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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 17t November as Science Week to
coincide with the celebration of World Science Day, which falls on 10 t 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 OProsperity through Scientific Empower
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 - 6 Di gi t al Economy 20306, i smeatofgSeini zed
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
stakehol ders are committed to working on a digit
Economy .ZRe3midtry sectors of Sri Lanka will be guided by Industry 5.0
i



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 mil egoedBé, o6BkGhBCPNace from Oc
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

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



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

symposi um, t hemed OrEceommeani ¢ h rRewsgih Engineering
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 t he countryds economic Vi brancy.
engineering innovations emerge as catalysts of change, capable of breathing new life

into the nationds economy and society.sfudidni s Sy
of diverse minds, creates a fertile ground for unearthing solutions that can drive the
countryds progress.

It is gratifying to note the resonance of this Symposium with the national vision. The
Governmentds unwavering c¢ o nepattmershipwithiDEGIEC@N | ect ed
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 government s r es ol v efueteoonamic resutgenees,iamipavesr at i on,
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

A's
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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
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. | 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 t h e mreomic Re&uogence t hrough Engineering | nnovations, 6 highlig

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 nationds

economy. | 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.

| 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.

Vi
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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, | 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

viii



Message from the Secretary of the Ministry  of Technology

| 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.

| 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



Me ssage from the Keynote Speaker

| 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 ONational Science
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

We ek 0

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 & Networking Forum

I am thriled 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. | hope this event will inspire and help make our
future better.

In line with the theme of Economic Resurgence through E ngin eering | 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, | 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. | 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 | 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. | 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 | 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. | sincerely appreciate all the participants, sponsors, and
organizers who have contributed to the success of IERS 2023.

Dr. Jayathu G . Samarawic krama
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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.

| extend my sincere gratitude to the IERS 2023 organizing committee and NERDC
management, whose tireless dedication has made this symposium a reality. | 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

Xiv



List of Paper Reviewers for IERS 2023

Prof. (Ms.) LN W Arachchige

Prof. Samuel Anbahan Ariadurai Dr. Sanjeewa Sondarangalla
Prof. (Ms.) L Chitra Dr. S A D T Subasinghe
Prof. (Ms.) Maheshi Dissanayake Dr. KA C Udayakumar
Prof. Lilantha Samaranayake Dr. Adeel Wagas

Prof. SAM AN S Senanayake Dr. A S K Warahena

Prof. (Ms.) Shanthi de Silva Dr. Nimal Wijayaratna

Prof. G.G. Chaminda Tushara Dr. 1 S K Wijayawardane

Dr. (Eng.) A A G A Abeygunawardane Dr. Uditha Wljewardhana

Dr. (Ms.) Piumi De A Abeysundara Dr. Ruminda Wimalasiri

Dr. Ruwan Appuhamy Eng. (Ms.) Jayani Anurangi
Dr. (Ms.) Iresha Atthanayake Eng. (Ms.) Niluka Athukorala
Dr. (Ms.) Duleeka Gunarathne Eng. (Ms.) Norika Ayomi

Dr. (Eng.) AM L N Gunathilaka Eng. Mahesh Dissanayake
Dr. Luminda Gunawardhana Eng. EAN K Edirisinghe
Dr. P A K Karunananda Eng. K T Jayasinghe

Dr. Chandana Kulasuriya Eng. Isuru Shanaka Lakmal
Dr. B G D Achintha Madhusanka Eng. (Ms.) Jasmin Nanayakkara
Dr. M W P Maduranga Eng. H S Lakmal Perera

Dr. (Mrs.) S N Malkanthi Eng. L R H Perera

Dr. (Ms.) Shayani Mendis Eng. Wasantha Perera

Dr. (Ms.) N S Miguntanna Eng. Dilantha Premadasa
Dr. M E R Perera Eng. Eranda Rajapaksha
Dr. Upeka Premaratne Eng. KY H D Shantha

Dr. (Ms.) Wathsala Rajawa tta Eng. Shalinda De Silva

Dr. (Ms.) Salony Rajbhandari Ms. T P K A riyarathna

Dr. Mahinsasa Ratnayake Mr. S P Guluwita

Dr. Sarath Samaraweera Ms. Shammi Ishara Hewamadduma
Dr. Jayathu G Samarawickrama Mr. Hasitha Jayathilake

Dr. Indika de Silva Mr. Madhawa Perera

Dr. (Ms.) Induni Siriwardene Ms. Dilmi Sashmitha De Silva
Dr. (Ms.) Manjula Siriwardhana Mr. D C Wijewardana

XV



Table of Contents

Analysis of Thermodynamic and Economic Impact on Recovering High

Volume Vent Steam through Integrated Power Generation and Condensate 1
Recovery ééééééeéééc&eaaééceeééceceécée.

