple 
ǇŀȅōŀŎƪ ƛǎ оΦун ȅŜŀǊǎΦ ¢ƘŜ ǎǘŜŀƳ ǊŜŎƻǾŜǊȅ όʲύ ƛǎ фоΦо҈ ǇŜǊ ȅŜŀǊΦ ¢ƘŜ ǎŎŜƴŀǊƛƻ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅ 
analysis showed a better stability in investment cost combination, O&M cost, and electricity 
price. 
 
KeywordsΥ  Energy, ORC, BPST, Vented steam, Trash 

1. Introduction 

1.1 Background 

Basically, NASA Hampton Steam Plant 
(NHSP) operates only to cater to the testing, 
cooling, and heating purposes of NASA 
Langley Research Centre (NASA LRC) and 
the rest of the additional high-pressure 
steam is vented out directly from boiler 
which as per investigation is found to be 
40%. Main source of fuel is municipal waste 
of Hampton city, a waste to energy plant 
with incineration. The plant serves four 
major purposes; one is utilizing waste to 
make saturated steam, keeping the city 
clean, production of landfills and making 
process steam for research activities.   

1.2 Problem statement 

However, when NASA LRC research related 
activities run on low intensity that occurs 
frequently. The high-pressure steam 

produced which is inevitable as waste must 
be burnt as per protocol that city waste to 
be burnt, is vented to atmosphere in higher 
volume directly from the boiler since there 
is no recovery mechanism implemented in 
the initial design stage. Therefore, recovery 
of wasted thermal energy in the form of 
electricity by implementing a turbine driven 
generator while recovering vented steam 
and stuffing back to boiler are being 
discussed in optimum economic and 
thermodynamic point of view where a 
system integration is defined among 
alternatives of implementing ORC, 
Backpressure steam turbines, direct 
dumping of steam to deaerator after 
turbine outlet. 

1.3 Objectives 

Firstly, NASA Langley Research centre 
requirement is to have undisturbed high 
pressure steam supply which should not be  

mailto:amifdo83@gmail.com


 Proceedings of the International Engineering Research Symposium (IERS 2023), pp[1-10] 
©National Engineering Research and Development Centre of Sri Lanka. 
 

2 | P a g e 

 

 

 

 
utilised in any process between boiler to 
research centre. Secondly, there must be 
economically viable recovery method of 
high-pressure steam vented out directly 
from the boiler. The feasible recovery 
method should be able to use vented steam 
and produce electricity that can cover a 
part or full in-house electrical consumption 
(550 kW to 600kW). With the new system in 
place, the thermodynamic improvements 
must be analysed. 

1.4 Literature review 

Waste heat recovery is the talk of the era, 
with emergence of sustainability concept 
leading to climate change owing to the use 
of fossil fuel. Hence, many research 
projects have come for the past three 
decades on methods of waste heat 
recovery on which publications and articles 
have been produced exponentially 
indicating how crucial waste heat recovery 
have become in global context and special 
attention is given on ORC application [1]. 
There are many instances that steam waste 
is inevitable but if carefully looked into, a 
means of recovery is possible with 
technological combination like the palm oil 
mill that is using steam for sterilization 
process of fruit brunch dumped to 
atmosphere after being used. However, 
new condensate piping in collaboration 
with storage tank and with the use of main 
process steam as motive fluid the used 
steam is ejected to the system and 
condensate at storage tank is reused [2]. 

Solvent Recovery Plant utilizing steam for 
process activities uses 65% energy supplied 
by steam. However, 25% of inlet steam is 
wasted in the method of recovering 
condensate. The research discusses the use 
of heat exchanger to totally recover the 
steam in the form of condensate and pump 
back to boiler where ¼ of steam is further 
recovered rather letting it be dumped in the 
form of flash steam to atmosphere  

 
resulting in a favourable outcome in 
economic terms [3]. A simple recovery of 
condensate is referred [4] by implementing 
Condensate Contamination Detection 
System (CCDS) than dumping entire 
amount of condensate after the process 
use. It detects the TDS level of condensate. 
If near contamination, the low-pressure 
steam and condensate will be dumped and 
most of the time is recovered otherwise 
that offers higher economic outcome. 

Another process plant that generates 11.4 
ton/h steam, recovers the condensate at a 
rate of 2 to 3 ton/h. Method utilized here is 
to install a proper condensate return piping 
arrangement plus the boiler can operate at 
30 bar pressure, but the process steam 
usage is at much lower pressure levels of 
20, 10 and 5 bars. Only by recovering 
condensate properly saves 26.3% of 
chemicals for treatment process and a fuel 
saving of 2.8% [5]. Furthermore, textile 
industry has emerged in recovering energy 
through methods of boiler blowdown, 
condensate recovery and feedwater 
management [6]. Therefore, systematic 
approach is vehemently important for 
assessing the quantity and quality of heat 
source where higher the temperature, 
higher the quality becomes [2]. One 
research shows the economic viability 
between steam ejector and mechanical 
vapor re-compressor in recovering flash 
steam at very low pressure 0.45 bar but in 
higher volume of 6800 kg/h. The use of 
ejector is more economical in the recovery 
process and produces better IRR 
comparatively [7]. As per research by Victor 
et al., the use of ORC for recovering heat of 
residual steam of a particular refinery 
draws attention on the economic impact as 
higher the rate of residual steam at higher 
pressure, higher the economic viability plus 
improvement of boiler feedwater 
ǘŜƳǇŜǊŀǘǳǊŜ ŦǊƻƳ мптΦу ɕ/ ǘƻ мрлΦт ɕ/ 
reduces the fuel consumption by 3% [8]. 
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To determine waste heat source and its 
recovery, four step approach is introduced 
that includes proper survey, assessing 
quantity and quality, comparison of key 
parameters plus decision support and 
recommendations [9] where similar 
process is followed to draw up the research 
discussed here. 

2.        Materials and Methodology 

2.1    The model for recovery of energy and 
steam 

The model suggests diverting minimum 
frequently vented high-pressure steam 
through Primary steam turbine and then 
through ORC unit. Secondly, varying vented  

 

 
steam portion through secondary BPST as 
per Figure 1, introduced system is inside 
dashed line. The dryness fraction is low as 
steam input is dry saturated state at 27.6 
bars. The latter stages of the turbine tend 
to create higher blade erosions at lower 
pressures as exit state of turbine is more 
wet. The primary turbine outlet is set at 2 
bar pressure to keep up with lower wetness 
level. The steam exiting the turbine is then 
sent through ORC. The steam at the inlet of 
ORC will have latent heat of evaporation 
which will be released at ORC evaporator till 
steam reaches saturated liquid state at 2 
bar and the condensate will be pumped 
back to de-aerator for reuse in the next 
steam cycle.

 

Figure 1: Resulting Model

The model extracts the minimum level of 
steam vented out continuously which is 
5554.3 kg/h and is sent through the back 
pressure turbine that produces possible 
electrical output. The reason for selecting 
back pressure type over condensing type is 
once the primary turbine runs on base load 
with steady state flow in line with ORC. The 
excess of high-pressure steam will be sent 

through a secondary turbine that takes the 
flow fluctuation which in turn defines 
instantaneous turbine output. The average 
flow considered is 1310 kg/h which after 
the turbine is directed to de-aerator at 3bar 
pressure with 1 bar allowance for pressure 
drop across piping and valves.  As per the 
variation in rate of steam, the turbine 
output tends to vary with a capacity factor  
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of approximately 65% when calculated 
based on vent steam rate integrated 
throughout the year with respect to rated 
flow over 8760 hours. The makeup water 
will be passing through the heat exchanger 
incorporated with blowdown tank as usual. 
The blowdown rate will decrease with the 
increase in recovery of steam. 

The deaerator at the existing state has two 
inputs, blowdown flash steam and the 
condensate with makeup from condensate 
storage tank (CST). However, at the 
expected state it will have additional input 
as steam from secondary turbine which can 
basically improve water quality of 
deaerator and thermal capacity that intern 
reduces the trash rate required to make 
one kg of steam. The resulting system is 
anticipated to function as an energy saver 
and converter to electricity, in addition to 
the benefits like improvements in water 
quality and thermal capacity. 

2.2 The Primary and secondary turbine  
sizing 

The turbines selected are back pressure 
type. The steam expansion of primary 
turbine is from 27.6 bar to 2 bar at a flow 
rate of 5554.3 kg/h while it occurs at 
secondary from 27.6 bar to 3 bar with a 
flow rate of 1310 kg/h. The expansion is 
polytrophic in nature as per PRT test which 
produces viable overall efficiency, 40% for 
low loads between 50 kW to 100 kW and 
50% above 200 kW load based on which 
isentropic efficiency is calculated [10] 
( éntropic = 0.567 for primary and ́ entropic = 
0.45 secondary). 

For turbine output, the formula is deduced 
assuming a steady state open system and  
polytrophic expansion process with shaft 
(10%) and generator losses (2%). 

Wtrp-KWeҐἨvc.̡ Φ όƘ1-ƘΩ2ύ ʹiseń shaft́ gen        (1)  

Wtrs-KWeҐἨvc.̡ Φ(1- ) (h1-ƘΩ2ύ ʹiseń shaft́ gen (2) 

 
As per equations (1) and (2) respectively, 
the primary and secondary turbines 
resulted in 350 kW and 56.7 kW with a 
capacity factor of 65% for secondary 
turbine by considering fluctuations in flow 
rate. However, primary turbine is intended 
to run at base load throughout the year as 
minimum vented steam is captured 
throughout.   

2.3 The selection of ORC 

The ORC includes an evaporator where 
heat source is dissipating energy to working 
fluid which then at elevated pressure and 
temperature meets the expander inlet, a 
turbine. Then it expands to a low pressure, 
with an enthalpy drop where heat is 
converted to work. After the expansion, the 
working fluid goes to a condenser or a de-
superheater before reaching condenser 
where fluid is de-superheated but latent 
heat is dissipated at condenser till it 
reaches liquid state at which pumping will 
take place to elevate the pressure to 
desired level before it reaches evaporator 
for the next cycle of action, a closed loop 
system [11]. The evaporator of ORC 
receives the steam at 2 bars. The steam 
flow is steady throughout as the turbine 
runs on base load with a single temperature 
ƻŦ мнлΦн ɕ/, which is favourable for steady 
running of ORC, as source has no significant 
variation either in temperature or in energy 
terms. The variation of pinch point makes 
heat transfer rate decrease consequently 
causing work output to decrease [12]. 
Steam releases latent heat of 3148 kW to 
working fluid (R245fa). It was found that 
ǿƻǊƪƛƴƎ ŦƭǳƛŘ Ŧƭƻǿ ǊŀǘŜ όἨORC), the expander 
output (Wtrorc), the rate of energy released 
at the condenser (Qrcd), the pump capacity 
(Wporc) and thermal efficiency (́th) are 
14.2kg/s, 326 kW, 2765 kW, 15 kW and 
9.9% (Equation ς 3) respectively.  

t́h = (Wtrorc ς Wporc)/ Qrev           (3) 
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Generator and transmission plus shaft 
efficiencies are 0.98 and 0.9 respectively, 
generally considered in the industry. 
Thereby, electrical output (PEleORC) resulted 
in 287 kW. However, Cycle Electrical 
Efficiency is 8.65%. The secondary turbine 
receives a varying steam flow rate which 
results in fluctuating energy flow that will 
be difficult for ORC to handle, as working 
fluid is subjected to decomposition, heat 
exchanger degradation and 
turbomachinery under inefficient 
performance due to the variation in energy 
flow of the source as per Li et al. [13]. 

2.4 Deaerator thermal improvement  

Flash Steam improves water quality by 
releasing a negligible amount of steam with 
de-aerated gas [13]. Furthermore, the 
dissolved CO2 is completely removed and 
O2 remains at 0.05 mg/l when the water 
temperature reaches 102 0C [14]. 
However, the NHSP deaerator 
ǘŜƳǇŜǊŀǘǳǊŜΣ ƛǎ ōŜǘǿŜŜƴ пл ɕ/ ǘƻ рл ɕ/Φ  !ǘ 
the resulting state the steam from 
secondary turbine is dumped to deaerator 
to which this becomes an additional energy 
input that improves water quality and 
temperature. 

The CST receives condensate of ORC at 
enthalpy of 504.7 kJ/kg at a flow rate of 
1.543 kg/s which will be mixed with general 
condensate from cooling and heating 
processes in addition to makeup water. The 
mixed flow from CST tank with additional 
energy content from primary turbine flow 
and BD flash steam will be released to 
deaerator. The secondary turbine flow 
0.364 kg/s is directed from turbine exit to 
deaerator at an enthalpy of 2625.7 kJ/kg. 
Hence, the temperature improvement of 
ŘŜŀŜǊŀǘƻǊ ƛǎ ŦǊƻƳ пу ɕ/ ǘƻ фуΦт ɕ/Φ 

2.5  Economic feasibility 

The economic impact is determined based 
on savings (Sa) made on the electricity and 

 
water processing costs against the Table 1 
shows positive NPV, higher IRR and better 
PI for a 20-year block. 

NPV            (4) 

0)
В

                   (5) 

SPP = Investment/ Sa           (6) 

As per equations 4, 5 and 6, the system 
offers positive NPV and attractive SPP of 
3.82 years while PI is 2.23.  

3.    Results 

3.1 Economic Impact 

 
Table 1 shows positive NPV, higher IRR and 
better PI for a 20-year block. 

Table 1 - Economic Feasibility   

Situation Value 

Investment in ORC, 287kW ($) (819,959) 

Investment in BPST, 350kW ($) (389,550) 

Investment in BPST, 56.7kW ($) (63107) 

Total Investment ($) (1,272,616) 

Yearly O&M Cost for ORC ($) (24,451) 

Yearly O&M Cost for Primary 

BPST ($) (30,067) 

Yearly O&M Cost for Secondary 

BPST ($) (3184) 

Cash Flow - Water processing ($) 73,214 

Cash Flow From electricity ($) 317,379 

Net Cash Flow -yearly ($) 332,890 

Discount Rate  10% 

Discount Factor 8.51 

PV ($) 2,832,150 

NPV ($) 1,559,150 

IRR % 26.2 

PI  2.23 

Simple Payback (Years) 3.82 Yrs. 
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3.2 Status of deaerator 

The resulting feedwater enthalpy is at a 
higher state compared to existing condition 
which shows a much better improvement 
in water quality plus a considerable 
reduction in trash feed rate. The existing 
condition has been stated in the Table 2 
while Table 3 offers the resulting state of 
the deaerator. 

Table 2- Existing Sate Energy Content ς Deaerator 

Mass     (kg/h)   h, (kJ/kg)    Total Energy (kJ) 

Ἠconc      2686        504.7      1,355,624  

Ἠtrp         -         -              -           

Ἠtrs         -         -              -  

Ἠmuc 23,103    100.8     2,328,782 

Ἠ˂ ōŘŎ      607 2705.7    1,624,360  

 Ἠfwe 26,396  201.8     5,326,713  

The additional condensate and steam 
recovery is 6864 kg/h while the 
improvement in energy at de-aerator is 
1400 kW that will be added to the boiler.  

The trash feed rate tends to decrease 
relatively. 

Table 3- Expected State Energy Content-Deaerator 

Mass  (kg/h) 
Enthalpy 
(kJ/kg) Total Energy (kJ) 

Ἠ
conc

 
             

2686      504.7 1,355,624                
Ἠtrs 5554.3 504.7 2,803,255  
Ἠtrp 1310 2626 3,439,588 

Ἠmue 14,629 103.6 
              

1,514,848  
Ἠ˂ ōŘŜ 398 2705.7 1,076,149                

 Ἠ
fwe

 
             

24,577 415 
           

10,189,690 

 
3.3 Energy and exergy efficiencies of the 
system 

Table 4 shows the improvement in exergy 
and energy efficiencies. The most 
significant improvement is noticed at 
deaerator in terms of exergy, from 43.3% to 
73.5%. 

 

Table 4 - System - Energy and Exergy 

 
3.4 Energy consumption 

The reference is made as per the energy 
content in vented steam out of which 7%, 
1% and 5% are effective by primary and 
secondary turbines plus ORC respectively in 
electrical terms. Moreover, a noticeable 
energy content (25%) could be stuffed back 
to the system in the form of steam and 
condensate. However, in terms of energy, 
62% can be considered the dissipated part 
without useful work (Figure 2). 
 

 
 

Figure 2: Total Vented Steam Conversion 

3.5  Thermodynamic quality of deaerator 

The exergy efficiency (Figure 3) and exergy 
destruction (Figure 4) of the deaerator are 
two significant figures that show greater 
relativity. With the increase in feed water 
temperature there is increase in exergy 
efficiency. Similarly, exergy destruction 
follows the proportionality with feedwater 
temperature. 

7%5%1%

25%
62%

Primary Turbine

ORC

Secondary Turbine

Energy stuffed
backed to system

Dissipated

Item kW 
 ́ ǘƘ 
(%) ʹŜȄ (%)  

   Existing Expected 

PT 350 88.20   56.57 

ST 56.7 88.20   47.28 

ORC 287 9.87   28.83 

BDFT     81.88 81.88 

DBHEX     9.57 10.63 

De-ae     43.3 73.50 
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Figure 3 : Ex-Efficiency vs FW Temperature 

Deaerator 

 
Figure 4 : Ex Destruction Vs FW Temperature 

Deaerator 

3.6 Scenario Analysis ς Investment 

As per the scenario analysis, carried out on 
investment, the ORC and both 
backpressure turbine related rates are 
increased in such a way that NPV becomes 
marginally positive or zero. The rates of 
ORC and BPST can be increased 
simultaneously where Primary, secondary 
and ORC rates lie in the combination 
related to average rate between 3833 
USD/kW and 4333 USD/kW (Figure 5).  

The average rate of installation cost is 
calculated based on different combinations 
where primary BPST unit cost is less than 
that of secondary one and ORC rate is 
separately increased. Each Average 
installation rate reflects in NPV over 20 
ȅŜŀǊǎΩ ǘƛƳŜ ǊƛƎƘǘ ŀǘ ǘƘŜ ƻƴǎŜǘ ƻŦ ǘƘŜ ŦƛǊǎǘ 
year (Table -05). 

 

 

Figure 5 -  NPV vs Avg. Rate of Installation 

 Table-5 Data for Scenario Analysis of Capital 
Investment 

 

3.7 Scenario analysis ς O&M 

 

Figure 6 : NPV Vs Avg. O&M Cost 

Figure 6 shows the limit that NPV possesses 
with the increase in cost incurred in O&M 
parallelly, which is somewhat a future over 
prediction. However, such worst-case 
scenarios can be tackled up to 0.042 
USD/kWh on each system. The simple 
payback is almost 9 years.  The effect is 
assumed to be starting right from the 
beginning of the year where O&M cost  
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affects entire 20-year block for each 
considered cost.  
 
3.8 Sensitivity analysis ς Industrial 

Electricity Rate 

The current industrial electricity rate is 0.08 
USD/kWh. However, as per Figure 7 if it 
decreases, the reduction is bearable up to 
0.033 USD/kWh to have a zero NPV and it is 
highly unlikely for the next 04 years that 
there will be such a downfall in electricity 
prices. Here, the electricity price is the 
amount that is being paid currently for grid 
usage which is the saving for in-house 
generation a little over the demand.  

  

Figure 7: NPV vs Electricity Price 

4. Discussion 

The NHS plant itself is a viable source of 
extracting energy from municipal waste by 
incineration, the heat of which is supplied 
to generate steam. However, the issue lies 
with its use as no electricity is generated. 
The protocol is to provide steam to 
research centre, but if it could be converted 
to a co-gen by generating electricity, NHS 
plant offers the best financial output, as it 
is mentioned by Casper et al, the optimal 
electricity price per kWh is offered by 
incineration out of the processes like 
gasification and pyrolysis for which to 
provide optimal price tipping charges must 
be increased [15]. Therefore, the proposed 
system for NHSP is typically a bottoming co-
gen cycle with higher favourable outcomes  

 
as the tipping fee so far is also USD 40/ton. 
Further it is proved that among many 
methods of waste to energy conversions, 
like anaerobic digestion, gasification, 
incineration and landfill gas to energy, the 
incineration provides reasonable levelized 
cost with a positive NPV and higher IRR, 
research conducted on two plants [15]. 

The global and tested electrical efficiency of 
RC is around 8% on which the calculated 
value has closed in on. As per Paula et al, 
the research is in line with checking 
whether the electrical efficiency is around 
8% or close worked out on R245fa, a global 
value and stated in many literatures as well. 
However, in the considered current context 
on research is almost 8.65% which also 
agrees with global electrical efficiency [16]. 
As per Jumel et al, at subcritical state 
R245fa shows exergy efficiency of 35% 
while energy efficiency of approximately 
10.5 to 11% [17] where in the considered 
scenario of this project is closely in line with 
offering the exergy efficiency of 28.8% and 
energy efficiency of 9.9%.  

Considering exergy of deaerator, the 
destruction is higher at elevated energy 
state. However, the exergy efficiency is 
much higher in the resulting state than that 
of the existing state of the deaerator. The 
improvement is almost 30.2% in theoretical 
sense. The research done by Vadran et al, 
discusses the exergy efficiency with respect 
to change in de-aerator outlet temperature 
where exergy efficiency is proportional to 
feedwater temperature going out from de-
aerator [18]. The scenario discussed here 
comes in line with the concept produced by 
the research. The outlet temperature of 
ŘŜŀŜǊŀǘƻǊ ŀǘ ǘƘŜ ŜȄƛǎǘƛƴƎ ǎǘŀǘŜ ƛǎ пу ɕ/ ŀƴŘ 
relevant exergy efficiency is 43.3% while at 
the resulting state it is 73.5% at an outlet 
ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ фуΦт ɕ/Φ ¢ƘŜ ŜȄŜǊƎȅ 
destruction is relatively higher at elevated 
energy states though efficiency offers a 
positive outcome.  

NPV = 3E+07 (Electricity Price) -
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5.     Conclusions and recommendations 

The considered model resulted in 
continuous 637 kW electrical output 
throughout the year in addition to a rated 
load of 56.7 kW, with a capacity factor of 
65%. The inhouse electrical requirement as 
predicted can fully be covered which is 
550kW to 600kW.  The deaerator energy 
storage capacity increased to a point that 
ŦŜŜŘǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǊŜŀŎƘŜŘ фуΦт ɕ/ 
ŎƻƳǇŀǊŜŘ ǘƻ ŎǳǊǊŜƴǘ ǾŀƭǳŜ ƻŦ пу ɕ/Φ ¢ƘŜ 
recovery of steam and condensate is 6864 
kg/h.  

As per the investment, the NPV marks a 
very high positive value along with higher 
IRR of 26.2% for the discounted rate of 10% 
and PI of 2.23 indicating that a dollar 
investment can make a profit of USD 2.23 
in terms of future value. The most 
attractive point is the simple payback 
period which is 3.82 years. As per sensitivity 
of electricity price, the project is feasible till 
it falls from 0.08 USD/kWh to 0.033 
USD/kWh. Furthermore, the scenario 
analysis on the initial individual rate of 
investment disclosed a higher cost 
combination of primary, secondary and 
ORC that average of such cost roughed up 
to be 4100 USD/kW at NPV being zero. the 
scenario analysis of O&M cost reflected an 
average value of 0.042 USD/kWh for zero 
NPV against the current considered value 
of 0.01 USD kWh over 20-year period. 

In Sri Lanka, Waste to Energy (WtE) concept 
is an emerging subject though issues like 
higher moisture content, segregation and 
lower LHV exist. As proposed a feasible way 
to implement such WtE is by making 
combination of Steam turbines and ORCs. It 
not only solves the trash collection issues 
and negative environmental impact but 
also creates jobs in current economic 
context.  

Furthermore, industries like textile and 
apparel, cement, metal, and steel etc.  

 
produce waste heat which has potential to 
deliver useful work. Hence, those 
potentials can be addressed simply with 
ORC and Back Pressure Turbines with 
careful investigation and in combinations.  

The resulting reduction in carbon footprint 
as a nation showcases as to how Sri Lanka 
deals with sustainable development goals 
and involves technology in building the 
nation. 
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Abstract 

ABC Dairy Industry is a batch processing plant which is equipped with steam generation and 
distribution system. The steam demand on the process plant is rarely steady due to sudden 
fluctuation of steam demand in the application. Load cycles are short term frequent peaks of 
short duration but very high instantaneous flowrates. Steam generation should be with 
minimum fuel consumption, at worst the result is pressure drop and production downtime 
due to instantaneous flowrate in ultra-pasteurization process. 

This paper explains a load handling design, that has no production downtime using limited 
resources in a cost-effective manner. Other areas covered are spare boiler preservation 
without steam generation, handling plant loads with a single boiler and steam generation 
with maximum SFR (Steam to Fuel Ratio), reduced carbon emission and use of steam 
accumulator as a steam generator with minimum changes. The modification has been applied 
for the spare boiler and relevant mounting and accessories. Proposed major change is the 
removal of burner for safe side operation though it can be reinstalled as per the 
requirements. Spare boiler consists of an economizer and with future developments, heat 
recovery system can be applied even for the steam accumulator, after analyzing the running 
condition of the existing economizer.  

With the proposed accumulator, the amount of time for which it can be run without steam 
generation is 2 minutes and 13 seconds. Existing SFR is 13.6 kg/l and expected SFR after 
conversion is 13.9 kg/l resulting in a fuel saving 882 litres per month. Thus the cost saving is 
nearly LKR 257,646.00 per month, which is closer to LKR 3 million per annum. Further, there 
would be an annual reduction of 35% CO2 emission during steam generation. 

Key Words: Steam accumulator, Ultra pasteurization, Steam, Boiler 

1.    Introduction 

1.1 Background 

ABC is dairy product manufacturing factory. 
Energy sources are mainly electrical energy 
and thermal energy. Generally thermal 
energy is obtained from furnace oil while 
thermal energy is use for plant processing, 
this may consider as main energy 
requirement for plant operation. 

Figure 1 shows the energy consumption as 
the percentage of the manufacturing 
process and from that 29% of steam 

generation under thermal energy. Not only 
an energy cost reduction opportunity, but 
also deliver a low carbon economy 
manufacturing industry has common 
responsibility for reduce energy 
consumption by optimizing the existing 
process. 

ABC Dairy manufacturing industry, Steam 
system consist with steam generation, 
steam distribution, steam control and 
management and condensate 
management. 

mailto:*dinushimadurangi@gmail.com
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Figure 1 : Distribution of Energy Consumption 

In the steam generation system, there are 
two numbers of running boilers which are  
named as B1(boiler 1) and B2(boiler 2), 
spare boiler named as B3(boiler 3). Boiler 3 
is wet back, three pass fire tube boiler and 
with the last Inspection It was Identified as, 
that has been faced the surface corrosion 
due to long time does not use the boiler but 
working as spare boiler in an any 
emergency. With the surface corrosion it 
must be preserved for safe side and verified 
boiler working condition by NDT (Non-
Destructive Test). 
In the steam consuming system, steam 
provides mainly for process heating and 
CIP(Clean-in-place) process and no direct 
contact applications. There are two types of 
heat exchanger using in the system those 
are PHE (plate heat exchanger) and THE 
(Tube heat exchanger). In a heat exchanger, 
the steam transfers its latent heat to a 
process fluid. By checking the load profile of 
most recent 5 months, it was identified as 
1920 kg/h is the maximum instantaneous 
load consumption during the process as 
shown in Figure 2. 

In actual operation process as shown in 
Figure 2, both boilers running patterns in 
two colors and average load consumption is 
nearly 600kg/h. Load handling is the main 
challenge of plant operation due to 
instantaneous load consumption. Even with  

 

 

 

Figure 2 : Plant load variation for 5 months 

low load conditions both boilers are at 
running conditions by consuming more 
fuels as shown in Table1.  

Table 1: Every 1 min boiler load handing on 
5/17/2023 

Time Boiler 1(kg/h) Boiler 
2(kg/h) 

7:00 AM 123.100 345.550 

7:01 AM 132.100 339.300 

7:02 AM 196.850 382.850 

7:03 AM 239.850 351.300 

7:04 AM 243.200 343.000 

7:05 AM 270.900 358.800 

7:06 AM 254.300 361.550 

7:07 AM 274.300 287.000 

7:08 AM 280.150 745.150 

7:09 AM 282.350 500.400 

7:10 AM 197.100 545.600 

7:11 AM 127.850 331.800 

7:12 AM 287.650 91.550 

7:13 AM 346.900 54.550 

7:14 AM 319.050 55.500 

7:15 AM 253.000 76.300 

 
1.2 Problem Statement 

Thermal processing is the application of 
heat energy to achieve a desired effect on a 
food. 

Maximum Instantaneous 

load 1,920kg/h 
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ABC Dairy manufacturing plant, thermal 
processing methods includes ultra -
pasteurization process which is very critical 
dairy hygiene requirement and critical 
thermal processing method as below. 
Downtime effected critical production 
process is 10°C Chilled milk heated up to 
required level. 

143°C Production down point     139°C 
Hot water temperature            152°C 
Production (milk) flow rate          1,500 l/h 
Required steam flowrate            495 kg/h 
Required steam pressure            5 bar g 
Steam low alarming pressure       5.5 bar g 

Steam supply seems smooth way with good 
steam quality when subjected to a steady 
steam demand when boiler rating match 
with the steam supply but when a steam 
system motorized valve open quickly, a 
rapid steam load demand occurs, and the 
boiler will depressurize with insufficient 
steam volumes within 1 min or less.  

In case of subjected process, with 
unavailability of steam with required 
pressure more than 1min with 50% of 
motorized valve open may cause to 4 hrs. 
production down time with 3 hrs. CIP and 1 
hr. Sterilization process. 

Further in short, peaks are effect, 

1.Loss of production 
2.Reduce product quality 
3.Increased production times 
4.Poor quality steam from the boiler 
5.Low fuel efficiency 
6.High maintenance cost 

In this case, average steam flowrate is 
900kg/h and can be supplied the steam 
requirement through the single boiler 
without instantaneous changes [1]. 

1.3 Objectives 

The main objective is process load handling 
with no production downtime and other 
objectives are boiler 3 preservation without 

 
steam generation, handle plant loads with 
single boiler and steam generation with 
maximum SFR and reduce carbon emission 
per MT value. 

1.4 Literature Review 

The purpose of the steam accumulator is to 
release steam when the demand is greater 
ǘƘŀƴ ǘƘŜ ōƻƛƭŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƭȅ 
streamflow rate at the time, and to accept 
steam demand is low. drastically 
depressurized boilers may face with low 
quality of steam and low water boiler cut-
off. To mitigate these consequences of high 
steam demand in short time, we can take 
actions as below [1]. 

1.Oversize the boilers 
2.Use steam accumulator 

Ultra-high temperature processing of milk 
is very critical operation in dairy industry 
processing of milk involves heating milk in a 
continuous process to temperature heating 
to 137°C-142°C for a few seconds, cooling 
rapidly [2]. In this case, it highlights the 
significance of the temperature-time 
profile of the UHT process and relates this 
to changes that occurs during processing as 
shown in Table 2. 

Table 2: Temperature profile for UHT process 

Process Standard parameters 

Heating 5°C- to 75°C 

Homo 75°C 

Heating 90°C 

Protein Denaturation 30 sec holding at 90°C 

Heating 137°C-142°C 

Holding 1-4 Sec 

Colling  25°C-5°C 

One another critical operation is load 
handling procedure of tubular UHT process 
as shown in Figure 3. This is through tubular 
heat exchanger works by passing fluid of 
different temperatures through concentric 
tubes. The liquids usually flow in opposite 
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Figure 3 :Temperature graph for tubular UHT 

direction to provide maximum cooling and 
heating effect. 

Liquid plant UHT processing is a continuous 
process with heating, holding and cooling 
section. The process is steam based indirect 
method involve with plate heat exchanger. 
The process is irreversible if the steam 
pressure gets low. The total process needs 
to be started with 4-5 hrs. Sterilization 
process also critical load consuming process 
as shown in Figure 4. product down time 
with additional energy consumption for CIP 
process and reprocessing of the same 
product badge. This is considerable 
financial loss for the dairy manufacturing 
Industry [2]. 

Generally, when planning a project always 
try to go for a low-cost solution hence one 
solution to this is design steam accumulator 
than oversize the boilers. Challenge is 
incorporate existing spare boiler into the 
steam distribution network. The paper will 
explain how to convert spare boiler as 
steam accumulator and how we can use it 
as stream generator if required. 
Effectiveness of the steam accumulation 
relies on the pressure differential between 
steam generating plant and final process, in 
this case as most manufacturing process, 
steam is usually generated at a higher 
pressure than is required at the process. 

 

  

 

Figure 4 : Direct and Indirect Continuance 
Sterilization [3]  

At times of surplus steam generating 
capacity, the higher-pressure steam is 
discharged through feed water line into 
water inside the accumulator. The water 
takes up the latent heat from the steam 
thus considering it back into water. When 
the accumulator is required to discharge 
steam to a lower pressure process, steam is 
flashed off from the high pressure, high 
temperature water, thus reducing the total 
heat of the water content [1]. 

The paper will explain how we can use 
existing pressure vessel as steam 
accumulator by considering  

1. Pressure different between steam 

generation and plant process 

2. The size of the steam demand peaks to 

be catered for 

When we consider a new design, Steam 
accumulators are typically designed as a 
cylindrical vessel that to have the greatest 
possible surface area because evaporation 
occurs on the surface. For this these 
cylindrical tanks are positioned 
horizontally. The principle is that they 
operate at 50% to 90% capacity to ensure a 
sufficient surface area for steam quality and  
evaporating speed, the quality and speed 
 

Critical 
load 
handling 
point 
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increase with decreasing of tank content 
рл҈ΩΩΦ Furthermore, it is necessary to 
ensure the possibility of discharging the 
condensate water. Due to heat losses with 
plant conditions condensate is 
accumulating and discharging point to 
behave there. The size of steam 
accumulator depends upon the plant load, 
but we can regulate it with constant flow by 
combining accumulator with the boiler. In 
this paper we will discuss about whether 
this existing spare boiler match with this 
requirement. 

2. Steam Accumulator (SA) Design 
Consideration Methodology 

2.1 Charging and discharging cycle 

2.1.1 Charging 

The model accumulator partially filled with 
water 50%-90% full depending on the 
application [4]. Steam is charged beneath 
the surface of the water by using steam 
supply through the existing feed water 
pipe, until the entire water content is at the 
required pressure and temperature. 

2.1.2 Discharging 

As a pressure drop occurs in a steam 
accumulator with the stored water at 
saturation temperature, flash steam will be 
generated at the rate demanded by any 
load above the boiler capacity. In practice 
the steam accumulator volume is based on 
the storage required to meet a peak 
demand, with an allowable pressure drop, 
whilst still supplying clean dry steam at a 
suitable steam release velocity from the 
water surface. In this case we already have 
the steam accumulator and to be checked 
whether available pressure vessel which is 
suite for the plant load handling 
requirement [5]. As per main design 
consideration mainly we have to observe 
the single minute plant load variation as  

 

 
shown in Table 3 and Figure 5 with critical 
load fluctuation range.  

Table3: Single minute plant load variation 

(25/05/2023) 

Time (single min) Plant load(kg/h) 

10:00 AM 532.850 

10:01 AM 627.350 

10:02 AM 757.150 

10:03 AM 1607.050 

10:04 AM 1903.400 

10:05 AM 1732.100 

10:06 AM 1267.700 

10:07 AM 877.750 

10:08 AM 760.800 

10:09 AM 717.200 

10:10 AM 689.700 

10:11 AM 900.750 

10:12 AM 769.700 

10:13 AM 929.900 

10:14 AM 883.200 

10:15 AM                                              614.800 

  

After Picked up most significant time period 
It has been closely monitored every 5 
seconds load variation in plant operation as 
shown in Figure 6 and Table 4. 

This monitoring results was based on the 
check the load handling ability of existing  
boiler 3 as a steam accumulator. Flow due 
to steam will be stopped by solenoid valve.  
Feed water pumping pressure (15 bar g) is 
above steam pressure (10 bar g) as per the 
design. 
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Figure 5 : Plant load single minute variations 

 
Table 4: Every 5 seconds plant load variation 
(25/05/2023) 
 

Time (every 5 second) Plant load(kg/h) 

10:02:25 AM 757.650 

10:02:30 AM 824.600 

10:02:35 AM 1625.850 

10:02:40 AM 1724.950 

10:02:45 AM 1523.300 

10:02:50 AM 1531.700 

10:02:55 AM 1575.150 

10:03:00 AM 1607.050 

10:03:05 AM 1643.400 

10:03:10 AM 1712.300 

10:03:15 AM 1784.400 

10:03:20 AM 1712.100 

10:03:25 AM 1745.950 

10:03:30 AM 1756.900 

10:03:35 AM 1719.900 

10:03:40 AM 1705.800 

10:03:45 AM 1734.750 

 

 
 
Figure 6 : 3min to 5min every 5 seconds Plant load 

variation 

2.1.3 Calculation 

The steam storage capacity in an existing 
pressure vessel can be calculated by using 
below equation.SA (Steam accumulator) 
design pressure existing pressure vessel 
design pressure. 

Water capacity =Boiler NWL Weight-Boiler 
dry Weight (from Boiler manual).                              

Initial data 

Initial design pressure              10 bar g 

Lower pressure                           8 bar g 

Water mass                                 3688 kg 

Peak load requirement            1960 kg/h 

From steam table:  

Sensible heat at 10 bar g          781 kJ/kg 

Sensible heat at 8 bar g            742 kJ/kg 

Latent heat at 8 bar g                2030 kJ/kg 

 
Difference in enthalpy of water (kJ/kg)         

=          ɲƘw 

Mass of water(kg)                           = M 

Enthalpy of evaporation at the lower 
pressure = hf 

X= ɲƘw x M                                                                   (1)                                               
           hf 

Instantaneous load 
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FS(Flash steam) generation       =   

                      (781-742/2030) kJ/kg* 3688 kg 

                                                          =70.85 kJ 

Note that 70.85kg of flash steam will be 
released in the time taken for pressure 
drop. 

Peak Load               = 1920 kg/h = 0.53 kgs1 
requirement 
No of seconds        = 70.85kg /0.53 kgs-1  
which can be run  
without steam  
generation  
                                  = 133 seconds              

                                  = 2 min and 13 seconds 

Peak load steaming requirement is 
1920kg/h and we can supply steam without 
dropping required pressure throughout 133 
seconds. Hence the combined boiler and 
accumulator outputs could meet maximum 
overload condition as per the production 
requirement. 

2.1.4 Losses and Gains  

The current practice is steam generated by 
both boiler 1 and boiler 2. With these 
modifications we can supply full steam 
capacity by Using a single boiler. 

 
Assume accumulator recharge hours base 
on plant loads by live steam    2h /day, 
 
Additional live steam requirement               

                                                        3000kg/day 

Expecting SFR (Considering current 
condition of steam generator)  
                                                               13.9kg/l 
Additional fuel requirement   

                                                       215. 82 liters 

With current practice 2nd boiler   
                                   8 h/day operating hours 
Existing SFR                                          13.6 kg/l 

Fuel saving                                    882.35 liters 

2.1.5 Pipe and Fittings 

The pipe rework between the boiler and 
steam accumulator planned with minimum 
rearrangements with considering 
modifications. Figure 7 shows that 
proposed usage of B3 as steam accumulator 
with existing piping arrangement and figure 
8 shows that proposed usage of B3 as steam 
accumulator with modified piping 
arrangement. 

2.1.6 Proposed Modification 

Figure  7 : Proposed usage of B3 as Steam accumulator (With Existing piping arrangement) 
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Figure 8 -Proposed usage of B3 as Steam accumulator (With modified piping arrangement) 

3.    Discussion 

Steam load management is main part of the 
plant operation and optimizing energy is 
one another main part of steam generation, 
balancing those two requirements is vital 
function to assure reliability, safety of 
energy uses, and better economy. It is same 
with one another most complex and 
difficult tasks representing the paper by 
challenging the existing system to enhance 
the plant performance. Before proceeding 
with the proposed developments, It is 
appropriate to go through with theoretical 
calculations with analysing the past data. In 
addition to the fundamental requirement 
of understanding the process, it is essential 
that have a study of existing P&I D s and 
propose existing streamline and valve 
rearrangement. Instead of changing the 
entire steam generation process here we 
introduced how to utilize the existing 
system with minor modifications, however 

with future perspective, it has been 
introduced better design in Figure 8 and 
wherever possible we shall develop the 
concept with heat recovery system. Figure 
9 shows typical steam injection system but 
here we used existing water supply system 
for steam injection.  

 

          Figure 9 : Typical steam Injection system [6] 
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This would be satisfactory to maintain drum 
pressure by maintaining required 
temperature of water otherwise the boiler 
pressure may have to go down and 
designed system does not work with 
required MCR (Maximum continuous 
rating) and flow at one pressure would be 
inadequate. 

With the proposed modifications boiler 3 
will be converted as a steam accumulator 
and boiler 1 will be operate in standby 
condition. Steam generation will be 
continued with boiler 2. Boiler 3 
preservation requirement has been 
eliminated and with the proposal load 
handling would be smooth than previous 
situation.  

Further we can propose heat recovery 
system by using economizer as shows in 
figure 10 in future with more benefits. 

 

Figure 10 : Further Modification Option 2 

3.1 Justifying the Modification 

Comparing the running conditions of two 
boilers only meet the peak demand, single 
boiler with an accumulator is cost benefits 
as per the calculations. Estimating high SFR 
with fuel saving opportunity with maximum 
output on a steadier load from single boiler. 
Expect the financial advantages of reduced 
maintenance on boiler plant, plant  

 

 
ŜǉǳƛǇƳŜƴǘΩǎ ŘǳŜ ǘƻ ǊŜǎǳƭǘ ƻŦ ǎǘŜŀŘƛŜǊ ōƻƛƭŜǊ 
load and better-quality steam. 

4.    Conclusion 

Steam load management of ABC Dairy 
manufacturing facility is very critical due to 
instantaneous load variations. Due to poor 
load management ability, there was some 
production downtimes has been occurred 
in plant history and it was a huge capital 
loss when considering wastage, time 
consumption and production rebadge 
process. 

As per the solution, in this paper, spare 
boiler has been converted as steam 
accumulator without major changes and 
considering reconversion possibility as a 
steam generator if required. Through the 
analysis of the past data following 
conclusion can be drawn. 

1.No Major changes for steam generator 
when converter to it as accumulator and 
no major changes for distribution system 
but few changes with valve arrangement. 

2.The steam regeneration rate of the 
accumulator is related to the steam 
demand under steam flow rate and 
steam pressure. 

3.For 1920 kg/h load requirement 2 min 
and 13 seconds can run without steam 
generation as per the mathematical 
analysis. 