W A D Fernando, D M Pereraand D H G S R Somasundara

Conversion of a Spare Steam Boiler to a Steam Accumulator for Handling
Fluctuating Steam Demand of a Dairy Industry to Eliminate Firing of an 11

Auxiliary Boiler eééécééééééééécecééce
S K D Madurangi and D H G S R Somasundara

Designh and Implementation of an Automated Single -Axis Solar Panel 21
Tracking System to Improve the Efficiency éééecééeecéeeece. .

W M A Sampath, H G A Sampath, K Y R Amaradewa and R L W Koggalage

Developing a Mobile App for Flood Control in Spongy Roads and in Spongy 27

K Kajeenthan and K R B Herath
Development of Solar Powered Auto Ventilation System for a Parked Vehicle 35

M M P Chamara, A G F Ahamed and T S Niroshan

Encapsulated Paddy Dispersing Unit eeeeeeeceececeeeeeee. . o

D D N Karunarathna, R L K Randika, M | A Mohamed, B A P Serasinghe, HM
K S Iroshana and H A C S H Jayasinghe

Full Factorial Design of Experiment Approach to Identify the Effect of Heat
Treatment Parameters on the Hardness Value in Load Cell Manufacturing 58

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

V Vitheeshan and M L R Maragalge

Green Entrepreneurial Intentions of the Sri Lankan State University

Students é é ééééééééééééééééééééeéééeééceé.
M G S Dilanthi and D Jayagoda

64

Investigating the Comparability between Hazen -Williams and Darcy -
Weisbach Friction Methods in uPVC Pipes by using Water Distribution 74

Network Modelling: Tropical Context éééecééecééeceéecee.
M E Sutharsan

Vi



Modelling and Simulation of  an Electric Three -Wheeler é ¢ é é é é € é € . 82

W M S P K Wanasinghe, S M V P D Senanayake and W K R Peiris

Restaurant Catering Robot (Res -ca-bot) é e é 6 ééééeéééeééeéeéeéeéé 90

G A Alahakoon, K J T S Fernando, K P D T R Wickramaratne, P K C Sanjani,
HK IS Lakmal and Y S P Weerasinghe

Review on the Application of Circular Economic Principles in the
Automobile Sector 98

éééééeecééeééceeeeeceeceeceeeeeeceeecece.
T S Niroshan

Selective Tea Harvesting Using Autonomous Drones Integrated with CNN

Based Recognition é 6 ¢ éeééececbéeééececbeceedee. 114
H P A J Udhyani, P D Chanuka, N M Samarawickrama and MU M A

Madushan

Smart Bed for Physically Impaired People eeeeeeeeeeeeeee. . qo3
D B A Nayanajith, T M Kumaranayaka, G M K Champani and R Lw

Koggalage

Tree Crown Maintenance and Harvesting Device @éééééééééééé. 131

R M Thathsara, H M K S Iroshana, B A P Serasinghe, D D N Karunarathne,
H A C S H Jayasinghe, Y G T Suvimal and K M L Shashimal

Analyse the Quality of the Sludge Produced in Water Treatment Plants é. 137
L L P E Alwis and K H P Madusanka

Assess the Current State of the Condominium Structures in Sri Lanka é . 141

S W P R Lakmali, V Edirisinghe and C  Kalugala

Design of Alkaline Hydrogen Peroxide Pre -treat Pilot Plant and 151
Characterization of Handmade Paper from Pre -treated Fibres é é é é é é

U J B Randimal, T N Fernando, A R C Salgado and G | P De Silva

Develop and Value -Added Sea Food Industrial Waste € ééééééééé. 160
S Lakshan and A Karunarathna

Drying of Coir Pith under Changing Humidity Conditions eeeececee. 166
S AP S Silva, AD U S Amarasinghe and M Narayana

Effect of the Operating Parameters in Electrochemical Reduction of Carbon 172

Dioxideto FormicAcid é é éééééééeééééeéeééeeééeeéeceeé
R M H H Jayarathne, A R Nihmiya, A H L R Nilmini and P K D D P Pitigala

Vil



Experimenting for the Preservation of Freshness of Tomatoes eééeecé.

H KT S Kuruppuge and A M W Menike

Manufacture of Paving Blocks by Partial Replacement of Crushed Waste

Plastic for Fine and Coarse Aggregates é ééeéééééééeéecéeée
G L Jayathunga and D de S Udakara

Modification of Concrete Paving Block Mix Design Using Fly Ash and Wood

HM T M Amunugama and S U Adikary

Re-engineered Conceptual Developed Design Layout for a Roof Tile

(Manufacturing Factory) Dryer eééecééecéeééeecceéeéececece
P F S Perera

Structural Analysis and Rehabilitation Option for Lankarama Vatadage in

Anuradhapura é é ééééééééécéééecééecéeéeeececéécd.
PHN P Silvaand WM K G T G Weerakoon

Synergistic Effects of Ultrasonication for Dyeing Process Efficiency

Improvement of Selected Fabric Types: An Experimental Design and Analysis
M Rathnayake, U L L Manujitha  and U P R Madhuhansi

viii

179

188

198

206

218

225



Proceedingsf the InternationaEngneering ResearcBymposium 202@ERS 2023
©National Engineering Research and Development Centre of Sri.Lanka

DigitalizingrthetEeonemy throughrough
Engiheetngninnovationsions






*
Proceedingsf the InternationalEngineering Research Symposi@ifR$2023), pp[1-10] ::
©National Engineering Research abdvelopment Centre of Sri Lanka r s

Analysis of Thermodynamic and Economic Impact on Recovering
High Volume Vent Steam through Integrated Power Generation and
Condensate Recovery

W A D FernandoD M Perera, D H G S R Somasundara

The Open University of Sri Lanka
*amifdo83@gmail.com+94 77 2423862

Abstract

NASA Hampton Steam Plant (NHSP) is a city wastainedenergy 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 anvdagt o

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 lowpressure steam through deaerator. The energy exioacts mainly done
through Back Pressure steam turbines (350 kW, 56.7 kwo&@ 287 kW) which in total

can produce electricity of 693.7 kW. The deaerator exergy has improved by 30.3% with an
AYONBLIaS Ay (GSYLISNI (dzNB T NBsWilityliyat wniost Gs2NPpy & 1
results in a higher positive value with 26.2% of IRR for a discounted rate of 10% and the simple
LI &0l 01 Aada odynH @SIENEP®P ¢KS a0SIFY NBO2OSNER ol
analysis showed a better stability investment cost combination, O&M cost, and electricity
price.

Keywordsr Energy, ORC, BPST, Vented steam, Trash

1. Introduction produced which is inevitable as waste must
be burntas per protocol that city waste to
be burnt is vented to atmosphere in higher
Basically, NASA Hampton Steam Plant volumedirectly from the boilersince there
(NHSP) operates only to cater to the testing, is no recovery mechanism implemented in
cooling, and heating purposes of NASA the initial design stage. Therefore, recovery
Langley Research Centre (NASA LRC) andf wasted thermal energy in the form of
the rest of the additionalhigh-pressure  electricity by implementing a turbine driven
steam is vented outdirectly from boiler generator while recovering vented steam
which as per imestigation is found to be and stuffing back to boiler are being
40%. Main source of fuel is municipal waste discussed in optimum economic and
of Hampton city, a waste to energy plant thermodynamic point of view where a
with incineration. The plant serves four system integration is defined among
major purposes; one is utilizing waste to alternatives of implementing ORC,
make saturated steamkeeping the city = Backpressure steam turbines, direct
clean, production ofdndfills and making dumping of steam todeaerator after
process steam for research activities. turbine outlet.

1.1 Background

1.2Problem statement 1.30bjectives

However, when NASA LRC research relatedFirstly, NASA Langley Research centre
activities run on low intensity that occurs requirement is to have undisturbed high
frequently. The highpressure steam pressure steam supply which should not be
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utilised in any process betwaeboiler 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.

1.4Literature review

Waste heat recovery is the talk of the era,
with emergence of sustainability concept
leadingto 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 heataevery
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 palnil o
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 ejectedto the system and
condensate at storage tank is reused [2].

Solvent Recovery Plant utilizing steam for

resulting in a favourable outcome in
ecanomic 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 utilizethere 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
chemtals 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 reovery and feedwater
management [6]. Therefore, systematic
approach is vehemently imp@nt 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 recompressor in recovering flash
steam at verydw 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

process activities uses 65% energy supplied comparatively [7]. As per research by Victor

by steam. However, 25% of inlet steam is
wasted in the method of recovering
condensate. The research discus$iee use
of heat exchanger to totally recover the
steam in the form of condensate and pump
back to boiler where ¥4 of steam is further
recovered rather letting it be dumped in the
form of flash steam to atmosphere

et al., the use of ORC for recovering heat of
residual steam of a p#cular 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
GSYLISNI G§dzNE FNRY
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
guantity and quality, comparison of key
parameters plus decision support and
recommendations 9] where similar
process is followedatdraw 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 higkpressure steam
through Primary steam turbine and then
through ORC unit. Secondly, varying vented

m_(1-f)
ﬁ:JI

th,, =1310kg/h

m,, ~5554.3 kg/h
h=28023K]/kg

h=2802.3K]/kg
X-1

steam portion through secondary BPST as
per Figure 1l introduced system is inside
dashed line Thedryness fractioris lowas
steam input is dry saturated statet 27.6
bars. The latter stages of the turbine tend
to create higher blade erosignat lower
pressures as exit state of turbine is more
wet. The primanturbine outlet is set at 2
bar pressure to keep up with lower wetness
level. The steam exiting the turbine is then
sent through ORO he steanat the inlet of
ORCwill have latent heat of evaporation
which will be released at ORC evaporator till
steam reabes saturated liquid state at 2
bar andthe condensatewill be pumped
back to deaerator for reuse in the next
steam cycle