4.The steam temperature and pressure of 
steam accumulator, which are decreased 
by time, but steam flowrate stables with 
requirement within the define time. 

рΦ²ƛǘƘ ǘƘƛǎ ƳƻŘƛŦƛŎŀǘƛƻƴΩǎ boiler 2 use as 
steam generator, Boiler 1 use as stand by 
boiler and boiler 3 use as steam 
accumulator. 

6.Standby boiler also plant to connect 
steam accumulator charging network,  
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hence for both boilers have steam 
accumulator for load handling purpose. 

7.By stopping boiler 1 from continuous 
running condition, expected fuel saving is 
882.35 l/month. 

8.Main advantages is plant load handing 
without production downtime and 
additional are fuel saving, energy saving 
and emission reduction from this project 
outcome. 
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Abstract  

Although the drive for renewable energy solutions has led to an increased focus on solar 
energy generation to meet the energy demand while reducing greenhouse gas emissions, 
less focus has been put into optimization of energy generation. This research paper presents 
design and implementation of an automated single-axis solar panel tracking system designed 
to improve energy yield in photovoltaic installationsΦ Solar tracking systems have emerged as 
a promising technology to enhance the efficiency of solar panels by optimizing their 
orientation with respect to the direction of sun. The controller and the sensors used in the 
presented system managed to automate the solar tracking and move the solar panels to 
increase the efficiency of energy generation. The implemented system managed to increase 
the efficiency of 40% on average compared to the fixed system. 
 
KeywordsΥ Solar, Tracking, Energy 

1.    Introduction  

The world's expanding energy needs may 
be fulfilled while lowering greenhouse gas 
emissions thanks to solar energy, which is a 
renewable energy source. Solar tracking 
systems have been created to follow the 
sun's path throughout the day in order to 
increase the efficiency of solar panels. 
Single-axis solar panel tracking is one of 
these systems that has drawn attention due 
to its efficiency and simplicity. 

Main purpose of this research is to 
implement a single-axis solar panel tracking 
system and then compare the energy 
generation with similar number of fixed 
solar panels, to do the performance 
analysis. A controller system is designed to 
automate the solar tracking. outcome of 
this research would help to enhance the 
performance of solar energy generation in 
future installations for more sustainable 
and environmentally friendly energy 
solutions. Initial section of this paper 
introduces basics of solar tracking system 
topics. In the second section, a 

comprehensive description of the overall 
system design and implementation is 
presented, including the control system and 
some specific aspects of the Solar Tracking. 
The final sections are dedicated for results 
and discussion followed by the conclusion 
of the implemented system. 

1.1 Objective 

The main objective of this research is to 
optimize the solar energy generation by 
changing the direction of solar panels 
according to movements of the Sun. 

Second objective is to automate the solar 
tracking by using senses and controller to 
move the solar panels as required. Finally, it 
is required to compare the energy 
generation of the solar tracking system with 
a similar number of fixed solar panel 
system. 

1.2 Solar Tracker  

A solar tracker is a device used to align a day 
lighting reflector, solar photovoltaic panel, 
or concentrating solar reflector towards the 
sun [1]. Its purpose is to maximize the  
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efficiency of solar-powered devices by 
continuously pointing them at the sun as it 
moves across the sky. Solar trackers come 
in various types, offering different levels of 
complexity, cost, and performance. The 
heliostat is a well-known type of solar 
tracker that uses movable mirrors to reflect 
sunlight to a fixed position. The efficiency of 
a solar tracker depends on the application; 
concentrators, like solar cell processes, 
require precise alignment to direct 
maximum sunlight precisely to the device's 
focal point.  

2.   Solar Tracking System Vs Fixed Panel 

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. 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, 
supposed to increase the energy generation 
compared to fixed panels. Automatic solar 
tracking systems are more complex and 
require additional components (such as 
sensors, motors, and control 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. 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 tilt. 

¶ Key Considerations 

Solar 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. 

3.   Literature Review 

Solar tracking systems have gained 
significant attention in the renewable 
energy sector due to their potential to 
enhance solar energy generation by 
dynamically adjusting solar panel 
orientation to follow the sun's path. This 
literature review explores existing research 
related to single-axis solar panel tracking 
systems, focusing on their advantages,  
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limitations, and performance in comparison 
to fixed solar panels. 

I Abadi proposes a single-axis solar tracking 
system implemented with a fuzzy logic 
controller [2]. 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. 

Verma  [1], in their 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. 
Sunita and Rajan in their review article [3] 
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 [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 say 
the efficiency of the single axis tracking 
system over that of the static panel is 
calculated to be 32.17% and dual axis 
tracking system over that of the static panel 
is calculated to be 81.68%. 

Tudorache [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 [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.  

4.    Methodology 

4.1 System Overview and Design  

Overall Architecture: The single-axis solar 
tracker system is designed which comprises 
a combination of hardware components 
and software to control it in order to 
dynamically adjust the tilt or azimuth along 
one axis to maximize the energy generation 
(Figure 1). 

 

 

 

 

 

 

 

 

Figure 1 : Design of the overall system 
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The ESP32 serves as the central controller, 
interfacing with the various sensors and 
actuators. It receives input from the LDR to 
track sunlight, controls the DC motor to 
adjust the solar panel's orientation. 

4.2 Component Roles 

ESP32 Controller (Figure 2): Acts as the 
brain of the system, receiving data from 
sensors, processing it, and sending 
commands to the motor and relay. 

Figure 2  : ESP32 

LDR (Light Dependent Resistor): Detects 
sunlight intensity and provides analogue 
input to the ESP32. 

DC Motor: Adjusts the solar panel's angle to 
follow the sun's movement across the sky. 

4.3 Communication and Interaction 

The LDR continuously measures the 
intensity of sunlight and feeds analogue 
data to the ESP32. The LDR data is 
processed by the ESP32, and the desired 
position adjustment for the solar panel is 
calculated. Following that, the ESP32 sends 
control signals to the DC motor, defining 
the appropriate movement angle.  

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 analog 
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. 

4.5 Motor 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. The block diagram in 
Figure 4. 

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. 

 

 

 

 

 

 

 
Figure 3 : Functional block diagram 
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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. 

5.    Implementation and Results 

A single-axis Solar panel structure is put up 
as shown in the Figure 5, so that panels 
angle can be change by rotating the top 
structure along the middle axis.All the 
panels will be facing the sun at the same 
angle. Controllor circuit assembled 
according to the (Figure 4). Sensor inputs 
were given to the controllor and output 
signals were generated according the 
program to control the motors. Our test 
results show that the output signals can 
move the solar panels to required direction. 
It has manged to increase the power 
generation per month to 25%-30% within 
the first month of implementation, 
compared to the fixed structure. 
 
 

 

 

 

 

 

 
 

Figure 4 :Circuit Diagram 

¶ Implemented system  

Figure 5 shows the implemented single-axis 
solar panel system. Results were obtained 
from a similar capacity fixed solar panel and 
single axis solar panel tracker system.  

 
 

 

 
 

Figure 5 : Implemented system 
 

As the results shown in Table 1 and Figure 
6, 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.  

Table 1- Collected data 
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Figure 6 : comparison of the data 

6.     Conclusions 

In this research, an automated solar 
tracking system has been designed and 
implemented. In conclusion, this research 
has demonstrated the effectiveness of the 
single-axis solar panel tracking system in 
optimizing solar energy generation. The 
study found that the tracking system 
consistently outperforms fixed solar panels, 
resulting in a significant increase in energy 
yield. The insights gained from this research 
have important implications for sustainable 
energy solutions, highlighting the potential 
for solar tracking technology to enhance 
the efficiency of photovoltaic installations. 
Despite the notable benefits, further 
research is needed to explore advanced 
control algorithms, integration with energy 
storage, and cost-effectiveness analysis. By 
continuing to innovate in this area, we can 
pave the way for a more sustainable and 
greener energy future. As solar energy 
continues to play a vital role in global 
energy transitions, the findings from this 
study can guide decision-makers, solar 
developers, and researchers in harnessing 
the full potential of solar tracking systems 
and accelerating the adoption of renewable 
energy worldwide. 
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Abstract  

This paper examines the initiative of flood control App of smart porous highways leading to 
smart porous cities. It examines the challenges encountered by porous city construction as 
well as potential solutions. Pavement material is an essential element in the evolution of 
porous communities. This study also examines the utilisation and evolution of pavement 
materials in porous communities. Firstly, commonly used permeable pavement materials, 
including permeable asphalt concrete, permeable cement concrete, permeable brick, and 
other new materials were examined. To meet the requirements of infiltration, retention, 
purification, evaporation, and discharge, porous pavement materials were developed. 
Numerical study resulted that steel slag permeable asphalt-based concrete with a 350 mm 
porous road thickness produces the lowest discharge potential while satisfying economic and 
mechanical properties. This study predicts the future development of pavement materials in 
porous cities, which necessitates improved hydrological performance and a broader range of 
applications through a smart mobile app so that road and city users could learn the flood 
status more rapidly.  

Keywords: Smart spongy roads, Flood control, Smart app 
 

1. Introduction 

Recently, rapid population growth, 
urbanisation, and intensive infrastructure 
construction have posed obstacles to long-
term development. In many cities, 
impermeable pavement has replaced 
permeable vegetation fields, making it 
difficult for water to disperse and heat to 
escape. These difficulties worsen the urban 
heat island (UHI) effect [1]. They also 
increase the frequency of urban flood 
disasters. In order to address these issues, 
a number of administrations have begun to 
place a strong emphasis on the innovative 
design of cities. Low-impact development 
(LID), green infrastructure (GI), best 
management practises (BMPs), Spongy 
cities (SC), resilient cities, and additional 
innovative city initiatives are among them. 
A formal proposal for a Spongy city was 
made in [2]. Since 2015, thirty Chinese 

communities have been designated as 
experimental initiatives to examine Spongy 
city structures. Spongy city, also known as 
the low-impact development concept, is a 
city that can respond to changes in the 
water environment like a sponge and 
achieve unrestricted rainfall movement [3]. 
When it showers outside, the Spongy city 
can absorb, filter, store, and purify the 
precipitation. The city of Spongy may 
discharge water if it does not rain. 
Wetlands, forests, lakes, verdant roofs, 
biological retention, and permeable 
pavements are all components of Spongy 
City [4]. The permeable pavements are 
constructed so that both humans and 
products can travel on them. The expansion 
of Spongy cities is beset by obstacles. 

The Spongy city building is inherently 
complicated, such as in the selection and 
proportion of various facilities. The  
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difficulty of the problem is exacerbated by 
the scarcity of easily accessible urban areas 
and expensive initial construction costs. On 
the other hand, there are major problems 
with a lack of relevant knowledge and 
expertise, as well as with policies that do 
not function well together [5]. To resolve 
these concerns, decision-making and 
evaluation models have been developed. 
The decision-making model could be 
utilised to help allocate funds and other 
resources [6]. The evaluation method may 
be able to measure the Spongy city's effects 
in a manner that is both equitable and 
beneficial for future maintenance. Also, the 
public-private partnership (PPP) model was 
used to construct Spongy cities, particularly 
in developing countries, which helped the 
government save money [4]. The 
development of a Spongy city has won the 
support of urban residents despite the 
persistence of most issues [7]. From an 
engineering standpoint, "infiltration, 
retention, purification, evaporation, and 
discharge" are some new standards that 
Spongy city would like to incorporate into 
pavement materials. According to Zhao, 
2019 [8], paving materials should be 
permeable to water. When water collects 
on the surface of permeable pavement, the 
water is taken up and filtered prior to being 
retained or discharged. When there is no 
available water, the water stored in 
permeable pavements evaporates and 
provides water to the environment [9].  

They created permeable masonry 
pavement to resolve this problem [10]. The 
objective of this study was to characterise 
the use and evolution of pavement 
materials in Spongy cities and to create a 
mobile app that can share flood 
information. The study examined the pore 
properties of Spongy Road materials. In 
addition, the development of a 
mathematical model for flow through  

 

 
porous material was investigated to 
determine how flow rate and porosity are 
related. Flow-through porous medium 
analysis was also conducted by considering 
the medium to be a continuum and 
employing Darcy's equation model in the 
ABAQUS finite element code. Lastly, this 
study predicted the future expansion of 
pavement materials in Spongy cities, which 
necessitated improved hydrological 
performance and a broader application 
range using a smart application. 

2. Materials and Methodology 

2.1 General Procedure  

The initial step of the research is to find the 
available porous materials and their 
properties using literature. The materials 
such as innovative polyurethane thin 
overlay (PTO), Open graded friction course 
(OGFC), Stone mastic asphalt (SMA) Steel 
slag permeable concrete (SSPC) and Asphalt 
based Permeable concrete (ABPC). To find 
the relationship between rainfall and the 
permeable sponge materials finite element 
(FE) analysis was done using ABAQUS. The 
Darcy model was used to find the results 
related to rainfall and the sponge road and  
A mobile app was developed to share the 
information among people. People who are 
in the flooding zone could get benefitted 
from the smart App. General procedures of 
the Finite element analysis can be 
summarized below in Figure 1. 

2.2 Finite-element Modelling  

A porous media was modelled in 
ABAQUS/Standard using a traditional 
technique that treats the medium as a 
multiphase material and uses the effective 
stress concept to characterise its 
behaviour. The supplied porous media 
modelling takes into account the existence 
of two fluids in the medium. The porous 
media is represented by affixing a finite 
element mesh to the solid phase; fluid may  



 Proceedings of the International Engineering Research Symposium (IERS 2023), pp [27-34] 
©National Engineering Research and Development Centre of Sri Lanka. 
 

29 | P a g e 

 

 

 

 
 

 

Figure 1 : Flowchart of the entire methodology 

flow through this mesh. The model also 
employs a continuity equation to calculate 
the mass of wetting fluid per unit volume of 
medium. 

To enhance the efficacy of new roads, new 
materials and technologies are being 
developed. This unique polyurethane thin 
overlay (PTO) was created for the repair 
and construction of existing roadways. 
Previous research investigated the 
performance-related mechanical 
characteristics of the PTO specimens using 
numerous preliminary approaches [1], and 
the basic strength of the specimen was 
tested using a uniaxial compression test. 
The PTO performed well mechanically in 
our test. Materials having a Youngs 
modulus of around 6.6 GPa. Additionally, 
cyclic compression experiments were used 
to assess dynamic stability. It demonstrated 
enhanced long-term endurance of the 
material, which was more than 10 times 
greater than standard porous asphalt. As 
control materials, conventional asphalt 
(open graded friction course) (OGFC) and  

 
stone mastic asphalt (SMA)) and concrete 
pavement materials were employed. 
Significant improvements in mechanical 
and functional qualities, as well as 
environmental performance, were 
reported as compared to standard tunnel 
pavement materials. As a result, this 
wearing layer has the potential to deliver 
new eco-friendly functionalities to 
pavements. The best element type from 
ABAQUS that reflects the representative 
volume element (RVE) according to the 
homogenization method is chosen.  

2.3 Conceptual Model 

The representative fundamental volume is 
the smallest volume that can be measured 
to produce a value that is representative of 
the whole. The primary objective of 
homogenization is to determine the 
effective (or macroscopic) behaviour of 
heterogeneous materials. Mean fields per 
phase are commonly employed in 
homogenization and provide sufficient 
information in the majority of instances. 
The RVE-calculated elastic properties, 
including moduli and Poisson's ratio, are 
validated via Asymptotic Expansion 
Homogenization (AEH) and compared to 
the rule of mixtures. Periodic Boundary 
Condition (PBC) was studied to ascertain 
whether or not the elastic properties are 
invariant due to boundary conditions. The 
scale of the representative volume element 
must be significantly smaller than the 
characteristic scale of the structure, while 
the scale of the representative volume 
element must be significantly larger than 
the average scale of the nonuniform 
opening. Consequently, 100 m x 100 m x 
100 m is chosen as the volume scale of the 
representative volume element (RVE) 
based on the findings of previous research. 
Figure 2 depicts the specifics of the 
designated RVE. 

 

1.Through the literature review 
determine the properties of the 

materials .

1.A finite element study will be done 
using ABAQUS, Darcy's equation model 

1.Behaviour of the retainwater flow can 
be predicted to some accuracy and then 
that can be connected to a mobile app

1.Developing the Smart mobile App to 
communicate the information
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Figure 2 : RVE of the Pavement 

2.4 Boundary Conditions 

Pavement is assumed to be held at z= 0 and 
z=a in a manner preventing all 
displacements in the XY plane but 
permitting unrestricted motion in the z-
direction. The bottom nodes of the mesh 
representing the subgrade in both models 
were fixed in all directions. According to the  

displacements on both edges (z =0 and z =a) 
are restricted to zero in the x- and y-
directions. Equivalent boundary conditions 
were also used in the ABAQUS model. 
Asphalt layers were bound; the two contact 
layers among the asphalt base course, road 
base course, subbase, and subgrade were 
defined as being partially bound, which 
means the interface between layers keeps 
the same displacement in the vertical 
direction and allows different 
displacements in horizontal directions. 

2.5 Transformation of Finite Element 
Analysis to Mobile App 

The results that we have collected by 
changing the variables could be linked with 
flood predictor mobile application. All these 
layered configurations are changed to find 
the best optimum configurations which 
could yield minimum runoff potential. After 
that using mobile application by changing  

 
 

 
the rainfall, layer material, thickness and 
the location the flood warnings can be 
checked against threshold value for every 
specific location. The app was developed 
using Android studio and JAVA program 
language. The different configurations from 
ABAQUS were listed and all these results 
were listed as a table to program easily. The 
relationship between each variable is linked 
as an equation so that, when we change 
one variable other parameter will change 
according to the given equation. 

2.6  Micro Image of Spongy Material 

In the present study, Quantitative 
Computed Tomography (QCT) along with 
image analysis techniques was used to 
capture the air void distribution in 
concrete. Using QCT images to create an 
FEM model as close to the real concrete 
structure as possible, is proposed in this 
study. In this method, the geometry was 
obtained directly from the images without 
using any surface or solid body and the 
finite element mesh was developed by 
assigning hexahedral elements that each 
enclosed a predefined cubic volume of 
image voxels. 

3. Results and Discussion 

3.1 Results of Finite Element Analysis  

Figure 3 shows the mesh discretization of 
elements is increased, the rainfall values 
are slightly increased and then flatten off. 
Steel slag permeable asphalt-based 
concrete with 350 mm sponge road 
thickness yields the satisfying results 
considering the economical point of view 
while fulfilling the mechanical properties as 
well. Hence RVE with 75639 elements is 
selected for the further analysis. 
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Figure 3 : Comparison of mesh refinement 

3.2 Layer Configuration  

The clever absorbent road layer is arranged in 
three distinct layers. The optimal composition 
was determined using ABAQUS analysis of the 
various compositions. The various 
configurations are shown in Figure 4 above. 
To further investigate the use of steel slag and 
the efficacy of steel slagςpermeable asphalt in 
the construction of smart sponge roads. Two 
steel slagςpermeable asphalt pavement 
structures were devised as semi-pervious and 
entirely pervious. For the pavement's water 
permeability, the completely pervious The 
concrete and asphalt pavement of 
Configuration (a) absorb 36 mm of the day's 
total precipitation. In addition, the 
maximum accumulated infiltration through 
the stratum is 95 mm; therefore, the 
surface discharge value is 107mm, which is 
roughly 45% of the precipitation. The old 
porous concrete has been replaced with 
Gravel drainage and Steel slag permeable 
concrete, as well as categories as 
configuration (b). structure was designed 
with additional levels of steel slag. 

 

 

Figure 4 : Spongy layer configurations 
 

Configuration (b) with a pavement 
composed of steel slag permeable concrete 
and gravel drainage absorbs 46 mm of total 
precipitation. Additionally, the maximal 
cumulative infiltration through the stratum 
is collected through the perforated conduit 
and measured to be 96 mm, resulting in a 
surface discharge value of 97 mm, which 
accounts for roughly 40% of the rainfall. In 
an alternative analysis, the permeable brick 
is evaluated with a screed-coat as opposed 
to an asphalt layer of steel slag.  

The configuration (c) provides a reasonably 
high absorbance of 55 mm; therefore, the 
surface discharge value is decreased to 83 
mm, which is 35% of the rainfall value.  

3.3 Effective Material Configuration 

According to Figure 5, steel slag permeable 
concrete can be placed as the material for 
spongy roads for effective performance as 
it has the optimum value for all the 
compared qualities like absorbance of 
rainfall 23 %, runoff over rainfall 38 % 
infiltration of the macadam roads have 
optimum rainfall 39%.  
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Table 1- Effective sponge materials thicknesses 

 

 

Figure 5 : Finding effective spongy base materials 

3.4 Effective Thickness of the Layer 

The total layer thickness is divided into 
several inner layers. To get the effective 
performance, we should have the lower 
runoff percentage, higher absorbance of 
rainfall and the higher infiltration of rainfall. 
When we increase the thickness, the 
absorbance over the rainfall keeps 
increasing, the runoff over rainfall starts 
reducing and infiltration over rainfall also 
starts to increase. Finally, we can conclude 
from the Table 1 that, the 375 mm thickness 
shows the higher value for the absorbance 
and also it is satisfying the mechanical 
properties of the spongy road as well. In  
 
 

 
 

 
economical perspective, the cost and the 
mechanical properties of spongy layers are 
considered as a vital role. Hence, we can 
choose the overall thickness as 350 mm 
considering the above aspect. 
 
3.5  Flood warning mobile App 

The results that we have collected by 
changing the variables could be linked with 
flood predictor mobile application. All these 
layered configurations are changed to find 
the best optimum configurations which 
could yield minimum runoff potential. After  
that using mobile application by changing 
the rainfall, layer material, thickness and 
the location the flood warnings can be 
checked against threshold value for every  
specific location. The app was developed 
using Android studio and JAVA program 
language. The different configurations from 
ABAQUS were listed and all these results 
were listed as a table to program easily. The 
relationship between each variable is linked 
as an equation so that, when we change 
one variable other parameter will change 
according to the given equation. The app 
screen details are given below.  
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In Figure 6, before the user using the 
application to monitor or to see the floods, 
there is a welcome page that user can  
identify the type of app that he or she is 
going to use. After that, he or she press 
άDŜǘ ǎǘŀǊǘŜŘέ ōǳǘǘƻƴ ǘƻ ǎǘŀǊǘ ǘƘŜ ŀǇǇΦ ǳǎŜǊ 
can choose whether he or she is going to 
check the existing flood data or on-site 
flood analysis. When uǎŜǊ ŎƭƛŎƪ ƻƴ Ψ/ƘŜŎƪ 
ŦƭƻƻŘΩ ƛǘ ǊŜŘƛǊŜŎǘǎ ǘƻ ŎƘƻƻǎŜ ǘƘŜ ƭƻŎŀǘƛƻƴΦ 
Also, user can choose his or her location 
where the user wants to know the flood risk 
level. User must input the location first 
based on the locations list available in the 
app. 

Figure 6 : Welcome pages of flood predictor App 

 

The main menu of the mobile application 
consists of four menus, such as choose 
province, choose materials, thickness and 
the rainfall. When user input their material  
as details the app will automatically be 
linked to material properties and thickness 
variations. The abbreviations also given to 
get the clear picture about the data filled by  
the user. Also figure shows the warnings 
related to floods that user is receiving. The 
runoff, infiltration and absorption related 
to particular rainfall will be shown in the 
results. The flood level values for the 
particular rainfall with different provinces 
are given according to metrological 
department data. 

 

 
Based on the results, the semi-pervious and 
entirely pervious variants of two steel slag-
permeable asphalt pavement structures 
were designed. The optimum properties of 
stone mastic bitumen for macadam roads 
are identical to those of naturally 
permeable concrete produced from steel 
slag. Multiple inner layers comprise the 
total thickness of the stratum. The 
thickness of 375mm demonstrates a higher 
absorbance value and also satisfies the 
mechanical characteristics of a porous 
road.  

4.     Conclusions 

The purpose of this study is to determine 
how mobile app can be used to reduce the 
urban flooding and how effectively people 
in flood zones can receive information 
about flooding. The analysis of ABAQUS 
finite element analysis with Darcy's 
equation model revealed the following 
results: Steel slag permeable concrete has 
the greatest values for all equivalent 
qualities and could be used for spongy 
roads, according to additional research into 
the configuration of the spongy road's 
layers. All of these discoveries can be linked 
to the software that predicted flooding. The 
flood warning generated by the mobile app 
designed for this study will be dependent 
on county, material, layer thickness, and 
precipitation changes. By analysing the 
relationship between discharge, 
infiltration, and absorbance, a Mobile App 
was developed. Using the flood predictor 
application, the user can receive a flood 
warning message on the screen after 
entering flow parameters. The study 
examines three distinct layer configurations 
and a limited number of porous materials. 
In future research, it may be possible to 
examine additional layering techniques and 
materials. In Sri Lanka, it should be 
considered to conduct a cost and feasibility  
analysis of building porous roads and 
porous cities. During the development  
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phase of the mobile application, real-time 
monitoring that employs sensors to 
determine the inundation threshold values 
could be evaluated so that the research 
could be expanded in that direction as well. 
 
Recommendations 

In future it may require a pre calibrated 
flood model so that user can change 
theproperties of the proposed sponge 
materials to control infiltration. In addition 
to that to the future perspective validation 
of the finite element model to be done as 
so far, no literature for that. In this research 
one dimensional flow is only considered so 
in future lateral flow also will be 
considered. 

Here infiltration rate is considered as a 
constant. Later in this study varying 
infiltration rates will be incorporated. 
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Abstract 

A vehicle parked under direct sunlight for a several hours can cause heat soak and 
temperature rise inside the vehicle cabin. This occurs due to the heat resistance 
characteristics of the vehicle interior components and the trapping of the hot air because of 
the compact design of the vehicle cabin. The hot temperature inside the vehicle cabin tends 
to make the driver and passengers feel uncomfortable and affects the interior components 
and degrading them. Further, air condition may be wasted as the vehicle user would switch 
it to maximum level of operation to get rid of the hot air. This study was performed to find a 
solution and a preferable method to overcome these issues by utilizing the components 
already existing within the vehicle. The overall goal is to use a solar panel to power the blower 
in the vehicle HVAC system to introduce fresh air into the vehicle cabin with automatic 
control. The two main experimental conditions are chosen for this study; firstly, the 
temperature distribution of a parked vehicle cabin under neutral condition (without 
implementing any ventilation system), and secondly experimental condition where the 
temperature distribution of the parked vehicle cabin has been done with the newly designed 
ventilation system. Temperature observations is taken by using a portable temperature 
sensing module. As a result of designed solar ventilation system the temperature inside the 
ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ Ƙŀǎ ōŜŜƴ ŜŦŦŜŎǘƛǾŜƭȅ ǊŜŘǳŎŜŘ ōȅ орΦт҈Φ ¢Ƙƛs shows a clear temperature 
difference between the two experimental conditions and the ability to achieve the core 
objective of reducing the cabin temperature of the vehicle when parked under direct 
sunlight. 

Keywords:  Heat, Blower motor, Solar energy, Thermal comfort    

1.   Introduction 

A vehicle can be defined as a type of 
machine that comes with power generating 
unit (Engine or electric motor) and a power 
distribution assembly [1]. The vehicle 
production has undergone many changes in 
technology from past to present in order to 
meet different perspectives of the vehicle 
users. Any development of a particular 
vehicle, machine or any device are being 
introduced to overcome a type of issue or a 
difficulty within that [2]. Most vehicle cabin 
has a common issue in the vehicle cabin 
temperature when vehicle parked under 
scorching sun. When a vehicle is parked  

couple of hours under a scorching sun, it 
will create a temperature rise in the vehicle 
cabin [3]. This phenomenon is badly 
affected to the thermal comfort of the 
vehicle users. It happens due to the solar 
radiation which penetrates through the 
vehicle glasses and due to the compact 
design of the vehicle cabin. 

An extreme rise of vehicle cabin 
temperature has occurred when the vehicle 
is parked under the direct sunlight. There is 
no ventilation occurs inside the parked 
vehicle cabin since, all windows are closed  
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when the vehicle was left unused and air 
conditioning system not engaged due to 
ignition off in the prolonged parked vehicle 
[4]. Therefore, it can lead to rise the cabin 
temperature up to 70°C with the 
surrounding environment ambient air 
temperature at 40°C [5]. However, 
according to the observations collected 
practically, it seems 43°C vehicle cabin heat 
rises with the 29°C surrounding 
temperature at winter season (December 
to February) in Sri Lanka [2]. That 
temperature was not comfortable for 
passengers when re-entering to the vehicle 
and it can create volatile organic 
components emit from the interior of the 
particular vehicle. 

Heat is a kind of energy [6]. Heat should be 
maintained in a proper level to keep the 
comfortable. Human feels hot when the 
substance get warmer than human body & 
feels cold when the substance gets less heat 
than the human body [7]. Generally, 21°C - 
26°C (Relative humidity 45% - 50%) is define 
as the comfort zone of a person [7]. When 
a vehicle parked under scorching sun, heat 
transferring occurs though Sunlight, Heat in 
ambient air, Road heat and Engine and 
transmission heat (If parked after drive). 

In a high ambient temperature situation 
about 37°C, the interior cabin of vehicle can 
be reached up to 65°C - 70°C when parking 
under sun with all the windows closed [8]. 
The heat always tends to move from hotter 
surface to colder surface until both 
ǎǳǊŦŀŎŜǎΩ ǘŜƳǇŜǊŀǘǳǊŜǎ ōŜŎƻƳŜ ǎǘŀōƛƭƛȊŜŘΦ 
This phenoƳŜƴƻƴ ƛǎ ƪƴƻǿƴ ŀǎ ǘƘŜ άƭŀǿ ƻŦ 
ƘŜŀǘ ǘǊŀƴǎŦŜǊέ ώфϐΦ ¢ƘŜ ŀōƛƭƛǘȅ ƻŦ ǘǊŀƴǎŦŜǊǊƛƴƎ 
heat energy is measured by the 
temperature either it can be defined by 
Celsius, Fahrenheit or Kelvin scales. There 
are three main modes of heat transfer such 
as Conduction, Convection and Radiation. 
Temperature level inside a car cabin 
increase due to combination of conduction, 
convection & radiation occurs in the car.  

 
Firstly, heat was transferred into the vehicle 
cabin through the glasses & body of the 
vehicle by radiation. Then conduction takes 
place in the stagnant volume of air trapped 
inside the car cabin and convection 
occurred due to the direct contact of the 
cabin air with the cabin materials [9]. The 
mode of heat transfer that occurs due to a 
temperature gradient in a stationary 
ƳŜŘƛǳƳ ƛǎ ƪƴƻǿƴ ŀǎ άŎƻƴŘǳŎǘƛƻƴέΦ ¢ƘŜ 
convection is a process of heat transfer due 
to a temperature difference between a 
solid surface and the adjacent fluid in 
motion. The process of substances which 
emits energy in the form of 
electromagnetic waves in all directions and 
at wavelengths from low one to high one at 
a finite temperature. The transfer of radiant 
energy between two bodies at different 
temperatures is known as the heat transfer 
ōȅ άǊŀŘƛŀǘƛƻƴέΦ wŀŘƛŀǘƛƻƴ ƘŜŀǘ ǘǊŀƴǎŦŜǊǊƛƴƎ 
ƳƻŘŜ ŘƻŜǎƴΩǘ ǊŜquire a medium and it 
occurs effectively in a vacuum.  

When a vehicle exposed to sunlight, some 
bad consequences will happen. Since all the 
widows are closed in a park vehicle, the 
inside of the vehicle just like a greenhouse 
and the accumulated heat inside the car 
cabin was increased. The light entering 
through the glasses and wind screen act as 
a heat inside the vehicle cabin and interior 
components absorb that heat. Heat 
trapped inside the particular vehicle cabin 
ŘƻŜǎƴΩǘ ǘǊŀƴǎƳƛǘ ƭƛƪŜ ǘƘŜ ǎǳƴƭƛƎƘǘ ƛƴǘƻ the 
outside and that trapped heat getting 
increased continuously inside the vehicle 
cabin [10]. The vehicle users want to wait 
for a period of time around 02 - 05 minutes, 
before enter into the vehicle in order to 
cool down the interior of the vehicle either 
by windows opening or running the A/C at 
high speed. The running of A/C at high 
speed may affected to increase the fuel 
consumption of the particular vehicle also 
[11].  
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The use of sunshades, applying solar 
reflective films (Window tints) and portable 
ventilators are some conventional ways 
ǳǎŜŘ ǘƻ ǊŜŘǳŎŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘ ώмлϐΦ 
The use of window tint was the most 
efficient method which influencing to 
reduce the cabin heat of a park vehicle [10]. 
However, all of these cabin heat reducing 
products will act as an auxiliary to the 
vehicle.  

In time to time, many researchers in 
different countries tried to find an efficient 
solution to overcome that heat rising effect 
ƛƴǎƛŘŜ ǘƘŜ ǇǊƻƭƻƴƎŜŘ ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ ŎŀōƛƴΦ 
Within that solutions some were tried to 
make portable ventilators which can fixed 
to windows of the vehicle and some were 
used sunshades and window tint [12]. 
Rather than using separate ventilating 
device, through this project work focused 
to made a ventilation method by using the 
HVAC blower already existing within the 
vehicle. In order to power that blower, solar 
power system was used with an automatic 
control. The existing cable mechanism has 
been used to manually handle the air duct 
mechanism of the HVAC system in that 
Nissan Caravan van (E24) which was used to 
done this project and also the rear blower 
in the dual A/C system was only used for 
this research work. 

When considering the project design which 
has been done, there are few more 
important hypotheses were developed. 
Among those hypothesis, one main fact was 
the consideration of the ignition key at 
άhŦŦέ ƻǊ ά!ŎŎέ ǇƻǎƛǘƛƻƴΣ ƛŦ ǘƘŀǘ ǾŜƘƛŎƭŜ ǿŀǎ 
at parked. It is because, the main control 
unit needed a signal to consider whether 
the particular vehicle was at parked or at 
the running. Therefore, in order to detect 
that state a current signal was linked to 
main control unit from the ignition switch 
output current when ignition switch at 
άhƴέΦ LŦ ǎƻΣ ƛǘ ƳŜŀƴǎ ǘƘŜ ǾŜƘƛŎƭŜ ǿŀǎ ƴƻǘ ŀǘ 
parked. So, with that signal, the control unit  

 
disengage from the designed system and 
allows current to pass into blower through 
ǘƘŜ ǾŜƘƛŎƭŜΩǎ ŜƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳΦ  

Another hypothesis considered in this 
design project was the comfortable 
boundary temperature of the vehicle cabin. 
For that, before implementing that 
designed into the particular van, there are 
set of van cabin temperature observations 
were gathered. According to those 
observations, we create a hypothesis about 
the boundary temperature which was 
applicable to operate this system as 36°C 
which has higher than the 40% from the 
lowest observation. Also, the period of sun 
shines within the day time considered as 09 
hours (08.00 A.M. ς 05.00 P.M.) in order to 
do the power calculations while estimating 
ǘƘŜ ǎȅǎǘŜƳ ŎƻƳǇƻƴŜƴǘΩǎ ŎŀǇŀŎƛǘƛŜǎ ǿŀǎ 
another hypothesis considered in this 
design project 

2.     Methodology 

Operating temperature is the cabin 
temperature that should considered to 
operating the system (boundary 
temperature) set by the vehicle user. It can 
ōŜ ǾŀǊƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǾŜƘƛŎƭŜ ǳǎŜǊΩǎ 
preference. However, for the experimental 
purposes, it was set more than the 40% of 
the lowest cabin temperature which will 
recorded while doing the initial testing. The 
solar power input through the charging 
controller, cabin heat of the vehicle while in 
parking, state about the ignition switch 
position and boundary temperature have 
been considered as the inputs to the main 
control unit while the power distributes to 
the blower motor considered as the output 
signal from the main control unit. Likewise, 
the boundary temperature and ignition 
switch state conditions have been checked 
in order to energize the blower motor to 
create a ventilation. However, the double 
checking of vehicle cabin temperature and 
ignition switch position is needed after the  
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blower motor begins to run and also the 
blower motor should be work by the 
ǾŜƘƛŎƭŜΩǎ ŜƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ 
design system connected with the vehicle 
electric system in order to power the 
blower when the vehicle is at running state 
ƻǊ ƛƎƴƛǘƛƻƴ ƪŜȅ ŀǘ άhƴέΦ {ƻΣ this is an 
integrated system which comprised in two 
different circuits. In that system almost all 
the components and devices are physically 
connected with the use of electric wires 
except the temperature sensor module. 
Because the operation of the temperature 
sensor module has deals with the radio 
signal communication process rather than 
physical electric wires. It is due to make the 
system as a user-friendly manner, easy 
handling and also to avoid the complexity of 
the product. Since it made as a portable 
device, it can use to take the temperature 
deviation of the cabin according to the 
ǾŜƘƛŎƭŜ ǳǎŜǊΩǎ ǇǊŜŦŜǊŜƴŎŜΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ 
30A fuses are used to safely pass the 
current into the main control unit. In order 
to create a ventilation inside a parked 
vehicle, it needs to open the air duct which 
located at the beginning of the air vent 
ǎȅǎǘŜƳ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ I±!/ ǎȅǎǘŜƳΦ {ƛƴŎŜ 
this van has cable mechanism to control 
that duct manually, the same mechanism 
was used unless including any auto 
activation method to that duct mechanism. 
In order to make this design system as a 
user-friendly manner as much as possible. 

 

Figure 1 : Structure of the overall project design 

 

 
The variation of the temperature of a park 
vehicle cabin within the day time needs to 
be observed in related to this project. So 
that, test committed by two different 
aspects which are the variation of vehicle 
cabin temperature in a particular van while 
parked under scorching sun without any 
ventilation system and the variation of the 
cabin temperature of the same van while 
parked under scorching sun with the 
proposed solar powered ventilation 
system. The temperature variation of the 
vehicle cabin without any ventilation 
system has been considered as the neutral 
situation of the readings. Later the both 
readings needed to be compared and the 
success of the heat reduction of the vehicle 
cabin needed to be decided. Also, all the set 
of readings have been compared with the 
surrounding ambient temperature. Testing 
process has been conducted within a day 
time around 10.00 A.M. to 03.00 P.M. 
where the sun shines strongly. The set of 
observations has been taken within each 
and every half hour time gap between the 
selected day time ranges. In order to taking 
the temperature readings, the temperature 
sensing module was used. It also acts as one 
component in that design of the project. It 
is one reason to make that unit as a 
portable separate unit in order to utilize the 
resources available. The overall circuit 
diagram of the main unit can be illustrated 
as in Figure 2. 

 

Figure 2 : Overall circuit diagram of the main control 
unit 
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2.1 Ignition Switch Identification 

The composition of the wiring connections 
engaging with the van ignition switch 
required to be verified, since main control 
unit of the design system needed to take an 
input signal when the ignition switch key 
ǘǳǊƴƛƴƎ ƛƴǘƻ άhbέ Ǉƻǎƛǘƛƻƴ ώмоϐΦ ¢ƘŜ2.1 
Ignition Switch Identification. 

The composition of the wiring connections 
engaging with the van ignition switch 
required to be verified, since main control 
unit of the design system needed to take an 
input signal when the ignition switch key 
ǘǳǊƴƛƴƎ ƛƴǘƻ άhbέ Ǉƻǎƛǘƛƻƴ ώмоϐΦ ¢ƘŜ 
connection has been arranged within the 
ignition switch as shown in the below 
figures (Figure 3).  

Multimeter was used to detect the wiring 
configuration of the ignition switch. The 
negative testing probe (Black colour) of the 
multimeter was connected to the vehicle 
steering column in order to make earth 
connection and the positive probe (Red 
colour) of the multimeter was placed into 
the ignition switch wire soldering points at 
the backside of the ignition key inserting 
hole after setting the multimeter into 
required mode. In order to do the test, the 
multimeter parameters should be placed to 
the DC voltage mode with 20V as shown in 
the below picture (Figure 4). 

 
 

Figure 3 : Van ignition switch wire arrangement 

 

 
 
Figure 4 : DC Voltage checking parameter setting in a 

multimeter 

 
Then it was shown a 12V readings at two 
different wire soldering points when taking 
the observations while placing the ignition 
ƪŜȅ ƛƴǘƻ άhŦŦέ ǇƻǎƛǘƛƻƴΦ ¢ƘŜƴΣ ƛƎƴƛǘƛƻƴ ƪŜȅ 
ǇƭŀŎŜŘ ǘƻ ά!ŎŎέ Ǉƻǎƛǘƛƻƴ ŀƴŘ ǎŜŜ ǘƘŜ ǾƻƭǘŀƎŜ 
reading at other remaining wire soldering 
points. In that time at another one 
soldering point, the multimeter displays 12 
V reading. It ŘŜŦƛƴŜǎ ǘƘŀǘ ǿƛǊŜ ǿŀǎ ǘƘŜ ά!ŎŎέ 
output line, which pass current to the 
vehicle electric system.  

¢ƘŜƴΣ ǘƘŜ ƛƎƴƛǘƛƻƴ ƪŜȅ ǇƭŀŎŜ ǘƻ ǘƘŜ άhƴέ 
position and same test was repeated. Then, 
it was able to see another one wire 
soldering point shows 12 V reading. From 
that, it can be decided that it was the wire 
which passes current to the vehicle ignition 
system. Therefore, it was the wire to notify 
in order to match with the state of the 
ǾŜƘƛŎƭŜ ƛŦ ƛǘΩǎ Ǌǳƴǎ ƻǊ ŜƭǎŜ ŀǘ ǇŀǊƪŜŘ 
conditions. Finally, connect that 12 V 
reading shown electric wire (Figure 5) when 
ƛƎƴƛǘƛƻƴ ƪŜȅ ǇƭŀŎŜŘ ŀǘ άhƴέ Ǉƻǎƛǘƛƻƴ ǿƛǘƘ 
our main control unit by using a separate 
wire in order to check whether the vehicle 
is at park or not.  
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Figure 5 : Ignition switch output taken wire (ignition 

key ON position) 
 

2.2 Blower Motor Modification 

The modification of the blower is a one of 
main work coincide with the methodology 
of the design project. Normally, the blower 
motor fan is operated by a speed 
controlling resistor switch, according to the 
vehicle user selected. But in this project 
setup, the speed of the blower fan does not 
control by using such resistor box. The 
speed of the blower fan has depended 
according to the amount of voltage passed 
to it with the help of solar power system. 
For that, the electric wire connections have 
needed to change in order to connect with 
both vehicle electric system and the project 
electric system. The Figure 6 shows the 
normal wiring lines of the blower which 
comes from the main electric circuit 
through the speed controlling switch to the 
blower motor relay. In that, red colour wire 
is used as a positive connection to the 
blower and black colour wire used as a 
neutral line which is ground to the vehicle 
at the end of the connection. The yellow 
colour wire is used as a power line which 
connected to the blower relay which comes 
from the speed controlling resistor box. So, 
in order to make the system to comply with 
both systems, the yellow colour wire which 
comes out from the blower relay into the  

 

 

Figure 6 : Direct wiring (vehicle electric system) 
arrangement in the blower motor 

 

blower must be selected as a conjunction 
point. Therefore, that yellow wire was 
separated by cutting and connected to the 
main control unit as two separate lines 
where one line has directly connected with 
the blower motor and the other line has 
been connected with the output comes 
from the blower relay.  That output line 
comes from the blower relay connected 
with the main control unit with a 30A fuse 
to maintain the safe current pass into the 
main control unit. Then, if the blower needs 
to work on normal running situations of the 
vehicle current passes as from vehicle 
electric system to speed resistor box, 
blower relay and then across the main 
control unit the current passes to the 
blower motor correspondingly. Likewise, 
the blower motor connections have been 
modified in order to achieve the project 
aim. 

 

Figure 7: Modified wiring arrangement of the blower 
motor 
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2.3 Connections Between Devices 

After all the wiring connections connected 
properly in between all the devices, we can 
look how the system has been actuated the 
blower motor. The system begins at the 
solar panel. The 50 W solar panel connected 
to the 12V lead acid auxiliary battery 
through the charging controller. Then, the 
power out to the main control unit across 
the 30A fuse. Since this system along with a 
parking condition, the system needs a 
signal to detect whether the vehicle ignition 
switch off, on, Acc or in the starting 
position. An assumption was created in that 
case, if the vehicle was parked then the 
ƛƎƴƛǘƛƻƴ ǎǿƛǘŎƘ Ƙŀǎ ōŜŜƴ ŀǘ ǘƘŜ άhŦŦέ ƻǊ 
ά!ŎŎέ ǇƻǎƛǘƛƻƴǎΦ Lƴ ƻǊŘŜǊ ǘƻ ƳŀǘŎƘ ǿƛǘƘ ǘƘŀǘ 
assumption, a current signal was taken 
from the wire which passes current when 
the ignition sǿƛǘŎƘ ŀǘ άhƴέ ŎƻƴŘƛǘƛƻƴΦ {ƻΣ 
there is a line connected to the GPIO 
connector of the main control unit.   

The modified blower motor has two 
connections, among those two one which 
comes from the blower relay has connected 
to the GPIO connector with a 30A fuse and 
other line which connected with blower 
directly has also connected to the main 
control unit. Either blower operated with 
vehicle electrical system or with the design 
system of the project, the current passes to 
active blower motor across the main 
control unit. There are two main ground 
lines runs from this system, one is from the 
charging controller and another one from 
the main control unit. Since blower motor 
ŀƭǊŜŀŘȅ ƎǊƻǳƴŘŜŘ ŦǊƻƳ ƛǘǎ ǊŜƭŀȅ ƛǘ ŘƻŜǎƴΩǘ 
needs to ground. 

The temperature sensing module was act as 
a separate unit which can fix to any location 
of the vehicle cabin. Therefore, that 
temperature sensor module was fixed at 
the top of the van cabin (under the roof). 
There is no any physical connection 
between temperature sensor module and  

 
main control unit, so those two devices 
connected with the wireless radio signal 
technology. All the physical connections 
which inputs and output from the main 
control unit except temperature sensing 
module has arranged as shown in the above 
table (Table 1). 

Table 1 -  GPIO terminals connection array of the main 
control unit 
 

 

The main key parameter of the design has 
been going to operate is the boundary 
temperature of the park vehicle cabin. That 
means, the blower motor has been started 
its operation when the temperature 
increases more than the set temperature 
(Boundary temperature) if the vehicle at 
ǇŀǊƪŜŘ όLƎƴƛǘƛƻƴ ǎǿƛǘŎƘ ŀǘ άhŦŦέ ƻǊ ά!ŎŎέ 
condition). That boundary temperature can 
be adjusted according to the preference of 
ǾŜƘƛŎƭŜ ǳǎŜǊΩǎΦ ²ƘŜƴ ŘǊƛǾŜǊ ǎǿƛǘŎƘ on the 
ignition suddenly the project designed 
system stops working due to the electric 
signal pass to the main control unit when 
ignition switch on. If driver switch on the 
blower fan or A/C system while ignition 
switch on, the blower begins its run due to 
the current supplies from the electrical 
system of the vehicle across the main 
control unit.  
In order to maintain the proper ventilation 
purpose, the air duct handling cover should 
be open by mechanically. Since the Nissan 
Caravan van which used for testing purpose 
has a cable mechanism to control that 
particular duct manually, there was not any  

 GPIO Terminal No. Connection 

1 
Blower Motor (+) 

2 

3 
Solar charging controller (+) 

4 

5 Blower relay (+) 

(Vehicle electric system) 6 

7 
No connection 

8 

9 Ignition ñOnò output line 

10 Ground ( - ) 
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more stuff added like actuators to make it 
automatically open or close. It can be easily 
handled according to the passengers or 
ŘǊƛǾŜǊΩǎ ǇǊŜŦŜǊŜƴŎŜ ŜƛǘƘŜǊ ƻǳǘǎide air wants 
to supply into the vehicle cabin or only 
circulation of the air already existing inside 
the vehicle cabin. The solar panel supplies 
ǘƘŜ ǊŜǉǳƛǊŜŘ ǇƻǿŜǊ ǘƻ ǘƘŜ ōƭƻǿŜǊ ǿƘŜƴ ƛǘΩǎ 
operated with the project design system. In 
the rest of the time period, the power given 
by the solar panel used to charge the 
battery if the battery discharged only. 
 
3. Results and Discussion 

3.1 PaǊƪŜŘ ±ŜƘƛŎƭŜΩǎ /ŀōƛƴ IŜŀǘ ±ŀǊƛŀǘƛƻƴ 
Without Ventilation System 

The experiment related to the vehicle cabin 
heat distribution was conducted between 
the 10.00 A.M. to 3.00 P.M. which is the 
normal time of scorching sun fallen in Sri 
Lanka. Therefore, within that time period 
the maximum temperature reading of the 
ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ŎƻǳƭŘ ōŜ ǊŜŎƻǊŘŜŘΦ ¢ƘŜ 
experimental results were analysed with 
respect to the outside ambient air 
temperature within all the experiment 
conducted days to show temperature 
variation of the day. In order to take the 
ambient air temperature, the mobile 
ŀǇǇƭƛŎŀǘƛƻƴ άDƻƻƎƭŜ ǿŜŀǘƘŜǊέ ǿŀǎ ǳǎŜŘΦ Lǘ 
provides accurate ambient air 
temperatures and also humidity level 
within the particular time.  

While taking the temperature readings of 
the vehicle cabin and ambient air 
temperature, it seems to be that there was 
a variation of the temperature distribution 
between days to day. Because of that, the 
achieving of average reading was pretty 
much good to compare the final results of 
ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘ ōŜǘǿŜŜƴ ǿƛǘƘ ǘƘŜ 
designed auto ventilation system and 
without any ventilation system. In order to 
comply with ǘƘŀǘ ŀǎǇŜŎǘΣ ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ 
temperature was observed in three  

 
different days. Those cabin temperature 
results without ventilation system were 
distributed as in the Figures 8. For an 
experimental purpose, the temperature 
observing was started from morning at 
sharp 10.00 A.M. At that time, the surround 
ambient temperature was about 27°C. Then 
it was kept until 11.00 A.M. After that it was 
changed to 28°C at about 11.30 A.M. From 
the 11.30 A.M. the ambient temperature 
was continuously increased until 2.30 P.M. 
Then it was decreased to 27°C due to the 
climate changes to cloudy weather. With 
the same time intervals, the cabin 
temperature was also observed by the 
wireless temperature sensor module which 
was placed inside the van cabin. That both 
temperature observations were taken and 
ǊŜŎƻǊŘŜŘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΦ ¢ƘŜ ƛƴƛǘƛŀƭ ǾŀƴΩǎ 
cabin temperature was recorded as the 
33°C at 10.00 A.M. Then it changed time to 
time. The highest cabin temperature was 
recorded at 02.00 P.M within the first day 
and it was about 43°C. Because of the low 
ambient temperature due to the cloudy 
weather, the cabin temperature shows 
rapid reduction after the 02.00 P.M. 

In that day. In the second day (Figure 9), the 
initial observation of the ambient 
temperature was about 27°C. Then, the 
ambient temperature maintains a 28°C 
constant 

 

 

 

 

 

 

 

Figure 8 :  First set of observation without any 
ventilation system 
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value from 10.30 A.M. to 12.00 Noon. After 
that, the climatic condition was beginning 
to changed and surround ambient 
temperature was increased up to 29°C. 
After 01.00 P.M., the outside ambient 
temperature was decreased to 27°C. From 
02.00 P.M. to 03.00 P.M. the outside 
environment maintains a constant 
temperature.  

 

Figure 9 : Second set of observation without any 
ventilation system 

 

²ƘŜƴ ǿŜ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǾŀƴΩǎ Ŏŀōƛƴ 
temperature, it shows a rapid increase from 
10.00 A.M. to 01.00 P.M. The highest cabin 
temperature was 44°C within the second 
day. Because of the cloudy weather, the 
cabin temperature was suddenly reduced 
to 40°C until 02.00 P.M. When compared 
with first day observations, the 
temperature was little bit higher due to the 
weather condition.  

Figure 10 shows the final set of 
observations taken without using any 
ventilation. As same as the previous two 
days, the initial surround temperature was 
about 27°C at 10.00 A.M. The ambient 
temperature was started to increase up to 
29°C from 10.30 A.M. to 11.30 P.M.  From 
the 11.30 A.M. to 12.00 Noon, the outside 
ambient temperature was keep up to 29°C 
and later that the ambient temperature 
was decreased to 28°C at 12.30 P.M. Then 
temperature was increased up to 29°C at 
01.00 P.M. and that temperature remains  

 
constantly until the 03.00 P.M. The cabin 
temperature measured by the wireless 
temperature sensor module also recorded. 
When considering the cabin temperature, it 
started to increase from 10.00 A.M. to 
01.00 P.M. from 30°C to 44°C.  

It was the maximum temperature recorded 
within that particular day. 
 

 

Figure 10 : Third set of observation without any 
ventilation system 

 

That cabin temperature was hold 
constantly until the 03.00 P.M. When 
compared with the second day 
observations, the temperature was 
seeming to be same. Finally, the average 
ǘŜƳǇŜǊŀǘǳǊŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ cabin 
and outside environment was achieved 
(Figure 11) based on the above three 
observations. The lowest ambient outside 
temperature was detected as 27°C based 
on the average temperature graph. The 
highest ambient temperature could be 
detected as 29°C and most of the ambient 
temperature remains constantly at 28°C. 
So, it shows that the ambient temperature 
has a 02°C variation. Since the observations 
were taking at the winter season 
(December ς March) of the Sri Lanka, the 
observed ambient temperature values 
were not showing a higher temperature 
and most of the evening time has a cloudy 
ǿŜŀǘƘŜǊΦ ²ƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǾŀƴΩǎ Ŏŀōƛƴ 
temperature, the average minimum  
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Figure 11 : Average temperature distribution without 
any ventilation system 

 
temperature value was about 32°C and the 
maximum temperature was 43°C. Even 
though, the cabin temperature was raised 
to such higher temperature, it could be very 
high in the summer season and it would be 
reach more than 43°C according to the past 
research works. However, the heat was 
trapped inside a parked vehicle cabin with 
the time even at low surrounding 
temperatures. 

3.2 tŀǊƪŜŘ ±ŜƘƛŎƭŜΩǎ /ŀōƛƴ IŜŀǘ ±ŀǊƛŀǘƛƻƴ 
with Designed Ventilation System 

The heat variation of the parked vehicle 
cabin also observed with the same setup 
having a thirty ƳƛƴǳǘŜǎΩ time gap. Here, the 
boundary temperature was set as 36°C in 
ƻǊŘŜǊ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘ ŀǘ 
a minimum level and that boundary 
temperature was estimated according to 
the average observations recorded without 
any ventilation system. So, the blower 
motor started to run with the use of solar 
power source, when the cabin temperature 
reach to the boundary temperature. The 
experimental observations were analysed 
with respect to the ambient air 
temperature within all the experiment 
conducted days, in order to clarify the 
effect of ambient air temperature towards 
ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘΦ ¢ƘŜ ǎŀƳŜ ƳƻōƛƭŜ 
application (Google weather) was used to 
get the outside ambient temperature  

 
observations and the portable temperature 
sensor module was used to detect the 
ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ 
observation getting was continued 
throughout three days. Finally, the average 
of those observations was used to compare 
the heat reduction of the parked vehicle 
cabin with the design ventilation system. 
Above graph (Figure 12) shows the first set 
of temperature observations inside the 
parked vehicle cabin with the designed 
system and outside ambient temperature 
observations. Here, the ambient 
temperature was observed as 28°C at 
mornings 10.00 A.M. and also it was same 
at 10.30 A.M. At 11.00 A.M., the ambient 
temperature was increased to 29°C. After 
that, ambient temperature was maintained 
a steadily state of temperature until the 
12.30 P.M. Then it was beginning to reduce 
the outside ambient temperature until the 
evening 03.00 P.M. The ambient 
temperature at that time was observed as 
27°C. Since the boundary temperature set 
at the temperature sensor module was 
осϲ/Σ ǘƘŜ ǎȅǎǘŜƳ ŘƻŜǎƴΩǘ Ǌǳƴ ǳƴǘƛƭ ǾŜƘƛŎƭŜΩǎ 
cabin heat reach to that 36°C. When the 
temperature reach to 36°C the blower 
motor gets energized and blower fan began 
to propel until the cabin temperature will 
reduce lower than the boundary 
temperature limit.  

 

Figure 12 : First set of observation with designed 
ventilation system 
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When considering the cabin temperature, it 
was initially shown a 30°C at 10.00 A.M. and 
temperature increased up to 35°C within 30 
minutes. Between 10.30 A.M to 11.00 A.M. 
ǘƘŜ ōƭƻǿŜǊ ŘƻŜǎƴΩǘ Ǌǳƴ Ŏƻƴǘƛƴǳƻǳǎƭȅ 
because the cabin temperature varies in 
between boundary temperature. After 
exceeding that boundary temperature, the 
blower propels continuously to reduce the 
cabin heat. However, the cabin 
temperature was increased up to 40°C at 
12.30 P.M. After 12.30 P.M., cabin heat 
getting reduced due to the effect of outside 
climate change and also due to the effect of 
ventilation create by the blower. The 
ōƭƻǿŜǊ ǎǘƻǇǎ ƛǘΩǎ ǇǊƻǇŜƭƭŜŘ ƛƴ ōŜǘǿŜŜƴ 
02.00 P.M. to 02.30 P.M. due to the rapid 
temperature reduction less than the 
boundary temperature inside the vehicle 
cabin. The above graph (Figure 13) shows 
the set of observations recorded in the 
second day with the designed ventilation 
system. When considering the ambient 
outside temperature it was began with 28°C 
at morning 10.00 A.M. to 11.00 A.M. After 
11.00 A.M., the ambient temperature was 
rise to 29°C at 11.30 A.M. Later, the same 
29°C ambient outside temperature was 
continued steadily until the 02.30 P.M. 
Finally, that temperature was reduced 
again to 28°C about at 03.00 P.M. When 
ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǾŀƴΩǎ Ŏŀōƛƴ temperature, it 
was recorded as 30 °C at 10.00 A.M. and it 
was increased rapidly to 37°C about at 
11.00 A.M, when considering that time 
period, there was not any increment of the 
outside ambient temperature, but when 
considering the cabin temperature, it was 
rise within a short period of time more than 
the boundary temperature. Therefore, that 
observation shows the effect of heat 
ǘǊŀǇǇŜŘ ƛƴǎƛŘŜ ǘƘŜ ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ 
very clearly. Likewise, that temperature 
was reached up to 40°C at 01.30 P.M. It was 
the highest cabin temperature observed 
within that particular day. Later that, the 
cabin temperature tends to reduced due to  

 

 

Figure 13 : Second set of observation with designed 
ventilation system 

 

the influence of the outside ambient 
temperature and climatic changes. 

The set of observations recorded in the 
third day with the designed ventilation 
system was shown in the above graph 
(Figure 14). In here, the ambient 
temperature was observed as 28 Degree C 
at the beginning of the day and it was 
continued until 11.00 A.M. Then, the 
ambient temperature was rise to 29°C at 
11.30 A.M. to 12.00 Noon. After that 
ambient temperature was reduced again to 
28°C at 12.30 P.M. to 01.00 P.M. and it was 
mainly due to the variation of climatic 
condition. Then, that temperature was 
again increased up to 29°C at 01.30 P.M. to 
03.00 P.M.  

 

Figure 14 : Third set of observation with designed 
ventilation system 
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²ƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǾŀƴΩǎ Ŏŀōƛƴ 
temperature, initially it had a 30°C 
temperature at 10.00 A.M. and it reached 
to 36°C at 11.00 A.M. and also the blower 
started to propel within that time. Likewise, 
ǘƘŜ ǇŀǊƪŜŘ ǾŀƴΩǎ Ŏŀōƛƴ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ 
increased up to 38°C without a constant 
pattern until 02.00 P.M. Then, the cabin 
temperature was reduced to 37°C and it 
was again reached to 38°C at the final 
observation recording time. However, due 
to the engaging of the solar powered auto 
ventilation system, the parked vehicle cabin 
temperature was remains at around 
boundary temperature due to the HVAC 
blower operation and it depends according 
to the temperature of the outside ambient 
air supplied into the vehicle cabin through 
the rear blower of the van. So finally, the 
average of the observed temperatures was 
analysed based on the observations 
recorded above. According to the average 
values (Figure 15), the average ambient 
temperature at the beginning was 
evaluated as 28°C at 10.00 A.M. The 
maximum average ambient temperature 
was recorded as the 29°C. That highest 
average outside ambient temperatures 
observed in between the 11.30 A.M to 
12.30 P.M. and from 01.30 P.M. to 02.00 
P.M. In between that time, the average 
ambient 

 

Figure 15 :  Average temperature distribution with 
designed ventilation system 

 

 
temperature shows some temperature 
reduction because of the climatic changes 
occurred during the first and third days of 
observations collecting. The average 
temperature of the parked van cabin with 
the designed ventilation system at initially 
was determined as 30°C.  

Also, it was the minimum average 
temperature value detected according to 
the observations. However, there was no 
any effect from the designed auto 
ventilation system at that time since the 
cabin temperature was lower than the 
boundary temperature (36°C) which was 
set in the portable temperature sensing 
module. Within the first 30 minutes it 
shows a 05°C rapid increment of the 
average cabin temperature. It was due to 
the disengagement of a ventilation method 
in first 30 minutes at all the three days. In 
between second set of 30 minutes, the 
blower tends to manage the ǾŀƴΩǎ Ŏŀōƛƴ 
heat at the boundary temperature by 
propelling and stopping the blower motor 
at several times. After the first 60 minutes, 
the cabin heat reached higher than the 
boundary temperature and due to that 
blower begins to propel continuously. So, 
the maximum average temperature of the 
cabin was evaluated as 38°C. After 02.00 
P.M. the cabin temperature tends to reduce 
in most of the observing days. Because of 
that, the average temperature of the cabin 
was reduced little bit after the 02.00 P.M. 
However, according to the average 
temperatures evaluated in the parked van 
cabin, the designed solar powered auto 
ventilation system was able to maintain the 
ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘ ŀǊƻǳƴŘ ǘƘŜ ōƻǳƴŘŀǊȅ 
temperature up to some considerable level. 

3.3 Influence of the Designed Auto 
Ventilation System Towards the Parked Van 
Cabin Heat 

The graph (Figure 16) shows the average 
ǾŀǊƛŀǘƛƻƴǎ ƻŦ ǘƘŜ ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘ  
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Figure 16 - Average temperature distribution without 
any ventilation system and with the designed 

ventilation system 

deviation with respect to the observations 
taken throughout six days. In that graph, 
the red colored line shows the average 
ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ ǘƘŜ ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ 
without engaging any ventilation system 
while the green colored line shows the 
average temperatures of the parked 
ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ǿƛǘƘ ǘƘŜ ŘŜǎƛƎƴŜŘ ǎƻƭŀǊ 
powered auto ventilation system. When 
considering those two deviation lines, the 
initial stage was pretty much looked similar 
in between first 60 minutes of the vehicle 
parked. However, after the first 60 minutes, 
the average temperature of the parked 
ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ǿƛǘƘƻǳǘ ŀƴȅ ǾŜƴǘƛƭŀǘƛƻƴ 
system was getting gradually increased 
until the heat reached to 43°C around the 
time of 01.00 P.M. to 01.30 P.M. When 
considering the average temperature of the 
parked vehicle cabin with the use of 
designed ventilation system, the 
temperature rises by 01°C at the second 60 
minutes (11.00 A.M. to 12.00 Noon). 

However, that increment was getting 
reduced with respect to the first 60 minutes 
observing time. The reason for that, there 
was not any ventilation system engaged 
within the first 60 minutes since the 

ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘ ǿŀǎ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ 
boundary temperature. The highest 
ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ 
with the design system was seems as 38°C  

 
and system was able to maintain that heat 
around the acceptable level of boundary 
temperature until 02.00 P.M. The external 
factors like wind flow rate, outside ambient 
temperature, weather condition were 
affected to the parked vehiŎƭŜΩǎ Ŏŀōƛƴ ƘŜŀǘΦ 
At the last 60 minutes, the average cabin 
temperature getting reduced mainly due to 
the effect of the outside ambient 
temperature deviation.  

When comparing those two curves the 
cabin heat at the evening was not getting 
reduce as opposite to the increment of the 
cabin heat at morning time. It would be 
mainly due to the more amount of heat air 
ǘǊŀǇǇŜŘ ƛƴǎƛŘŜ ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ǿƛǘƘ ǘƘŜ 
time even though solar powered auto 
ventilation system was engaged. The rate of 
air flow (Wind) at the outside environment 
was feels higher at 11.30 A.M. to 02.30 P.M. 
That external factor was also affected to 
holds the average cabin heat at 38°C at the 
noon time period of the day with the 
designed ventilation system. So likewise, 
ǘƘŜ ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ Ƙeat was varied 
with the and without the ventilation system 
with respect to the time. 

3.4 Boundary Temperature 

The average cabin temperature 
observations recorded without any 
ventilation system was used to evaluate the 
boundary temperature.  

Assumption: Design system was set to 
operate at 40 % higher than the lowest 
average temperature observation 
recorded. 

Boundary temperature  

= [TL + (TH - TL) × (40/100)]       ..(1) 

Where,  

TL - Highest average cabin temperature 

TH - Lowest average cabin temperature 

 



 Proceedings of the International Engineering Research Symposium (IERS 2023), pp [35-51] 
©National Engineering Research and Development Centre of Sri Lanka. 
 

48 | P a g e 

 

 

 

 
Rounded boundary temperature was 
estimated as 36°C. 

3.5 Heat Variance 

The heat variation in between the parked 
vehicle cabin without any ventilation 
system and with the designed ventilation 
system was evaluated according to the two 
different parameters as; Heat variation at 
minimum average vehicle cabin 
temperature and Heat variation at 
maximum average vehicle cabin 
temperature. 

Heat variation at minimum average vehicle 
cabin temperature = (TL1) - (TL2)          ..(2) 

Where, 

TL1 - Lowest average cabin temperature 
without ventilation system 

TL2 - Lowest average cabin temperature 
with designed ventilation system 

Heat variation at minimum average vehicle 
cabin temperature was 02°C.  

Heat variation at maximum average vehicle 
cabin temperature = (TH1) - (TH2)        ..(3)  

Where,  

TH1 - Highest average cabin temperature 
without ventilation system 

TH2 - Highest average cabin temperature 
with designed ventilation system 

Heat variation at maximum average vehicle 
cabin temperature was 05°C. 

3.6 Effectiveness of the designed solar 
powered auto ventilation system 

In order to evaluate the effectiveness of the 
designed ventilation system, the same 
equation used to evaluate the effectiveness 
of mini air cooler which was designed by the 
Setiyo et al., for their research work has 
been used in here also [14]. 

Assumptions: 

 
The temperature load on the van without 
solar powered auto ventilation to the 
environment was considered as 100%. 

Highest average temperature values 
recorded in both cases were used for 
calculations. 

The highest observed ambient outside 
temperature value was considered as 
surround environment temperature. 

Effectiveness of the designed auto 
ventilation system (ɴ); 

 ɴ  = [(Ὕὄ ҍὝὃ) / (Ὕὄ ҍὝὩὲ)] × 100%      (4)                                                                                  

Where,  

TB - Cabin temperature without designed 
auto ventilation system 

TA - Cabin temperature with designed auto 
ventilation system 

Ten - Surround environment temperature 

Therefore, effectiveness of the designed 
solar powered auto ventilation system was 
determined as 35.71%. 

4.  Conclusion 

As a conclusion, in modern world the usage 
of private vehicles become significantly 
increases in third world developing 
countries like Sri Lanka. It causes to create 
a lack of proper parking facilities for 
vehicles especially in city areas. So, most of 
the drivers and passengers are facing too 
much uncomfortable sense due to the 
ƘŜŀǘƛƴƎ ƛǎǎǳŜǎ ŀǊƛǎƛƴƎ ƛƴ ǘƘƻǎŜ ǾŜƘƛŎƭŜΩǎ 
cabins now a day. The heat is increasing 
insiŘŜ ƻŦ ǘƘŜ ǇǊƻƭƻƴƎŜŘ ǇŀǊƪŜŘ ǾŜƘƛŎƭŜΩǎ 
cabin due to the sun radiation and lack of 
ventilation. It was practically experienced 
while engaging the experimental process in 
this research work. Because of that, a solar 
powered auto ventilation system was 
developed through this project by  
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functioning and utilizing the HVAC blower 
within the particular vehicle. The solar 
power auto ventilation system for a parked 
vehicle was successfully developed and the 
efficiency of that system was 
mathematically evaluated with respect to 
the observations collected. Likewise, the 
aim of this research project was fulfilled by 
building the particular ventilation system 
within a Nissan Caravan van with an 
electrical means. The one major objective 
of the research was studied about the heat 
variation of the prolonged parked vehicle 
cabin, so that was clarified through the 
experimental observations. According to 
observations gathered, the cabin heat 
variation limit was evaluated without 
ventilation system and with respect to that 
the boundary temperature was set as 36 
0C. While implementing the designed 
system into the Nissan Caravan van, the 
layout of the HVAC system and blower 
motor characteristics also got to known. At 
last, the designed system was able to 
achieve the core objective of the project by 
reducing and maintaining the cabin heat in 
a considerable limit of a prolonged parked 
vehicle up to a 35.71% effectively. 

The designed project system was able to 
Ƴŀƛƴǘŀƛƴ ǘƘŜ ǾŜƘƛŎƭŜΩǎ Ŏŀōƛƴ ǘŜƳǇŜǊŀǘǳǊŜ 
when parked under scorching sun. 
Therefore, this system would be able to 
reduce the production of harmful gases, 
minimizing the vehicle interior components 
like dashboard, steering wheel and sheet 
covers getting degradable, reducing the 
ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ǎƛƴŎŜ ŘǊƛǾŜǊ ŘƻŜǎƴΩǘ 
needed to switch on the A/C system after 
entering into the prolonged parked vehicle 
and keeps the vehicle cabin at a 
considerable comfort level. The elimination 
of harmful gasses generating was caused to 
prevent from cancers and breathing 
problems by using this ventilation system. 
The experiment observations were 
collected in a day time under some  

 
different weather conditions. Because of 
that, the observations were not gathered 
within continues days and ƛǘΩǎ ōŜǘǘŜǊ to 
collect number of observations in order to 
achieve the accurate quality of the research 
work outcome thoroughly.  

Also there are some drawbacks within the 
resources used for the designed system and 
the readings as well. The observations fully 
depend on the weather condition, 
powering output of the blower fan, 
capability of photovoltaic solar panel to 
charge the battery and vehicle design. 
However, the changing of sunny weather to 
cloudy weather in between some period of 
time while recording the observations was 
affected to reduce the smoothness of the 
temperature distribution graphs.  

The use of resource devices like Lead acid 
battery instead of Lithium-ion battery could 
be reduced the propelling time of the 
blower, since the absence of quick charging 
property in the Lead acid battery. For that, 
the number of installing solar panels can be 
increased as a solution to that issue. The 
use of rear blower in the dual HVAC system 
of the Nissan Caravan van for the research 
work, will affected to reduce the overall 
achievement from the designed system due 
to the less amount of outside air drawn into 
the vehicle cabin rather than front blower. 
!ƭǎƻΣ ǘƘŀǘ ǊŜŀǊ ōƭƻǿŜǊ ŘƻŜǎƴΩǘ ŀōƭŜ ǘƻ 
reduce the frontal area heat efficiently 
ǎƛƴŎŜ ƛǘ ƭƻŎŀǘŜŘ ǘƻǇ ƻŦ ǘƘŜ ŘǊƛǾŜǊΩǎ ǎƘŜŜǘΦ 
The van has a high amount cabin volume 
with compared to a car, so that blower 
needed to supply a huge amount of fresh air 
through the air vents to control the cabin 
heat was another drawback detected 
through this research work. 

This research work was done to innovate a 
new ventilation method to reduce the 
prolonged parked vehicle cabin heat. This 
whole work was coincided with the past 
research works related to same problem.  
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However, in this ventilation system, the 
blower already existing within the HVAC 
system was used. It was the rear side 
blower in the dual A/C system. In order to 
create a high amount of air at the frontal 
area of the van, it will better to use the front 
blower which was located under the 
dashboard. Because it will help to reduce 
the heat generated in the dashboard, 
steering wheel and front sheets. Front 
blower can use to supply the outside air to 
the cabin and rear blower can be used to 
exhaust the cabin air with a separate output 
vent line and changing the propelling 
direction of the blower motor by 
implementing some mechanisms like DPDT 
switch would be recommended as another 
way to use the system in an efficient way 
with such dual HVAC system vehicles. It will 
be affected to generate a better ventilation 
inside the prolonged parked vehicle cabin in 
order to reduce the cabin heat.   

When considering the photo voltaic solar 
panel used for this particular research 
work, it was permanently fixed into the 
ǾŜƘƛŎƭŜΩǎ ǊƻƻŦΦ ¢ƘŜǊŜŦƻǊŜΣ ǎƻƳŜǘƛƳŜǎ ƛǘ ǿƛƭƭ 
reduce the intensity of light falls on to it 
ǿƛǘƘ ǘƘŜ ǘƛƳŜΦ {ƻ ǘƘŀǘΣ ƛǘΩǎ ōŜǘǘŜǊ ǘƻ ǳǎŜŘ 
that photovoltaic solar panel to aligned 
according to the change of sun light fallen 
direction while vehicle at parked only 
otherwise, it will be affected to create an 
aerodynamic drag resistance. It can be 
achieved by using a LDR sensor with 
automated system and then it can be able 
to capture better sun light. Another factor 
was the mechanical operation of the air 
recirculation lever which located in the 
dashboard to control the air duct. 
Sometimes driver will forget to place that 
lever into recirculation process when 
leaving from the vehicle. So, outside cabin 
air was only circulated due to the closing of 
the air duct. Therefore, modifying that 
system to automatically actuate the air 
circulation lever would be introduced as  

 
another recommendation for this 
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Abstract  

Paddy dispersing is one of the major operations in agriculture. It plays a crucial role in 
optimizing rice cultivation processes, enhancing crop yields, and promoting sustainable 
agricultural practices. Efficient paddy dispersal techniques are pivotal for achieving optimal 
rice cultivation outcomes. Dispersion of paddy is done by two methods. They are traditional 
methods and mechanized methods. Traditional broadcasting involves the scattering of rice 
seeds by hand, across prepared fields. This method, which is deeply rooted in cultural and 
agricultural practices, relies on the skill and knowledge of farmers to achieve seed 
distribution. While simple and cost-effective, this approach often results in uneven 
distribution, affecting crop growth and yield potential. In contrast, modern methods 
encompass mechanized and technology-driven approaches that offer precision and 
efficiency. An encapsulated paddy dispersing unit was developed to achieve better dispersing 
quality. The feeding unit and the shooting unit are mounted with the automated drone and 
the drone will be flown at a specific speed to maintain the gap between two seeding positions 
in the paddy field. This encapsulated paddy dispersing device has some specific points that 
are not identified in other devices. They are capable of shooting capsules according to rows 
and columns and ability to shooting capsules mud. 
 
KeywordsΥ  Paddy planting, Dispersing, Capsules 

1. Introduction 

Rice (Oryza sativa L.) is a crucial cereal crop 
that serves as a primary source of energy 
and protein for a significant portion of the 
global population, including Sri Lanka. 
Paddy cultivation, accounting for 34% of 
total cultivation in Sri Lanka, plays a pivotal 
role in both food security and cultural 
significance ([1], Ganamanickam [2]). 
However, with the increasing population, 
the annual demand for rice surpasses the 
annual production, creating a need for 
additional production to bridge the gap. 
Various crop establishment methods, such 
as direct seeding and transplanting, have 
been implemented to enhance 
productivity, while factors like limited 
cultivation land area and production costs 
pose challenges [3].  

Crop establishment is a critical determinant 
of grain crop yield and is influenced by 
factors such as variety age, soil moisture, 
climatic conditions, availability of inputs, 
and labor. Among these factors, the 
availability of inputs and labor significantly 
impacts the choice of rice establishment 
methods. Direct seedling has gained 
attention due to its low-input demand, 
economic benefits, reduced labor 
requirements, and time efficiency when 
compared to transplanting. However, 
research has indicated that direct seeding 
yields are lower than transplanting, 
primarily due to poor crop stand and weed 
infestation. Moreover, direct seeding often 
requires a higher seed quantity, resulting in 
gaps in the field and increased crop-weed  
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competition. The use of excessive 
chemicals to control weeds further impacts 
production costs, environmental 
sustainability, and human health. 
Conversely, transplanting methods can 
mitigate weed problems and increase 
production, but they face challenges 
related to labor scarcity and transplant 
shock. 

To address these challenges, the System of 
Rice Intensification (SRI) was introduced as 
an organic cultivation method aimed at 
maximizing yield potential through 
comprehensive management of paddy, 
water, and soil (Dobermann,[4]).  SRI 
focuses on objectives such as increased 
tiller number, improved panicle length and 
grain weight, and extensive root growth. It 
embraces wider spacing, reduced seed 
usage, transplanting young seedlings, 
minimized water consumption, 
incorporation of weeds into the soil, and 
utilization of organic manures. Although SRI 
offers several advantages, including cost 
savings on seeds and external inputs, 
reduced pest incidence, and higher yields, it 
also presents challenges such as higher 
labor requirements, increased production 
costs, and time consumption ([4], [5], [6], 
Katambara et al [7]). 

Considering the identified problems and 
future aspects of rice cultivation, an 
alternative automatic direct seeding system 
is proposed as a solution. This improved 
method aims to achieve the primary 
objectives of the SRI system by utilizing 
drone technology to plant rice seeds with 
precise spacing. By maintaining consistent 
inter-row and intra-row spacing, this 
system mechanizes the weeding process, 
reduces nutrient competition, and 
promotes healthy root growth and tiller 
establishment. Mechanized weed control 
helps improve environmental sustainability 
and human health by reducing chemical 
usage. Additionally, the proposed planting  

 
technology requires minimal labor, 
alleviating concerns related to labor 
shortages. Moreover, the reduction in 
planting material per hectare improves 
yield and plant density, leading to a quality 
harvest (Ma [8]). 

Considering the existing challenges and the 
potential benefits of an alternative 
automatic direct seeding system, this 
research article aims to explore the 
different types of seed-dispersing methods 
for planting. Through comprehensive 
analysis and evaluation, we aim to provide 
the best method insights into enhancing 
rice production, addressing labor 
shortages, reducing chemical usage, and 
promoting sustainable agricultural 
practices in the context of Sri Lanka's rice 
farming sector. 

2.      Materials and Methodology 

The shooting unit and the feeding unit are 
mounted with the automated drone and 
the drone will be flown at a specific speed 
to maintain the gap between two seeding 
positions in the paddy field. The feeding 
unit sends the capsules constantly into the 
rotating disk attached to the shooter to 
ensure continuous uninterrupted shots. 

1.2 Method 1 

A Fully Mechanical seed-shooting device 
has been developed to shoot down the 
encapsulated seeds [10] into the ground 
wholly. The Device primarily consists of a 
driving Motor and a set of gears to transmit 
the motion to move the hitter and the front 
rotating disk. The Device Consists of two 
parts. One is Capsule Reservoir and the 
other is Shooter [Figure 1]. While the High 
Torque Gear Motor engaged to the gear1 
which is coupled with half pinion gear starts 
to rotate, the half pinion moves the hitter 
back and forth continuously. The half-
pinion helps to engage and release the rack 
attached to the hitter to ensure continuous  
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shoot-down. The force to move the hitter 
back to its original position is accumulated 
by the spring fixed inside the slider. 
Meanwhile, the motion from the drive gear 
is transmitted to the Geneva mechanism 
with the help of the rest of the gear sets to 
rotate the disk mounted at the front side.  

 

Figure 1 : 3D CAD Model and the base part of 
prototype 1 

The Disk attached to the Geneva Wheel has 
8 holes with an extruded tubular-shaped 
pill retainer. When the hole is aligned 
straight tƻ ǘƘŜ ƘƛǘǘŜǊΩǎ ŜƴŘΣ ǘƘŜ disk will halt 
the motion and wait a while to get that hit 
inside the hole to inject the capsules. Once 
the hitter comes out from the disk fully it 
will keep rotating again and wait till the 
next hit. On the other hand, the funnel-
shaped reservoir [9] has two motors. One is 
to stir the capsules inside and the other is 
to create vibration from outside but both 
motors are utilized to avoid clogs 
happening inside the reservoir to ensure 
the continuous flow of the capsule. 

2.2 Method 2 

A similar but Electronic cum Mechanical 
Device has been designed and developed to 
achieve the same goal [Figure 2]. Here two 
separate motors have been used to direct 
the motion of the hitter and the rotational 
disc. The gear Motor with the driving Gear  

 
is attached to the gear with the half-pinion 
gear set. The pinion is directly connected to 
the rack of the hitter as in the above model. 
So that, it can facilitate the continuous 
movement of the hitter back and forth. The 
other servo motor has been fixed in place of 
the Geneva wheel to imitate the job done 
by the gear sets and Geneva Mechanism. 

 

Figure 2 :  3D printed model of prototype 2 

The motor is controlled by a motor 
controller and Atmega 328p 
microcontroller. The rest of the working 
principle, including the Feeding unit, is like 
the model described in Method 1. 

2.3 Method 3 

In this method, a device has been designed 
and developed to achieve the same goal. 
The Device Consists of two parts. One is a 
capsule-picking mechanism and the other is 
a capsule-shooting mechanism [Figure 3]. 
The capsule-picking mechanism had a one-
gear motor. The gear motor rotates the 
composed hole plate and picks capsules. 
The capsule shooting mechanism had two 
BLDC motors, two ESCs & and servo 
controllers. In this method, the capsules are 
sent linearly between the two wheels of the 
motors. Then the capsules are ejected due 

to the rotation of the two wheels. Here the 
speed of the motors is controlled through 
the servo controller. 
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Figure 3 : 3D printed capsule picking mechanism 
and  3D printed Capsule shooting mechanism 

3. Calculations 

In this research, twenty and twenty 

centimeters were used as column and row 

distance between two capsules [Figure 4]. 

Because it is the constant distance that 

must be there for a paddy plant to grow.  

 

Figure 4 - Row & column distance 

 Capsules for one acre = 
Ȣ  

 
 

                                        =    101,171.411  

Needed for one hectare = ρπρρχρȢτρρ

                                                                 ςȢτχρ 

                                            = 249,994.557 

 

Drone speed for second                 =   ςάί  

Capsule shooting rate for second =  

                                                            = 10 

Capsules for an hour       = 10 σφππ 

                                             = 36,000  

Time taken to one acre    = 
Ȣ

 

                                              = 2.81 h 

Table 1- Materials to be used in design methods 

Parts Material 

Base  Aluminum Alloy 

Gear Set 1 Carbon Steel 

Gear Set 2 Carbon Steel 

Gear Set 3 Carbon Steel 

Gear Set 4 Carbon Steel 

Spring Stainless Steel 

Slider and Hitter  Carbon Steel 

Geneva Wheel Merlin 

Rotating Disk 
with capsule 
Retainer 

PLA 

Feeding Funnel 
(Pills Reservoir) 

PLA 

Picking 
mechanism part 

PLA 

Shooting 
mechanism part 

PLA 
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4. Results and Discussion 

4.1 Results 

Table 1 - Comparison of the methods 

 

 

 

 

 

 

 

When comparing these three methods, 
consider several things. They are the weight 
of the assembled design, the speed of the  

capsule ejecting rate, the electronic parts 
power requirement, synchronization of the 
capsule picking mechanism & shooting 
mechanism, and cost. When considering 
the weight of these methods, methods one 
& two were found to be heavier than 
method three. Because of some parts of the 
methods, one & two are made of carbon 
steel. In method three all parts are made by 
using PLA (Polylactic acid) material. PLA is a 
lightweight material. When considering the 
capsule ejecting rate of these methods, 
methods one & two rates are 2 capsules per 
second. But with the third method, it was 
possible to obtain four capsules per second.  
According to the results time taken for one 
acre, 

Capsule shooting rate for second = 4 

Capsules for an hour        = 4 ×3600 

                                             = 14,400 

Time taken to one acre    = 
Ȣ

 

                                              = 7.02h 

 
When considering the synchronization of 
the capsule picking mechanism & shooting 
mechanism, the synchronization of 
methods one & two was difficult. But the 
third method, synchronization, was much 
easier. Considering the cost of the above 
three methods, it was found that the third 
method can be made at the lowest cost. 

4.2 Discussion 

When the project was started, there were a 
lot of designs planned. Each plan has some 
sort of difficulty to create. Sometimes there 
were practical errors.    So, finally created 
the three designs which is shown in the 
methodology part. Comparing the above 
three methods' results, it was found that 
the third method is more successful. 
Because in that method it was possible to 
inject more capsules per second. Besides, it 
appeared to be the most profitable 
method. Because its cost is less compared 
to the other two methods. It was much 
more comfortable to create, and the 
process can be done with that mechanism. 
The calculations yielded nearly three hours 
per acre. It is seen that an acre can be 
covered in a very short time when 
compared to the traditional method. In the 
traditional method, the time taken for an 
acre varies with the number of men 
employed. According to the data, ten men 
can cover an acre if they work in a day. But 
it is very difficult to find ten people to work 
for a day and the cost of labor for ten 
people is very high. Thus, it appears that 
this method is more successful than the 
traditional method. 