Valve

m, =22,769.3kg/h Flash Tank

X
FOM e
R

state-B
h=475Kl/kg
P= ar

T=00'c
$=[1.8KJ/KgK

WA 6TZ'ET ="

State- D
h=253K)/kg
P=25bar

h=253K]/ke

F=28023K]/kg.

Boller

Heat Exchanger

Turbine; Expander

WA zeLLeE =T N

Cooling Tower

P=12.6 bar
T=s07C
5=115-L2KI/KgK

m, =22,869.45kgh

=5554.3 ks

5

Steam Heater

i, =24.577.18kg/h
h=414.437 Ki/kg
T=9858'C

<O @DD‘E’}OOD@E @ j

thy
Ti=504.103 KJ/kg =248 Ki/kg

., = 2686 kg/h m,, = 14.629.15kgh

F=504105KIig =10357Ki/kg

Figure 1Resulting Model

The model extracts the minimum level of
steam vented outcontinuously which is
5554.3kg/h and is sent throughhe back
pressure turbinethat 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 flowin line with ORCThe
excess ohigh-pressuresteam 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 turbineis directed tade-aerator at dar
pressure with 1 bar allowance for pressure
drop across piping and valves. As per the
variation in rate of steam, theurbine
output tends to vary with a capacity factor
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of approximately 6% when calculated
based on vent steam rate tegrated
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 deaeator 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 iwill have additional input
as steam from secondary turbine which can
basically improve wate quality of
deaerator and thermal capacithat intern
reduces the trash rate requiretb make
one kg of steamThe resulting system is
anticipated to function as an energpaver
and converter to electricityin addition to
the benefits like improvementsn water
quality andthermal 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 from27.6 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 deulated [10]
(' entropic = 0.567for primary and' entropic =
0.45 secondary).

For turbine output, theformulais deduced
assuming a steady state open system and
polytrophic expansion process with shaft
(10%)and generator losse@%)

Wtrp-KWJl H‘,J b 1-KA isen shaff gen (1)
Wtrs—KWJI H:J (@' )(hl—KZﬂ isen shaft 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 Theselection 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 towork. After the expansion, the
working fluid goes to a condenser a de
superheater before reaching condenser
where fluid is desuperheatedbut latent
heat is dissipatedat condenser till it
reaches liquid state at which pumping will
take place to eleva 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 bar3he steam
flow is steady throughout as the turbine
runs on base load witasingle tenperature

2 ¥ ™ H, whith 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 decreas[12].
Steam releases latent heat of 3148 kW to
working fluid (R245fa)lt was found that

g2N] Ay3 Tt dasgRhedxpander NI G S

output (Wiorc), the rate of energy released
at the condenser (), the pump capacity
(Woore) and thermal efficiency ' ) are
14.2kg/s, 3B KW, 285 KW, 15 kW and
9.9% (Equationg 3) respectively.

" th = (Wkorc ¢ Whorc)/ Qrev 3)
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Generator and transmission plus shaft water processing costs against thable 1
efficiencies are 0.98 and 0.9 respectively, shows positive NPV, higher IRR and better
generally considered in the industry. PIfor a 26year block.

Thereby, &ctrical output (Rieory resulted

in 287 kW. However, Cycle Electrical NPV — 4)
Efficiency is 8.65%. The secondary turbine
receives a varying steam flow rate which ) B (5)

results in fluctuating energy flow that will
be difficult for ORC to handle, as working SPP = kestment/ Sa  (6)
fluid is subjected to decomposition, heat
exchanger degradation and
turbomachinery umder inefficient

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

performance due to the véation in energy
flow of the source as per Li et al. [13]. 3. Results
2.4Deaerator thermal improvement 3.1Economic Impact

Flash Steam improves water quality by ~1,;1e1- Economic Feasibility
releasing a negligible amount of steam with

Situation Value
de-aerated gas [13]. Furthermore, the i
dissolved CO2 is completely removed and 'Mvestmentin OR@E7KW ($) (819,959
02 remains at 0.05 mg/l when the water Investmentin BPSB50KV ($) (389,550
temperature reaches 102 O0OC [14]. Investmentin BPS56.7KW ($) (63107)
t'O)NeVEf,A th? NHSP vdea_e@ter _ Total Investments) . (1,272,618
USYLISNI 0dzNBx2 Aa oSu oy oan st fof GRS v

the resulting state the steam from

secondary turbine is dumped to deaor YearlyO&M Cost for Primary

to which this becomes an additional energy BPST$) (30,067)
input that improves water quality and  Yearly O&M Cost for Secondary

temperature. BPST$) (3184)
The CST receives condensate of ORC atCash FlowWater processing$) 73,214
enthalpy of 504.7 kJ/kg at a flow rate of cash Flow From electricitg) 317,379

1.543 kg/s which will be mixed with general

i - Net Cash Flowyearly($) 332,890
condensate from cooling and heag i
processes in addition to makeup water. The DiScount Rate 10%
mixed flow from CST tank with additional Discount=actor 8.51
energy content from primary turbine flow  PV($) 2,822,150
and BD flash steam will be released to npys) 1,559,150
deaerator. The secondary turbine flow IRR % 26.2
0.364 kg/s is directed from turbine exit to ol -

deaerabr at an enthalpy of 2625.7 kJ/kg.
Hence, the temperaturémprovement of Simple PaybadR/ears) 3.82Yrs.
RSFSNIG2NI A& FTNBY ny e/ U2 Py®tr o/ @

Tablel shows positive NPV, higher IRR and
better PI for a 26/ear block

2.5 Economic feasibility

The economic impact is determined based
on savings (Sa) made on the electricity and
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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 inthe Table 2
while Table Joffers the resulting state of
the deaerator.

Table 2 Existing Sate Energy Conteribeaerator

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

Heone 2686  504.7 1,355,624
e - ) )

Hye - ) )

‘Hmue23,103 100.8 2,328,782
'H< 5 k6072705.7 1,624,360

'Hwe26,396201.8 5,326,713

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

The trash feed rate tends to decrease
relatively.

Table 3 Expected State Energy Contdd¢aerator

Enthalpy
Mass (kg/h) (kJ/kg) Total EnergyKJ)
Heone 2686 5047 1,3%,624
Hus 5554.3 5047 2,808,255
Hurp 1310 2626 3,439588
Hmue 14,629 1036 1,514,848
H<o ks 398 2705.7 1,076,149
Hie 24,577 415 10,189,690

3.3 Energyand exergy efficiencies of the
system

Table4 shows theimprovement inexergy
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

COK

Item kW (%) ' S(E)
Existing Expected
PT 350 88.20 5657
ST 56.7 8820 4728
ORC 287 9.87 28.83
BDFT 81388 81.88
DBHEX 9.57 1063
Deae 43.3 7350

3.4Energy consumption

The reference is made as per the energy
content in vented steam out of which 7%,
1% and 5% areffective 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 consideretig dissipated par
without useful work (Figur@).

m Primary Turbine
ORC
Secondary Turbine

Energy stuffed
backed to system

m Dissipated

Fgure 2:Total Vented Steam Conversion
3.5 Thermodynamic quality of deaerator

The exergy efficiency (FiguBg and exergy
destruction (Figuret) of the deaerator are
two significant figures that showgreater
relativity. With the increase ifieed water
temperature there is increase in exergy
efficiency. Similarly, exergy destruction
follows the proportionality with feedwater
temperature.
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1,300
0.8 ' [}
Foy 1,100
c 0.7 900 y =693.7x + 3E+06
Q @ )
S 0.6 & §|
- > 700
> 0.5 = 500 ‘..
g 04 2 300
a 0.3 8 100 ‘..-
0.2 100
48 08.7 c 2000 3000 4000 5000
CSSRol GSNJ ¢SYLISN. Avg Rate of Installtion ($/kW)
Figure 3 ExEfficiency vs FW Temperature Figure 5 NPV vs AvdRate of Installation
Deaerator . . .
Table5 Data for Scenario Analysis of Capital
Investment
usokw
s 120 Primary  Secondary Avg NPV
< 100 Turbine  Turbine ORC Rate (1000%)
5 80 1500 2000 3500 2333 1,189
S 60 2000 2500 4000 2833 842
E 2500 3000 4500 3333 496
o 40 3000 3500 5000 3833 149
§ 20 3500 4000 5500 4333 -198
Q
g 0
98.7 3.7Scenario malysisg O&M
Feed Water Temperature2C)
Figure 4 Ex Destruédn Vs FW Temperature £000
Deaerator g e
. . ?500 NPV =5E+07 (Avg O&M Cost) +
3.6 Scenario Analysisinvestment H000 o 2E+06
As per the scenario analysis, carried out on &5 "u__
investment, the ORC and both 7 0 "o
. =z
backpressure turbine related rates are o 6 02 004"g 006

increased in such a way that NPV beceme
marginally peitive 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 Figure6 shows the limit that NPV possesses
USDKW and 4333JSDKW (Figureb). with the increase in cost incurred in O&M
parallelly which is somewhat a future over
prediction. However, such worsiase

scenarios can be tackled up t6.042

USDKWh on each system. The simple

Avg O&M Cost ($/kWh)