5. Conclusion 

There are a few of these kinds of inventions 
in the recently carried out paddy 
dispersing-related research. However, the 
encapsulated paddy dispersing device of 
this research has some specific points that 
are not identified in other devices. They are 
capable of shooting capsules according to  

 M1 M2 M3 

Weight High High Low 

Capsule 
ejecting 
rate 

2 /sec 2 /sec 4/sec 

Synchroni
zation 

Hard Hard Less 
Hard 

Cost High High Less 

Power 
consump
tion 

Low Low High 
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rows & columns, ability to shooting 
capsules mud. Here the rotation of the two 
BLDC motors gives extra power to the 
capsule and increases the speed of shooting 
into the mud. The is mounted with the 
automated drone and the drone will be 
flown at a specific speed to maintain the 
gap between two seeding positions in the 
paddy field. Currently, the device is capable 
of shooting four capsules per second. To 
cover an acre in three hours requires 
shooting ten capsules per second. Our aim 
is to continue the research and improve the 
unit to be able to shoot ten capsules per 
second. Considering the existing challenges 
and the potential benefits of an alternative 
automatic direct seeding system, this 
research article aims to explore the 
different types of seed-dispersing methods 
for planting. Through comprehensive 
analysis and evaluation, we aim to provide 
the best method insights into enhancing 
rice production, addressing labor 
shortages, reducing chemical usage, and 
promoting sustainable agricultural 
practices in the context of Sri Lanka's rice 
farming sector.  
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Abstract  

Load cells are critical components used in various industries for measuring force or weight. 
The hardness value of load cells significantly impacts their performance and durability. This 
research study focuses on optimizing the heat treatment process in load cell manufacturing 
to achieve the desired hardness value. The parameters involved in the heat treatment 
process are identified and optimized through the research to attain the specified hardness 
values consistently. The effect of heating temperature, holding time, and cooling method 
were considered on the hardness of load cells. Full Factorial Design of Experiments (DOE) 
were conducted by simultaneously changing each parameter. Hardness values were 
measured using portable hardness measuring machine. Results show that, temperature, 
time, and cooling methods can be identified as statistically significant factors that influence 
the response variable. Additionally, the interaction between temperature and time also has 
a significant effect at a 5% significant level. The research outcomes will benefit load cell 
manufacturers, ensuring that the produced load cells meet the required hardness 
specifications, thereby enhancing their reliability and lifespan. 
 
Keywords:  Load cell, Heat Treatment, Hardness, Stainless Steel 

1. Introduction 

The manufacturing of load cells, crucial 
components used for force and weight 
measurement in various industries, requires 
careful attention to their hardness value [1]. 
Hardness is a vital characteristic that 
directly impacts the performance and 
durability of load cells [2]. Achieving the 
required hardness value consistently is 
essential to ensure reliable and accurate 
parameter setting. The heat treatment 
process plays a critical role in the 
manufacturing of load cells. It is a 
manufacturing process used to alter the 
properties of a material, typically metals or 
alloys, by subjecting it to controlled heating, 
holding, and cooling [3]. The primary goal of 
heat treatment is to improve the material's 
mechanical properties, such as hardness, 
strength, toughness, and ductility, to meet 

specific performance requirements [4]. The 
specific heat treatment parameters 
profoundly influence the resulting hardness 
in the load cell parts. However, determining 
the optimal combination of these 
parameters to consistently achieve the 
desired hardness value (42-45 HRC) poses a 
significant challenge. The objective of this 
research project is to systematically 
investigate the heat treatment process and 
its impact on the hardness of load cells. By 
identifying the key factors that influence 
hardness and optimizing the heat treatment 
parameters, load cell manufacturers can 
ensure that the produced load cells 
consistently meet the required hardness 
specifications. To achieve this goal, the 
research methodology will incorporate a 
combination of experimental studies, data   
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the relationship between heat treatment 
parameters and hardness values in load 
cells. The collected data will be subjected to 
thorough analysis to identify the optimal 
combination of parameters that 
consistently yields the desired hardness 
value. 

17-4 ph steel is better for load cell 
manufacturing because of its unique 
combination of high strength, good 
corrosion resistance, and excellent 
toughness [5]. According to a study 
published in Materials Science Forum, 17-4 
ph steel has a yield strength of 
approximately 1100 MPa and a tensile 
strength of approximately 1250 MPa, which 
makes it stronger than many other materials 
used in load cell manufacturing [6]. In 
addition, 17-4 ph steel has good corrosion 
resistance, which means it can withstand 
exposure to harsh environments without 
experiencing degradation in performance or 
accuracy. 

2. Methodology 

The study focuses on the effects of varying 
temperature levels, shocking times, and 
cooling methods on load cell behaviour. A 
total of 27 load cell elements of 17-4 ph 
stainless steel were selected as test 
specimens, each element was in same size 
and same surface conditions were 
maintained through the preparation 
process. Heating was done using muffle 
furnace and cooling media was kept closer 
to furnace to prevent any temperature 
losses.  

The methodology of the research is clearly 
explained through the flow chart shown in 
Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Literature review was conducted to identify 
the factures which have an effect on 
hardness values of heat treated parts used 
in load cell manufacturing. Three factors 
(heating temperature, holding time, and 
cooling method) were selected among the 
number of factors for this study [7]. Table 1   
shows the three parameters and their levels 
which are used in this experiment to 
optimise the hardness value. Air cooling, 
Water cooling and Oil cooling are the three 
levels in the cooling process. Air cooling is 
the simplest and most common method of  

 

Identify the research problem 

 

Define problem statement and objectives 

 

Identify the vital few factors that effect 
for the hardness in heat treated objects 

 

Design the experiment 

 

Run the experiment  

 

Observe the results and conduct DOE 

 

Analyse the results and find the best 
parameter setting for achieving the 
desired hardness values 

 

Discussion 

 

Conclusion 

Figure 5 : Flow chart of the methodology 
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cooling after heat treatment. Water cooling 
method involves cooling the material by 
immersing it in a bath of cold water. Water 
cooling is effective for materials that require 
rapid cooling to achieve the desired 
properties.  

Table 2 - Parameters and their Levels 

Parameters Levels 

Temperature 800 F 900 F 1000 F 

Time 1.5 h 2.5 h 3.5 h 

Cooling 
method 

Air Oil Water 

 
Oil cooling method involves cooling the 
material by immersing it in a bath of oil. Oil 
cooling is slower than water cooling but 
provides a more uniform and controlled 
cooling rate. Twenty-seven (27) 
experimental runs were conducted as 
shown in Table 2 by changing three (03) 
parameters simultaneously as a full factorial 
DOE. The hardness value was determined 
using a Portable hardness tester on 17-4 ph 
stainless steel samples subjected to the 
optimized heat treatment process and 
samples without being subjected to any 
heat treatment. The hardness value 
represents the average of multiple 
measurements taken at various locations on 
the samples, ensuring reliable and 
representative data and measurements 
were performed with a standardized load 
and dwell time to ensure consistent and 
accurate results. 

3.  Result and Discussion  

The average hardness value of 17-4 ph 
stainless steels samples without subjected 
to any heat treatment process is 27.98 HRC. 

The optimized heat treatment process 
resulted in a hardness value of 42 to 45 HRC 
with a standard deviation of ±1.5 HRC was 
achieved by heating up to 900F 
temperature, maintaining 3.5 hours, and  

 
cooling with Oil, as described in Table 02. 
The statistical analysis was performed at 5 % 
significance level. Figure 2 shows the 
ANOVA (Analysis of Variance) results for the 
final model after removing all insignificant 
terms. Main factors, temperature, time, and 
cooling method are identified as statistically 
significant (p<0.001) factors that influence 
the response variable. Additionally, the 
interaction between temperature and time 
also has a significant effect (p<0.001) [8]. 

The parameter adjustments made during 
the heat treatment process, temperature 
(900F), time (3.5 hours), and cooling 
method (Oil), had a significant impact on the 
hardness value. Through careful 
optimization, the selected combination of 
parameters resulted in the target hardness 
of 43.74 HRC. The analysis confirmed that 
the adjusted parameters (R-sq(adj) = 86.79 
%) has a statistically significant effect on the 
achieved hardness value. The p-value for 
the probability plot of hardness value shown 
in Figure 03 is 0.686 (>0.05) and, it indicates  

that the data does not significantly deviate 
from normality. Where the random error is 
normally distributed with a mean 33.17 and 
a standard deviation of 4.2711 according to 
the Anderson Darling test results where AD 
value is 0.259. Main effect plot shows the 
effect of studied parameters to hardness 
value of the 17-4 ph stainless steel. The 
temperature is highly affected on the 
hardness value as shown in Figure 4.  

 

Figure 6 : ANOVA results for the final model 
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Table 3 ς Experimental plan of the study 

Trial Temperature 

(F) 

Time 

(h) 

Cooling 

Method 

HRC 

1 1000 3.5 Air 26.68 

2 1000 3.5 Oil 27.50 

3 1000 3.5 Water 29.20 

4 1000 2.5 Air 29.26 

5 1000 2.5 Oil 35.98 

6 1000 2.5 Water 30.42 

7 1000 1.5 Air 26.72 

8 1000 1.5 Oil 29.68 

9 1000 1.5 Water 31.46 

10 900 3.5 Air 39.86 

11 900 3.5 Oil 43.74 

12 900 3.5 Water 40.48 

13 900 2.5 Air 29.62 

14 900 2.5 Oil 33.66 

15 900 2.5 Water 32.12 

16 900 1.5 Air 31.00 

17 900 1.5 Oil 32.32 

18 900 1.5 Water 30.40 

19 800 3.5 Air 35.02 

20 800 3.5 Oil 36.70 

21 800 3.5 Water 35.48 

22 800 2.5 Air 37.14 

23 800 2.5 Oil 37.70 

24 800 2.5 Water 34.06 

25 800 1.5 Air 32.48 

26 800 1.5 Oil 34.06 

27 800 1.5 Water 32.72 

As the temperature increases, there is a 
statistically significant decrease in the mean 
hardness value. The main effect plot 
demonstrates a clear negative trend, 
showing that higher temperatures are 
associated with lower hardness values. 

 

 

Figure 7 : Normality test results of residuals for the 
final model 

 

Figure 8 : Main Effects Plot for Hardness Value 

All the parameters are interacting each 
other as shown in Figure 05. Where the all 
parameters have interaction with each 
other. When there is an interaction effect 
between two factors, it means that the 
effect of one factor on the response variable 
depends on the level of the other factor. In 
this case, the relationship between 
temperature and hardness value may vary 
depending on the specific level of time, and 
vice versa. 
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Figure 9 : Two way Interaction among main 
parameters  

4.  Conclusions 

In this study, the focus was on optimizing 
the heat treatment process in the 
manufacturing of load cells to achieve the 
required hardness value. Through a 
systematic approach of parameter 
(Temperature, Time, cooling method) 
adjustments and experimentation, valuable 
insights were gained, and significant 
findings emerged.  

The analysis results show that there is a 
significant effect from main parameters 
(Temperature, Time, Cooling method) and 
significant effect from Two-way interaction  

(Temperature and Time) at 5% confidence 
interval.  

This study is clearly showing that the DOE is 
a very systematic experimental approach 
comparing to trial and error or one factor at 
a time approach. It is capable of identify the 
interaction effects of factors. Therefore, 
results can be vulnerable. DOE approach can 
be used to gather many information while 
improving the product quality with few 
experimental data. 

In summary, future research directions in 
the optimization of heat treatment for load 
cell manufacturing include exploring 
alternative techniques, optimizing  

 

 
additional parameters, conducting long-
term performance evaluations, performing 
material characterization and 
microstructural analysis, integrating 
advanced simulation and modelling 
techniques, and fostering collaboration with 
industry partners. These efforts will 
contribute to continuous improvement in 
load cell manufacturing processes, ensuring 
the production of high-quality load cells 
with the desired hardness value and optimal 
performance characteristics. 
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Abstract  

Entrepreneurial sustainability is an emerging concept to reduce environmental impact created 
by organizations. Thus, researching the applicability and the adaptability of contemporary 
sustainable concepts is a contemporary requirement. However, empirical literature done 
emphasize the necessity of further studies in investigating Green entrepreneurial intentions. 
Further, a preliminary survey done in a selected Engineering Faculty in Sri Lanka show less 
intention to become green entrepreneurs. Therefore, this study aimed to investigate the 
intentions of Sri Lankan state university students to become green entrepreneurs. The study 
substantively reviewed recent empirical and theoretical literature and identified personal 
preference, perceived skills, and self-efficacy as independent variables and green 
entrepreneurial intentions as the dependent variable. Further review of literature suggested 
entrepreneurial education as a moderating variable. Based on these, the necessary 
hypotheses were derived. The study was then designed adopting the Research Onion model. 
Accordingly, the research having a positivistic approach followed a survey-based strategy 
using quantitative methods in analysis. The study selected 350 engineering students in the Sri 
Lankan state universities from the third and fourth year, using convenience sampling. The 
primary data were collected through a self-designed questionnaire and analysed using SPSS 
software. The data were analysed using correlation analysis to statistically test all hypotheses 
and were further processed with regression analysis to find the impact of the independent 
variables on the dependent variable and further the moderation impact of entrepreneurial 
education. The analysis revealed positive relationships between each independent variable 
and the dependent variable. Amongst factors, perceived skills made the highest impact, and 
the least was made by personal preferences. Moreover, entrepreneurial education showed a 
positive and significant moderating impact on the above relationships. Therefore, the study 
concluded that entrepreneurial education could improve the green entrepreneurial intentions 
by focusing on perceived skills while emphasizing the necessity of strategically designing new 
degree programs. Accordingly, suggestions are made to incorporate updated contents in 
green entrepreneurship when designs new curricula in the universities and to make policy 
revisions by the Government to improve the green entrepreneurial intentions of the students 
following higher education as it can ensure economic survival of the country as a 
contemporary requirement. 

Keywords:  Entrepreneurial intentions, Green entrepreneurship, University students 

1. Introduction 

1.1. Study Background 

The contemporary business world has 
greatly impacted by the Covid-19 pandemic.  

Thus, their sustenance is a challenge today 
hence; the entrepreneurs have a 
responsibility to find solutions for the issue. 
This endeavour can be successfully achieved 
through Green entrepreneurship being one  
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such emerging concept [1]. It is defined as 
an activity of addressing issues in 
environmental and social aspects while 
providing innovative solutions for them 
through entrepreneurial ideas [2]. Also, the 
entrepreneurs leading their businesses 
focusing on the environmental aspects are 
considered as Green entrepreneurs [3]. 
They can create new business start-ups, 
achieve new markets through new products 
and services, and modify the existing 
business models while serving the 
environment. Therefore, this study found 
the importance of Green entrepreneurs in 
the country. 

Creating Green entrepreneurs can be 
accomplished through providing the related 
higher education which links many aspects 
together with the businesses. This higher 
education is also a significant part in the 
innovative and novel education [4]. Further, 
Maritz and Donovan [5] explained the 
mission of entrepreneurship education to 
be filled a gap of commercialization or 
discover new possibilities in the process of 
innovation. Accordingly, this education 
should encompass theories and respective 
fundamentals focusing on the 
improvements in entrepreneurial 
knowledge and skills while ensuring the 
motivation toward modified business start-
ups. However, in the Sri Lankan university 
education, this Green entrepreneurship 
concept has not yet been attempted [6]. 
Although several topics related to 
entrepreneurship are covered in the 
present academic curricula, it does not 
provide sufficient knowledge on Green 
entrepreneurship. Jinendri and 
Chandrasekara [6] studied the level of the 
awareness of the Sri Lankan state university 
students. They found that although many 
students were aware of the Green concept, 
few students were aware of its applicability. 
Therefore, this study identified the 
necessity of rethinking the academic  

 
programmes. Moreover, these authors 
found creating and continuing industry 
links, working on virtual bases, and 
insufficient motivation toward ecological 
aspects in entrepreneurial activities to be 
the significant challenges. Thereby, 
shortages in job opportunities were also 
noticed. Therefore, this study identified 
improving the Green entrepreneurial 
intentions to be a timely requirement.  

1.2 Focusing Engineering Students Among 
the Sri Lankan Undergraduates 

Many studies in entrepreneurship related 
areas were done focusing on the business 
students [7]. But, Craig and Johnson [8] 
identified the engineering students to be 
different in entrepreneurship having less 
confidence in responding or producing 
entrepreneurial opportunities. They further 
identified the engineering students to be 
more creative and inventive than business 
students hence; the engineering students 
are more likely to do novelties. Thus, they 
have the potential to create novel business 
start-ups. Past studies have also made 
evidence for this potential [9-10]. Thus, 
further improving their entrepreneurial 
intentions is necessary.  Therefore, this 
study focused the engineering students to 
further investigate their contemporary level 
of Green entrepreneurial intentions. 

1.3 Problem Identification 

This study conducted an initial survey 
among a one selected engineering faculty of 
a state university in Sri Lanka. The objective 
of that survey was to identify the 
contemporary level of Green 
entrepreneurial intentions of the 

engineering students of the country. They 
were made aware of Green 
entrepreneurship and the purpose of this 
study. Then, their personal preference to 
become Green entrepreneurs was inquired 
followed by the scales of strongly preferred,  
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moderately preferred, and not preferred. 
The received responses were depicted in 
Figure 1. Accordingly, the least number of 
students responded to be strongly preferred 
to become Green entrepreneurs while the 
majority was not preferred. Although these 
responses were received from the selected 
engineering Faculty, they can be different to 
another faculty. However, this initial survey 
confirmed the less intention of the 
university students toward Green 
entrepreneurship. Based on the above 
result, this study was continued based on 
the following research problem. 

ά5ƻ {Ǌƛ [ŀƴƪŀƴ ǳƴƛǾŜǊǎƛǘȅ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ŀƴ 
adequate level of intention to become 
Green entrepreneurs in their future 
entrepreneurial effort and can it be really 
ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅ ŜŘǳŎŀǘƛƻƴΚέ 

1.4 Research Objectives and Research 
Questions 

Research Objectives 

1.To identify a suitable conceptual 
framework for studying Green 
entrepreneurial intention among the 
engineering students in the Sri Lankan 
state universities. 

2.To investigate influences of the university 
education on Green entrepreneurial 
intentions that are empirically tested 
through the conceptual model. 

 

Figure 1 : Responses of the Initial Survey 

 

 

¶ Research Questions 

1. What is the suitable conceptual 
framework for studying Green 
entrepreneurial intention among the 
engineering students in the Sri Lankan 
state universities? 

2. What is the impact of university 
education on Green entrepreneurial 
intentions that are empirically tested 
through the conceptual model? 

¶ Research Gaps 

The study identified the following two 
research gaps in the existing and accessible 
empirical studies. 

1. Although several studies were conducted 
on entrepreneurial intentions, no study 
could find investigating the Green 
entrepreneurial intentions of the 
university students. 

2. A proper relationships assessment was 
not done on the Green entrepreneurial 
intentions within the Sri Lankan higher 
education context.  

2. Literature Review 

2.1 Key Definitions 

This study identified Green entrepreneurial 
intentions and the Green entrepreneurship 
education as key terms hence; the related 
recent literature was reviewed. Thus, 
several authors were found defining these 
key terms. Amongst, Sudyasjayanti [11] has 

explained the environmental friendly 
ŜƴǘǊŜǇǊŜƴŜǳǊǎ ŀǎ άŀōƭŜ ǘƻ ǇǊƻǘŜŎǘ ƴŀǘǳǊŀƭ 
resources, lower operating costs through 
waste reduction and pollution, contribute to 
the societies with sustainable economic 
development and provide new and different 
ŀŘǾŀƴǘŀƎŜǎ ǘƻ ǎǳŎŎŜŜŘ ƛƴ ǘƘŜ ƳŀǊƪŜǘέΦ !ƭǎƻΣ 
the empirical studies have used the terms of 
άŜŎƻǇǊŜƴŜǳǊǎƘƛǇέΣ άŜŎƻ-ŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇέ  
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ƻǊ άŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇέ ǘƻ 
denote Green entrepreneurship. However, 
the key idea of the term is doing innovations 
and making changes to the businesses in an 
environmentally friendly manner. The 
intention toward Green entrepreneurship 
was driven by personal factors [12]. 
Accordingly, they found that sustainability 
values, sustainability attitudes, social 
norms, government legislation, time 
orientation and sustainable orientation 
were the set of factors.  

Early authors have also defined 
entrepreneurship education linking the 
programmes or courses with business start-
ups and their continuation toward profit 
creation in the businesses. But, later on, the 
authors have improved this definition 
incorporating identification of business 
opportunities, resource allocations, risk 
management and new venture creation. 
Though conventional business education 
focused on general business administration 
guidelines, contemporary entrepreneurship 
education needs to address identifying and 
creating new business opportunities with 
novelties in related knowledge and 
competencies considering longer existence 
and the environmental aspects. Therefore, 
this has not yet been sufficiently identified 
by the respective definitions in the 
educational content.  

2.2 Theories and Related Intention Based 
Models 

As assumptions are made by trait models, 
individual differences are created based on 
personality traits. Ajzen [13] defined these 
ŀǎ άŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ǘƘŀǘ ŜȄŜǊǘ 
pervasive influence on a broad range of 
trait-ǊŜƭŜǾŀƴǘ ǊŜǎǇƻƴǎŜǎέΦ ¢Ƙƛǎ ǘǊŀƛǘ Ƴƻdel 
ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ {ŎƘǳƳǇŜǘŜǊΩǎ 
innovation theory [1]. Also, Schumpeterian 
theory provides a basis for Green 
entrepreneurship. The theory argued that 
άŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻōƭŜƳǎ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ  

 
out-dated applications, and polluting and 
inefficient technology are inherently 
creating innovations, thus new 
entrepreneurial actions are needed to 
adequately solve the current problems for 
ŀƴȅ ƪƛƴŘ ƻŦ ǎȅǎǘŜƳέ ώмпϐΦ IƻǿŜǾŜǊΣ ōŀǎŜŘ ƻƴ 
the assumptions made on the above trait 
models, several weaknesses were identified 
by past authors [1]. Thus, several competing 
intention based models and their extensions 
and mixtures were reviewed and found 
substantive antecedents for 
entrepreneurial intentions.  

Ajzen [13] formulated the Theory of Planned 
Behaviour introducing behavioural 
intentions to be the most immediate 
predictor of actual behaviour [1]. The theory 
captured the personal attitude toward the 
behaviour, subjective norms and the degree 
of perceived behavioural control as the 
three antecedent factors for the 
entrepreneurial behaviour. This theory of 
planned behaviour has been applied in 
many past studies and determined the 
antecedents for entrepreneurial intentions. 
Moreover, Ajzen [13] suggested the Theory 
of Planned Behaviour to be the best 
predictor even there may be time lags 
especially in the career choices [1]. The 
author further noted some external factors 
affecting intention through attitudes. 
Amongst, personality, demographic, 
situational and environmental factors were 
highlighted. Therefore, the positive impact 
of attitude toward entrepreneurship, 
subjective norm and perceived behavioural 
control on the entrepreneurial intentions 
has been empirically proved. The 
Entrepreneurial Event Model also known as 
Shapero Model was introduced [14]. It 
asserts creating businesses as an event 
explaining the interaction between 
initiative, ability, management, relative 
autonomy and risk. This model described 
the entrepreneurial events which occur if 
the opportunity is perceived as desirable,  
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feasible and possesses the propensity to act. 
Thus, the Entrepreneurial Event Model 
states the entrepreneurial intention as a 
ǊŜǎǳƭǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇŜǊŎŜƛǾŜŘ ŦŜŀǎƛōƛƭƛǘȅΣ 
perceived desirability and the propensity to 
act on opportunities. Accordingly, perceived 
desirability refers to what extent an 
individual attracts to becoming an 
entrepreneur based on personal preference 
in the field. Perceived feasibility refers to 
what extent an individual is confident in the 
business start-up and its successful 
achievement. This essentially reflects self-
efficacy. Therefore, these findings proved 
the significant association of perceived 
desirability, feasibility and propensity to act 
with entrepreneurial intentions.   

Therefore, based on the above theories and 
models, many studies have confirmed the 
relationships between the three attitudinal 
antecedents described by the Theory of 
Planned Behaviour and the Entrepreneurial 
Event Model and entrepreneurial 
intentions.  But, Tung [1] reviewed the 
necessity of further empirical evidence to 
confirm these relationships respective to 
these entrepreneurial theories and models. 
Thus, based on the above empirical reviews, 
this study formulated the following 
hypotheses. 

H1: Personal preference to become green 
entrepreneurs through social and 
demographic influence has a positive 
relationship with green entrepreneurial 
intentions of the Sri Lankan university 
students. 

H2: Perceived skills to become green 
entrepreneurs through experience and self-
desire has a positive relationship with green 
entrepreneurial intentions of the Sri Lankan 
university students. 

H3: Self-efficacy has a positive relationship 
with Green entrepreneurial intentions of 
the Sri Lankan university students. 

 
2.3 Entrepreneurship Education 

This study argued that entrepreneurial 
intentions can be facilitated through the 
entrepreneurial education in major three 
ways. First, in cognitive insights, individuals 
can act with their own set goals and minds 
as they prefer to become entrepreneurs. 
Second, the entrepreneurial behaviour 
depends on the knowledge and skills 
acquired through the entrepreneurial 
education. Third, these entrepreneurial 
intentions are created by the self-efficacy. 
Moy et al [15] identified the mediating 
impact of entrepreneurial awareness, 
training and courses on self-efficacy and 
intentions [16]. Accordingly, the following 
hypotheses were derived. 

H4: Entrepreneurial education has a 
significant positive impact on the 
relationship between the personal 
preference to become Green entrepreneurs 
through social and demographic influence 
and Green entrepreneurial intentions of the 
Sri Lankan university students. 

H5: Entrepreneurial education has a 
significant positive impact on the 
relationship between the perceived skills to 
become Green entrepreneurs through 
experience and self-desire and Green 
entrepreneurial intentions of the Sri Lankan 
university students.  

H6: Entrepreneurial education has a 
significant positive impact on the 
relationship between the self-efficacy and 
Green entrepreneurial intentions of the Sri 
Lankan university students. 

3. Methodology 

3.1 Research Design 

This design of this study adopted the 
Research Onion model proposed by 
Saunders et al [17]. Accordingly, the 
research philosophy was considered with 
positivism since this study possessed  
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hypotheses for entrepreneurial intentions 
hence; the data were analysed statistically 
to prove them. Moreover, the research 
strategy followed a survey method. The 
responses were collected from the Sri 
Lankan state university students through a 
self-designed questionnaire measured with 
the Likert scale. Also, the responses were 
collected in a quantitative manner.  

The research framework is depicted by the 
following Figure 2. 

 

Figure 2 : Research Framework 

3.2 Population and Sample Selection 

This study selected the Sri Lankan state 
universities currently having the 
Engineering Faculties. Considering the 
convenience in data collection, the survey is 
conducted in purposively selected four state 
universities which are offering Engineering 
degree programs. As the Ministry of 
Education [18], the number of Engineers 
produced in Sri Lanka annually is 2000 
hence; the sample size was decided to be 
350 for the two consecutive intakes based 
on the Morgan table with 95% confidence 
interval. Accordingly, the third and fourth 
year students of selected state universities 
were considered as the sample since they 
have already completed 75% or more from 
the degree program including at least one 
entrepreneurship course module and have 
already decided their future establishments. 
Thus, the sample selection can be justified. 
The participants are selected considering  

 
the convenience of data collection. 

3.3 Data Collection and Analysis 

The study adopted collecting primary data. 
Also, quantitative data were collected from 
the respondents. Therefore, data were 
collected through a survey based self-
structured questionnaire set with the 7-
point Likert scale. 

The data of this study were analysed by 
using the Statistical Package for Social 
Sciences (SPSS) and the results are 
interpreted with its outputs. To adopt 
statistical tests, the data should be normally 
distributed hence; it was hypothetically 
tested. Also, the reliability was measured 
ǿƛǘƘ /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ ǾŀƭǳŜΦ ¢ƘŜƴΣ 
correlation analysis was done to depict the 
significance of the relationships among the 
selected variables with 95% confidence 
level. Assuming the relationships between 
independent variables and dependent 
variable were linear, the data were analysed 
with multiple linear regression analysis. 
Once the above relationships were proved, 
then, the strength of the influence of the 
entrepreneurial education on those 
relationships was investigated. Therefore, 
the moderation analysis was performed 
through repeating the regression analysis 
with the interaction terms between 
independent variables and the 
entrepreneurial education being the 
moderator variable. 

 4. Results and Discussion 
4.1 wŜǎǇƻƴŘŜƴǘǎΩ tǊƻŦƛƭŜ 

The study received 60% of a response rate. 
A minimum of 60% response rate is 
acceptable for a survey study [20]. 
Accordingly, the received data were 
analysed and derived conclusions. The 
sample represented four popular state 
Universities having the Engineering 
Faculties in Sri Lanka.  Amongst, the  
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majority was represented by 61% of male 
engineering students and the remaining  

39% were female. Furthermore, 53% of the 
respondents were from rural living areas 
and 75% of them had an entrepreneurial 
family background. The remaining as the 
least of 47% and 25% of the respondents 
were from urban living areas not having an 
entrepreneurial related family background 
respectively. 

4.2 Reliability of Data 

¢ƘŜ ǊŜƭƛŀōƛƭƛǘȅ ǿŀǎ ǘŜǎǘŜŘ ǳǎƛƴƎ /ǊƻƴōŀŎƘΩǎ 
alpha and depicted in Table 1. Since its value 
exceeded 0.7, the reliability of the data was 
statistically proved.   

Table 1: Reliability for the Selected Model 

Cronbach's Alpha N of Items 

.790 5 

4.3 Correlation Analysis 

The linear correlation analysis was done 
among the variables using Pearson 
correlation coefficient.  

ω Linear correlation among independent 
variables 

All Pearson correlation values were positive 
and above 0.700 with the p value of 0.000. 
Thus, independent variables were 
uncorrelated.  

ω Linear correlation between dependant 
variable and independent variables 

All Pearson correlation values were positive 
and above 0.600 while the respective p 
values showed the significance of the 
relationships. Thus, independent variables 
showed positive correlations with the 
dependent variable. Accordingly, H1, H2, 
and H3 were proved. These correlations 
were also evidenced in several studies of 
[14], [19], and [20]. Accordingly, they were 
confirmed. 

 
4.4 Regression Analysis 

The multiple linear regression analysis was 
then performed to test the impact of three 
independent variables on Green 
entrepreneurial intentions of the university 
students.  

The regression equation is 

GEI = 0.534 + 0.167 PP + 0.432 PS + 0.406 SE 

Where, 

PP      - Personal Preference 

PS       - Perceived Skills 

SE       - Self Efficacy 

This model explained 65% of data as the R2 
value resulted. 

The respective analysis of variance showed 
this model to be significant. Moreover, this 
model showed that the highest impact on 
Green entrepreneurial intentions was made 
by perceived skills while the least impact 
was made by personal preference. These 
positive impacts were also evidenced in the 
studies of [19] and [20]. But, the respective 
levels of impacts were different because 
these studies were done in different 
contexts. 

Moreover, the moderation impacts were 
separately measured continuing the 
multiple linear regression analysis 
considering the interaction terms of each 
independent variable with entrepreneurial 
education.  Accordingly, the following 
results were obtained. 

ω Moderation impact on the relationship 
between the personal preference and 
Green entrepreneurial intentions 

The regression equation is 

GEI = 1.08 + 1.12 PP + 1.01 ED + 0.142 PPED 

Where, 
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PPED ς the interaction between personal 
preference and entrepreneurial education 

This model showed positive coefficient 
value for the interaction term and explained 
69% of data as the R2 value resulted. Also, 
the analysis of variance showed this model 
to be significant. Therefore, the moderation 
impact of entrepreneurial education on the 
relationship between the personal 
preference and Green entrepreneurial 
intentions was significant and positive. This 
proved H4 derived in this study. 

ω The moderation impact on the 
relationship between the perceived skills 
and Green entrepreneurial intentions 

The regression equation is 

GEI = 2.10 + 1.24 PS + 0.953 ED + 0.127 PSED 

Where, 

PSED ς the interaction between personal 
skills and entrepreneurial education 

This model showed positive coefficient for 
the interaction term and explained 71% 
data as the R2 value resulted. Also, the 
analysis of variance showed this model to be 
significant. Therefore, the moderation 
impact of entrepreneurial intention on the 
relationship between perceived skills and 
Green entrepreneurial intentions was 
significant and positive. Accordingly, H5 
derived in this study was proved. 

ω The moderation impact on the 
relationship between the self-efficacy and 
Green entrepreneurial intentions 

The regression equation is 

GEI = 0.435 + 1.02 SE + 0.660 ED + 0.0867 
SEED 

Where, 

SEED ς the interaction between personal 
skills and entrepreneurial education. This 
model showed positive coefficient for the 
interaction term and explained 67% data as  

 
the R2 value resulted. Also, the analysis of 
variance showed this model to be 
significant. Therefore, the moderation 
impact of entrepreneurial intention on the 
relationship between self-efficacy and 
Green entrepreneurial intentions was 
significant and positive. Accordingly, H6 was 
proved.                                                               

5. Conclusions and Implications 

ω Assessment of research questions 

The study addressed two research 
questions.  

Accordingly, through comprehensively 
reviewing the respective theoretical and 
empirical entrepreneurship related models, 
a suitable research framework was 
identified. The dependent variable was 
Green entrepreneurial intentions. Personal 
preference, perceived skills, and self-
efficacy were selected as independent 
variables. This answered the first research 
question of this study. Then, their 
relationships between each independent 
variables and the dependent variable were 
statistically proved deriving the first three 
hypotheses. Further, the analysis was 
continued with multiple linear regression 
analysis to determine the respective 
impacts of selected independent variables 
on the Green entrepreneurial intentions of 
the university students. While all those 
impacts were positive and significant, the 
highest impact was made by perceived skills 
and the least was made by personal 
preference.  

Moreover, the analysis was continued to 
determine the moderating impact of 
entrepreneurial intentions. The findings 
revealed that entrepreneurial education 
positively moderated the relationships 
between each independent variable and 
dependent variable. Accordingly, this 
answered the second research question of 
the study. 
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ω Contribution give to the identified 
research gap 

The study identified two major gaps hence; 
they were addressed as follows. 

1. This study reviewed many studies related 
to entrepreneurial intentions. But, Green 
entrepreneurial intentions were identified 
to be less investigated. Thus, the necessity 
of further studies on the Green 
entrepreneurial intentions of the university 
students was emphasized providing a 
thorough cognitive basis for Green 
entrepreneurship. 

2. The study conducted a proper assessment 
of the relationships of the variables based 
on statistical arguments for Green 
entrepreneurial intentions considering the 
Sri Lankan higher education context. Also, 
they were confirmed with empirical 
evidence. 

ω Research Implications 

The study identified the highest impact was 
made by perceived skills and the respective 
relationship with Green entrepreneurial 
intentions could be moderated by the 
entrepreneurial education. Thus, state 
universities in Sri Lanka can further revise 
and improve the existing curricula 
incorporating updated contents of the 
Green entrepreneurship more focusing on 
improving entrepreneurial skills of the 
undergraduates. Moreover, the study 
identified a positive correlation between 
personal preference and Green 
entrepreneurial intentions giving the least 
impact. Thus, new strategies can be adapted 
ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜ ŀƴŘ 
inculcate their self-desire to become Green 
entrepreneurs. 

Moreover, as business oriented, private 
universities can design new undergraduate 
and postgraduate degree programs or any 
related courses in this area hence; they can 
be marketed as the timely demand. 

 
Moreover, the necessary policy revisions 
can be proposed by the Government 
targeting the students following higher 
education in the country as emphasis is 
given toward Green entrepreneurship and 
necessary skills at their levels. Thus, they 
can contribute toward economic survival of 
the country as a contemporary 
requirement. 

ω Future Insights 

The analysis found regression models 
representing data in the range of 65% - 72% 
hence; it can be further improved expanding 
the samples. This study considered only the 
Engineering students, but this can also be 
done considering the university students in 
management and other related disciplines. 
Therefore, further studies can be 
conducted. Also, e-entrepreneurship has 
become another emerging perspective; the 
Green concept can be incorporated to it. 
Therefore, further studies can be continued 
deriving novel techniques for this effort. 
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Abstract  

This paper presents a comparative analysis between the Hazen-Williams (HW) and Darcy-
Weisbach (DW) friction methods concerning their efficacy in predicting head loss and velocity. 
The study establishes relationships for head loss and velocity in water flow within uPVC water 
pipes, considering the prevalent temperature ranges in Sri Lanka. Through the development 
of 120 water distribution network models, developed using Water GEM V8i software, a 
systematic exploration of water flow rates is undertaken. Flow rates are varied incrementally 
at 2 m3/hr intervals, spanning from 2 m3/hr to 20 m3/hr, across distinct temperature 
conditions (25°C, 30°C, and 35°C). The investigation involves pipes with nominal diameters 
ranging from 90 mm to 110 mm and employs both the DW and HW friction methods. The 
comparison of head loss per unit length and velocity predictions derived from the HW and DW 
methods, under uniform conditions, highlights a noteworthy proximity in head loss values, 
revealing a discernible trend. A high coefficient of determination (R2) of 0.9992 establishes a 
positive relationship between the two friction methods for head loss estimation. Conversely, 
the velocity relationship between the methods exhibits significant correlation, with an R2 
value of 1.0. Statistical analysis unveils no significant deviations in friction loss between the 
HW and DW methods at 25°C. However, distinctive discrepancies emerge in friction loss 
estimations at elevated temperatures of 30°C and 35°C. These findings provide valuable 
insights into the relative performance of friction methods across diverse conditions and 
temperatures, contributing to the optimization of water flow models and distribution systems. 
Overall, the study elucidates the interplay between friction methods, temperature variations, 
and flow characteristics, enriching the comprehension of fluid dynamics within uPVC pipes. 

Keywords:  Darcy-Weisbach, Hazen-Williams, PVC pipes, Water network models, Head loss 

1. Introduction 

The efficient operation of the water supply 
scheme depends on the appropriate designs 
of the water supply pipe network by using 
the principle of hydraulic design of 
pressured pipes. The pipe network 
modelling and designs shall be maintained 
the frictional losses in the pipe. The flow 
characteristics such as velocity within the 
specified range to ensure that projects are 
technically feasible, properly and 
appropriately conceived and designed, and 
to ensure that the designed population is 

served up to end of the design period. There 
are numerous empirical formulas 
established to solve the problems related to 
fluid flow in pipes. These equations are used 
in day-to-day life to solve the problems 
come across by water supply utilities. 
Comparatively few problems in pipe 
hydraulics, for instance, calculating friction 
head loss for various temperatures in 
different pipe sizes, shall be solved 
completely theoretically by mathematical 
method. Accordingly, frequently used fluid 
flow formulas have been established by  
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Darcy, Chezy, Fanning Kutter, Manning, 
Weisbach, Scobey, Hazen, and Williams 
through many types of research. Though 
there are numerous empirical equations 
presented to calculate the head loss and 
velocity in water pipes, widely accepted 
fluid mechanics equations are HW and DW 
formula. 

1.1 Hazen- Williams Friction Method 

The HW method is widely used in the 
calculation of pipeline flows since it is easy 
to apply and reasonably accurate. HW 
formula can be expressed in formula 
depending on the SI units, as shown in 
equation 1. 

Ὄ

ὒ
 
ρπȢφχ ὗȢ

ὅȢ  ὈȢ
                        ρ 

 
Where; 

     Q      = Fluid flow rate (m3 /s),  

     C      = Dimensionless HW roughness 
constant     

     D      = Pipe internal diameter (m) 

     HL    = Head loss (m) 

     L      = Pipe length (m) 

Flow coefficients for uPVC pipe were 
discovered through research and analysis by 
various researchers, including Price, 
WŜǇǇǎƻƴΣ bŜŀƭŜΣ ŀƴŘ .ƛǎƘƻǇΦ ¢ƘŜ ά/ ŦŀŎǘƻǊέ 
of the HW flow coefficient is widely used as 
a range from 150 to 165 for both used and 
new PVC pipe. The dimensionless 
coefficient has been recognized 
conservatively, at 150 for uPVC pipe 
network system design. 

1.2 DarcyςWeisbach Formula 

An empirical formula that illustrates a 
relationship between pressure loss or head 
loss because of the friction along a pipe 
length to the average velocity of the water  

 

 
flow is given by DW formula, as shown in 
Equation 2. 

Ὄ

ὒ
 
Ὢ ὠ

ςὫ Ὀ
                                    ς 

Where; 

f           = Dimensionless friction factor 

V          = Fluid velocity (m/s) 

g          = Gravitational acceleration (m/s2) 

D         = Pipe internal diameter (m) 

HL       = Head loss (m) 

L          = Pipe length (m) 

The friction factor fluctuates with the pipe 
length, diameter, fluid temperature, fluid 
flow rate, in the DW equation. However, 
ǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ŦƭǳƛŘΩǎ 
temperature, a single dimensionless 
roughness coefficient is applied for all range 
of diameters of single pipe material in the 
HW approach [1]. Wide-ranging research 
ǿƻǊƪǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ .Ǌƪƛŏ ώнϐ ŀƴŘ 
Huang et al [3] to find the numerical value 
of friction factors for different conditions of 
water flow in a separate manner. However, 
as literature indicates, there is no reliable 
and direct solution for the CW equation.   
For instance, 30 available explicit equations 
were compared by Mohsenabadi [4] to 
provide the solution to the CW equation. It 
was found that there are some limitations 
and significant variations in the results 
derived by each equation. Therefore, no 
approximate solutions of CW shall be 
considered reliable.  

1.3 Hydraulic Analysis of Water Distribution 
Network 

Water distribution network modelling is a 
mathematical demonstration of an actual 
physical water distribution network system, 
which calculates the water flow, velocity, 
friction losses in each pipe element and  
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pressure head at each junction of pipes. 

1.4 Operating Temperature 

When considering the parameters of the 
HW and DW equations, it's essential to note 
a significant difference between them. 
These methods do not directly address the 
temperature effects. 

However, in the DW equation, the friction 
factor is determined through the utilization 
of the Colebrook-White equation, 
necessitating the calculation of the 
Reynolds number. Importantly, the 
Reynolds number relies on the kinematic 
viscosity and the density of water as shown 
in Equation 3, and above properties exhibit 
variation with changes in temperature.  