Figure 6 NPV Vs Av@&M Cost

The average rate of installation cost is
calcuhted based on different combinations
where primary BPST unit cost is less than
that of secondary one and ORC rate is . .

ncary payback is almost 9 years. The effect is
separately increased. Each Average

assumed to be starting right from the
installation rate reflects in NPV over 20 b £t wh M
8SFNEQ GAYS NARIKD (Peoipning of the ygapwnere,0EM$p, ¢ 3 5 N&
year (Table05).
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affects entire 2@year block for each
considered cost.

3.8 Sensitivity analysis ¢ Industrial
Electricity Rate

The currentmdustrial electricity rate i6.08
USDkWh. However,as per Figure/ if it
decreases,te reduction is bearable up to
0.033USDKWh 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-ouse
gereration a little over the demand.

5 NPV = 3E+07 (Electricity-Priee)
3 1E+06

-2000.03 0.04 0.05 0.06 0.07 0.08
Electricity Price ($/kWh)

Figure 7NPV 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 isslies
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 cogen by generating electricity, NHS
plant offers the best financial output, as it
is mentioned by Casper et al, thetonal
electricity price per kWh is offered by
incineration out of the processes like
gasification and pyrolysis for which to
provide optimal price tippig charges must
be increased [1p Therefore, the proposed
system for NHSP is typically a bottoming co
gen cycle with higher favourable outcomes

as the tippindgee 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 wth global electrical efficiency [16
As per Jumel et al, at subcritical state
R245fa shows exergy efficiency of 35%
while energy efficiencyof approximately
10.5 to 11% [1Jwhere 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 theleaerator. The
improvement is almost 30.2% in theoretical
serse. The research done by Vadranal,
discusses the exergy efficiency with respect
to change in deaerator outlet temperature
where exergy efficiency is proportional to
feedwater temperatue gdang out from de
aerator [1§. The scenario discussed here
comes in line with the concept produced by
the research. The outlet temperature of
RSIFSNYG2NI G GKS SEAX
relevant exergy efficiency is 43.3% while at
the resulting state it i¥3.5% at an outlet
GSYLISNY GdzZNBE  2F dy &7
destruction is relatively higher at elevated
energy states though efficiency offers a
positive outcome.
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5. Conclusions and recommendations 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 considered model resulted in
continuous 637 kW electréad 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 The resulting reduction in carbon footprint
predicted can fully be covered which is as a nation showases as to how Sri Lanka
550kW to 600kW. The deaerator energy deals with sustainable development goals
storage capacity increased to a poittitat and involves technology in building the
FSSRoFGSNI (SYLISNI G dzN#tionNBE | OKSR  cy @17 ¢/
O2YLI NBR G2 OdzZNNBy Ag&%o\legégmer}z{¥ ny e/ ® ¢KS
recovery of steam and condensate is 6864
kag/h. Special thanks to NHSEng. PE BCCE Anil
Mehrotra and Mr. McDonakPlant

As per the investment, the NPV marks a Manager for their guidance.

very high positive value along with higher
IRR of 26.2% for the discounted rate of 10% References

gnd Pl of 2.23 indicating _that a dollar [1] C.T. Kua Q. Y. Koh, S. Rajoo and K. Y.
investment can make a profit of USI23

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 projeds feasible till

it falls from 0.08 USD/kWh t00.033
USDkwWh. Furthermore, the scenario
analysis on the initial individual rate of
investment disclosed a higher cost
combination of primary, secondary and
ORC that averagef such cost roughed up
to be 4100USDKW at NPV beingero. the
scenario analysis of O&M caowtflected an
average value 00.042USDKWh for zero
NPV againsthte current considered value
of 0.0LUSDKWh over 26year period.

In Sri Lanka, Waste to EnefyytE)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 ORC:s. 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
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Conversiorof a Spare Steam Boiler to a Steam Accumulator for
Handling Fluctuating Steam Demand of a Dairy Industry to Eliminate
Firing of an Auxiliary Boiler

S K D Madurantji D H G S R Somasundara

Fonterra Brands Lanka (Pvttd?, Deerga Engineering (Pvit.td?2
*dinushimadurangi@gmail.com94 71 051835

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
fluctuationof steam demand in the applicatiohoad cycles are short terfrequent 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 ultrpasteurization process.