Ὑ  
” ὠ Ὀ

‘
                                      σ 

In this context, Re represents the 
ŘƛƳŜƴǎƛƻƴƭŜǎǎ wŜȅƴƻƭŘϥǎ bǳƳōŜǊΣ ˊ ǎƛƎƴƛŦƛŜǎ 
the density of water at a designated 
temperature (in kg/m³), V denotes the 
velocity of water (in m/s), D represents the 
ǇƛǇŜ ŘƛŀƳŜǘŜǊ όƛƴ ƳŜǘŜǊǎύΣ ŀƴŘ ˃ ƛǎ ǘƘŜ 
dynamic viscosity of water at a specified 
temperature (in kg/ms). 

Fluid temperature affects the fluid's physical 
properties, including kinematic viscosity, 
and specific gravity, which can contribute to 
changing fluid weight and thereby in flow 
rate. The value of friction coefficient in the 
HW equation correlated with the dynamic 
viscosity and fluid density which themselves 
depend on the fluid temperature. 

The study by Rodriguez highlighted the 
importance of considering temperature 
variations when modelling water 
distribution systems [5]. The study 
demonstrated that temperature 
fluctuations can lead to significant 
variations in kinematic viscosity, which, in 
turn, affects the Reynolds number and 
subsequently influences the friction factor.  

 
Therefore, understanding and accounting 
for the thermal properties of water are 
crucial steps toward achieving precise 
hydraulic modelling. 

Additionally, the work of Bagarello delved 
into the practical implications of hermal 
effects on water distribution systems [6]. 
Their findings emphasized that overlooking 
temperature variations can lead to 
inaccuracies in head loss predictions and, 
consequently, suboptimal system design 
and operation. This underscores the 
relevance of the research in addressing this 
critical issue and highlighting the need to 
consider temperature-related parameters 
in hydraulic equations. 

Understanding how different friction 
methods perform in various conditions such 
as friction method, temperature, diameter, 
flowrate, is crucial for designing efficient 
and reliable systems., since water 
distribution systems are critical 
infrastructure, and their design and 
operation require high levels of accuracy. 
Accurate modelling helps optimize resource 
allocation by preventing unnecessary 
expenses related to pipe sizing, 
maintenance. By using the most appropriate 
friction method and considering factors like 
temperature and flow rate, engineers can 
minimize energy consumption, reduce 
water loss, and ensure efficient system 
operation.  

In addition, water utility operators can make 
informed decisions about flow rates, 
temperature control, and friction method 
selection based on the specific conditions of 
their systems, thereby improving the 
system efficiency. 

Hence, the main objective of this work is to 
study the comparability between HW and 
DW friction methods for 90mm and 110mm 
diameter uPVC by considering the flow of 
water ranging from 2m3/hr to 20m3/hr in 
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 temperatures of 25o C, 30o C and 35o C 
(which are the ideal temperature in Sri 
Lanka) by water distribution network 
modelling by using Water GEM V8i. 

2.  Materials and Methods  

A total of 120 water distribution network 
models, as depicted in Figure 1, were 
constructed using Water GEM V8i. These 
models considered water flow rates 
spanning from 2m³/hr to 20m³/hr at three 
different water temperatures (25°C, 30°C, 
and 35°C), and pipe diameters ranging from 
90 mm to 110 mm. Additionally, two friction 
methods, namely DW and HW, were 
employed in these simulations. The 
methodology flow diagram was adapted as 
shown in Figure 2. 

The DW roughness coefficient was used as 
0.0015 mm [7], while the HW roughness 
constant was considered as 150 [8]. The 
modelling output results such as head loss 
or pressure loss per unit length, and flow 
velocity found by HW and DW friction 
method under identical conditions were 
compared.  

Figure 2 : Modelling Flow Diagram 

 

 
Figure 1 :  Idealized water distribution network 

(Jeppson [9]) 
 
The proposed simulation model was 
validated and calibrated by using the study 
done by Jeppson [9] before the analysis. The 
results of flow measurement in every pipe 
were used for validation. The deviation 
between the flow results of this study model 
and the previous study [9] is tabulated in 
Table 1. 
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3. Results and Discussion 

The pressure loss per unit length (m/km) of 
a uPVC pipe acquired from the water 
network model output for different pipe 
diameters, temperatures, and flow rates 
were plotted in Figure 3 to compare and 
develop a relationship between DW and 
HW. It is observed that the obtained head 
loss values from the two friction methods 
fall very close to each other, and there is a 
definite pattern. 

Further, a trend line was drawn for the 
scatter plot, which produced an equation of; 

Ὀ πȢωτσρ Ὄ πȢπφτς                  τ 

Where; Hh and Dh are the pressure loss in 
meters per kilometre (m/km) of the uPVC  

 

Figure 3 : Head loss by HW vs DW friction method 

 

pipes, obtained by using the HW and DW 
friction method, respectively.  

The coefficient of determination (R2) was 
observed as 0.9992, which indicates a 
strong positive relationship between the 
two friction methods for friction loss.  

Equation 4, is the relationship developed in 
this study that shall be used for medium 
diameter uPVC water pipe in the Sri Lankan 
atmospheric temperature climate. The flow 
velocity of water in the uPVC pipe obtained 
from the models for different pipe 
diameters, temperatures, and flow rates 
were plotted as shown in Figure 4 to 
compare and develop a relation between 
DW and HW. It can be observed that the 
values obtained are the same as each other, 
which produced an equation as;  

Ὀ Ὄ                                       υ 

Where; Dv and Hv are the flow velocity (m/s), 
obtained by using the DW and HW friction 
method, respectively. In addition, head loss 
by HW vs. DW per unit length was plotted 
for various temperatures, as illustrated in 
Figure 5. Further, it is noticed that values 
obtained are much closed to each other, R2 
values for relationships in individual 
temperatures are more precious than that 
of plotting for all temperatures as together. 

Figure 4 : Flow velocity by HW vs DW friction 
method 

 

Table 1 π Summary of Model Validation 

 
Stop  
Node 

Flow 
(m³/s) 
[current 
study] 

Flow 
(m³/s) 
[previous 
study] 

Results 
Deviation 
(%) 

K1 k2 0.452 0.458 1.3% 

K2 K3 0.221 0.224 1.4% 

K4 K3 0.078 0.076 2.6% 

K1 K4 0.227 0.222 2.2% 

k2 K4 0.081 0.083 2.5% 
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Figure 5 : Head loss by HW vs Head Loss by DW for 90 &110 mm dia. pipe at (i) 25o C, (ii) 30o C, and (iii) 35o 

 
Figure 6 : Head loss vs Flow rate by HW for (a) 90mm dia at 25o C, (b) 110mm dia at 25o C, (c) 90mm dia at 

30o C, (d) 110mm dia at 30o C, (e) 90mm dia at 35o C, and (f) 110mm dia at 35o

To determine whether the relationship 
between two variables exists, the flow rate 
vs head loss derived by DW and HW friction 
methods are plotted to compare the two 
variables using the Inferential Statistics 
technique. Figure 6 illustrates that the 
relationship is very precise and values are 
closer to each other at 25oC than at 35oC. 
Further, the relationship of head loss by 
derived DW and HW is much more precise 
in 110mm diameter pipe than that in 90mm 

diameter pipe. It is also observed that the 
relationship between those two methods is 
starting to deviate with the increase in 
water flow. 

Engineers and water network designers can 
use the relationships developed in this study       
to better model and design uPVC water 
distribution systems. Knowing how head 
loss and velocity behave under different 
conditions, such as flow rates and  
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temperatures, will help in more accurate 
system design and optimization.  

In addition, understanding the impact of 
temperature on head loss values is crucial, 
as it allows for better control and 
management of water distribution systems. 
Engineers can take into account the 
temperature variations in their design and 
operational strategies.  

Further, depending on the specific 
conditions of a water distribution system, 
engineers can choose between the DW and 
HW friction methods. 
This study indicates that significant 
differences in friction loss occur at higher 
temperatures, so the choice of method can 
be tailored to the local climate and 
conditions. 

 
Statistical comparison through an ANOVA 
ǘŜǎǘ ό{ƛƴƎƭŜ CŀŎǘƻǊύ ǿŀǎ ŘƻƴŜ ŀǘ ʰ Ґ лΦлр ǘƻ 
compare the level of significant difference 
friction head loss for different pipe size in 
different temperature derived by both HW 
and DW friction methods and tabulated in 
Table 2.  

There were no significant differences in the 
friction los at 25o C derived by the two 
methods, however significant differences 
were observed in the friction head loss at 
25o C and 35o C derived by HW and DW 
friction methods. 
 

 

 

 

Table 2 - Summary of ANOVA Test Results for HW and DW Friction Methods 

Parameters F P-value F crit Interpretation 

Friction loss in 
90mm dia pipe at 
25o C 

0.00207327 0.9641339 4.3512435 

There is no significant difference in 
the Friction loss in 90mm dia pipe at 
25o C  derived by HW and DW friction 
method 

Friction loss in 
110mm dia pipe at 
25o C 

7.8575E-06 0.9977912 4.3512435 

There is no significant difference in 
the Friction loss in 110mm dia pipe at 
25o C derived by HW and DW friction 
method 

Friction loss in 
90mm dia pipe at 
30o C 

0.01094014 0.9177389 4.3512435 

There is significant difference in the 
Friction loss in 90mm dia pipe at 30o 
C derived by HW and DW friction 
method 

Friction loss in 
110mm dia pipe at 
30o C 

0.00425086 0.9486632 4.3512435 

There is significant difference in the 
Friction loss in 110mm dia pipe at 30o 
C derived by HW and DW friction 
method 

Friction loss in 
90mm dia pipe at 
35o C  

0.02526252 0.8753087 4.3512435 

There is significant difference in the 
Friction loss in 90mm dia pipe at 35o 
C derived by HW and DW friction 
method 

Friction loss in 
110mm dia pipe at 
35o C 

0.01411043 0.9066289 4.3512435 

There is significant difference in the 
Friction loss in 110mm dia pipe at 35o 
C derived by HW and DW friction 
method 
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4. Conclusion 

This study investigates the comparison 
between DW and HW friction methods of 
uPVC water pipes within the tropical 
context. Relationships for head loss within a 
diameter range of 90 mm to 110 mm were 
established for both methods. 
Nevertheless, it was observed that head loss 
values began to diverge for water flow rates 
exceeding 10m³/hr. Notably, head loss 
values exhibited greater precision and 
closeness at 25°C than at 35°C. In contrast, 
the relationship between flow velocities for 
the two methods showed a significant 
correlation. An ANOVA test revealed no 
significant differences in friction loss at 
25°C; however, significant disparities were 
noted in friction loss at 30°C and 35°C when 
using the HW and DW friction methods. 

It is recommended to conduct further 
studies on validating the model predictions 
and observations from this research, by 
conducting a field study. This involves 
implementing the models in a real-world 
water distribution network and comparing 
the practical results with this model's 
predictions. This field study can help fine-
tune the models and ensure the accuracy in 
local contexts. Engineers and water network 
designers can use the relationships 
developed in this study to better model and 
design uPVC water distribution systems. 
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Abstract  

With the worldwide trend in the electrification of transportation, Sri Lanka also has started to 
follow the same trend. Especially with the significant foreign currency flow due to fossil fuel 
importation, Sri Lanka will have to consider seriously alternatives for fossil fuel for the 
transportation sector. For transportation, the main alternative will be electricity. Within this 
scenario, the potential for electric vehicles is emerging in the country. The major bottleneck 
for electric vehicles will be the energy-storing system, i.e., battery. At present the technoς
economic characteristics of rechargeable batteries suitable for vehicles are not satisfactory to 
ŀŎƘƛŜǾƛƴƎ ŀ ΨōƻƻƳΩ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ǘƻ ƭƻŎŀƭ ǊƻŀŘǎΦ ²ŜƛƎƘǘ ǇŜǊ ǳƴƛǘ ŜƴŜǊƎȅκǳƴƛǘ 
power concerning the cost of available batteries still does not match the existing economy of 
the country. Also, there is a huge concern about environmental issues related to batteries. In 
internal combustion engine systems, the most critical ς most irreversible (in thermodynamic 
context) part is the I.C. engine, not the energy storage, i.e., fuel tank. But in an electric vehicle 
the most critical ς irreversible part is its energy storage, i.e., battery. Within the above 
background, the objective of this paper is to develop a mathematical model and related 
simulations by considering the whole drive train, motor-motor controller, mechanical gears, 
accelerator pedal operation, regenerative braking, and battery characteristics, to optimize the 
drive train to achieve a maximum kilometres/charge concerning weight and cost of the battery 
for the electric three-wheeler which is being designed and developed at NERDC.   
 
KeywordsΥ  Transportation, Electric vehicles, Regenerative braking 

1. Introduction 

The industrial revolutions were started 
basically due to the invension of fossil fuels. 
Fossil fuel has a very high energy density (~ 
11000 Wh/kg, when compared with modern 
batteries ~ 90 Wh/kg) 

Although the chemical energy in fossil fuels 
has to be converted to work in 
internal/external combustion engines, the 
whole system ie. fuel storage tank and 
engine give rise to a very versatile useful 
energy producer for humankind. The major 
back born behind the present worldwide 
socio ςtechno-economic situation was this 
energy producer.  

Although electricity is a very versatile, 
controllable, user-friendly energy driver the 

story related to the storage of this energy is 
not that elegant. Highly processed materials 
from deep earth have to be used to 
manufacture batteries and they only have a 
very limited recharging cycles before decay! 

Therefore, the recycling of these materials 
will be a major issue concerning 
sustainability. But then this recycling 
process also needs a significant amount of 
energy. (according to the second law of 
thermodynamics) also most importantly the 
immerging fourth law of thermodynamics 
says that even with an ample amount of 
energy total recycling of materials is 
impossible! [1] 

Although various research is being done on 
aluminium-related batteries for high power, 
energy densities and more charging cycles  

mailto:sameera@nerdc.lk
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at present the most famous rechargeable 
battery is lithium-iron. It has the highest 
Wh/kg and chargingςdischarging rate 
concerning cost. But these have to be 
operated at reliable and safe operating 
ranges. (Voltages, temperatures, charging, 
discharging rates). If these ranges are 
exceeded, rapid deterioration of battery 
performance and safety issues will arise [6]. 
These batteries are built by assembling 
various numbers of basic cells in parallel and 
series configurations to achieve the 
required voltages and currents. But once 
these are assembled in such a manner 
arising of stability, consistency, and safety 
issues are inevitable due to the 
unpredictable behaviour of these cells. The 
functions of the clusters of cells are highly 
irreversible, they are highly prone to 
creating disorders while reducing the 
storage of useful energy and deteriorating 
the useful energy capacity of the system. 
This is why battery management systems 
(BMS) have to be incorporated into such 
systems. Therefore, in designing an electric 
vehicle the characteristics of the battery 
have to be considered properly, especially 
the chargingςdischarging rates, applied 
voltages, and temperatures in the 
propulsion of the vehicles have to be 
considered. The battery is not just an energy 
storage such as a fuel tank! In this study, the 
basic Peukert equation will be used to 
determine the usable capacity of the 
battery.  

In fossil fuel systems almost only the fuel 
was dug from the deep earth and finally 
release into the atmosphere Co2, 
aggravating the greenhouse effect. But in 
electrical systems, many minerals have to 
be dug from deep earth to produce 
batteries which will finally end up ends up as 
waste. Ruining the life-bearing topsoil on 
earth and related waterstrata.  

 

 

within the above background it is much 
important to optimize the usage of batteries 
Because the battery is the most irreversible 
part of an electric vehicle it is irreversible in 
two aspects viz according to the second law 
of thermodynamics it is highly irreversible 
(or inefficient) in converting chemical - free 
energy to electricity it is also 
macroscopically irreversible when the total 
material recycling is considered (immerging 
forth law of thermodynamics). These 
aspects are reflected in the values of 
km/charge and number of charging cycles.  

 In an electric vehicle, of this the whole drive 
system has to be considered and optimized 
by considering the drive trains and driving 
patterns as well. 

In an electric vehicle, the battery 
consumption will mainly depend upon the 
relevant maximum speed and the 
acceleration pattern used to achieve the 
maximum speed. Therefore, in this 
study/analysis, the time spent distance 
travelled and battery consumption to 
achieve various speeds in various 
acceleration patterns will be elaborated. An 
acceleration pattern will be determined by 
the selection of gear ratios and operating 
patterns of the accelerated pedal.  

Also, the battery consumption at various 
steady speeds (i.e. km/Ahrs) will be 
predicted. The above analysis will be done 
under the following conditions. 1. Viz 
without changeable gears 2. With 
changeable gears 3. With continuous 
variable transmission (CVT). 

1.1  Regeneration 

According to the features of the BLDC motor 
controller selected for the study (and also 
for developing e three-wheelers). The 
motor will be neutralized when it is in 
overdrive. i.e. whenever the speed of the 
motor exceeds a specific value (3000 r.p.m.) 
And according to the torqueςspeed  
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characteristics of the motor driving will take 
place only on a slope. Motor characteristics 
shows in Figure 1. 

 

 

Figure 10: Motor Characteristics 

Therefore, in this development, a controller 
will be developed which could be activated 
or deactivated to facilitate regeneration 
once the accelerator pedal is off, and 
whenever breaks are applied. Regeneration 
will depend on the speed of the motor and 
the duty cycle of the controller. 

2.     Modelling of Electric Three-wheeler 

1.1 Operation of Electric Three-wheeler 

Electric vehicles (EVs) are a sustainable and 
efficient mode of transportation that relies 
on advanced technologies to provide clean 
and eco-friendly mobility. The fundamental 
components of an electric vehicle include a 
battery, motor controller, BLDC (Brushless 
Direct Current) motor, acceleration pedal, 
brake pedal, and regenerative braking unit. 
These components work in harmony to 
ensure smooth and energy-efficient 
operation. 

Figure 2 is describing the control mechanism 
of the electrical three-wheeler. When the 
driver presses the acceleration pedal, a 
signal is sent to the vehicle's electronic 
control unit (ECU). The ECU communicates 
with the motor controller, conveying the 
desired level of acceleration. The motor 
controller receives the signal and adjusts  

 
the flow of electric current from the battery 
to the BLDC motor. It increases the amount 
of current in the motor, which leads to an 
increase in motor speed and torque. The 
BLDC motor converts the electrical energy 
received from the battery into mechanical 
power. This power is transferred to the 
vehicle's wheels, propelling the vehicle 
forward. As the motor provides more power 
to the wheels, the vehicle accelerates 
according to the driver's input.  

When the driver presses the brake pedal, 
the process of braking is initiated. As soon 
as the driver begins to lift their foot off the 
acceleration pedal or press the brake pedal, 
the regenerative braking system is engaged. 
The regenerative braking unit comes into 
play, transforming the kinetic energy 
generated during deceleration into 
electrical energy. The motor controller 
adjusts the operation of the BLDC motor to 
act as a generator. Instead of consuming 
energy, the motor now generates electrical 
energy as the wheels slow down. The 
electrical energy generated during braking is 
converted into direct current (DC) and sent 
back to the battery for storage. This process 
helps recharge the battery and increases the 
overall energy efficiency of the vehicle. If 
additional braking force is required beyond 
what regenerative braking can provide, the 
conventional friction brakes are engaged. 
These brakes apply mechanical force to slow 
down the vehicle. 

In both acceleration and braking scenarios, 
the motor controller plays a critical role in 
managing the flow of energy between the 
battery, the BLDC motor, and the 
regenerative braking unit. This coordination 
ensures efficient power usage and energy 
recuperation, ultimately contributing to 
improved overall performance and 
extended driving range in electric vehicles. 
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Figure 11 :  Control mechanism of the electrical 
three-wheel 

1.2 Electric Vehicle Load Modelling 

The vehicle is conceptualized as a 
representation of road load, and the diverse 
longitudinal forces influencing it are 
deduced from Newton's second law of 
motion. These forces are illustrated in 
Figure 3. 

 

 

 

 

 

 

Figure 12 : Forces in Play as a Vehicle Drives Uphill 

The tractive force, denoted as Ὂ, represents 
the strength needed to drive the vehicle 
ahead by surpassing the opposing 
resistive forces. This force can be 
expressed as follows: 

Ὂ  Ὂ Ὂ Ὂ Ὂ (1) 

Where; 

Ὂ is the rolling resistance, 
Ὂ is the aerodynamic drag, 
Ὂ is the linear acceleration force, 
Ὂ is the force involved in ascending a hill, 
 
 

 
The force of rolling resistance, denoted as 
Ὂ, primarily arises from the hysteresis 
losses within the vehicle's tires, as well as 
the friction occurring in the bearings and the 
gearing system. 
 

Ὂ  ‘ὓ Ὣ (2) 

 
 Where ‘: is the coefficient of friction and Ὣ: 
is the acceleration due to gravity on Earth. 
ὓ  is the total weight of the vehicle which is 
represented by equation 3. 
 

 
Mass of vehicle (ὓ ), the total weight of 
passengers (ὓ ), and the weight of the 
battery (ὓ ). 

Aerodynamic drag, represented as a force 
Ὂ, emerges from the vehicle's movement 
through the air, stemming from air friction, 
and is quantified as follows: 

 
Where, ”: density of air, ὃ: cross-sectional  
area of the three-wheeler, ὅ: drag 
coefficient and ὠ: resultant velocity of the 
vehicle and the wind. 

Acceleration force is the force essential for 
propelling the vehicle during changes in 
velocity. It encompasses linear acceleration 
components. 

 
Where, ὓ  is the total weight of the vehicle 

and  is the linear acceleration of the 

vehicle. 

The force engaged in uphill ascent (Ὂ) 
pertains to the effort needed to propel the 
vehicle up an incline by counteracting the  
 

ὓ ὓ ὓ ὓ  (3) 

Ὂ
ρ

ς
”ὃὅὠ  (4) 

Ὂ ὓ
Ὠὠ

Ὠὸ
 

(5) 
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gravitational component pulling the vehicle 
downhill. This force assists in traction during  
downhill motion but acts in opposition 
during uphill inclines. 

 
Where — is the angle of climb. 
 
1.3 Discrete Gear Ratios 

A discrete gear system, also known as a 
stepped or manual transmission, is a 
mechanical system commonly used in 
vehicles to control the transfer of power 
from the engine to the wheels. Different 
gears provide different mechanical 
advantages, allowing the vehicle to achieve 
various speeds and optimize performance. 
Lower gears (numerically higher ratios) 
provide more torque at lower speeds, 
making them suitable for starting from a 
standstill or climbing steep hills. Higher 
gears (numerically lower ratios) are used 
for higher speeds and cruising on highways. 

Where, Ὕ is output torque on the wheel, Ὕ  
is rated torque of the motor and N is the 
gear ratio denoted by; 
 

Where, ‫ ; motor speed and ‫ ; wheel 
speed. 

1.4 CVT Drive 

A CVT is an innovative type of automatic 
transmission used in vehicles that offers a 
seamless and continuous range of gear 
ratios, rather than distinct gears like in 
traditional automatic or manual 
transmissions. This design allows the engine 
to operate more efficiently and smoothly by 
continuously adjusting the gear ratio to 
match the driving conditions. Figure 4 
illustrates the range of CVT gear change. 

 
 

 

 

 

 

 

Figure 13 : The range of CVT gear change 

The total gear deduction is given by; 

Where; 

The vehicle speed is given by; 

 

3. The System Simulation  

2.1 Parameter 

Table 1 shows the relevant parameters of 
the electric three-wheel considered for the 
simulation. 

Table 4 - Simulation parameter and values. 

Parameter Value Unit 

Mass of passengers (ὓ ) 200 kg 

Mass of vehicle (ὓ ) 600 kg 

Mass of batteries (ὓ ) 80 kg 

Friction coefficient (µ) 0.02  

Air Drag coefficient (ὅ) 0.5  

Effective Area of Air Drag (A) 1.5 ά  

Motor (BLDC) rated toque(Ὕ ) 19 Nm 

Gravity (g) 9.8 άί  

 
 

 
Ὂ ὓ Ὣ ίὭὲ— (6) 

Ὕ Ὕὔ (7) 

.
‫

‫
 (8) 

ὔ ὔ ɀ‫ ὸὥὲ‌ (9) 

ὸὥὲ‌
σπ ςȢυ

σπππ
 (10) 

6
‫

ὔ ɀ‫ ὸὥὲ‌

ςʌÒ 

φπ
 

(11) 

[3] 
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2.2 Simulation by MathLab Simulink 

The discrete gear system and CVT gear 
system underwent separate computer 
simulations. These simulations were 
facilitated using the Simulink modelling 
technology integrated into the MathLab 
software. 

2.3 Discrete Gear Simulation 

Figure 5 illustrates the Simulink model 
depicting discrete gear simulation. The 
model equation was derived by solving 
equations (1), (2), (3), (4), (5), and (6). 

 

Figure 14 -: Simulink representation of a discrete 
gear system featuring a 6kW BLDC electric motor. 

2.4 CVT drive simulation 

Figure 6 demonstrates the Simulink model 
portraying the simulation of a CVT drive. The 
model equation was formulated by solving 
equations (1) through (11). Figure 7 depicts 
the schematic representation of an electric 
drive system with a continuous variable 
transmission (CVT) designed for a three-
wheel vehicle. 

Figure 6 : Simulink model depicting the CVT system 
with a 6kW BLDC electric motor 

 

 

Figure 7 : The schematic diagram of Electric three-
wheel CVT drive 

4.   Results 

Figure 8 depicts the velocity-time graph of 
the modelled three-wheel, generated by 
conducting the simulation introduced in 
Figure 9, while considering a range of N 
values, namely, 2.5, 10, 15, 20, and 30. 

 

Figure 8 : The graph illustrating velocity against 
time for the CVT drive simulation model 

The attainment of the maximum value of 
100 kmph occurred in 2.33 seconds for the 
case when N = 30. The minimum speed of 20 
kmph was achieved by N = 2.5 in a time span 
of 5.3 seconds. The velocity vs. time graph 
of the three-wheel is shown in Figure 9 
when running the CVT drive simulation 
model (Figure 10). It appears that a time 
span of 0.02 seconds was required to 
achieve a maximum speed of 100 kmph for 
the three-wheeler. 

Motor current consumption holds 
significant importance in battery discharge  
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Figure 9 : Graph depicting the relationship between 
time and velocity across N ratios of 2.5, 10, 15, 20, 
and 30. 

analysis. Table 2 has been compiled utilizing 
the data sourced from the manufacturer's 
provided datasheet. 

Table 5 - The correlation between input DC current 
and motor speed. 

Speed (rpm) Input DC Current (A) 

140 5.4 

384 14.7 

671 23.85 

1069 36.57 

1327 43.49 

1674 53.66 

2009 63.71 

2321 74.51 

2686 85.55 

2986 93.92  

 
Through linear regression analysis, the 
connection between input DC current and 
speed can be expressed as equation 12. 

In accordance with the Peukert equation, 
Figure 10 depicts the battery discharge of 
the discrete gear model. 

 

 

Peukert equation, Ὠὗ ὍȢ Ὠὸ τ 

 

 

Figure 10 : Battery discharge of discrete gear 
system. 

The battery discharge follows a parabolic 
trajectory for the initial 20 seconds, 
transitioning into a linear pattern 
thereafter. 
 
Figure 11 show the battery discharge of CVT 
drive modle. Noteworthy is the observation 
that the battery discharge demonstrates a 
linear pattern right from its initial stages. 
 

 

Figure 11 - Battery discharge profile of the CVT drive 
model.  

4. Conclusions 

Optimization of the drivetrain which 
comprises of rechargeable battery, water, 
water controller, regeneration unit,  

 

Ὅ
 πȢπσπψ‫ ςȢυςτψ  

  (12) 
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mechanical gear ratios is the most critical-
important aspect in developing any kind of  
an electrical vehicle. Because the bottle 
neck issue of such a design is the kilometer 
(range) per charge with respect to cost, and 
number of charging cycles of the battery 
and also at the end the total recycling 
process related to battery in a sustainable 
manner.  

The analysis presented in this paper 
describes how the mechanical discreet  and 
continuous variable transmissions (CVT) 
systems discharges the battery in full 
throttle condition and achieving the steady 
state speed in a flat land. This analytical 
procedure could be used to predict battery 
discharge for any driving pattern in any 
terrain and then the parameters of the 
drivetrain could be selected accordingly. If 
discreet gears are to be used what should be 
the suitable ratios or if CVT is to be used 
what should the parameters shall be 
determined by this analysis in this analysis 
discharging of the battery was modeled by 
ǳǎƛƴƎ ΨǇŜǊƪŜǳǘΩ ƳƻŘŜƭ ǿƘƛŎƘ ƛǎ ŀ ǾŜǊȅ ōŀǎƛŎ 
model. By using modes developed recently 
more accurate predication will be possible.  

In this study the existing basic motor 
controller was uses. Therefore there is 
further scope for research and development 
with regard to motor controller as well 
because motor controller plays a vital role in 
optimizing the drivetrain.   
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Abstract  

Considering the significant revolutionary transformation with the tremendous involvement of 
automation and robotics, the restaurant industry would combine well with a device that could 
take over the roles of a basic waiter/waitress. To revolutionize the procedure of preparing 
food, serving, and delivering under different catering settings, we have emerged with a 
promising alternative that cooperates machine learning, additional cutting-edge technologies, 
artificial intelligence, and robotics to ensure the supply of an efficient, fault-free, and seamless 
catering experience to the consumers at hand. The above-stated criteria will be displayed in 
what we introduce as the focal point and purpose of this abstract which would be the 
ΨwŜǎǘŀǳǊŀƴǘ /ŀǘŜǊƛƴƎ wƻōƻǘΩΦ ¢his study explores and examines elaboratively the powerful 
robotic simulation software CoppeliaSim also formerly known as V-REP and the popular CAD 
software SolidWorks which will facilitate the design process through its enhanced mechanical 
analysis, visualization, streamlined development process, and manufacturing accuracy. This 
informative piece will contribute to the growing insightful knowledge on design, 
implementation, transformative effects, optimization, and expected customer feedback on 
elevated dining experience while focusing on its navigation system, sensor integration, 
manipulation, and grasping effects that impact the overall operation process of this device. 
Given research paper aims to reach a wide audience of professors, engineers, students, and 
whoever is interested in the field which could in turn inquire about the ground-breaking 
concept of a restaurant catering robot that could potentially replace the duties of a 
waiter/waitress and further.  
 
Keywords:  Restaurant Catering Robot, Catering Settings, Robotic Simulation 

1. Introduction 

With every minute improvement of 
technology on a daily basis, our lives 
gradually get collaborated with robots. In 
making the simplest tasks even simpler and 
the impossible tasks for human hands 
possible, robots have become a spotlight in 
the world to achieve the impossible. 
Robotics integration with smart 
technologies including IoT solutions, 
artificial intelligence and machine learning, 
big data, and cloud computing are current 
trends in manufacturing. Smart 
manufacturing is therefore developing. 
These robotic systems are not just capable 
of doing routine, simple tasks like loading, 

assembling, or altering parts. They are also 
capable of cognitive functions, including 
making quick decisions and streamlining 
procedures without human assistance [1]. 

Service robots were introduced to human 
society back in the 1960s when the first 
robot capable of welding and painting was 
put forward by the automotive industry to 
reduce the human injuries that occurred 
and to optimize efficiency. After the 
automation industry, many other fields 
advanced their daily tasks using robots 
through decades. One of the main service 
robots which helped human life; the 
Roomba, was introduced in 2002. This was a 
game-changing robot for the cleaning  

mailto:gaalahakoon@students.nsbm.ac.lk
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industry where the tasks of a floor cleaner 
were completely acquired by this robot. 
Other industries including healthcare, 
hospitality, military, etc. also cooperated 
with artificial intelligence to make the most 
crucial and risky tasks possible [2].  

A service robot is a robot that undertakes 
the tasks of a human and replaces a human 
in that aspect. These service robots are 
placed in many environments from simple 
to complex. Service robots are comprised of 
the main feature of being able to 
communicate with humans to receive 
feedback to perform their tasks. Therefore, 
most service robots were introduced in the 
manufacturing industry. Service robots are 
composed of drive devices, motorized 
devices, control systems, and sensing and 
communication devices. In addition to the 
refinement of motion structure and human 
simulation, the development route of 
service robots is the most eye-catching 
technology. Service robots have a wider 
scope, and the technology is more diverse, 
including manufacturing sectors, 
agriculture, mining, construction, 
transportation and storage, 
accommodation and catering, public 
administration, and national defence [3]. 

A restaurant catering robot involves tasks 
attached to a traditional waiter. These tasks 
are quite varied, including taking the order, 
carrying the order to the kitchen, bringing 
the food to the customers' table, providing 
ŎǳǘƭŜǊȅ ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǘŀōƭŜΣ ŜǘŎ ώпϐΦ ¢ƘŜ 
robot displays a menu through which the 
customers can choose the items they wish 
to eat. When the customers place the order, 
the order is sent to the kitchen and when 
the order is ready the food is brought to the 
customer. The robot acquires the structure 
of a box to accommodate food like a 
tabletop. This makes it easier to place the 
food without accidents during a busy hour 
and it makes it easier for the customer to 
retrieve the order without spillage. This  

 
tabletop-like structure also helps the 
placement of cutlery. 

Figure 1 indicates the 3D design of the 
restaurant catering robot. 

 

Figure 1: Restaurant catering robot 
 

The robot is designed like a moving table. 
For mobility, we attach wheels. The menu is 
displayed using a display menu card. The 
tabletop is spacious enough to 
accommodate multiple dishes at a time 
including the cutlery. After the serving food 
task is done, empty plates can also be placed 
on the top of the robot to be carried into the 
kitchen again. This robot is programmed to 
visit one table at a time for a programmed 
location.  

This paper is organized as follows. Section II 
provides a description of the control system 
of the robot. The catering robot process, 
ordering system, and kitchen for the service 
robot and the simulation are explained in 
Section III. The last part of the paper 
provides the future work we expect to do on 
the robot and concludes the paper.  

2. Literature Review and Related Work 

1.1. Page Layout 

As described earlier, robots that can aid and 
support humans in a variety of 
circumstances are called human service 
robots. These robots were created with the 
express purpose of carrying out duties that 
call for human connection, care, and  
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support to efficiently explore their 
environment and communicate with 
people. They are furnished with advanced 
sensors, AI algorithms, and programmed 
behaviours.  

Our design endows the features of 
localizing, avoiding obstacles, and catering 
to the specific table.  

Navigation and mapping of the indoor 
environment is done in many ways. In the 
HERB model of service robots, the 
constantly changing environment is re- 
mapped using a SLAM algorithm [5]. The 
application of robots in the restaurant and 
hospitality industry usually requires 
undergoing changing environments. 
Particularly in a restaurant, the 
environment changes rapidly due to people 
walking inside the space and customers 
leaving a specific table. In the case of the 
catering robot developed by the Chinese 
University of Hong Kong, the robot uses a 
grid-based search to finish global path 
planning, obtaining a safe and shortest 
possible route [6]. Adopting a similar design 
to that robot our restaurant catering robot 
design comprises fixed paths relevant to 
each table which is preset and uses 
proximity sensors to avoid collisions with 
people walking around. The robot possesses 
only two location points, which are the 
kitchen and the destination table. The path 
in which it moves is programmed and it will 
move on its own with the use of proximity 
sensors.   

The restaurant catering robot described in 
this paper comprises a display menu card as 
the initial stage, but many other 
applications have installed various 
methodologies to communicate with 
requested parties. The ARI, the social 
Assistive Robot and Companion is equipped 
with a touchscreen that is fixed in the torso 
which makes it capable for the users to 
communicate with the family or doctors  

 
without requiring physical contact [7] The 
restaurant catering robot related to this 
paper will have a touch screen which 
enables the users to input the order directly 
to be sent to the kitchen.  

The robot has a table-like structure which 
enables the users to retrieve the food with 
minimal risks while avoiding many accidents 
that can occur due to instability. The robot 
is driven by four wheels. Similar to the Care-
O-bot (R) 3 the wheels were included into 
the design over legs which drives the robot 
to [8].  

Compared to other restaurant catering 
robots the main difference between them 
and the robot related to this paper is the 
structure which enables the robot to 
balance the food. Most of the applications 
nowadays use human structures to make 
the robot friendlier looking with human-like 
hands to balance the food. However, the 
tray that enables us to keep the food stable 
will have different stability conditions with 
the orientations during the catering 
process. Our design, which acquires a 
tabletop structure, faces this issue most 
rarely due to it being balanced by four 
wheels at the bottom and the center of 
gravity of the robot lying at the bottom of 
the robot due to the box-like structure. The 
human hands on the other hand need the 
άо5 5ȅƴŀƳƛŎ {ƭƻǇŜǎέ ŎƻƴŎŜǇǘ ǿƘƛŎƘ ŀƭƭƻǿǎ 
interpreting the data from the sensor 
correctly according to the estimation of the 
angle of the tray [9]. 

As described above, one of the main 
features in the robot design of ours is the 
robot being able to complete tasks without 
getting disturbed by human obstacles. 
Similar to the design of the REEM robot 
which is equipped with several sensors that 
enable the detection of both static and 
dynamic obstacles, our design is equipped 
with proximity sensors which could avoid 
dynamic and static disturbances. The  
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proximity sensors used help to adapt the 
speed of the robot to suit the environment 
when catering. In a busy time with more 
dynamic obstacles, to lower motor speeds 
and avoid spillage, the speed control of 
motors is crucial [10]. SERVIROB is the 
service robot for a restaurant where they 
have set 15 ultrasound devices controlled by 
the microcontroller ATMEL at two different 
levels with respect to the floor to avoid 
collisions. [11]. 

Another feature regarding the physical 
structure of our robot is that the structure is 
very user-friendly in the manner of avoiding 
accidents caused due to sharp edges. Since 
this robot acquires the shape of a box the 
edges are curved so that no sharp edges are 
found. In reference to ARI, the Socially 
Assistive Robot, social safety in the 
application environment must be a priority 
when implementing a robot this way [7]. 

As mentioned above, the restaurant 
catering robot related to this paper has only 
two destination points. Like José, the vision-
based mobile robot, the route involves the 
robot traveling from the kitchen to the 
ŎǳǎǘƻƳŜǊΩǎ ǘŀōƭŜ ŀƴŘ ŦǊƻƳ ǘƘŜǊŜ ŀƎŀƛƴ ǘƻ 
the kitchen. Also, when the environment is 
busy the robot depends on the sensors it 
possesses to reach its destination as soon as 
possible [12]. 

In the research on the Design and 
Implementation of a robotic technique-
based waiter, the robot was developed so 
that it is capable of taking only one request 
at a time and with no hysteresis [13]. 

From all the above-mentioned previously 
done research it is clear that when 
developing a service robot for the 
application of restaurants, safety, avoiding 
collisions, stability, and reliability in the 
ordering process which means the robot has 
no memory of past orders or cannot take 
the request of many tables which avoids  

 
clashing of orders are the most crucial 
sectors.  

3.  Simulation and Development 

The simulation and development of a robot 
involve the creation and testing of a virtual 
model of the robot, as well as the iterative 
design and refinement of its physical 
counterpart.  

 

Figure 2 : Flow path for the robot 

 

Figure 3 : Step by step process flow diagram 
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The concept of our restaurant catering 
robot was explained in the first and the 
second parts of this paper after defining the 
purpose and objective of the robot. Design 
based on the objectives was followed after 
involving the physical structure, and 
sensors.  

In this part of the research paper, the virtual 
simulation of the robot is explained using 
computer-aided design (CAD) software and 
robotics simulation tools, and a virtual 
model of the robot. Performing a simulation 
ǘƘƛǎ ǿŀȅ ŀƭƭƻǿǎ ǳǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊƻōƻǘΩǎ 
behaviour, its performance, and evaluate its 
capabilities in a computer-generated 
environment. 

A program is also used to control the robot 
in parallel with the virtual simulation. This 
essentially is to develop the control system 
of the robot. The program involves software 
code and algorithms that enable the robot 
to sense its environment.  

3.1. Operation Process 

¢ƘŜ Ǌƻōƻǘ ǿƛƭƭ Ǝƻ ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǘŀōƭŜ 
and wait for the order there and will receive 
the order. Then the order will be transferred 
to the kitchen to be prepared. When the 
food is ready the waiter will collect the food 
from the kitchen, travel to the relevant 
table, and serve the food. The source of the 
robot will be the kitchen while the 
destination is the table. Fig. 2 shows the 
catering flow path of the robot and Fig. 3 
illustrates the step-by-step process flow 
diagram. Here only one table is served at a 
time. After completion of that task, the 
robot will go back to the kitchen for more 
orders from the handler. It should be noted 
that the sensors attached to the robot will 
prevent it from colliding with a human while 
completing the path. 

3.2 Simulation Software 

The simulation of the robot is done using the 
ǎƻŦǘǿŀǊŜ ŎŀƭƭŜŘ ά/ƻǇǇŜƭƛŀ{ƛƳέΦ .ŜŦƻǊŜ ǘƘŜ  

 
simulation, we created a computer-aided 
ŘŜǎƛƎƴ ŦǊƻƳ ά{h[L5²hwY{έ ŦƻǊ ǘƘŜ Ǌƻōƻǘ 
which could be fed into the simulation 
software.  

In the present study carried out the 
simulation focusing on one particular table 
as shown in Figure 4 and thus for the 
obstacle avoidance feature, we used a 
virtual human in the simulation software 
called Bill. Our goal in the simulation was to 
drive the robot from the source point to the 
destination with an obstacle in the middle. 
Thus, we could make use of our proximity 
sensors as well. The specifications for the 
simulation including the motor speeds, the 
sensor angles and distances, and wheel 
rotations were fed into the program as 
shown in Figure 5, 6, and 7. 
 

 
Figure 4: Catering to a particular table 

 

 
Figure 5 : Wdeheel parameters  
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Figure 6 :  Detection parameters 

 

Figure 7 : Detection parameters 

Sensor angles, and distances were to avoid 
obstacles and wheel rotations were decided 
upon considering that the restaurant 
environment is rapidly changing.  

3.3. Scene Hierarchy  

¢ƘŜ ά²ƻǊƭŘέ ƴƻŘŜ ǎǘŀƴŘǎ ƛƴ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ 
simulation environment and it is at the top 
of the hierarchy. All the other nodes in the 
hierarchy are children of the World node. 

There are several objects, represented as 
nodes beneath the World node. Hierarchies 
can be created inside the scene by 
combining these nodes and their 
component pieces such as its arms or 
sensors as child nodes. This gives the ability 
to operate and manipulate the robot and all 
of its parts separately or collectively. 

 
Many properties and behaviours are 
ŘŜŦƛƴŜŘ ƛƴǎƛŘŜ ƻŦ ŜŀŎƘ ƴƻŘŜ ŀƴŘ ǘƘŜ ƻōƧŜŎǘΩǎ 
size, location, and orientation can be 
controlled.  

In CoppeliaSim, nodes can be coupled with 
different kinds of controllers. The behaviour 
and motion of the objects are programmed. 
Figure 8 represents the scene hierarchy of 
the restaurant catering robot. 