This paper explains a load handling design, that has no production downtime using limited
resources in a costffective manner. Other areas covered are spare boiler preservation
without steam generation, handling plant loads with a single boiler and steamarggon

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 majngehs 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, afterzinglthe running
condition of the existing economizer.

With the proposed accumulator, the amount of time fehich 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 kgfesulting 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 WordsSteamaccumulator, Ultra pasteurization, Steam, Boiler

1. Introduction generation under thermal energ\ot only
an energy cost reduction opportunity, but
also deliver a low carbon economy
ABC is dairy product manufacturing factory. manufacturing industry has common
Energy sources are mainly electrical energy responsibility  for ~ reduce  energy
and thermal energy. Generally thermal consumption by optimizing the existing
energy isobtained from furnace oil while  process.

thermal energy is use for plant processing,
this may consider as main energy
requirement for plant operation.

1.1 Background

ABC Dairy manufacturinipdustry, Steam
system consist with steam generation,
steam distribution, steam control and
Figure 1 shows the energy consumption as management and condensate
the percentage of the manufacturing management.

process and from that 29% of steam
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M Electricity
B Furnance Oil

Diesel

Figurel : Distribution of Energy Consumption

In the steam generation system, there are
two numbers of running boilera/hich are
named as Bl(boiler 1) and B2(boiler 2),
spare boiler named as B3(boiler Bpiler 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 naise the boiler but
working as spare boiler in an any
emergency.With the surface corrosion it
must be preserved for safe sided verified
boiler working condition by NDTN6n
DestructiveTest).

In the steam consuming systemsteam
provides mainly for proess heating and
CIKCleanin-place) process and no direct
contact applications. There are two types of
heat exchangewusing in the system those
are PHE(plate heat exchangerand THE
(Tube heat exchangern a heat exchanger,
the steam transfers its laténheat to a
process fluidBychecking the load profile of
most recent 5 months, it was identified as
1920 kg/h is the maximum instantaneous
load consumption during the procesass
shown in kgure 2.

In actual operation procesas shown in
Figure 2,both balers running patterns in
two colorsand average load consumption is
nearly 600kg/hLoad handling is the main
challenge of plant operation due to
instantaneous load consumptioBven with

Maximum Instantaneous

Figure2 : Plant loadvariation for 5 months

load 1,920kg/h

low load conditions both boilers are at
running conditions by consumingnore
fuels as shown inablel.

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.
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ABC Dairy manufacturing plant,thermal
processing methods includesultra -
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 mhkated up to
required level.

143°CProduction down pmt  139°C
Hot water temperature 152°C
Production(milk) flow rate 1,5001/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 lod demand occurs, and the

boiler will depressurize with insufficient

stean 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 maintenane cost

In this case average steam flowrate is
900kg/h and can be supplied the steam
requirement through the single boile

without instantaneous changd4].

1.3 Objectives

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

steam generationhandle plant loads with
single boiler and steam generation with
maximum SFRnd reduce carbon emission
per MT value.

1.4 Literature Review

The purpose of the steam accumulator is to
releasesteam when the demand is greater
0Ky idKS 02Af SNDa
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 consegnces of high
steam demand in short time, we can take
actions as belovd].

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°G142°C for a few seconds, cooling
rapidly P]. In this case, it highlights the
significance of the temperaturéme
profile of the UHT process and relates this
to changes that occurduring processing as
shown in Rble 2.

Table2: Temperature profile for UHIrocess

Process Standard parameters
Heating 5°Gto 75°C

Homo 75°C

Heating 90°C

Protein Denaturation 30 sec holding at 90°C
Heating 137°G142°C

Holding 1-4 Sec

Colling 25°G5°C

One another criticaloperation is load
handling procedure of tubular UHT process
as shown inigure 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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Sterilization3]

At times of surplus steam generating

Liquid plant UHT processing is a continuous capacity, the highepressure steam is

process with heating, holding and cooling
section. The process is steam baswdirect
method involve with plate heat exchanger.
The process is irreversible if the steam
pressure gets low. The total process needs
to be started with 45 hrs. Sterilization
process also critical loambnsuming process
as shown in igure 4. product dowrtime
with additional energy consumption for CIP
process and reprocessing of the same
product badge. This is considerable
financial loss forHe dairy manufacturing
Industry PJ.

Generally, when planning a project always
try to go for a lowcost solution lence 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
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
pressurethan is required at the process.

discharged throughfeed water lineinto
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 watercontent [1].