 

Figure 8 :  Scene Hierarch of the restaurant 
catering robot  

3.4. Programming and Simulation 

The restaurant catering robot described in 
this research paper is programmed in 
CoppeliaSim using the programming 
ƭŀƴƎǳŀƎŜ ά[ǳŀέΦ ¢ƘŜ ƭŀƴƎǳŀƎŜ ά[ǳŀέ ǿŀǎ 
used to utilize the maximum of the 
resources because the complexity in wheel 
rotation programming in other languages  
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could be avoided as well as the ID 
installation could be avoided.  

The proximity sensors are programmed into 
the code so that the robot will stop at a 1 m 
distance from the obstacle. Proximity 
sensors we have used acquire a conical 
proximity and hence enable a wide range of 
detectivity over dynamic obstacles.  

The simulation is programmed so that the 
robot will travel from the kitchen to the 
table in a designated path and will reroute 
when met with an obstacle.  

4. Future Work 

Now the restaurant catering robot 
presented all the way throughout this 
research paper has a restricted, definite, 
and simple number of features that may not 
supply a highly versatile service for a busy 
restaurant atmosphere. Within the context 
of future works, potential future works for 
such a robot will be laid out. 

The robot being presented currently is 
designed with the intention of catering to 
one table under a defined pathway that is 
restricted from the kitchen to a single 
destination table. The robot can be modified 
by expanding the number of destination 
tables it can reach in a single setting. i.e., 
instead of a pathway that is programmed to 
transport the robot from the kitchen to a 
single table, it will be developed to be able 
to cater to several destination tables after a 
single trip to the kitchen. This will bring 
about a final robot that can be effectively 
and efficiently utilized in a busy hour with a 
decently large count of customers. 

Another confined feature in this robotic 
setting would be that once the order has 
been placed by the customer, he/she may 
not have a mode to reach out to the robot 
for other extra purposes such as a bottle of 
water or to make an addition or 
modification to the previously set order. To 
facilitate this requirement, it is possible to  

 
include a buzzer that could be pressed 
which would allow the customer to connect 
with the robot and send the signal to the 
robotic device informing it that its service is 
needed at that instant. 

To add a final exquisite and thoughtful 
touch that may be appreciated by the wide 
diverse culture of people, it would be very 
helpful to add a multi-language support 
system within the robot that can 
communicate with different people in 
varying languages along with translation 
facilities. 

These stated above are just a few 
possibilities of future works that could be 
incorporated to progressively develop this 
catering robot, by applying the continuous 
advancements in robotics, automation, and 
artificial intelligence on it. 
 

5. Conclusions 

In conclusion, the creation and 
development of a catering robot offers a 
significantly tremendous opportunity that 
can transform and revolutionize the food 
service industry. This research paper has 
attempted to explore diverse aspects of the 
robot covering up its functionality, 
advantages, and potential benefits. 

The study results up to this extent prove 
that the catering robot can streamline the 
catering process by improving operational 
efficiency and enhancing the dining 
experience of the customers by eliminating 
any tardiness or attitude displeasure that 
could be experienced through a human 
waiter. It will also not fail to free up human 
staff which will in turn create time for  
waiters to focus on more customer-based 
creative aspects of service. 

However, it is important to acknowledge the 
drawbacks and constraints that come along 
with the robot implementation relating to 
costs, technological complexities, and staff  
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acceptance. Further additional research 
efforts are much needed to refine the 
capabilities of the robot. 

Overall, the research can be finalized by 
stating the obvious, on how these robots 
have the much-needed potential to 
transform the catering industry by 
improving productivity, client satisfaction, 
and sustainability; thereby, this restaurant 
catering robot presents an exciting 
opportunity in the related industrial avenue 
for further innovation and growth. 
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Abstract  

A successful business climate is the prominent requirement of any manufacturing sector. The 
competitive advantage over the manufacturing process is backboned by several theoretical 
concepts. Sustainable manufacturing principles have been identified as the best option for 
process optimization. The automobile manufacturing remains the major sector throughout 
the world. The notable drop in the productivity has been observed in the automobile industry 
due to the limited application of sustainable concepts. The focus has been initiated to identify 
the involvement of circular economical aspects in the automobile sector with the clear 
screening of gaps of research interests. Several literatures highlighted the application of lean 
manufacturing thoughts and presented their outcomes, where the concepts concerning the 
6R principles remained unnoticed. A conceptual framework had been built based on the 
review-based study with the available literature on the application of several sustainable 
manufacturing concepts to automobile industry. The constraints were identified and an 
appropriate means to overcome those constraints have been discussed in detail. Thus, the 
literature opens the way for the analysis on several tracks for process optimization in the 
automobile industry.  
 
KeywordsΥ  Sustainable manufacturing, 6R Principles, Circular economy, Automobile industry 

1. Introduction 

The world is moving towards achieving the 
best in business activities. This achievement 
should be a sustainable achievement. In 
order to succeed, the current 
manufacturing sector is more rely on the 
three major pillars of sustainability, which 
can create the competitive advantage for 
the organization [1]. As per the, annual 
reports of a manufacturing firm, they insist 
more towards social and environmental 
development which are the pioneers for the 
business activities [2]. Industries gain their 
competitive advantages by means of 
globalization, market growth and 
absorption of new product techniques. 
Thus, the future of the industrial sector is 
wholly depended on the dramatic 
improvement in the productivity while 
meeting the customer expectations through 

quality-based product manufacturing 
process. This rises the importance of 
rethinking of any manufacturing 
environment for the successful survival [3]. 

On the other hand, it has been proven that 
business activities prevail the main reason 
for environmental pollution. According to 
the previous statistical analysis, 
manufacturing sector holds the third 
position in the rank of activities which 
generates more CO2 where electricity and 
heat production leads the list around the 
world [3]. This creates the attention of the 
sustainable business activities for all scale of 
manufacturing industries. As a solution, the 
circular economy has received the attention 
as the potential solution for most of the 
sustainability issues in industries [4]. The 
strategic implementation of Circular 
Economical practices has shown the drastic  
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improvement in the business-related issues 
in the current world.  

To study that, the concept of 6R principles 
has been selected for the process 
optimization in the automobile industries. 
The idea behind this selection is to 
implement the 6R principles which is a 
branch of Circular Economy, which leads to 
process optimization. It has been shown 
that 6R principles are convenient, scalable, 
and it is not only restricted for an 
automotive industry, while having the 
capability to implement throughout the 
whole manufacturing sector. Thus, it is 
believed, that this might create a bridging 
for the automobile industry between lean 
manufacturing and circular economy. 

2. Methodology 

The aim of this study is to identify the 
Potential needs for the Implementation of 
6R Principles in the Automobile Industry and 
assess the Process Optimization through 
Sustainable Manufacturing. To serve the 
purpose, a few objectives have been 
identified. 

ω Study, the importance of circular 
economic principles for the automobile 
industry. 

ω Determine the gap for the improvement 
and combine the concepts of circular 
economy to the selected industry. 

ω Formulate the framework for the 
assessment of the impact of process 
optimization in the sustainability of 
Automobile Sector. 

In order to accomplish this review, a 
detailed study has been adopted from the 
top to bottom approach. The initial study 
highlighted the overview on the surface 
topics which further narrowed the topics to 
a circular economic principle in specific.  

This review data was used to identify the 
gap between the application of the circular  

 
economic principles in the automotive 
sector.  

3. Review results 

3.1 Sustainable Manufacturing 

From the base definition for sustainability, it 
ƛǎ ŘŜŦƛƴŜŘ άŀǎ ƳŜŜǘƛƴƎ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ 
present without compromising the ability of 
future generations to meet their own 
ƴŜŜŘǎέ ώмϐΦ Lǘ Ŏŀƴ ōŜ ŦǳǊǘƘŜǊ ŜȄǇƭŀƛƴŜŘ ŀǎ ǘƘŜ 
process of creating manufactured products 
with reduced negative environmental 
issues, preserving the energy and natural 
resources while not damaging for the future 
usage, with the intention of safeguarding 
the employees, communities and 
consumers [5]. The sustainability is focused 
on three main aspects, namely, 
environmental, economic and social 
directions. Each of its pillars have specific 
objectives which has to be achieved for the 
successful implementation of sustainability. 
As an example, the environmental pillar is to 
achieve clean environment in terms of air, 
soil and water, implementation of 
regulations and ecological balance. The 
economical sustainability is encouraged to 
achieve financial benefits and economic 
growth. The process and product 
development, business enhancement and 
employment opportunities are few 
parameters of it. The later pillar, is 
concerned with the health and safety of 
employees, their lifestyle and quality of life. 
[4] 

The sustainability concepts can be analyzed 
under three major levels, namely, process, 
product and system levels. These three 
levels have an interaction and provides the 
expected sustainability targets in an 
organization. These three integrated 
interacting levels provides the basis for the 
definition of sustainability and value 
creation for economic growth [5] (Figure 1). 
For example, previous literature has 
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Figure 1: Integrated elements of sustainability 

identified six sustainability elements for a 
manufacturing process. They are 
Manufacturing costs, energy consumption, 
personal health, operational safety, eco 
friendliness and waste management. This 
creates the interconnection between 
sustainable manufacturing and circular 
economy [5]. 

The Figure 2 shows the interconnection 
between each of these elements. An open 
literature suggests that the implementation 
of the mentioned sustainability aspects can 
be done in three stages namely, research, 
development and commercialization. The 
research phase is important for 
identification of potential needs, thereby 
developing sustainable requirements. The 
development stage is concerned with 
improving the environmental performance 
by means of various tools while the later 
phase is to communicate and refine the 
follow-up processes in terms of 
sustainability. This establishes the 
relationship between the stake holders and 
the manufacturing company [2]. 

Figure 2-: Sustainability elements of manufacturing 
processes 

 
There are few parameters need to be 
considered for the improvement of the 
performance of manufacturing 
sustainability. They are, Concepts, that 
provides the comprehensive analysis of the 
three pillars, Methods and tools for 
adaption of smart tools and techniques, 
Data for clarified analysis, Manufacturing 
practices for assessment and value creation, 
government policies for legal 
documentation and governmental supports, 
Research, which incorporates the 
academics and researchers into the field of 
sustainability and finally integration, which 
coordinates all the above parameters. These 
parameters will entertain the improvement 
in the manufacturing sustainability with the 
identified needs and concepts of 
sustainable manufacturing [2,3]. 

When we study the evolution of sustainable 
manufacturing, it can be stated that 
sustainable manufacturing has gone 
through various generations, way from 
traditional manufacturing, lean 
manufacturing and green manufacturing 
[6]. In the most developed phase, it has 
been identified as an integrated approach 
with the 6R principles as well [2]. The Figure 
3 explains its evolution against stake 
ƘƻƭŘŜǊΩǎ ǾŀƭǳŜΦ In the flow, the design for 
manufacturing is also a major concern in 
terms of organizational sustainability.  
 

 

Figure 3: Evolution of sustainable manufacturing 
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A closed loop has been observed in a 
manufacturing environment which covers 
the life cycle stages of a product. It starts 
from manufacturing, use, inverse 
manufacturing and finally inverse use. The 
diagram shown in Figure 4 shows this clearly 
[1]. 
 

 

Figure 4 : Life Cycle Stages and design for 
manufacturing 

3.2 Circular Economy 

From the past, the linear economy has been 
identified and applied worldwide which 
ŦƻŎǳǎŜŘ ŀǎ ά¢ŀƪŜ ς Make - 5ƛǎǇƻǎŜέ 
ŀǇǇǊƻŀŎƘ ƻǊ άƎŀƛƴ-Ǝŀƛƴέ ǇǊƛƴŎƛǇƭŜǎ ώтϐΦ .ǳǘ 
this model failed in many aspects, especially 
for sustainability that targets in economic 
growth, environmental protection and 
societal wellbeing, thus, circular economy 
concept is combining resourcefulness, 
design thinking and much more for 
sustainable manufacturing [8]. In 2021, the 
9ǳǊƻǇŜŀƴ tŀǊƭƛŀƳŜƴǘ ŘŜŦƛƴŜŘ ά¢ƘŜ ŎƛǊŎǳƭŀǊ 
economy is a model of production and 
consumption, which involves sharing, 
leasing, reusing, repairing, refurbishing and 
recycling existing materials and products as 
long as possible. In this way, the life cycle of 
ǇǊƻŘǳŎǘǎ ƛǎ ŜȄǘŜƴŘŜŘέ[9]. The circular 
economy establishes the balance between 
the economy and environment. It has been 
proven that the application of circular 
economical aspects throughout the life 
cycle has gained the benefit of transition in 
terms of environmental sustainability [10]. 
Thus, the circular economy has gained the 
attention of many stakeholders and  

 
researchers as a potential to way to 
overcome the current model of 
consumption and production. 

Studies have shown the application of 
Circular economy concepts in Asia for the 
business production. Few examples can be 
cited from the globe as well. The 
manufacturing perspectives of Nike, BSH, 
Philips and Adidas are few of them [7]. 

The ultimate goal due to the 
implementation of circular economy is to 
create values in sustainability. This is 
achieved by 6R principles and further 
supported by innovation, education and 
training, novel methodology and visionary 
thinking. Unfortunately, historically the 
circular economy is relied on 3Rs: Reduce, 
Reuse and Recycle [11]. Sustainability and 
the circular economy, both have a separate 
track of applications. But both of them go 
together and being quite distinct. 
Sustainability remains the umbrella for the 
concepts under circular economy. 
Therefore, both has been linked with the 
intention of reducing the impacts on the 
environment, closing the economic and 
ecological links in terms of resources [12].  

The Figure 5 shows the concepts that govern 
the circular economy. A paper presented by 
Andrew [13] states that circular economy 
incorporates biomimetics ς άŀƴ ŀǇǇǊƻŀŎƘ ǘƻ 
innovation that seeks sustainable solutions 
to human challenges, emulating the 
patterns and stratŜƎƛŜǎ ǘŜǎǘŜŘ ōȅ ƴŀǘǳǊŜΩǎ 
ǘƛƳŜέΦ It is coordinated with bio-
geochemical cycles. Lieder and his team [10] 
shown that the circular economy can be 
discussed under three different 
perspectives such s scarcity of resources, 
environmental impacts and economic 
benefits. Damato [14] has introduced the 
concepts like green economy and bio 
economy in relation to the circular 
economy. Korhonen and his colleagues [15] 
presented a theme on a collaborative  
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economy based on the three dimensions of 
the circular economy. In another research 
work [16], the circular economy is explained 
as an essentially contested economy. 

 

 
Figure 5 : Concepts under circular economy 

 
3.3 3R and 6R Principles 

3R and 6R approaches are innovative based 
solutions for sustainable manufacturing. It 
can be used over multiple life cycles of a 
product. Initially, 3R concept is developed 
focusing the Reduce, Reuse and Recycle 
aspects of manufacturing. But, for the 
certified sustainable product, the important 
of explaining the 6R concept is fairly 
concentrated as it assists all the aspects of 
life- cycle to support the sustainable 
manufacturing [17]. In a product 
manufacturing process, four major stages 
have been identified, namely, pre-
manufacturing, manufacturing, use and 
post use [17]. The 6R approach is applicable 
for all these stages with the intention of 
transferring the traditional manufacturing 
to sustainable manufacturing. 

The 6Rs can be explained as shown in the 
Table 1. In a paper presented by Jawahir 
[18], he has clearly provided the background 
for establishing the interconnection 
between 6R and material flow and 6R and 
product value (Figure 6). In that analysis, a 
clear mapping is shown with the application 
of lean concepts and sustainability concepts 
(Figure7). It shows the interaction between  

 
3R with the strategies mentioned. Below 
glimpses from the literature adds value. 

Table 1: Explanation of 6R Approach 

 
 

 
Figure 6 : Material flow and 6R approach 

 
 

Figure 7: Product value and 6R approach 
 
3.4 Process Optimization 

Process optimization is a development 
achieved in the manufacturing process that 
is targeted to minimize the waste while 
consuming raw materials and reuse of 
waste materials. There are few sustainable 
manufacturing implementation stages have 
been identified as shown in the Figure 8.  
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Among them, Process Optimization 
approach is a simplest means for the 
implementation of sustainability [19]. Few  
examples can be sighted for this application 
such as alteration of steps in the specific 
manufacturing process, optimal settings for 
operations, relocation of machines and 
rearrangements and use of efficient energy 
usage technologies are few of them [20]. 

Previous studies have proven the 
application of process optimization 
principles for a manufacturing sector. A 
study has been conducted in a construction 
sector for the enhancement of waste 
recycling using the 6R approach and waste 
management techniques. The application of 
additive manufacturing and nano-
technology concepts for the printing 
process also adds value to the process 
optimization [19] (Figure 8).  

An assessment methodology for the process 
optimization was presented by Hossam and 
his team [1] ( Figure 9). They have presented 
the idea under quantitative and qualitative 
frameworks. An integrated model was 
developed and optimization methodology 
has been adapted. The authors discussed 
the system constraints as well. It has been 
clearly stated that there is no appropriate 
means to measure the effectiveness. So 
that, they have focused on the product, the 
process and the system level assessments. 
An assessment criterion was also presented 
in terms of manufacturing costs, personal 
health and safety, energy consumption, 
wastage management and environmental 
impacts which ultimately focused the 
product and system levels while three pillars 
of sustainability has been used for process 
level assessment [2].  

There are several means of process 
optimization methodologies have been 
explained in the literature The authors have 
given priorities for 5S principles, OEE 
(overall Equipment Effectiveness), Pareto 

 
 

 
Figure 8 : Process Optimization in Circular Economy 

 

 
 

Figure 9 :  Process optimization framework 
 

Analysis, Elimination of waste strategy, 
Kaizen, setup time reduction methods, 
process mapping, Value stream mapping 
and Eight steps practical problem-solving 
methods [21]. Among them, the high level 
of interest is shown towards value stream 
mapping approach. Authors have pointed 
out the specific property of value stream 
mapping for the application in the process 
optimization as it helps to visualize the value 
added and non-value-added activities in the 
production line [22]. 

In a cross sectional case study presented by 
Helleno and his mate [23], referred to an  
application of VSM for the improvement of 
resource efficiency. They mentioned that 
their model discusses about the disposal 
process effect in sustainable management. 
Thus, the model provides the basis for the 
calculation of resource wastage and  
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prevention of disposal by 3R approach. Paju 
and his team [24] effectively did a literature 
review in order to integrate the traditional 
VSM and environmental performance. This 
model provides the background for the 
visualization of three pillars in the 
production process. Cherrafi [25] has 
presented the relationship between value 
stream mapping and life cycle assessment. 
Pampenelli and his mates [26] related the 
integrated sustainability metrics with the 
traditional VSM taking the automotive 
industry as an example. It has been stated 
that this model is appropriate for the 
measurement of three pillars thus needed 
further investigation. 

It can be summarized that, there are few 
process optimization measurement tools 
have been identified. Authors suggest the 
effective application of Six Sigma approach 
for lean manufacturing aspects in the 
manufacturing industry. DMAIC approach is 
also suggested which is a branch of Six 
Sigma [5]. The next suggested methodology 
is a quality control aspect with the use of 
control charts and visual inspection 
methods. 

3.5. Automobile Industry 

Today, we cannot imagine a life without a 
machine called Automobile. It has been 
developed over a long time and now we are 
in a world of electrical vehicles and much 
more. The automobile industry remains the 
highest manufacturing industry throughout 
the world with almost 70 million in 
2021[27]. It has generated the revenue of 
2.95 trillion US Dollars in the fiscal year 2022 
and still on rising [28]. But when compared 
to 2019 records, it is a slow recovery as 
many external parameters had their 
influence. The Cost and the quality are the 
paramount factors for the automobile 
industry to survive in the competitive 
market [29]. Therefore, it requires new tools 
and technology to produce goods to  

 
compete and survive in the market. 
Previous statistics has shown that the 
automobile industry strongly influence the 
economic development thus, it requires 
rethinking in terms of business models that 
will reduce environmental impacts [30]. 

Organizational Sustainability is gaining the 
concern in the companies due to its impact 
on the process efficiency. It is also based on 
the three pillars of sustainability. The 
economic pillar is aimed to address the 
issues with financial stability, organizational 
efficiency, production time reduction and 
developed partnerships. The KPIs of 
environmental pillars are waste 
management and greenhouse gas 
reduction. The social pillars focus on 
communication and human resources. It has 
been proven that the organizational 
sustainability practices can differ according 
to the size of the organization and it helps to 
refine the organizational structure, business 
processes and operational and strategic 
planning. But it is a difficult task to 
interconnect the automobile industry and 
organizational sustainability. The solution 
has been found using the sustainability 
goals which can be used to interrelate them. 
The table 2 taken from a literature shows 
this interaction with the SDGs [19]. 

Many researchers have implemented the 
lean principles in the automobile industry. 
Azevado and his mates [31] proposed the 
framework combining VSM and LCA in the 
automobile industry. A goal-oriented 
approach is proposed for the process 
mapping and this is hypothetical in nature 
and requires further analysis. Jabbour and 
his team [32] suggested a framework on 
four pillars for the purpose of integrating 
lean and green. This questionnaire-based 
survey is only applicable for the foundries 
only. Jadhav [33] have mentioned the effect 
of lean tools in the environmental 
performance. 
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Table : 2 Organizational sustainability and 
automobile industry  

 
 
It has been confirmed that this application is 
in terms of identification and reduction of 
environmental impacts. The major 
drawback of this study is that is applicable 
only for motorcycle manufacturing 
industries and diversified analysis is 
required for various industries as well. 

A cross-sectional case study has been 
proposed by Wang [34] suggests that energy 
efficiency can be measured in the 
automobile manufacturing industry through 
sustainable VSM. Also, the water usage, raw 
material usage, social aspects and 
environmental hazards can also be 
evaluated. Vinodh [35] evaluated the lean, 
green and carbon-value efficiency concepts 
to an automotive sector. This approach has 
shown its benefits in improved cycle time 
and continuous flow processing. Stoycheva 
and his mates [36] presented research with 
integrated green and lean six sigma. This 
approach has supported in analyzing the 
weaknesses and strengths with the 
intention of reduced resource consumption. 

 
3.6. Process Capability 

Process capability can be defined as a 
scientific and systematic approach that uses 
various control elements such as control 
charts to identify and eliminate the 
unnatural occurrences until the process 
control is achieved. It can be provided in 
terms of percentages and matrices. A case 
study has been presented by Rahul Raut and 
Attar which introduces the application 
DMAIC approach to automobile industry. 
The body shop production process has been 
thoroughly studied using the DMAIC 
approach and quality tools such as control 
charts and visual inspection methods have 
been used to present the data. The authors 
summarize that the process capability is the 
main driving parameter to increase the 
desired output [19]. 

A similar study has been presented by 
Manish Yadav and Manoj Kumar [37], with 
detailed process capability studies for the 
auto manual transmission brake plate using 
several statistical tools such as control 
charts, process capability analysis and fish 
bone diagram. A quantitative analysis has 
been presented using the MINITAB with the 
intense of showing the process is not 
adequate. This can be sighted as an example 
of a numerical analysis of process capability. 

3.7. Industry 4.0 and Sustainable 
Manufacturing 

An interesting topic has been discussed by 
Antonio Sartal and his team [2] on a 
literature study about the evolution of 
sustainable manufacturing concepts within 
the industry 4.0. it is a new paradigm to 
combine both aspects in an innovative 
thinking manner with the qualitative and 
inductive content analysis-based literature 
review. The authors present a framework 
for the basis of interrelation between three 
aspects: Sustainable manufacturing, 6R and 
Triple Bottom Line dimensions indicates in 
Figure 10. 
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They typically provide the summary of their 
findings in Industrial Internet of Things, 
Autonomous and collaborative robots, 
simulation systems, system integration, 
virtualization, cloud computing and additive 
manufacturing. This shows the means of  
 

 

Figure 10 : Interrelation between sustainable 
manufacturing, 6R and triple bottom line 

sequences 

Industry 4.0 adapts the circular economical 
strategies in a more appropriate manner. At 
the end, they suggest the importance of 
digital transformation for the SMEs which 
will affect them in the transformation 
towards Industry 4.0 with sustainable 
manufacturing concepts [2]. 

3.8 Lean Manufacturing for Automobile 
Industry 

Several researchers have described the 
application of lean tools in the automobile 
manufacturing industry from a different 
point of view. Arunagiri with his team [38] 
shown the high impact lean tool for 
automobile industry using weighted 
average method. They have shown that 5S 
is in the leading for the elimination of waste 
in the industry. Ratneshwar Singh and 
Ashish Gohil [39] depicted the 
implementation of TPM in the machine 
shop which led to the reduction in the break 
down time thus improved the performance 
efficiency. Santosh Kumar[40] applied the 
tools for a truck body assembly to show the 
reduction in cycle time. The authors have 
pointed out the importance of method time  

 
measurement and line balancing in the 
production line. 

Manuela Ingaldi and Marta Jagusiak-Kocik 
[41] used the Yamazumi chart, Machine-
motion analysis, MTM method and timing 
for a company which is a leading 
manufacturer of brake systems, seat belts, 
vehicle dynamics and driver assistance 
systems. They summarized that the 
movement of machinery is the key for the 
process optimization in the considered 
plant. They introduce the concept of 
Bottleneck and its implications for the 
process optimization. Mayank Agarwal and 
their team [28] presented a case study on 
improving the productivity and capacity 
enhancement in the automobile industry. 
The important has been given for Travelling 
Salesman Problem (TSP) along with other 
lean manufacturing tools like Kaizen, 
automation principles and MOST (Maynard 
Operation Sequence Technique) approach. 
The authors summarized that the process 
optimization is required in the welding 
robotic arms. They have shown that the 
results obtained are quite satisfactory. The 
improvements were suggested but the 
improved results were not presented. 

A book chapter contributed by Tommaso 
Pardi [42] views the lean production in the 
automobile industry. It discusses in the 
ŜƳǇƭƻȅŜŜǎΩ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ŀƴŘ ƳŀƴŀƎŜǊƛŀƭ 
decisions. As a conclusion, the author said 
that lean is not creating a value but it 
reduces the cost. An idea for the future 
research has been provided for the 
evaluation of inefficiency of lean production 
in the managerial level and in the public 
sector. In a paper provided by Nallusamy 
and Adil Ahamed [43] relates the case study 
on the application lean tools for the 
productivity enhancement in the 
automobile industry. The usage of Value 
stream mapping with the 5S and layout 
modification, the results shown that the 
remarkable amount of reduction in the cycle  
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time and nonvalue-added time while 
increasing the productivity with the certain 
percentage. ARENA simulation has been 
used for the analysis for the detailed study. 
A thesis work of Vinay Mohan [44] studies 
the application of lean methods in the 
automotive industry. He has presented the  

importance of Just-in Time manufacturing in 
relation with lean. The author provides the  
future direction to the application of same 
principles for the shipbuilding and aircraft 
industry. Patrick Garcia and John Drogosz 
[45] applied the lean practices at Tenneco 
which is an American automotive 
component manufacturing company. They 
have pointed out few KPIs for better 
performance of Lean Practices in an 
automobile industry. They are training and 
communication, couple lean training and 
workshop implementation, active support 
from the senior management and support 
from the workforce are few to name them. 
MZM Ismail and his colleagues [46] 
evaluated the application of lean practices 
in the assembly line of an automobile 
manufacturing process. A special 
consideration has been given to 5S, VSM 
and work standardization. The tools like takt 
time, cycle time, lead time and processing 
time were used for the quantitative 
assessment. But the paper fails to discuss 
the validity of the effectiveness of the tools 
chosen. It has no idea about time study and 
observational survey. 

Nesreen M. Ahmed with his team [47] 
evaluated the customer satisfaction due to 
an appropriate implementation of lean 
practices in the automobile service sector. 
The cause-and-effect diagram along with 
value stream mapping has been used 
extensively for the analysis and at the ends 
the customer satisfaction index has been 
increased by 74.1% as per the report. 
Moreover, there is a reduction in the takt 
time and lead time as well. This is an easy 
approach to consider a service sector with  

 
the application of 7 wastes concepts of lean 
manufacturing. Shyam Lal Sharma and their 
mates [48] did research at carrier wheel Pvt. 
Ltd using the lean practices. The important 
application of lean tools such as JIT, JIS, 5S, 
Six Sigma, FIFO, LIFO, continuous 
improvement and Kanban process were 
critically analyzed for the auto components. 
They have summarized that the application 
of those mentioned lean tools have aided 
them in achieving the product level which 
led to overall development. Carvalho and 
Reis [49] demonstrated the application of 
lean manufacturing system for an 
automobile component industry in the 
heavy vehicle segment. Kaizen and value 
stream mapping has been used for the 
evaluation. This resulted in the consistent 
improvement in the productive capacity. 
The major limitation is that they have 
focused on a single production line thus 
being an ideal situation. Moreover, the 
usage of non-simulation tools was also 
limiting the results they have obtained. 

Manish Tiwari and Bhim Singh[50] 
evaluated the best tools that can be applied 
for the process optimization of Indian 
Automobile Manufacturing Sector. They 
have selected a company and carried out 
the detailed study. A project-based 
approach has been highlighted in the study. 
The importance of fuzzy and TOPSIS has 
been clearly defined throughout the paper. 
Lǎŀƪ YŀǊŀōŜƎƻǾƛŏ ŀƴŘ Ƙƛǎ ǘŜŀƳώрм] provided 
their contribution in terms of analysing the 
innovative automation of the production 
process especially in the automobile 
industry. An idea about intelligent 
manufacturing process in terms of lean 
manufacturing is focused throughout their 
research. It has been provided that China 
being the leader in industrial robots for 
automobile industry followed by North 
America, Japan, Germany and India. Suresh 
Kumar and Syath Abuthakeer [52] from 
India evaluated implementation of lean  
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tools and techniques specifically SMED 
technique for an automobile industry. In the  
same research, it has been shown that 
SMED is more beneficial in terms of quick 
ŎǳǎǘƻƳŜǊ ǊŜǎǇƻƴǎŜ ŀƴŘ ƛƳǇǊƻǾŜŘ ǿƻǊƪŜǊǎΩ 
safety. A drastic improvement in the 
production rate was observed.  

Cristina Veres and few others [53] have 
applied the 5S concepts to analyze its 
impact in the automobile company in 
Romania. A positive correlation has been 
provided between the overall performance 
of production results. In a study about nut 
and bolt manufacturing process, the 
authors established the relationship 
between 6R and Lean manufacturing 
process. Each and every stage of this 
manufacturing process, it has been clearly 
related to 6R. [17] 

3.9 Research Gap and Physical Constraints 

From the studied literature, few limitations 
and possible ways for the future 
improvements were able to identified. Most 
of the papers discussed the application of 
lean principles solely in the automobile 
ƛƴŘǳǎǘǊȅΦ ¢ƘŜȅ ƘŀǾŜƴΩǘ ǇǊƻǾƛŘŜŘ ǘƘŜ ōŀǎŜ ŦƻǊ 
the application of circular economy. The 
researchers have pointed out the various 
branches that comes under lean 
manufacturing and the importance have 
been given for such topics. No any 
researches have been identified with the 
establishment of the relationship between 
6R and process optimization thus both are 
under circular economy. The previous 
studies shown that process optimization can 
lead to the application of circular economy. 
As mentioned previously, the researches 
focused on the product, for specific they 
have considered a single product in a cross-
sectional analysis. And no any scalable 
parameters have been provided in the 
literature.From there, it is possible to lead 
the research in which a process can be 
considered and evaluated using the 6R  

 
approach. Rather than limiting to Sri Lankan 
perspective, a model-based study can be 
formulated which can be accommodated 
for world wide application. With that 
knowledge, the research can be started with 
analysis of current trends of automobile 
industry in terms of organizational 
sustainability. Identifying the possible 
locations which require an optimization 
within the process and applying the 6R with 
the lean manufacturing practices. Compare 
the improvements else the changes that 
have occurred and finally presenting in a 
working model for the continuous usage of 
assessment. 

There can be possible limitations from the 
disclosure of data by the industry. The 
actual data is required for analysis and it 
may consume some time for data collection. 
Similar to product-oriented study, a single 
process selection might be difficult and it 
has to be considered as an ideal operation. 
Focus group selection is another issue that 
can limit the research. The data may vary 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŎƻƴŘƛǘƛƻƴǎΦ ¢Ƙƛǎ 
might have an impact on the working model 
developed. 

4. Conclusion 

The automobile industry is facing ongoing 
challenges to improve its sustainability as it 
consists of complex and energy intense 
processes. The means to develop strategy to 
build up the sustainability principles 
becomes paramount important. Lean 
manufacturing combines with circular 
economy would be an advantageous path 
for this improvement. The current market is 
struggling to survive due to the vast 
development of competition with the 
sustainable manufacturing. The industry 
failed to optimize their manufacturing 
process which results in lengthy lead time 
and declined production rates. 

The previous studies relating to the 
application of lean manufacturing lays the  



 Proceedings of the International Engineering Research Symposium (IERS 2023), pp [98-113] 
©National Engineering Research and Development Centre of Sri Lanka. 
 

109 | P a g e 

 

 

 

 
foundation for the application of circular 
economic approach to automobile industry. 
The result derived from this literature 
review shown that the application of lean in 
combination with circular economic is 
lacking in the automobile sector. Use of 6R 
remains the gap that needs to be filled. This 
triggers the interest towards lean 
manufacturing and 6R with the intension of  
optimizing the process in the manufacturing 
environment. 

A base knowledge on process optimization 
has been obtained and a relationship has 
been established with circular economy. 
The selection of an appropriate process for 
analysis and the related KPIs would be 
challenging. It can be summarized that; the 
application would promote the hinges on 
the integration of lean manufacturing and 
circular economic techniques. Based on the 
favorable results shown in the previous 
studies, 6R method would be applicable to 
automobile industry. 

An apparent tool has to be developed for 
the measurement of the results as no 
scalable methods have been explained in 
the literature. Process optimization is a way 
for the improvement in a manufacturing 
world. It is a part of circular economy of any 
industry. An effective implementation of 
the circular economy principles will 
automatically improve the process of 
automobile industry. 

In this detailed study, the concepts like 
sustainable manufacturing, lean 
manufacturing, circular economy, 6R and 
process optimization are discussed in terms 
of their applications referred from various 
literature. At the end, the development of a 
framework is vital necessary where it can be  
applied worldwide. In the given literature, it 
has been confirmed that 60% of the 
researches suggested the application of lean 
tools alone for the process optimization. 
Only 20% of the study have witnessed the  

 
process optimization in automobile 
industry. Thus, no any literature combined 
the concepts of lean and circular economic 
principles for the process optimization in 
automobile industry. Apart from the original 
topic, supplementary analysis has also done 
to support the research from recent 
perspectives like industry 4.0. This sort of 
out-bounded study might enhance the 
learning for the purpose of developing the 
strategies applicable for current industries  
compared to conventional manufacturing 
environment. 
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Abstract  

This research paper presents an innovative solution to address the challenges faced by Sri 
Lanka's tea industry by automating the selective harvesting of Two Leaves and One Bud (TLB) 
from tea bushes using an integrated system of computer vision, robotic arm, and drone 
technology. The article outlines the objectives of designing an advanced automated tea 
harvesting system to overcome labour shortages and maintain tea quality. The context 
highlights the significance of Sri Lanka's tea industry and the need for an efficient harvesting 
approach. The methodology involves image processing-based recognition system using Mask 
R-CNN for TLB detection, a meticulously designed robotic arm for precise plucking, and a 
custom drone for autonomous navigation. Key findings include the successful detection of TLB 
instances in diverse tea plantation environments, accurate and gentle plucking by the robotic 
arm, and efficient field testing of the integrated system. Challenges related to navigation and 
environmental conditions are identified, and recommendations for enhancements are 
provided. In conclusion, this research presents a novel solution with promising potential to 
revolutionize Sri Lanka's tea industry by enhancing efficiency, quality, and sustainability 
through advanced automation technology. 
 

KeywordsΥ  Tea, Plucker, Mask R-CNN, Drone, ROS, Robotic arm, Selective harvesting, TLB

1.  Introduction 

Tea holds a special place in Sri Lanka's rich 
cultural heritage and plays a pivotal role in 
the nation's economy. As the world's fourth 
largest tea producer, Sri Lanka's tea industry 
continues to thrive, known worldwide for its 
high-quality, aromatic brews. However, 
despite its prosperity, the industry faces 
several pressing challenges, particularly 
concerning tea harvesting methods [1]. 

Traditionally, tea harvesting in Sri Lanka has 
been a labour-intensive process that relies 
heavily on skilled manual labour to 
meticulously pick the tender TLB. While this 
selective harvesting contributes to Sri 
Lanka's prestigious reputation in the global 
tea market, it is not without its drawbacks. 
Sometimes skilled human pluckers harvest 
varying sizes of leaves containing more than 

the ideal TLB to increase quantity, thereby 
compromising quality. Additionally, the 
method of manual plucking can result in an 
uneven cut that may cause damage to the 
tea bush. These issues accentuate the 
industry's critical dilemma, especially 
considering the rising costs of labor and 
scarcity of skilled tea harvesting pluckers 
[2]. 

In recent years, to mitigate the impact of 
labour shortages and improve productivity, 
several types of tea harvesting machines 
have been introduced to Sri Lankan tea 
estates [2]. One of the main concerns with 
current tea leaf harvesting machines is their 
non-selective approach [3]. Unlike skilled 
human tea pluckers these machines tend to 
harvest leaves indiscriminately, including  
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mature leaves and stems. As a 
consequence, the non-selective harvesting 
has been known to compromise the overall 
quality and flavor of the tea produced, 
potentially impacting Sri Lanka's hard-
earned reputation for excellence [4]. We 
were also discovered that there are some 
TLB harvesting methods that use image 
processing techniques [5]. But they used an 
older version of image processing 
techniques called haar cascade classifier. 
Their experimental findings indicate that 
the classifier possesses a capacity to 
differentiate harvestable tea shoots up to 
some extent. But with an accuracy rate of 
57.58%, it is evident that there is a need for 
further enhancement of this tea leaf 
detection system. 

To overcome these challenges, this research 
proposes an advanced automated tea 
harvesting system. The proposed system 
incorporates a cutting-edge detection 
mechanism capable of identifying the TLB 
with precision. Coupled with an automated 
robotic arm, this system promises to 
revolutionize the tea harvesting process by 
replicating the expertise of skilled human 
pluckers, ensuring the selective harvesting 
of tender shoots and buds. 

2.  Methodology 

The proposed system comprises four main 
sections,  

¶ Image processing-based recognition 
system 

¶ Robotic arm 

¶  Drone 

¶  Integration 

2.1 Image Processing-based Recognition 
System 

The objective of the image processing 
system is to identify tea leaves and buds 
which are ready to be picked up. Unless in 
an exception like special tea varieties, 
usually in the manual harvesting method,  

 
workers pluck all the succulent leaves which 
may include two or three leaves with or 
without a bud. In the proposed system, TLBs 
were selected for the initial stage due to the 
fact that they are the most common type 
that is being plucked and used to produce 
high quality tea, and the system currently 
doesƴΩǘ ǇƻǎǎŜǎǎ ǇǊƻǇŜǊ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ 
identify the succulency of a tea leaf. 

2.1.1 Data Collection 

A diverse dataset of approximately 7000 
images of tea bushes was collected for 
automating the tea plucking. The images 
were captured from various tea plantations, 
encompassing different environmental 
conditions using high-resolution cameras.  
¢ƘŜ ƳƻŘŜƭΩǎ ǊƻōǳǎǘƴŜǎǎ ǿŀǎ ŜƴǎǳǊŜŘ ōȅ 
including images with varying lighting 
conditions and angles. Figure 1 shows the 
collected image of a tea bush. 2.1.2 Image 
Annotation 

To prepare the dataset for TLB detection, 
each image was annotated with pixel-level 
masks using the Makesense AI tool. The 
annotation process involved manually 
drawing masks around the TLB instances 
present in the images. The mask 
annotations precisely outlined the leaves 
and bud, providing accurate ground truth 
data for training the model. Following Figure 
2 shows annotated images with a mask 
around TLBs.  

 

Figure 1 : Collected images of various tea bushes 
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Figure 2 : Annotated images with a mask around 
TLBs 

2.1.3 Training 

The Mask R-CNN architecture was utilized 
for TLB detection in the tea bushes. The 
ability of Mask R-CNN to provide the 
coordinate of the cutting point using the 
mask data, makes it the most suitable 
architecture compared to other object 
detection architectures [6], [7]. The 
dataset, along with corresponding TLB 
masks, was split into two sets: a training set 
and a validation set. The Mask R-CNN 
model was initialized with random weights 
to begin the training process.  

2.1.4 Testing 

After completing the training process, the 
trained Mask R-CNN model was evaluated 
on a separate test dataset that was not used 
during training or validation. The test 
dataset contained images of tea bushes 
from unseen environments and conditions. 
The model's ability to accurately detect TLB 
instances and generate pixel-level masks 
was assessed. A detected TLB can be seen in 
the following Figure 3. 

 

 

 

 

 

Figure 3 : Detected TLB 

 2.2 Robotic Arm 

This section describes the robotic arm 
design, its components and the algorithms 
used to guide the robot arm. 

2.2.1 Robotic Arm Design and Assembly 

The arm is composed of five joints and a 
gripper, allowing it to move smoothly to any 
specified location. The base of the robotic 
arm can spin 360° on its z-axis and joints 
2,3,4 can spin at limited angles (angle of 
movement is mentioned in below table) on 
their x-axis in order to place the gripper in 
the adequate position to pluck tea leaves.  
The gripper is connected to the wrist joint 
which can spin 360° around its z-axis. The 
end effector used in the robotic arm consists 
of a cutter and a gripping part. When the 
arm plucks a tea leaf, the cutter gently cuts 
the leaf while the gripping part securely 
holds it until it is ready to be collected. For 
smooth operation, a gear and rack 
mechanism are employed to open the 
gripper, and a spring ensures that the 
gripper closes promptly when plucking the 
tea leaf.  

The complete parts of the robotic arm were 
designed using SOLIDWORKS software. 
Then they were 3D printed using PLA + 
plastic material and the arm was assembled 
along with lightweight carbon fiber tubes.  

Table 1 summarizes the maximum and 
minimum angle that each joint of the 
robotic arm can move, and the following   
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Figure 4 shows the design of the robotic 
arm.  

Table 1 - Angle of movement of each joint 

Parameter Angle of movement 

(°) 

Base joint 0 to 360 

Joint_01 -30 to 130 

Joint_02 -90 to 270 

Joint_03 -90 to 270 

Joint_04 0 to 360 

 

 
Figure 4 :  CAD Design and assembled version of the 

robotic arm 

All the joints include smart servo motors 
with position, temperature and velocity 
feedback which are controlled using an 
Arduino atmega2560 microcontroller. This 
feedback system enhances the efficiency 
and accuracy of tea leaf plucking, 
contributing to the overall success of the 
proposed automated tea harvesting system. 

2.2.2 Software Configurations 

ROS (Robot Operating System) platform was 
used in this project to develop robot 
software. In ROS, the modeling of a robot 
can be done using URDF (Unified Robot 
Description Format) file. In this research the 
URDF of the robotic arm is done using a 
URDF exporter plugin built in SOLIDWORKS 
software. URDF files are read using 
simulators like Gazebo and Rviz by building 
3-D models of the robot for users. A three- 

 
dimensional version of the five-DOF robot 
arm was constructed in the Rviz simulator 
for this project and it is shown in the 
following Figure 5. Move it package in ROS 
which offers a setup assistant GUI was used 
to manipulate the robot arm. By uploading 
the URDF file of the robot model to this 
setup assistant interface, a configuration file 
can be generated by changing the 
parameters like self-collisions, Virtual joints, 
Planning groups, Robot poses, End effectors 
and controllers of the robotic arm model.  

 

Figure 5 : Simulation of the 5 DOF robot arm in Rviz 
Simulator 

The necessary commands like reading joint 
angle from ROS platform, converting joint 
angle from degrees to position, passing read 
angle to the servo motor were included in 
the Arduino code. The communication 
between two platforms ROS and Arduino 
was done by installing libraries like 
rosserial_arduino on both platforms. The 
arm movements accuracy can be tested by 
running configuration files along with 
Arduino code. The accuracy can be checked 
by setting an arm position from the ROS Rviz 
simulator and test whether the physically 
built robot arm move to that given position. 
The movement of the end effector tip to the 
required coordinate can be done by writing 
a separate node using C++ or python. This 
node passes the coordinate values to the 
move it package node which generates the 
angles of each joint of the robot arm.   
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2.3 Drone 

An autonomous drone was used as the main 
vessel to which all the components are 
attached to. A custom drone was designed 
and built in order to accommodate all the 
requirements. 

2.3.1 Drone Design and Components 
Selection 

During the component selection and design 
phase of the drone, the following 
requirements were considered as the key 
design points. 

ω Carrying capacity of 1.5 kg plucked tea 
leaves. 

ω Positional Accuracy of < 5 cm. 

ω Operational time of 15 minutes. 

ω Mounting deck space for robotic arm 
and processing computer. 

ω Minimum wind disturbance from the 
drone.   

ω Fully autonomous flying capacity. 

A custom carbon fiber drone body was 
designed in CAD software in a hexacopter 
configuration as shown in Figure 6. 
Hexacopter configuration was selected over 
quadcopter or octocopter due to its 
balanced nature between both achieving 
the given stability target while conserving 
energy usage.  

 

Figure 6 : CAD model of the drone 

 

 
A wide middle body deck space was created 
to house the camera, processing computer 
and the tea leaf collection bin The rotor 
arms of the drone were specifically designed 
to be longer than usual with a span of 
700mm and they were given a tilt of 6 
degrees to the upward direction as shown in 
Figure 7 in order to direct the propeller wind 
away from the main body. Otherwise, direct 
wind from propellers will affect TLB to bend 
sideways which might reduce accuracy of 
our recognition system.  A lower angle of tilt 
was selected in order to minimize the loss of 
thrust. The motors and propellers were 
selected after considering the overall weight 
of the drone at full payload condition. The 
total weight to maximum thrust ratio was 
kept over 2 to maintain good stability during 
the flight. 

For the flight electronics, an open-source 
flight controller platform, pixhawk was 
selected as it allowed customization of the 
firmware according to our requirements. 
CUAV X7, a high performance flight 
controller model, was selected so that more 
advanced features of the firmware can be 
used. As for the GPS unit which is used to 
obtain the position feedback to the flight 
controller through radio signals from 
satellites, Ublox F9P RTK GPS module was 
used as it has inbuilt Real Time Kinematic 
(RTK) processing capability which allows the 
drone to be precisely positioned over the 
ground with an absolute accuracy of less 
than ±3 cm.  

 

Figure 7 : Tilt angle of the drone arm 
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Other than the above major components, a 
telemetry radio was used to establish 
communication between the drone and the 
ground control computer with a range of 
over 5km, power modules for distribution of 
power within the drone, radio control (RC) 
receiver for the communication between 
the pilot and the drone and to keep 
everything powered, one Lithium Ion 
16000mAh 6 cell battery was used as shown 
in the fully assembled drone shown in Figure 
8. 

 2.4 Integration 

Integration of the image processing-based 
recognition system, robotic arm, and drone 
into one unit is done in this section. Through 
careful design and calibration, we aim to 
establish a synchronized and efficient 
workflow, ensuring successful interaction 
and cooperation among the system's 
components. 

The full workflow can be divided into several 
steps where each step involves a particular 
individual system. Figure 9 shows the 
individual steps and the order in which they 
operate.  

First the drone operator will mark the area 
which is to be harvested on his ground 
control computer along with all the other 
parameters required such as flight speed, 
flying altitude. 

 

Figure 8 :  Assembled drone without collection bin 

 

 

 
Figure 9 : System workflow 

Then the drone will fly from its launching 
position which is located closer to the 
harvesting area to the area designated for 
harvesting by the operator. Then the drone 
will follow a predetermined path while the 
image recognition algorithm searches for 
TLB using the camera input. When a bud is 
detected, the drone will stop, and the 
coordinate is sent to the robot arm to pluck 
the TLB. If the pluck is successful which is 
detected using a sensor attached to the 
plucking end effector, then the whole 
system will repeat trying to identify TLBs 
while traversing through the tea fields. The 
drone will return back to the ground 
operator if the collection box reaches its 
limit or if the battery level is too low. 

3.  Results and Discussion 

The field tests were carried out separately in 
three stages for the robotic arm, image 
recognition system and the autonomous 
drone since full integration is out of the 
scope of this project and is scheduled to be 
carried out in the future. In the first stage, 
both recognition system and the robotic 
arm were tested separately. Then in the 
second stage, the integrated system of both 
camera and the robotic arm was tested. 
Finally, the autonomous drone was tested 
for its performance separately. 
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The integration of all the three systems 
above is planned to be carried out in the 
next phase of this project in the future since 
it involves designing of complex control 
system for the drone and the arm. Once 
completed the overall performance of the 
system can be evaluated against manual 
labor. 

3.1 Recognition System Results 

The image processing-based recognition 
system utilizing Mask R-CNN demonstrated 
promising results in detecting TLB instances 
in the tea bushes. Figure 10 illustrates the 
TLB detection results by the recognition 
system. It can be observed that the model 
accurately identifies TLB instances and 
generates precise pixel-level masks around 
them. To quantitatively evaluate the 
model's performance, its accuracy on the 
test dataset. Figure 11 presents the results, 
which include: 

 

Figure 10 : TLB Detection results in multiple tests in 
the field 

 

Figure 11 :  Model accuracy and metrics 

 

 
ω mAP50(B): Mean Average Precision at 

IoU (Intersection over Union) threshold 
0.5 for bounding boxes. 

ω mAP5050-95(B): Mean Average 
Precision at IoU thresholds ranging 
from 0.5 to 0.95 for bounding boxes. 

ω Precision(B): Precision score for 
bounding box predictions. 

ω Recall(B): Recall score for bounding box 
predictions. These metrics collectively 
demonstrate the model's ability to 
accurately identify TLBs. 

Understanding the model's loss during 
training is crucial for optimization. Figure 12 
provides insights into the training process, 
showcasing: 

ω Box Loss: The loss associated with 
bounding box predictions. 

ω Class Loss: The loss associated with class 
predictions. 

ω Object Loss: The loss related to 
objectless predictions.  

However, there were instances where the 
model faced challenges in detecting TLB 
accurately, mainly in cases with heavy 
occlusion or overlapping leaves.  

Further optimization and data 
augmentation techniques could potentially 
improve the model's performance in such 
scenarios. 

 

 

Figure 12 : Loss analysis 
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3.2 Field Testing and Performance 

Field testing of the integrated system of 
both recognition system and robotic arm 
was conducted on tea plantations in real-
time. In this test we were able to selectively 
pluck TLB based on the recognition system's 
output coordinates. It demonstrated 
remarkable accuracy in tea leaf harvesting. 
The performance of the system was 
evaluated based on the following 
parameters: 

ωHarvesting Accuracy: The system 
achieved an accuracy rate of 78% in 
selectively harvesting TLB instances, 
contributing to maintaining the quality 
of the tea leaves. 

ω Harvesting Speed: The integrated 
system showcased a plucking time of 6 
seconds. 

As for the final phase the drone was tested, 
and it successfully navigated along the 
predefined path which was marked on the 
map through the drone deployment 
ǎƻŦǘǿŀǊŜ άaƛǎǎƛƻƴ tƭŀƴƴŜǊέ ƳŀƛƴǘŀƛƴƛƴƎ 
only a small deviation from the planned 
route.   

ω The navigational accuracy of the drone 
was measured by attaching a 5W laser 
diode onboard the drone and then 
laying out paper along the pre-defined 
route. When the drone travels, the 
laser marks the actual trajectory of the 
drone as a burn mark on the paper. 
Through this test, the maximum 
deviation from the actual path was 
found to be 3 cm which gives the drone 
a ±3 cm navigational position accuracy 
relative to the predefined route. 

3.3 Challenges and Future Enhancements 

Several challenges were identified during 
the field tests that were carried out in 
different phases. The orientations of TLB 
posed challenges to the recognition system  

 
as the system was only able to detect the 
tea buds facing in the direction of travel of 
the drone as the training dataset only 
contained images of TLBs that were facing 
towards the camera in the forward 
direction. Dense shade trees in tea field also 
affected the navigation of the drone often 
missing out large patches of tea bushes as 
the drone had to make avoidance 
maneuvers guiding the drone away from the 
shade trees. Also, strong wind conditions 
greatly affected the performance of the 
drone making it shake while hovering to 
compensate for unbalanced wind force. 

For future enhancements, the following 
improvements are recommended: 

ωOptimize the plucking process by using 
multiple cameras from different angles 
to identify TLB in various orientations. 

ωCarry out an aerial mapping survey for 
identifying the shade trees beforehand 
during the route planning phase to 
avoid obstacles when drone is 
navigating through the field.  

ωRedesigning the frame of the drone with 
a low profile, aerodynamic shape to 
minimize wind disturbances. 

 4.  Conclusion 

The proposed automated tea harvesting 
system, integrating an image processing-
based recognition system with a robotic 
arm, showcases promising results for the 
selective plucking of Two Leaves and One 
Bud (TLB) in tea bushes. The recognition 
system demonstrated precise TLB 
detection, and the robotic arm showcased 
accurate and gentle plucking capabilities. 
Field testing validated the system's 
efficiency and adaptability to real-world tea 
plantation conditions. 

By addressing the challenges faced by the 
tea industry, this innovative automated 
system offers the potential to revolutionize  
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tea harvesting, ensuring consistent quality, 
increased productivity, and sustainability. 
As technology advances and the proposed  
system undergoes further refinement; it is 
expected to play a pivotal role in shaping the 
future of Sri Lanka's esteemed tea industry. 
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Abstract  

One of the major health challenges in the world is the rapid increase in the number of people 
who have difficulties in walking. Injuries and chronic diseases have been identified as the root 
causes for human disabilities. According to literature, majority of physically impaired people 
use assistive products such as wheelchairs and walkers to deal with the impairment. As a 
result, the impairments among disabled people have created an unfavourable environment 
for the rest of their lives resulting in gradually acquired negative motivations. The goal of this 
paper is to present an initiative to provide a system so that the disabled person can live a 
normal life alone without any support from another person. In the proposed system, it is 
proposed to convert the wheelchair into a bed and vice-versa using electric motors. 
!ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘƛǎ ǎƳŀǊǘ ōŜŘ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ƳŜŜǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƳŜŘƛŎŀǘƛƻƴ ƴŜŜŘǎ ŀǎ ǿŜƭƭ 
including consisting of an emergency system to send a message to their guardians in the event 
of a heartbeat failure or a rise in body temperature. Also included is a pre-programmed 
massaging system for requesting assistance. When the patient needs to call someone in the 
house, there is a standard calling buzzer. The primary goal of this project is to improve 
ǇŀǘƛŜƴǘΩǎ ŎƻƳŦƻǊǘΣ ǎŀŦŜǘȅΣ ŀƴŘ ƻǾŜǊŀƭƭ ǎȅǎǘŜƳ ŜŦŦƛŎƛŜƴŎȅΦ  
 
KeywordsΥ  Wheel chair to bed, Automation, Automated medication, Remote monitoring, Node MCU, 

Physically Impaired

1. Introduction 

With the present lifestyles of the people, 
they stick to a very busy life. If there is a 
family member in their family with a 
disability, whether a child or an adult, 
caregiving and satisfying everyday needs of 
the patient will be a huge challenging task. 

In the point of view of the patient, disable 
persons always stay in a bed and due to that 
they are getting bored. Also they have to 
depend on others and it makes them 
mentally depressed. This can increase the 
risk of getting other psychological diseases 
like depression, mental fatigue is high. The 
ǇŀǘƛŜƴǘΩǎ ƴŜƎŀǘƛǾŜ ŦŜŜƭƛƴƎǎ Ŏŀƴ ŎƘŀƴƎŜ ōȅ 
introducing a system which helps the 
patient to do their daily activities without an 
assistance of another party. In the point of 
view of the caretaker, when caring a 

disabled person, it needs to pay the 
attention always, needs to help with their 
urgencies and need to give the medicine at 
the right time. So the caretakers needs to 
stay with the patient always. So, they have 
to spend considerable time from the day to 
assist the patient. If the caretaker is an 
employee, it is so difficult to do this with a 
job. To solve this problem if they hire a 
person from outside it has to spend more 
money. Nowadays keeping a caretaker is a 
difficult task for most of the people with 
their income level. When consider all the 
facts it can see there is a requirement of 
proper system to avoid these problems. 

Therefore, it has identified the developing 
design should have the capability of 
assisting the patient in moving. Taking 
ƳŜŘƛŎƛƴŜΣ ǊŜƳƻǘŜƭȅ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ǇŀǘƛŜƴǘǎΩ  

mailto:anushkanayanajith@gmail.com
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and health data. Different researchers have 
suggested different solutions to avoid these 
problems. In one study it has introduced a 
multipurpose wheelchair to tackle this 
problem there they have designed 
wheelchairs which could be converted into 
beds using mechanical linkages. So, it 
removes the effort needed to change the 
patient from bed to wheel chair. 

2.  Objectives 

Main objective is to design a smart bed so 
that a person can move from sitting position 
of the wheel chair to lying position on the 
bed without external support and move the 
wheel chair with electrically powered 
motors. It also should have the additional 
features such as automatic remote patient 
parameter monitoring, dispense medicine 
at correct time slots and alert guardians in 
an emergency 

3. Literature review 

According to researches, the majority of 
disabled people use assistive products such 
as wheelchairs and walkers to face this 
situation by their own. Most of the 
researchers have done different studies to 
help them to avid those difficulties. And 
they have developed different methods and 
ŜǉǳƛǇƳŜƴǘΩǎ ǘƻ ŀǎǎƛǎǘ ǘƘŜƳΦ 

According to [1], they have studied about 
wheelchair to the stretcher conversion 
system was done by using the electrical 
motors. They have introduced new options 
to monitor the health condition of the 
patient together with various bio sensors. 
Blood pressure, sugar level, heartbeat, pulse 
rate etc. Hartman [2] have developed smart 
wheelchair technology with sensors and 
intelligent control algorithms to reduce the 
amount of human involvement. The system 
they have introduced is relatively expensive, 
and it requires a lot of maintenance. 
According to the article [3] the primary goal 
of their research paper is to reduce the  

 
patient's precluding exertion, to carry out 
the transformation process with the utmost 
safety, and to save money, use a gear 
mechanism instead of hydraulics [4]. the 
team researched of [4], they have 
mentioned the provision of advanced 
language development equipment to 
students who are unable to attend school, 
university, or any other educational 
institution. This smart wheel chair makes 
use of sonar, infrared, and bump sensors. 
Pneumatics, or electronics [5]. In this paper, 
an omnidirectional vehicle with six wheels 
and a new mechanism for repositioning the 
patient with a flexible sheet have been 
thoroughly discussed, analysed, and 
simulated. 

Portillo and team [6] discussed about the 
need for a wheelchair beds system in 
today's world, as well as the various 
mechanisms that can be implemented, 
were discussed in this article. According to 
the [7], they got an idea about material 
selection, with a focus on material 
properties, and we also got an idea about 
human body weight distribution and load 
calculation. It takes into account caster 
wheel calculation, back rest calculation, and 
leg rest calculation. This project's limitations 
include increasing the weight of the chair 
and increasing the cost of the chair. the 
paper [8] focuses on hydraulic systems and 
hydraulic actuators. The main flaw in this 
project is the possibility of fluid leakage. In 
addition, we learned about Mechanical 
Linkages, Lifting Mechanisms, and 
Wheelchair Stretcher. As mentioned in the 
paper [9], they studied about the following 
components: Chassis, Rear Wheel, Casters, 
Bolt and Nut, Main Base Structure, Bearing 
and Rack, and Pinion Gear, as well as some 
calculation parts that we needed. 

The proposed system [10] includes an 
infrared sensor and a photo diode, and it 
analyses various heart rate data. The project 
[11] focuses on a wireless heart rate and  
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body temperature monitoring system that 
can monitor a patient's heart rate and body 
temperature at any time. The system 
calculates the pulse rate, beats per minute, 
and body temperature and allows to access 
the data at any time. Similar type of a 
solution can develop to assist the disabled 
patient. And it can use to measure and alert 
others in an emergency. 

4. Methodology 

When take care of a disabled person, the 
caretaker should always need to lift and 
change the person to wheel chair and bed, 
when it need to change the patents 
positions. Plan view of the bed design 
shown in Figure 1. In this design it will 
convert half of the bed as a wheel chair. Half 
of the mattress is designed as fixed and the 
other half will be folded and the patient 
himself can simply change the half as a chair 
simply by pressing a button. Design of 
Movable wheel chair part and fixed bed part 
is shown in Figure 2.  

 

Figure 1 : Plan view of bed design 

So, the patient can change his position 
without the help of another person and by 
developing the model it can support to 
move to another location. It has used 
electric powered motors which will 
powered by rechargeable 12V battery to 
move.  

The moving direction changing has done 
with changing the speeds of the motors.it 
will use two switches to operate forward 
and reverse. Also another two switches to 
turn right and turn left. The fixed part should 
supply the power and there it includes a 
battery charging arrangement to charge the  

 
12V battery when the movable part 
connected to the fixed part. It has used 
AC/DC converter to get the DC power 
needed to charge the battery. completed 
smart disable person caring bed is shown in 
Figure 3.  

 

 

Figure 2 : Movable wheel chair part and fixed bed 
part 

 

 

Figure 3 : Completed smart disable person 
caring bed 

 There it has included a preprogramed 
medicine pills dispense unit in Figure 4 
which will alarm the patient to remind 
about medicine at right time. The guardians 
can fill the pills according to the prescription 
to the container and also according to the 
prescription whether it is taken before 
meals or after the meals. So there it will 
indicate by a LED whether the medicine 
taking time. 
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The patient can call for help and notify 
others about an emergency by sounding a 
buzzer. And also, it has a pre designed 
program to send a SMS to desired number 
to inform a person which away from patient 

 

Figure 4 : Pills loading compartment 

by just pressing a button in an emergency. 
The SMS can include the requirement or call 
for help. It can use this function to inform 
neighbours about the emergency as well. 
The programming part will be done with the 
ESP8266 microcontroller and SIM-900 GSM 
module shown in Figure 5. 

 

 

Figure  5 : ESP8266 microcontroller and SIM-900 
GSM module 

It includes Human Body temperature and 
Heart beat monitoring sensors which can 
check the guardians remotely by using GSM 
module when there is any abnormalities 
with the patient while they are stay away 
from home. It uses temperature sensor and 
pulse sensor to measure the temperature 
and the pulse rate. The critical values were 
set as follows. 

¶ Temperature > 37 0C 

¶ Bpm    > 140 
 

 

 
This limitation is given the programmed to 
send the SMS automatically to guardians 
who are far away from home in a set value 
exceeding. Received high temperature SMS 
alert shown in Figure 6. 

 

Figure 6:  High temperature SMS alert 

It has assumed that breakfast will be taken 
at 7.30 am, lunch at 12.00 noon and dinner 
at 7.30 p.m. they can adjust at the 
programme, and the patient will be able to 
hear an alarm and dispense relevant 
medicine into the cup to make it easier to 
have them. 

Morning       - Before meal 07.00 a.m. 

     After meal 08.00 a.m. 

Noon             - Before meal 11.30 a.m. 

     After meal 12.30 p.m. 

Evening        - Before meal 07.00 p.m. 

     After meal 08.00 p.m. 

The medicine dispenser is designed to store 
medicine only for one day and the guardians 
of the disabled person, who working outside 
the home can store the medicine for the day 
in the relevant section of the container in 
every morning. The container is divided into 
eight segments as in Figure 7, one is left as 
initial compartment. 
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Figure 7 : Partitioned pills container 

The patient's body temperature and heart 
rate are measured, and the program is 
designed to receive the patient's 
information in the form of a text message 
when there is an abnormality. Fabricated 
patient monitoring and pills dispensing unit 
shown in Figure 8. 

 

Figure 8 : Fabricated patient monitoring and pills 
dispensing unit 

5. Calculations 

Loads on wheel chair as in Figure 9. 

Assumptions - human weight              75 kg 
                          Chair and accessories  20 kg 
                          Battery                            5kg 
 

 
 

Figure 9 :  Loads on wheelchair 

 

 
Theoretical Friction coefficients 
˃ ŦƻǊ ǘƛƭŜ ŦƭƻƻǊ                      =  0.42 
˃ ŦƻǊ ŎŜƳŜƴǘ ŦƭƻƻǊ             =  0.46 
˃ for sandy floor                =  0.50 
 
                   R total - W  =   0 
                   R total          =   1000N 
                   D                   =   0.18m 

 
Assumed average friction coefficient is 0.50 
 

C Ґ ˃ Ҏw 
                       F total = 500N 
 
There it used 2 motors therefore, 

1 motor --- 250N             
T   =   F×D 

    T   =   45Nm 
 
The wheel arrangement need to be changed 
otherwise it will not be possible to get a 
motor with less power therefore chain 
sprocket system used to increase the 
power. 

ω DŜŀǊ Ǌŀǘƛƻ    = d2/d1 
          = output torque/input torque 

ω ²мκ²н         = n1/n2=d2/d1=T2/T1 
 
ω DŜŀǊ Ǌŀǘƛƻ Ґ ²мκ²нҐ ƴмκƴн 
                      = I/p gear speed 
                         O/p gear speed 
 
Small wheel teeth = 12  
Large wheel teeth = 43 
 
n1/n2 = T2/T1 
 
T2        = 161.25 Nm 
 
Loads on lower half shown in Figure 10. 
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Figure 10 : Loads on lower half 

 
 
 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Loads on upper half shown in Figure 11. 
 

 
 
Figure 11 :   Loads on upper half 

 

 

 

 
 
 
 
 

 
6. Results 

The bed design was successfully completed 
with achieving the objectives of the project 
and it contains two parts. One part of the 
bed is fixed to the floor and the other part 
of the bed which uses as the wheel chair is 
movable. The emergency alerting system 
was functioned well and program send the 
pre-defined SMS to his guardians when 
there is an emergency.  

The programme which developed to 
dispense the prescribed medicine at the 
right time to the patient was worked 
correctly. Also the temperature and the 
pulse rate measurements with sensors are 
almost actual and it will send SMS alert 
when the measured values are above or 
below the desired levels. 

Due to the usage of mild steel for the 
fabrication, the final product was heavier 
than expected.  It made an extra power 
usage and also reduced the operation time. 
The 12 V rechargeable battery was 
discharged in a lesser time than indicated 
theoretical time. Both the motors were not 
synchronized with each other. Therefore 
when it goes straight with a constant speed 
an unexpected turning occurred. The 
selected motors had a lower efficiency value 
than indicated in the name plate data. 
Therefore some practical values was slightly 
different with the theoretical values. 
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7. Discussion 

The temperature and blood pressure sensor 
it has installed in a fabric layer to improve 
the comfortability of the patient. It can read 
the blood pressure and temperature 
indicate on LCD panel. It can send SMS alert 
when the temperature exceeded 37 Celsius 
and blood pressure 140 mmHg. But the 
problem is that when a patient uses a 
wheelchair, he/she disconnects from the 
guardian. Therefore, it should introduced a 
system to send a SMS alert for this case. 

Implemented system can be improved for 
traveling on low and high friction surfaces. 
The braking system can be improved to 
travel on different angles and slopes as well 
as developing the system to maintain more 
stability. 

It has used two 12v motors in each rear 
wheel separately to allow for easier turning. 
If one motor stops and the other rotates, 
the wheel chair will charge its directions. 
Therefore it has added a 12-volt DC 
rechargeable battery to the moving part to 
provide power while moving and to assist 
the patient in returning to its original 
position. So, it has assumed movable area is 
less than 15m.  Therefore it needs to be 
upgraded to travel longer distance. As the 
battery is connected to the wheelchair, the 
total weight is around 100 kg. This requires 
a large amount of electrical energy, but it is 
not possible to increase the capacity of the 
battery because of the increase in the total 
weight of the system. 
 
8. Conclusion 

The implemented smart bed was tested so 
that sitting position of the wheel chair can 
be changed to the bed position successfully. 
The pre-defined SMS also delivered to the 
guardians when the emergency button 
pressed. The system has an emergency call 
button to call the residents by activating a 
buzzer and indicator light which notifies in  

 
an emergency when the guardians at home. 
It was much helpful to the patient when 
calling for assistance. Developed program 
dispensed the prescribed medicine at the 
right time to the patient. 

The temperature and blood pressure sensor 
read the blood pressure and temperature 
correctly and indicated on LCD panel. But 
the problem is that when a patient uses a 
wheelchair, it disconnects from the 
monitoring unit. So it should further 
improved to work with wheel chair battery. 

/ǳǊǊŜƴǘƭȅ ƛǘ Ƙŀǎ ƭƛƳƛǘŀǘƛƻƴ ŦƻǊ ŀ ǇŀǘƛŜƴǘΩǎ 
maximum weight but it can be improved to 
handle heavier loads. This should further 
Improved for traveling on different surfaces. 
The braking system need to improve to 
travel on different angles and slopes as well 
as to be more stable. It needs to be 
upgraded to travel longer distances. 
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Abstract 

The coconut industry was the targeted industry for the crown maintenance and harvesting 
device. In the coconut sector, there are two different categories of growers: full-time growers 
and part-time growers. Finding coconut climbers and getting access to alternative methods 
for coconut harvesting and crown maintenance are big challenges that growers must 
overcome. Active monitoring system of the present technology gives better controllability of 
pests and diseases by early detection and the ability to control them in a targeted manner. 
hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ǘƘƛǎ ƛƴǾŜƴǘƛƻƴ ƛǎ ǘƘŀǘ ƛǘ ǘǊŀƴǎŦƻǊƳǎ ŎƻŎƻƴǳǘ ǇƭǳŎƪŜǊΩǎ ƘŀǊŘ ƭƛŦŜ-
threatening job into a professional white-collar job. Further, it gives priority to other manual 
activities like pollination, cleaning of debris etc. However, present patented technology 
(Patent no- 21853) aims to perform, but not limited to, six main activities such as remote 
inspection of tree crown for health, harvesting by cutting the mature coconut bunches using 
five degrees of freedom robotic arm, treating for pests, treating for diseases, artificial 
pollination, cleaning the tree crown of dead branches and other debris using an attachment. 
 
Keywords: Coconut, Plucker, Harvesting, Pollination, Disease, Spray 

1.  Introduction 

The Arecaceae family member [1], the 
coconut palm (Cocos nucifera) in wet 
tropics.[2], is widely farmed for its fruits, 
which are primarily used to produce 
coconut milk and oil. The coconut palm is a 
unique plant with a tall stem, spirally 
arranged leaves, and unusual fruit shape 
that displays strong productivity all year 
long. Since practically every part of the 
coconut tree is used to create something 
useful for the community, it is known as the 
"tree of life" and is essential to the 
operation of local communities in all 
producing nations [2].  

The two primary techniques for harvesting 
coconuts are the pole method, which 
involves using a long bamboo pole to cut 
coconut bunches so they can be dropped, 
and the climbing method, in which 

harvesters climb the tree and harvest 
coconuts [3]. 

In order to properly harvest and preserve 
coconut crowns, the coconut sector must 
overcome several obstacles, the main 
among them being a lack of experienced 
workers because of high risk, high costs, and 
outdated technology [4]. Given these facts, 
are crucial to make technological 
improvements in this industry. 

Remotely operated robotic arm that is 
specifically made for harvesting ripe 
coconut bunches, our patented tree crown 
maintenance and harvesting device 
primarily aims to revolutionize the coconut 
industry. It can successfully reduce the 
inherent risks involved in climbing tall 
coconut trees by doing away with the 
requirement for physical climbing. 
Additionally, our technology allows for  
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remote monitoring of coconut crowns, 
which makes it easier to find out pest and 
disease infestations early. These problems 
can be swiftly resolved with targeted 
accuracy using techniques like targeted 
spraying or other suitable methods. 
Additionally, with the aid of a specialized 
pollination attachment, the device can do 
artificial pollination if necessary. 

2. Methods 

The crown management unit is equipped 
with a lifting unit, trailer, and robotic arm; 
the trailer is equipped with two wheels and 
can be transported in the field with the 
support of a tractor. In the coconut field, 
this device travels a straight path between 
tree lines and covers a 180-degree angle for 
each tree, enabling efficient and timely 
harvesting. 

The lifting unit plays a crucial role in 
reaching various heights of the tree and 
ensuring swift operations. And that lifting 
method should be capable of easy control in 
the field and take less time to operate. 
Several methods were compared for lifting 
operations and the comprised method of 
lifting unite is indicates in Table 1. 

Table 1- Comprised methods for lifting unit 

 

Note: All the parameters that are included in this 
table are averages of actual values. 

The telescopic mast in Figure 1 was chosen 
as lifting method due to its advantages. 
Pneumatic systems utilize pressurized air to 
move cylinders and other mechanical parts. 

 

 

Figure 1: Design of telescopic mast 

Their benefits include simplicity in 
construction, ease of handling, control over 
pressure and force, low maintenance 
requirements, and waterproof properties. 

The pneumatic mast offers an extended 
height of 25 meters and a collapsed height 
of 3.8 meters. That included 11 sections and 
a working pressure of 0.2 MPa. 

The robotic arm was attached to the top of 
the telescopic mast, and after reaching up 
tree height, the arm was able to proceed 
with the operation. 

2.1 Robotic Arm 

The robot arm was designed to meet the 
requirements for crown maintenance, 
specifically harvesting, spraying, and 
pollinating. The robotic arm was designed to 
navigate around obstacles and accurately 
cut the bunch. To ensure versatility, the arm 
was designed with multiple dimensional 
access. The arm has a 3-degree-of-freedom 
(3DOF) shoulder rotation, shoulder bend 
and elbow bend in Figure 2. A gripper at the 
end of the arm is used for hold attachments. 

Before fabrication, the arm undergone a 
design and simulation process using 
software tools. The mechanical structure 
was designed using CAD software to analyze 
weight limits and other parameters that 
could impact the overall system.  

 

Method Working 
Principal 

Lifti
ng 
load 
(KG) 

Maximu
m 
Height 
(M) 

Liftin
g 
Time 
(S) 

Hydraulic 
Crane 

Hydrauli
c 

400
0  

25  300 

Telescopic 
Mast 

Pneuma
tic 

50 25 48 

Liftin 
Towers 

Manual  380 10 600 
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Fundamental methods such as forward 
kinematics, inverse kinematics, path 
planning, and control were employed. The 
arm consists of three links, each of which 
are equipped with powerful motors to 
handle the load and momentum forces. 
Additionally, an arm-mounted camera is 
used to identify the cutting area, allowing 
the operator to remotely control the robotic 
arm using the display.  

 

Figure 2 :  3DOF robotic arm 

2.2 Spraying Attachment 

The crown maintenance also involves 
controlling pests that can impact the 
harvest, such as whiteflies that often reside 
under the tree leaves. The robotic arm, 
equipped with a spray attachment shown in 
Figure 3, can easily reach and cover the 
entire tree, effectively targeting and 
spraying whiteflies. The spray arm allows for 
the flow of high-pressure fertilizer liquid, 
which is directed to the underside of the 
leaves. The nozzle can be adjusted to modify 
the shape of the water flow for optimized 
spraying. The Field trials of spraying 
attachment is shown in Figure 4. 

 

Figure 3 :  Design of spraying arm and attachment. 

 

 

 

Figure 4 -  Field trials of spraying attachment. 

2.3 Harvesting Attachment 

Harvesting coconuts using a robotic arm 
faces numerous challenges, particularly in 
navigating obstacles and ensuring accurate 
operations. To address these challenges and 
to enable the identification and harvesting 
of mature coconuts, robot arm is equipped 
with specialized tools and cameras. These 
arms replicate the speed and precision of 
human hands while ensuring the safety of 
both the trees and the coconuts. Various 
methods were tested to achieve efficient 
cutting, including linear motion cutters and 
reciprocating hacksaw blades. However, 
due to the presence of natural fibers in 
coconut bunches it has provided the 
difficulty of cutting the bunches through 
with blades, but a chainsaw could be used of 
time to overcome this challenge successfully 
within a short period. 

A 3DOF robotic arm and a pneumatic lifting 
system combination offer quick and 
effective coconut pollination, spraying, and 
harvesting capabilities. The robotic arm is 
made for getting around obstacles and 
precisely cut coconut bunches, while the 
pneumatic mast is portable in the field and  
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covers a large angle for each tree. The arm's 
spray attachment also provides efficient 
pest management by focusing on pests like 
whiteflies. This methodology offers a useful 
and effective strategy for maintaining 
coconut crowns with the use of innovative 
technologies and careful design 
considerations. 

3. Results 

The 3 DOF robotic arm and pneumatic lifting 
unit combination offers a complete 
maintenance solution for coconut crowns. 
The labor-intensive problem of coconut 
harvesting, and maintenance was reduced 
by the integrated system's efficient and 
quick operations. Cutting coconut bunches 
precisely was made possible by robotic arms 
with successful replication of the speed and 
accuracy of human arms. Pests were 
successfully managed by the spray 
attachment, which led to healthier coconut 
plants and higher yields. 

Before the development of the motorized 
arm, a prototype utilizing a pneumatic linear 
actuator was designed and tested. 
However, this initial design had several 
limitations, most notably its inability to 
cover every part of the coconut tree. To 
address this limitation, a new arm was 
formed, incorporating powerful motors for 
enhanced functionality and coverage.  

Several motors were evaluated throughout 
the experimental phase to power the 
robotic arm, with the main goals being to 
meet the torque and speed requirements. 
Another important factor was to identify the 
operational effectiveness of the motors. 
Stepper, DC viper, and DC high torque 
brushless motors were among the 
evaluated motors. These motors showed 
various performance levels, depending on 
the prevailing circumstances. It is shown in 
Table 2. 

 

 
Table 2: Test Result of Different Motors 

 
The DC brushless motor was chosen to be 
the best option for powering the robotic 
arm after analyzing performance. Its 
performance demonstrated smooth 
operation and consistently met the needed 
torque and speed criteria. As a result, the DC 
brushless motor had been selected as the 
best option to supply reliable and efficient 
prime mover to the robotic arm.  

The robotic arm showed an excellent level 
of control and precision during the 
harvesting and spraying activities, limiting 
harm to the trees and coconuts. The cutting 
action of the chainsaw attachment was 
precisely set to prevent unnecessary tree 
damage, keeping the coconut palms' long-
term growth and profitability. The robotic 
arm's use also reduced the dangers involved 
with manual climbing and harvesting, 
improving worker safety.  

3.1  Harvesting  

 During the trial phase, the robotic arm with 
the chainsaw attachment demonstrated 
impressive harvesting efficiency. The 
spinning disk, hacksaw blade, and jigsaw 
ways of cutting were all tested before 
choosing the chainsaw attachment. Test 
result of cutting methods shown in Table 3.  

Some of these solutions, however, were 
discovered to be impracticable due to the 
arm's length and practical factors. The 
selecting method also heavily considered 
other elements including vibration and 
mass. To achieve optimum performance, 
the end effector weight was also limited. 

Motor Type Speed 

(RPM) 

Torque 

(Nm) 

Efficiency 

NEMA 23 
Stepper 

1500     3 Medium 

Viper Motor 55     8 Medium 

GIM8108-36 
Brushless 

100   36 High 
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Table 3 - Test Result of Cutting Method 

 
After thorough investigation, it was decided 
that the chainsaw attachment was the most 
practical method to pluck coconuts. The 
chainsaw proved better efficiency and 
precision as it dealt with the difficulties of 
cutting through coconut bunches. As a 
result, the robotic arm's chainsaw 
attachment proved to be the best cutting 
technique, resulting in successful and 
efficient harvesting operations. Design of 
the robotic are shown in the Figure 4. 

Figure 4 : Design of the robotic arm. 

4.    Discussion 

The integration of a three DOF robotic arm 
and pneumatic lifting unit has 
revolutionized coconut crown maintenance, 
providing a comprehensive solution to the 
labor-intensive challenges associated with 
coconut harvesting and upkeep. By 
introducing the novel system's efficient and 
quick operations, the demanding task of 
maintaining coconut trees has been 
significantly reduced. The robotic arm's  

 
remarkable ability to replicate the speed 
and accuracy of human hands has enabled 
the precise cutting of coconut bunches, 
ensuring optimal harvesting practices. 
Additionally, the spray attachment has 
effectively managed pests, leading to 
healthier coconut plants and ultimately 
higher yields. This integrated solution not 
only streamlines maintenance processes 
but also contributes to the overall 
improvement and sustainability of coconut 
farming. 

In the preliminary stages of development, a 
prototype utilizing a pneumatic linear 
actuator was designed and tested as an 
initial solution. However, this early design 
encountered certain limitations, with one 
prominent drawback being its inability to 
effectively cover all parts of the coconut 
tree. Recognizing the need for 
improvement, a new motorized arm was 
subsequently developed to address this 
limitation comprehensively. By 
incorporating powerful motors, the 
enhanced arm design offered superior 
functionality and expanded coverage, 
ensuring that every aspect of the coconut 
tree could be effectively assessed and 
maintained. This iterative approach 
highlights the importance of refining and 
advancing initial prototypes to achieve 
optimal performance and overcome 
inherent limitations. 

The performance of the robotic arm in the 
context of harvesting and spraying activities 
demonstrated a remarkable level of control 
and precision, effectively minimizing 
potential harm to both the coconut trees 
and the coconuts themselves. The 
integration of a chainsaw attachment, 
carefully calibrated for cutting action, 
played a vital role in preventing unnecessary 
damage to the trees, thereby safeguarding 
their long-term growth and profitability. 
Moreover, by replacing manual climbing  
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and harvesting methods, the utilization of 
the robotic arm significantly reduced the 
associated risks, enhancing worker safety 
and well-being. The successful 
implementation of the robotic arm not only 
ensures efficient operations but also 
promotes sustainable practices and a safer 
working environment for the labor force. 

5. Conclusions 

The development of a comprehensive tree 
crown maintenance and harvesting device 
has revolutionized the coconut industry by 
addressing challenges, such as labor scarcity 
and outdated technology. The device, with 
its robotic arm and spray attachment, offers 
efficient and precise operations, 
streamlines maintenance processes, and 
improves coconut farming sustainability. It 
enhances worker safety, reduces labor-
intensive tasks, and increases productivity 
and yields. Continued research and 
development can further improve the 
device's capabilities and revolutionize the 
coconut industry. 
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Abstract  

Managing the sludge produced in the water treatment process is one of the major challenges 
faced by water treatment plants (WTPs). Most often, the sludge is discharged into waterways 
as it creates upstream water pollution. Therefore, this study was conducted to analyse the 
quality of the sludge and to find a feasible way to utilize it. A questionnaire survey was 
conducted at 40 selected WTPs across Sri Lanka. According to the survey, the majority of 
WTPs used either Alum (40%) or PACL (42%) as the coagulant. Regarding sludge 
management, 27% of WTPs discharged sludge into waterways without any treatment, while 
another 8% released untreated sludge but not into waterways. Out of remaining WTPs, 58% 
of WTPs directly landfilled the sludge after removing water through sun drying or using belt-
press machines. Sludge samples were collected from three WTPs and analysed for nutrient 
content. The results indicated that none of the samples contained sufficient nutrients to be 
used for fertilization. Subsequently, alum recovery was considered using sulfuric acid. The 
amount of alum in the raw sludge sample and the alum recovered using sulfuric acid were 
measured using Atomic Absorption Spectrometry. The results showed an 82.7% alum 
recovery rate. However, cost analysis revealed that alum recovery using sulfuric acid did not 
result in significant cost savings. This study concluded that sludge management in WTPs is 
still not appropriate and that it is not feasible to utilize it as a fertilizer according to its nutrient 
contents. Additionally, while a significant amount of alum can be recovered using sulfuric 
acid, it is not economically soundΦ  
 
Keywords:  Water pollution, Sludge, Questionnaire survey, Fertilizer, Alum recovery 

1. Introduction 

The Water treatment is an important 
process in providing safe drinking water for 
the people. However, the water treatment 
processes generate a substantial amount of 
sludge, which consists of the solid residues, 
particulate matter, and microorganisms 
removed during the treatment of raw 
water. Managing this sludge is a critical 
aspect of the overall water treatment 
process, driven by both environmental and 
resource-related considerations. 

The sludge produced by water treatment 
plants (WTPs) creates lot of environmental 
ƛǎǎǳŜǎ ƛŦ ƛǘΩǎ ŘƛǎŎƘŀǊƎŜŘ ƛƴ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ƛƴǘƻ 
the environment. The coagulation, 
sedimentation and the filtering steps in 

water treatment process contribute in 
producing sludge in large amounts [1]. The 
characteristics of the sludge depend on 
both the quality of the raw water and the 
types of unit process adopted in respective 
water treatment process [2]. During the 
coagulation step, to promote the 
coagulation mostly alum salts are added 
which causes presence of alum salts in final 
sludge comes out from the water treatment 
processes [3]. Presence of alum salts in 
sludge makes the sludge toxic [4] and 
creates environmental impacts when it is 
released inappropriately. Hence Due to 
issues with land and the toxicity of such 
waste components, the disposal of sludge 
from WTPs has become a significant issue 
of global environmental concern [2].  
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Sri Lanka is one of the countries which faces 
the issue of environmental impacts of 
inappropriate disposal of sludge [5].  

Therefore, this study was carried out to 
overview the existing situation of sludge 
management in Sri Lanka and investigate a 
potential method to utilize it effectively.  

2.  Methodology 

2.1 Questionnaire Survey 

The current situation of the sludge in the 
existing WTPs in Sri Lanka was studied 
through a questionnaire survey. For this 
questionnaire survey, 40 WTPs in Sri Lanka 
were selected. The selection of the WTPs 
was based on its location as it covers all the 
country. The questionnaire survey was 
mainly conducted via telephone. The 
source, size of the treatment, steps in 
treatment, type of coagulant, way of sludge 
handling were the main parts included in 
questionnaire survey.  

2.2 Investigate the fertilizer potential of 
sludge 

Sludge samples from three WTPs were 
collected and tested. The selection of WTPs 
was based on their processes, the type of 
coagulant used, and the distance to the 
WTPs in order to reduce transportation 
costs. Ambathale WTP, Biyagama WTP, and 
the Kethhena WTP were the WTPs from 
which samples were collected. The latter 
one used Poly aluminium chloride (PAC) as 
the coagulant, while the other two used 
alum.   

The nutrient content of the sludge samples 
collected from the above three WTPs was 
measured. Potassium (K), Nitrate (NO3-), 
Nitrite (NO2

-), and Phosphorus (P) were the 
measured chemical parameters, and the 
methods used for each parameter are 
shown in Table 1. 

 

 
Table 1 ς Methods used for testing nutrients 

Parameter Testing method 

P Inductively coupled plasma-

optical emission spectroscopy 

(ICP-OES) 

NO3
- Cadmium reduction method 

NO2
- Diazotization method 

K Atomic Absorption Spectrometer 

(AAS) method 

 
2.3 Method of Alum Recovery 

According to the questionnaire survey, 
alum was predominant coagulant type. 
Therefore, the method of alum recovery 
was tested as described below, based on 
Equation 1 and using sulfuric acid.   

ς!Ì/( .3(O+3(3/Ҧ!Ì3/ .14(O            (1)                 

The testing procedure was as follows: First, 
a collected sludge sample was dried at 
млрϲC for нп hours. Then, олл mg of the 
dried sludge was mixed with млл ml of pure 
water using a jar test apparatus. Afterward, 
the prepared sample was mixed with мΦор 
M HнSO4 using a magnetic stirrer at ол rpm 
for о minutes at a temperature of млϲC. 
Next, the sample was extracted, and the 
supernatant layer was filtrated using a 
suction pump. 

The amount of recovered alum (Y) and the 
alum in the raw sludge sample (X) were 
measured using the AAS method, and the 
recovery of alum was calculated as a 

percentage according to equation нΦ 

Recovered alum = (Y/X ) × 100 %                                 όнύ 

3. Results and Discussion  

1.1 Existing use of Coagulant Used & Way 
of Sludge Handling 

According to the surveyed WTPs, either 
alum or PAC is used as the coagulant with  
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slight differences in numbers. A total of 
12.5% of surveyed WTPs used both PAC as 
they received. Only one used none of the 
coagulants. The use of PAC may offer added 
benefits over the application of alum, such 
as requiring a lesser dosage and generating 
less sludge [6]. 

Inappropriate disposal of sludge into the 
downstream of the same raw water source 
has significantly reduced currently. Figure 1 
shows the variation in the type of coagulant 
used with the way of sludge handling. As it 
shows, only 3 WTPs did that. In contrast, 
previous research conducted in 2015 [5] 
revealed that 97% of surveyed WTPs 
engaged in such disposal. However, there 
was no utilization of sludge, as shown in 
Figure 1. 

 

Figure 15: Variation of type of coagulant used 
with the way of sludge handling 

Landfilling is mostly the endpoint for sludge 
after volume reduction using sludge drying 
beds, belt press machines, or specific 
sludge treatment processes. Among these 
methods, the application of sludge drying 
bed is the most widely used mechanism, as 
55% of WTPs adopting it. The use of PAC 
may reduce potential environmental  

 
impacts even after landfilling, compared to 
alum.  

1.2 Application of Sludge as a Fertilizer 

The results of the nutrient tests on sludge 
from three WTPs are shown in Table 2. As 
Table 2 indicates, there is no value in using 
sludge as fertilizer due to significantly lower 
levels of tested nutrients compared to the 
standard values.  

Table 2 ς Nutrient contents in tested sludge 
samples 

Parameter WTP 
1 

WTP 
2 

WTP 
3 

Standard 
value 

P (mg/L) 0.2-
2.5 

0.1-
2.7 

0.2-
2.6 

47 

NO3
-

(mg/L) 
0.3-
3.0 

0.5-
2.5 

0.4-
2.5 

90 

NO2
- 

(mg/L) 

K (mg/L) 

0.02-
0.3 

0.5 -
2.0 

0.03-
0.2 

0.5 -
2.5 

0.02-
0.35 

0.6 -
2.8 

67 

 

144 

 

WTP1- Ambathale WTP, WTP 2- Biyagama WTP, 
WTP3-  Kethhena WTP 

 
1.3 Alum Recovery 

A considerable amount of alum was 
recovered using sulfuric acid. According to 
the test, the alum content in the raw 
sample and after adding sulfuric acid was 
300 mg/L and 248.1 mg/L, respectively. This 
resulted in a recovery rate of 82.7%. This 
outcome suggests that potential 
environmental pollution, caused by the 
introduction of aluminum ions into water 
sources, could be significantly reduced as a 
substantial amount of alum can be 
removed from the sludge. 

However, the cost savings were not 
significant. According to market prices, 
using 500 ml of sulfuric acid, which costs 
1800 LKR, allows the recovery of 133.65g of  
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alum, equivalent to a value of 1920 LKR. 
Nonetheless, as both alum and sulfuric acid 
have to be imported in large quantities, the 
cost savings could provide relief for the Sri 
Lankan economy."  

4.  Conclusions 

This research reveals that the current 
pollution of water sources through sludge 
release has decreased. There is currently a 
trend of using PAC instead of alum. 
However, there is no utilization of sludge 
other than landfilling after its volume is 
reduced. 

The nutrient composition of the sludge 
does not support its application as a 
fertilizer. Using sulfuric acid, a significant 
amount of alum can be recovered, reducing 
the potential environmental impact of 
mixing alum with water bodies. However, 
cost-wise, it does not offer any significant 
advantages.  
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Abstract  

Over the past few years, there has been a notable surge in the development of 
condominiums in Sri Lanka. This growth can be attributed to several factors, including rapid 
urbanization, limited land resources, population expansion, heightened demand for 
affordable housing, and the perceived advantages of condominium living. Within the context 
of these condominium structures, residents have encountered challenges related to building 
defects and their subsequent impact on maintenance. This research study was conducted 
within the Colombo metropolitan area, with the primary objective of identifying building 
defects in Sri Lankan condominium structures. The research focused on categorizing these 
defects, exploring their root causes, assessing their impact on occupants, and determining 
severity with respect to various building elements. The study encompassed an examination 
of three randomly selected condominium structures, and data was gathered through 
interviews with fifty occupants. The research findings have revealed approximately 20 
distinct types of building defects, with one root cause emerging as particularly significant. 
Furthermore, the study has shed light on the varying impacts and severity levels of these 
defects across different building elements within contemporary condominium structures in 
Sri Lanka. 
 
KeywordsΥ  Condominium, Current state, Building defects, Structures, Severity, Impact 

1. Introduction 

 In Sri Lanka, due to a scarcity of land 
resources, increasing population growth, 
and the result of the advancement of 
construction technology, Multi-story 
structures were created in commercial 
areas of Sri Lanka [1]. The condominium 
structure is a building or structure with two 
or more floors made up of packages owned 
independently by different people, with the 
opportunity to utilize common areas [2]. 

 The motivation factors for living in the 
condominium structures are the idea of 
owning a house at an inexpensive price, a 
secure and simple lifestyle, more facilities 
for the low cost, and the cleaning, 
maintaining, and repairing are managed by 
the condominium management. People 
who live in condominiums face issues with 
poor qualities such as building defects and 

failure, a lack of facilities, a lack of gas and 
light, difficulty living in small areas, bad 
construction, collapsing, and water 
absorption. Building defects and failure can 
be identified as critical issues because 
defects affect directly the occupants [3]. 
The identification of building defects in 
condominium structures was the most 
considerable problem when assessing the 
current state. Previous research studies 
have been conducted within Sri Lanka and 
other countries about defects and root 
causes of condominium structures and 
those provide better knowledge about the 
research area. This research study will 
assess the current state through defect 
identification in current condominium 
structures in Sri Lanka.  

 

 

mailto:*chanuri.k@sliit.lk


Proceedings of the International Engineering Research Symposium (IERS 2023), pp [141-150]                       
©National Engineering Research and Development Centre of Sri Lanka. 
 

142 | P a g e 

 

 

 
2. Literature Review 

A condominium plan can be identified as a 
property division method where a person 
has one unit in the building and individual 
unit owners (Condominium Management, 
2022) use the rest of the areas as common 
areas. Similar to other developing nations, 
Sri Lanka is experiencing a critical housing 
shortage for low-income families due to the 
country's growing population and increased 
slums [4]. In recent years, condominium 
building in Sri Lanka has gained drive, 
especially in metropolitan areas such as 
Colombo and its nearby districts [5]. Many 
high-rise residential condominium buildings 
with modern amenities and services have 
been built in major cities [2]. 

CMA data shows that there is a high trend 
in condominium housing units in Colombo 
city and the total number of condominiums 
built during the past decade is about 727, 
which constitutes 12,643 parcels. The 
amenities include swimming pools, gyms, 
leisure spaces, clubhouses, and parking 
facilities. A management organization or 
homeowner's association is in charge of 
upkeep and security.  

2.1 Current Problems Regarding 
Condominium Structures in Sri Lanka 

The most relevant aspects can be identified 
with Sri Lankan condominium buildings like 
lack of competent regulation and 
enforcement, poor construction quality, 
and insufficient maintenance and 
management by owners, developers, and 
management organizations [4]. Generally 
speaking, a problematic or damaged 
structure is not one that does not meet the 
basic needs of the people residing in places 
like low quality, a lack of amenities, 
mistakes during construction, a lack of gas 
and light, a small space, water absorption, 
and subsidence [6]. According to the Central 
Bank of Sri Lanka's Annual Report (2007), 
inadequate maintenance of urban housing  

 
schemes has become a burden to the 
government in maintaining them. Many 
structures are suffering from a high number 
of defects and increasing maintainability 
issues [4].  

2.2 Defects  

When considering the condition of 
condominium structures, it was reported 
that many countries are facing a problem 
with the maintenance of condominium 
structures in post construction stage due to 
defects in buildings [7]. Adding to the above 
Sri Lanka also facing a struggle with 
maintaining and managing the 
condominium structures due to building 
defects [4]. So, it is most important to 
identify the building defects in 
condominium structures. Many physical 
defects such as cracking, spalling, corrosion, 
and water seepage, were observed on the 
external side of all these buildings [4]. 
Defects in buildings are defined as cracks, 
collapses, loos tiling problems on the floor, 
problems in electrical wiring or lighting, and 
problems in a piping system according to 
the California Civil Code 896. Plaster defects 
can be identified as common defects in 
buildings and the common plaster defects 
are cracking, crazing, efflorescence, peeling, 
dampness, and rust staining [4]. Types of 
defects were identified as aesthetical 
defects such as colour change, staining, 
adhesion loss such as cracking 
detachments, erosion blistering, and 
fastening defects such as joint degradation, 
fasteners degradation, and fasteners 
corrosion[8]. 

2.3 Causes of Defects 

The causes of structural defects range from 
poor design and planning in the pre-
construction stage, use of poor quality 
materials and techniques in the 
construction stage, and poor maintenance 
in post construction stage [4]. Adding to the 
above majority of peeling paints have  
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caused problems with the surface being 
exposed to temperature changes such as 
rain, and sun as a result of poor surface 
preparation [6]. Steel corrosion situations 
can be identified in condominium structures 
and adverse climates due to high humidity, 
poor quality of reinforcement and steel 
bars, and insufficient thickness of concrete 
covers can be defined through previous 
studies. Root causes of building cracks, 
spalling of concrete, and waterproofing 
defects most frequently arise with the 
cause of construction problems.  

2.4  Severity and the Impact of the Building 
Defects  

The severity of the defect is the most 
important to identify and it provides 
information on the number of identified 
defects that have occurred on 
condominium structures [1]. According to 
the above research studies, the research 
study severity of identified defects can be 
measured by using visual observation 
details. Building defect severity is often 
determined by examining the degree and 
impact of the problem on the structural 
integrity, functioning, and safety of the 
structure [9]. The severity of building 
defects can be recognized based on building 
elements and it also impacts the occupants 
[10]. 

3. Methodology 

The research adopts a qualitative research 
approach, aligning with the nature and 
objectives of the study. Qualitative data is 
gathered primarily through case studies and 
interviews, with a focus on building defects 
and their root causes within condominium 
structures. During the literature review 
phase, a comprehensive understanding of 
these defects was developed, and a 
questionnaire was designed to facilitate 
interviews. 

 

 
The research design involves a meticulous 
visual inspection of various condominium 
structures in the Colombo metropolitan 
area, encompassing a diverse range of 
buildings, including low-income and middle-
income structures. These structures were 
selected strategically to enable meaningful 
comparisons and capture a holistic 
perspective on the identified defects. 50 
interviews were conducted among 
occupants of these selected structures, 
allowing for a comprehensive exploration of 
their experiences. 

Data collected through case study 
observation and interviews were subjected 
to thematic analysis, which facilitated the 
identification and detailed review of key 
themes emerging from the data. 
Additionally, percentages were employed 
where necessary to enhance the 
presentation of collected data. 

Nevertheless; the research acknowledges 
limitations that warrant consideration. 
Generalizability of findings beyond the 
selected structures in the Colombo 
metropolitan area.  

4. Data Analysis and Discussion 

In this data collection process, building 
defects were identified through the three 
condominium structures as Case A, Case B, 
and Case C. These three condominiums are 
located in the Colombo metropolitan area 
as mentioned above with low and middle-
income families. 

4.1 Case A Condominium Structure 

As one of the low-income condominium 
structures, in the Colombo area. The age of 
case A is 52 years, and it has 54 individual 
units. The rented housing units and owned 
housing units are included in this case A. 

4.1.1 Facility Level of Case A  

The Case A structure has facilities such as 
parking facilities, pay areas, fire protection,  
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and private balcony areas. So, this 
condominium structure can be categorized 
as semi- semi-luxury condominium 
structure.  

4.1.2 Income Level of Case A 

Figure 1, presents the percentage of the 
income of each family who lives individual 
in   from case A. Out of those 17 families, the 
figure represents percentages for each 
income category. According to that 53% of 
families include above 50000 categories, 
29% of families include between the 25000-
50000 category and the rest of 18% include 
below 25000 categories.  

According to that data, the highest 
percentage of occupants are included for 
above 50000 and the majority of occupants 
have good income. The reason for that is 
they are semi-luxury condominium 
occupants, and they have to maintain their 
units on their own. 

 

Figure 1 : Percentage of the income level of 
families in case A 

4.1.3 Education level of case A 

Figure 2, presents the percentage of the 
education level of 17 interviewees who live 
in individual units of case A. In this case, the 
above sample was used as a convenient 
sample from case A. Out of those 17 
families, the figure represents percentages 
for each education level category. 
According to that 41% of families include 
above advanced level and below that. So it  

 
shows case A has the majority of non-
educated people. 35% of families have 
advanced level to undergraduate education 
level and the rest of 24% have education 
above undergraduate. 

 

Figure 2 : Percentage of the education level of 
occupants in case A 

4.1.4 Defects in Case A 

In case A, various building defects were 
observed in Table 1. Structural cracks were 
found in common areas like balcony walls, 
staircase columns, and slabs, primarily due 
to design oversights, construction issues, 
and temperature fluctuations, resulting in 
concrete wall deterioration. Damaged 
masonry walls were prevalent, particularly 
in balcony areas, attributed to poor 
maintenance and the use of inappropriate 
construction materials. Spalling of concrete 
was evident in balcony columns due to 
improper materials used during 
construction. Hairline cracks, mostly seen in 
external walls, resulted from temperature 
variations and construction problems. 
Dampness affected balcony walls, slabs, and 
columns, stemming from construction 
deficiencies, waterproofing failures, 
ventilation issues, water leakage, and 
plumbing problems, leading to mold growth 
and health concerns for residents. 
Waterproofing defects were substantial, 
especially in washroom areas, causing paint 
blistering and peeling due to waterproofing 
failures, poor maintenance, rain exposure,  
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and temperature fluctuations, impacting 
the building's appearance.  

Table 1: Defects in Case A 

No Defects 

1 Structural cracks 

2 Damaged Masonry walls 

3 Spalling of concrete 

4 Hairline cracks 

5 Blistering 

6 Peeling 

7 Discolouration 

8 Dampness 

9 Waterproofing Defects 

10 Warping of doors and windows 

11 Corrosion 

12 Water seepage 

13 Electrical wiring or lighting Problems 

14 Leaky pipes and faucets 

Warping of doors and windows was 
attributed to poor maintenance and human 
activities but had no direct impact on 
occupants. Corrosion was found in above-
ground pipes due to inadequate 
maintenance. Water seepage was a 
widespread issue in the structure, primarily 
in slabs, internal walls, and external walls, 
caused by roof leaks, plumbing issues, poor 
waterproofing, wall fractures, and 
groundwater seepage. It significantly 
affected residents' comfort, safety, and the 
building's structural integrity, impacting the 
appearance of their units according to 
occupant interviews. 

4.1.5 Defect Identification Based on 
Building Elements. 

Figure 3 presents the number of defects 
recognized from different components in 
the structure. 5 and the highest number of 
defects are presented in the balcony wall, 
internal wall, and external wall and slabs 
similarly. The number of defects iis4 in the 
column, 2 in beam and floor similarly, and 1 
in stairs and doors and windows.  However,  

 
according to the figure the roof has no 
defects in case A structure. 

 

Figure 3 : Number of defects in building components 
in case A 

4.2 Case B Condominium Structure 

As one of the low-income condominium 
structures, in the Colombo area. The age of 
case B is 58 years, and it has 54 individual 
units.  

4.2.1 Facility Level of Case B 

The Case B structure has facilities such as 
parking facilities, pay areas, fire protection, 
and private balcony areas. So, this 
condominium structure can be categorized 
as semi- semi-luxury condominium 
structure similar to case A. 

4.2.2 Income Level of Case B 

Figure 4 presents the percentage of the 
income of each family who lives in 
individual units. In this case, 18 families 
were used as a convenient sample from 
case B. Out of those 18 families, the figure 
represents percentages for each income 
category. According to that 45% of families 
include above 50000 categories, 33% of 
families include between the 25000-50000 
category and the rest of 22% include below 
25000 categories. 
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Figure 4 :  Percentage of the income level of 
families in case B 

4.2.3 Education Level of Case B 

Figure 5, presents the percentage of the 
education level of 18 interviewees who live 
in individual units of case B. In this case, the 
above sample was used as a convenient 
sample from case B. Out of those 18 
families, the figure represents percentages 
for each education level category. 
According to that 45% of families include 
above advanced level and below that. So it 
shows case A has the majority of non-
educated people. 33% of families have 
advanced level to undergraduate education 
level and the rest of 22% have education 
above undergraduate. Adding to the above, 
some families live in their rented housing 
units and some families live in their housing 
units. Out of 18 interviews, 7 occupants 
identified as living in their units as rent and 
11 occupants live in their units. 

 

Figure 5 :  Percentage of the education level of 
occupants in case B 

 

 
4.2.4 Defects in Case B 

When assessing the current state of 
condominium structures, it is essential to 
identify the building defects of the 
condominium structure. 

Table 2 presents the building defects 
identified in the case B structure. In Case A 
condominium structure, 13 defects were 
identified, with the literature review 
revealing corrosion and shower leaking as 
exceptions not recorded in Case B. 

Table 2 - Defects in case B 
No Defects 

1 Structural Cracks 

2 Damaged masonry walls 

3 Spalling of concrete 

4 Hairline cracks 

5 Blistering   

6 Peeling 

7 Discolouration 

8 Dampness 

9 Waterproofing Defects 

10 Water seepage 

11 Loos tile in the floor 

12 Problems in a piping system 

13 Roof sagging 

  

 
The first defect, structural cracks, were 
prevalent in common areas of Case B, 
posing a risk of structural instability due to 
poor design and construction issues. 
Damaged masonry walls were rare but 
found in balcony areas, attributed to 
inadequate maintenance and inappropriate 
construction materials. Spalling of concrete 
occurred in staircase columns, resulting 
from reinforcement corrosion, moisture, 
and construction problems. Hairline cracks 
affected various areas, primarily external 
walls, due to temperature changes and poor 
material quality. Peeling, blistering, and 
discoloration of paint were widespread, 
especially in slabs and walls, stemming from 
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waterproofing failures. Dampness plagued 
several components, including balcony 
walls and slabs, due to poor maintenance, 
ventilation, and plumbing issues. 
Waterproofing failures caused water leaks 
in washroom areas, impacting the 
appearance and structural integrity of Case 
B. Water seepage, predominantly in slabs 
and walls, resulted from various issues like 
roof leaks and external wall fractures, 
affecting comfort and safety. Loose floor 
tiles were found in some units, mainly due 
to construction problems, causing water 
leakage and appearance issues. Roof 
sagging in balcony areas was identified, but 
occupants reported no impact, attributing it 
to material strength issues. 

4.2.5 Defect Identification Based on Building 
Elements in Case B 

Figure 6 presents the number of defects 
recognized from different components in 
the structure. 5 and the highest number of 
defects are presented in slabs.  6 number of 
defect types were recognized from the 
balcony walls. The number of defects is 5 in 
external walls and internal walls, 4 in beam, 
2 in column and floor, and 1 defect 
identified in the roof. But according to the 
figure the doors and windows have no 
defects in case B structure. 

 

Figure 6 :  Number of defects in building 
components in case B 

 

 
4.3 Case C Condominium Structure  

Case C is one of the middle-income 
condominium structures, in the Colombo 
area. The age of case C is 5 years, and it has 
170 individual units. The rented housing 
units and owned housing units are included 
in this condominium structure. And also, 
included supermarkets, shops, and other 
facilities which want to conduct daily life.  

4.3.1 Facility Level of Case C  

The Case C structure has facilities such as 
parking facilities, play areas, fire protection, 
and private balcony areas, 24-hour security 
CCTV & intercom systems with fire 
protection and detection systems, garbage 
disposal systems, hot water, MATV 
connection, air-conditioned apartment 
blocks, lifts for passengers and gas 
separately. So, this condominium structure 
can be categorized as a luxury condominium 
structure. 

4.3.2 Income Level of Case C 

Figure 7 presents the percentage of the 
income of each family who lives in 
individual units. In this case, 15 families 
were used as a convenient sample from 
case A. Out of those 15 families, the Figure 
7 represents percentages for each income 
category.  

 

Figure 7 :  Percentage of the income level of families 
in case C 
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According to that 80% of families include 
the above 50000 categories, 20% of families 
include between the 25000-50000 
categories and there is no family included in 
the below 25000 categories. 

4.3.3 Education Level of Case C 

Figure 8, presents the percentage of the 
education level of 15 interviewees who live 
in individual units of case C. In this case, the 
above sample was used as a convenient 
sample from case C. Out of those 15 
families, the figure represents percentages 
for each education level category. 
According to that 67% of families include 
above undergraduates. So, it shows case C 
has the majority of well-educated people. 
20% of families have an advanced level of 
undergraduate education level and the rest 
of the 13% have an advanced level to 
undergraduate level education.  

 

Figure 8: Percentage of the education level of 
occupants in case C 

4.3.4 Defects in Case C 

In this case, the defect identification was 
done by visual inspection of the particular 
condominium structure. In the literature 
review defects were identified and 
prepared a list of defects in table 3. By using 
the prepared list record whether those 
defects are included in case A and what the 
defects included in case A except to the list 
of defects 

 
Table 3 - Defects in Case C 

No Defects 

1 Hairline cracks 

2 Discolouration 

3 Dampness 

4 Warping of doors and windows 

5 Damaged switches in the lift  

6 Hairline cracks 
 

Hairline cracks, discolouration, dampness, 
warping of doors and windows, and 
damaged switches in the lift were all 
observed in various parts of the Case C 
condominium structure. Hairline cracks, 
though not structurally significant, were 
found in both common areas and private 
housing units, affecting the finishing of 
components due to exposure to 
temperature changes and low-quality 
materials. Discolouration was mainly noted 
in staircase areas, often attributed to 
human activities damaging the paint. 
Dampness was identified in external walls. 
Warping of doors and windows occurred in 
common areas and washrooms due to 
occupant actions, but had no significant 
impact on occupants. Additionally, 
damaged switches in the lift were caused by 
human activities in common areas. Overall, 
these defects did not appear to have a 
substantial impact on the Case C structure, 
according to interviews. 

4.3.5 Defect Identification Based on Building 
Elements in Case B 

Figure 9 presents the number of defects 
recognized from different components in 
the structure. 2 and the highest number of 
defects are presented in external walls.  
One defect type was similarly recognized 
from the external walls, slab, stairs, and 
doors & windows. But according to the 
figure the balcony wall, beam, column, and 
slab have no defects in the case C structure. 
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Figure 9: Number of defects in building 
components in case C 

4.3.6 Root Causes of Building Defects in 
Cases A, B, and C 

Figure 10 shows the root causes of the 
building defects that were identified in the 
case studies. According to the analysis, in 
this case, 20 defects were recognized and 
among them, most of the defects were 
raised due to the poor maintenance of case 
A, B, and C structures. As shown in the 
figure, there are 12 defects due to poor 
maintenance issues, 9 defects raised due to 
construction issues, and 4 defects due to 
human activities. Three defects were raised 
due to the usage of inappropriate materials 
and exposure to temperature changes, and 
1 defect was raised due to insufficient 
consideration of design are represented 
respectively. 

 

Figure 10: Identification of root causes for building 
defects 

 

 

5. Conclusions 

Different types of building defects that can 
be identified in condominium structures in 
Sri Lanka and foreign countries were 
identified in the literature review. 
Furthermore, the root causes of defects 
were recognized in the literature review. 
Twenty building defects were identified 
including structural defects, finishing 
defects, and problems in services. 
Additionally, design failures, construction 
defects, poor maintenance, and usage of 
inappropriate materials were identified as 
building defects. The second objective was 
achieved through the data collection 
process. To identify defects and root causes 
of defects in current condominium 
structures in Sri Lanka, the three 
condominium structures were visually 
inspected in the Colombo metropolitan 
area. According to the identified root causes 
of defects most of the defects were caused 
by poor maintenance and construction 
problems. Interviews were conducted for 
occupants who live in Case A Case B and 
Case C.  Those collected data were analysed 
to better understand the impact on 
occupants.  

According to objective 1 identified building 
defects were mostly recognized in case 
studies and some defects were not available 
in current condominium structures. When 
considering the impact of the building 
defects on occupants, the most 
considerable defects were identified as 
structural defects, waterproofing defects, 
and spalling of concrete in building 
components. Some occupants significantly 
mentioned waterproofing defects that they 
are facing in current about 50 years age 
condominium structures. The collected 
different types of defects were analysed 
and identified what is the severity of the 
defect based on the building element. After 
studying the detected defects and their 
photos, it was possible to identify a large  
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number of defects and how they spread on 
the slab and walls. 
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Abstract  

Alkaline Hydrogen Peroxide (AHP) pre-treatment is one of the chemical processes that can 
be applied to prepare a substantial amount of pre-treated fibres from readily available agro 
plant residues in Sri Lanka. The National Engineering Research and Development Centre of 
Sri Lanka has initiated several projects aimed at processing fibre-based materials using pre-
treated fibres from agro plant residues. Moreover, they have optimized the existing AHP pre-
treatment method to produce a significant quantity of pre-treated fibres within a 24-hour 
timeframe. The current study is centred around the design of an AHP pre-treatment pilot 
plant and the assessment of pre-treated fibre quality through the production of handmade 
paper. Two distinct grades of fibre samples were successfully generated from the designed 
AHP pre-treatment pilot plant. Fourier Transform Infrared Spectroscopy (FTIR) analysis 
confirmed that the pre-treated fibres primarily consist of cellulose. Additionally, evaluations 
of the characteristics of the resulting handmade papers indicated slight variations, with both 
samples exhibiting a favourable appearance suitable for the production of marketable goods. 
Furthermore, the potential exists for elevated market expectations concerning handmade 
papers, particularly in the context of producing eco-friendly packaging items that align with 
evolving consumer behaviours and regulations favouring environmentally conscious 
packaging solutions. The establishment of AHP pre-treatment facilities and the promotion of 
handmade paper production using pre-treated fibres hold promise for tapping into the 
export market. This strategic endeavour aims to contribute to the ongoing economic 
resurgence in Sri Lanka. 

KeywordsΥ Alkaline hydrogen peroxide pre-treatment, Cornhusk residues, Pre-treated fibres, Pilot plant

1. Introduction 

Currently, some researchers have directed 
their attention towards the development of 
cellulose-based production using agro plant 
residues available in Sri Lanka. However, 
their research is limited due to the lack of an 
affordable pre-treatment method for 
extracting cellulose from these agro plant 
residues. Alkaline Hydrogen Peroxide (AHP) 
pre-treatment is an effective, pre-
treatment in industry to produce AHP pre-
treated fibers or cellulose from widely 
available agro plant residues in Sri Lanka 
within 24h [1,2].  

The National Engineering Research and 
Development Centre of Sri Lanka has 
initiated the development of cellulose-
based building materials [3], roofing sheets 
[2], and carboxymethylcellulose [4] using 
AHP pre-treated fibers from agro plant 
residues and they have modified the 
existing AHP pre-treatment process to 
efficiently produce a significant quantity of 
pre-treated fibres or cellulose on an 
industrial scale within a short period of time 
[2].  

The study focuses on designing an industrial 
pilot plant to produce pre-treated fibres  
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from available agro plant residues in Sri 
Lanka. When designing the AHP pre-
treatment pilot plant, research engineers 
have considered reusing the alkaline 
wastewater generated after the pre-
treatment process. They aim to utilize the 
maximum amount of chemicals used for the 
AHP pre-treatment and expect to design a 
low-cost chemical process. In addition, the 
present study considered to evaluate the 
characteristics of pre-treated fibres 
producing from designed AHP pre-
treatment plant by preparing handmade 
paper from cornhusks residues. 

The survey conducted by National 
Engineering Research and Development 
Centre (NERDC) of Sri Lanka reveals that 
approximately 100,000 metric tons of corn 
husk residues (on a dry basis) are discarded 
annually from various parts of Sri Lanka. 
Additionally, discussions held with the 
research institute of the Department of 
Agriculture in Sri Lanka have identified 
certain corn farmers who harvest fully 
matured fruits from their fields. As a result, 
all corn crops are dried during the 
harvesting stage, leading to a substantial 
amount of corn plant residues being burned 
afterward. Consequently, it is suggested 
that following shedding, all corn plant 
residues could be collected and utilized for 
cellulose extraction. Nevertheless, the 
available corn husk residues must be 
gathered from different regions of Sri Lanka, 
and the establishment of a pre-treatment 
plant in areas with abundant raw materials 
is necessary. Furthermore, it's important to 
note that dried materials have a high bulk 
volume. Therefore, the design of the pre-
treatment plant should take into 
consideration both the weight of the 
materials that can be handled within the 
plant and the quantity of pre-treatment 
fibres required for the processing.  

 

 
The project's focus is to design an alkaline 
peroxide pre-treatment plant aimed at 
producing 15-20kg of cellulose fibres from 
30kg of raw corn husk residues within a 24-
hour period.  

Thus, pulp is the fibrous material obtained 
by separating the cellulose fibres from 
wood, and other cellulosic material 
(bamboo, rice straw, wheat straw etc.). It is 
the major raw material used in the 
manufacture of paper, board and tissue. 
this project also focuses to use of pre-
treated fibres for processing of handmade 
paper.  

1.1 Objective  

¶ To design alkaline hydrogen peroxide pre-
treatment plant for extracting of 15-20kg of 
cellulose fibres from 30kg of available agro 
plant residues (corn husks) within 24 hours 

¶ To study the quality of pre-treated fibres 
prepared from designed piolet plant by 
making handmade papers from cornhusks 
residues   

2. 2.Methodology 

2.1 Designing of AHP Pre-treatment Plant  

The AHP plant was designed considering the 
unit operations illustrated in Figure 1.The 
initial step involved AHP pre-treatment, 
which was conducted to treat 30 kg of dried 
raw cornhusk residues. This procedure 
followed the methodology outlined in the 
work by [1]. 

Following the first AHP treatment, a sample 
of waste alkaline water was collected, and 
its pH was determined. Subsequently, a 
second AHP pre-treatment was performed, 
utilizing the collected wastewater from the 
first treatment and supplemented with 
H2O2. 
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Figure 1: All unit operations in the process used for design of AHP treatment plant  

Consequently, two pre-treated samples 
were prepared: one from the output of the 
first treatment and another from the output 
of the second treatment. The cellulose 
content of these samples was quantified 
using the chlorination method detailed in 
[1]. Additionally, Fourier Transform Infra-
Red (FTIR) spectroscopy was employed to 
confirm the alteration of the pre-treated 
fibres. Furthermore, Scanning Electron 
Microscopy (SEM) analysis was conducted 
to investigate the morphological attributes 
of the initial raw corn husk sample, as well 
as the pre-treated fibres from both the first 
and second treatments. 

In order to assess the suitability of the pre-
treated fibres for paper pulp production, 
two paper samples were manufactured 
following established protocols at the 
Valachchenai paper production industry. 
Subsequently, the qualities of the first and 
second pre-treated fibres were evaluated in 
terms of their utility in the paper-making 
process. Furthermore, as the process 
moved forward, the prepared paper 
samples were used to create handmade 

paper, and several characteristics of the 
resulting papers were measured. 

a. GSM check 

¢ƘŜ ǿƻǊŘ άD{aέ ŘŜƴƻǘŜ άDǊŀƳƳ ǇŜǊ 
{ǉǳŀǊŜ aŜǘŜǊέΦ Lǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǿŜƛƎƘǘ ƻŦ 
the product per unit area. ǘƘŜ άY!w[ Cw!bY 
Da.Iέ ƛƴǎǘǊǳƳŜƴǘ ŀǘ ƭŀōƻǊŀǘƻǊȅ ƻŦ 
Valachechenai company was used and 
31070 TAPPIT 410 standard was referred to 
measure the GSM value of prepared two 
pre-treated fibre samples.  

b. Thickness check 

The BOCHEL VAN DER KOPPUT instrument 
at the National Paper Company laboratories 
at Valachchenei and TAPPI T 411 standard 
were used to measure the thickness of the 
prepared paper samples.  

c. Water Absorption check 

The quantity of water absorption of the 
prepared paper samples were measured 
allowing to absorb water on surface of each 
sample in a specific time period (1 mint.), 
after supplying water in a constant head 
(1cm). TAPPI T 441 standard was referred to  
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identify the quality of the paper. Water 
absorption is a good indicator to know the 
porosity characteristics of the papers  

d. Stiffness check  

Stiffness is a physical characteristic of the 
paperboard, which differentiates rigidity of 
the paper. Thus, stiffness is closely related 
to the amount of fibre in the board. The 
stiffness tester (TEEDYNE TABER, 150-B, 
USA-731274), which was available at paper 
company of Valachchenei used for the 
experiment. 

e. Burst pressure check 

Bursting strength of a material is defined as 
the maximum hydrostatic pressure required 
for producing rupture of the material when 
control application of a pressure in constant 
time. TAPPI T 807 standard was used. 

f. Tearing strength check 

This method measures the force 
perpendicular to the plane of the paper 
required to tear multiple plies through a 
specified distance after the tear has been 
started using an Elmendorf-type tearing 
tester. The measured results can be used to 
calculate the approximate tearing 
resistance of a single sheet. 

g. The universal tensile tester (INSTRON, 
Model: - 4465, USA) at the Textile 
Engineering Laboratory of the University of 
Moratuwa, Sri Lanka was used for the 
testing. , 

3. Results and Discussion  

3.1 Designed AHP Pre-treatment Piolet 
Plant 

Figure 2 shows the flow chart of the 
procedure used to design a AHP pre-
treatment plant and Figure 3 shows 3D 
diagram of the designed piolet plant. The pH  

 

 
value of the waste solution after the 1st 
processing was 13.8, indicating a high 
alkalinity condition. After the 2nd processing, 
the wastewater had a pH of 10.5. The 
recommended pH range for conducting AHP 
pre-treatment is 11.5-11.6 [5]. 
Consequently, the wastewater generated 
after the 1st AHP pre-treatment could be 
reused for pre-treating agro plant residues 
by adding same volume of H2O2 used for the 
1st processing. Thus, approximately 15.8kg 
of pre-treated fibres could be obtained after 
the first and second treatments. Figure 4 
displays the variation in FTIR wavebands of 
the pre-treated fibre samples and raw 
cornhusk. Table 1 presents a comparison of 
the wavenumbers in the pre-treated fibre 
samples with the corresponding 
wavenumbers of cellulose, as reported by 
[6]. This confirmation validates that the pre-
treated fibres indeed consist of cellulose. 
Figure 5 illustrates the variation in SEM 
diagrams between raw and pre-treated 
fibres. The paper article [3] notes that a 
rougher surface was observed in the pre-
treated fibres compared to the raw fibres 
after the pre-treatment of agro plant 
residues. This observation indicates the 
removal of surface impurities such as lignin 
and wax from the surface of the raw plant 
residues. 

Figure 6 indicates the variations in the 
tested characteristics of the two prepared 
handmade papers. Accordingly, a few 
variations were observed between the two 
papers made from the pre-treated fibres. 
However, the recommended standards 
were varied according to the purpose of 
application of the paper such as packaging 
materials, handmade paper bags, book cove 
etc. Also no proper standers for the 
comparison of the measured data in 
prepared papers in the present study. 
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Figure 2 : The flow chart of procedure of processing that used to design AHP pre-treatment plant 

 

 

Figure 3 :  3D diagram of the of the designed piolet plant respectively 
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Figure 4 :  Variation of FTIR wavenumbers of Raw and pre-treated fibres  

 

 

 

 

 

 

(a)                                              (b)                                              (c) 

Figure 5 : SEM diagrams of (a) Raw corn husks (b) pre-treated fibres 1st sample and (c) pre-treated fibres 2nd 
sample respectively  

Table 1 ς Comparison of variation of FTIR wavenumbers of pre-treated fibre samples with reference sample    

 

 E:\2022\MSC\BUDDIKA DR.INDIKA\31-10-2022\PRE TREATED CORN HUSK SAMPLE 01 BS.0          PRE TREATED CORN HUSK SAMPLE 01           Instrument type and / or accessory

 E:\2022\MSC\BUDDIKA DR.INDIKA\31-10-2022\PRE TREATED CORN HUSK SAMPLE 02 BS.0          PRE TREATED CORN HUSK SAMPLE 02           Instrument type and / or accessory

 E:\2022\MSC\BUDDIKA DR.INDIKA\31-10-2022\RAW CORN HUSK bs.0          RAW CORN HUSK          Instrument type and / or accessory
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 Type of bond Wave 
numbers  
from [6] 

Wave numbers 
of fiber sample 1 

Wave numbers 
of fiber sample 2 

Cellulose- (Alkaline 
hydrogen peroxide  
pre-treatment)  

C-O-C stretching 1163 cm-1  1158.24cm-1 1160.01  cm-1 

C-O stretching 1062 cm-1 1024.54 cm-1 1026.66 cm-1 

O-H Stretching 3434 cm-1 3316.91 cm-1 3455.59 cm-1 

C-H Stretching 2906 cm-1 2887.15 cm-1 2966.78 cm-1 

-C=O stretching   1639 cm-1 1635.81 cm-1  1605.77cm-1 

-C=O amorphous cellulose 1431 cm-1 1412.08 cm-1 1411 cm-1 

C-H bending vibration 898 cm-1  895.93cm-1  894.38cm-1 

O-H bending vibration 1318 cm-1 1313.41 cm-1  1316.49cm-1 
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The prepared fibre sample had tensile 
strength 64.8 Mpa and 71.2 Mpa 
respectively in pre-treated fibres sample 
1 and 2.  The comparison of the pre-
treated fibres used by [7] as a reinforce 
material to prepare some building 
components, the tensile strength of the 
both samples were in satisfactory level to 
process similar type products. Figure 7 
shows the visual appearance of the 
prepared handmade paper samples and 
demonstrates a favourable appearance. 
Figure 8 indicates the parentages of 
sources of   the global pulp production by 
type in Cy19 (mm MT) [8]. Thus, 
deforestation, waste generation after 
preparation of paper pulp, air pollution 
due to removal of toxic waste into the air. 
Lead, hexachlorobenzene (HCB) and 
polycyclic aromatic hydrocarbons (PAH) 
are some of the persistent, bio 
accumulative and toxic (PBT) and 
carcinogenic compounds emitted by the 
paper mills and high energy consumption 
after process are major environmental 
impacts cause due to paper mill. 
However, the introduction of AHP pre-
treated fibres for making paper pulp is an 
environmentally friendly, energy save and 
low-cost method in industry. Also, the 
generated wastewater could be purified 
easily. 

 

Figure 6: Variation of tested characteristics 

 

 

 

Figure 7 : Visual observation of prepared sample 

 

Figure 8: Global pulp production by type in CY19 
(mn MT) 

Further, the handmade paper market in 
Sri Lanka experienced fluctuations over 
the past decade. The market size in terms 
of consumption and production showed 
growth from 2012 to 2021, with annual 
rates of +3.0% and +2.5% respectively. 
However, both consumption and 
production decreased in 2021 compared 
to 2018, with -3.0% and -11.3% drops 
respectively [9]. Handmade paper exports 
from Sri Lanka saw a significant decrease 
in 2021, falling by -30.3% compared to 
2020. The United States, Italy, and India 
were the main destinations for exports, 
collectively accounting for a significant 
portion of total exports. Despite 
fluctuations, the export value increased 
notably, with peaks in growth recorded in 
2016. Import of handmade paper into Sri  

 

375

0.55

106
42

200

405415

0.55

127

38

180

384

-100

0

100

200

300

400

500

600

va
lu

e
 o

f 
m

e
s
u
re

d
 d

a
ta

Measured parameters
Pretreated 1st sample Pretreated 2nd sample

37%

7%
2%

52%

2% Chemical pulp

Mechanical pulp

Semi-chemical
pulp

Recycled

others

sample 1 

sample 2 