The paper will explaimow 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 considr 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 tank are positioned
horizontally. The principle is tha they
operate at 50% to 90% capacity to ensure a
sufficient surface area for steam quality and
evaporating speed, the quality and speed
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increase with decreasing of tank content
p /£: G@thermore, it is necessary to
ensure the possibility oflischarging the
condensate water. Due to heat losses with
plant conditions condensate i
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 acumulator with the boiler. In
this paper we will discuss about whether
this existing spare boiler match with this
requirement

2. Steam Accumulator (SA)
Consideration Methodology

Design

2.1 Charging and discharging cycle
2.1.1Charging

The model accumulatgpartially filled with
water 50%90% full depending on the
application[4]. Steam is charged beneath
the surface of the water bysing steam
supply through the existing feed water
pipe, until the entire water content is at the
required pressure antemperature.

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 capacityn practice
the steam accumulator volume igbed 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 surfaceln this caseve 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 3and Figure Swith critical
load fluctuation range.

Table8: 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 significatiine period

It has been closely monitored every 5
seconds load variation in plant operatias
shown in kgure 6and 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 Figure 6 :3min to 5min everp seconds Plant load
variation
Table 4: Every Seconds plant load variation .
(25/05/2023) 2.13 Calculation

The steam storage capacity in an existing

Ti 5 d Plant load(kg/h .
ime (every 5 second) ant load(kg/M) pressure vessel can be calculated by using
10:02:25 AM 757.650 below equation.8 (Steam acumulato)
design pressureexisting pressure vessel
10:02:30 AM 824.600 design pressure
10:02:35 AM 1625.850 Water capacity =Boiler NWWeightBoiler
dry Weight(from Boiler manugl
10:02:40 AM 1724.950 N
Initial data
10:02:45 AM 1523.300 " .
Initial design pressure 10 bar g
10:02:50 AM 1531.700 Lower pressure 8 bar g
10:02:55 AM 1575.150 Water mass 3688 kg
10:03:00 AM 1607.050 Peak load requirenmg 1960 kg/h
10:03:05 AM 1643.400 Fromsteam table:
10:03:10 AM 1712.300 Sensible heat at 10 barg 781 kJ/kg
Sensible heatat8 barg 742 kJ/kg
10:03:15 AM 1784.400
Latent heat at 8 bar g 2030 kJ/kg
10:03:20 AM 1712.100
10:03:25 AM 1745.950 Difference in enthalpy of watgkJkg)
= n /4
10:03:30 AM 1756.900
Mass ofwater(kg) =M
10:03:35 AM 1719.900 .
Enthalpy of evaporation at the lower
10:03:40 AM 1705.800 pressure=hy
10:03:45 AM 1734.750 X=p Kx M 1

hf
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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
requirement
No of seconds = 70.85kg /0.5%kgs*
which can be run

without steam

= 1920 kg/h = 0.5B8g¢

generation

= 133 seconds

= 2 min andl3 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.

2.14 Losses and &ns

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 loadby live steam 2h /day;,

Additional livesteam requirement
3000kg/day

Expecting SFR (Considering current
condition of steam generator)

13.9kg/I
Additional fuel requirement

215. 82 liters

With current practice 29 boiler
8 h/dayoperating hours
13.6kg/l

882.35 liters

Existing SFR
Fuel saving
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 B steam accumulator
with existing piping arrangement and figure
8 shows that proposed usage of B3 as steam
accumulator  with  modified  piping
arrangement.

2.16 ProposedModification

i

PEe BE

t

PROPCSED USAGE OF B3 AS ¢

STEAM

ACCUMULATOR

Figure7 : Proposed usage of B3 as Steam accumulator (With Existing piping arrangement)
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Figure8 -Proposed usage of B3 as Steam accumulator (With modified piping arrangement)

3. Discussion with future perspective, it has ben
introduced better design inigure 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 sply system
for steam injection.

Steam load management is main part of the
plant operation andoptimizing energy is
one another main part ateam generation,
balancing those two requirements 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 émhance
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 astudy of existing P&l D s and
propose existing streamline and valve
rearrangement. Instead of changing the Figure9 : Typical steam Injection systeiB]
entire steam generation process here we

introduced how to utilize the existing

system with minor modifications, however
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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 (Maximmu 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 D : Further Modification Option 2
3.1 Justifying the Mdification

Comparing the running conditions of two
boilers only meet the peak demand, single
boiler with an accumulator is cost benefits

SljdA LIYSy G Q&8 RdzS 2

load and betterquality steam.
4. Conclusion

Steam load managment 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 consideringwastage, time
consumption and production rebadge
process

As per the solution, in this papespare
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 ah
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 acumulator, which are decreased
by time, butsteam flowrate stables with
requirement within the define time

p®2AdK

as per the calculations. Estimating high SFR  steam generator, Boiler dse as stand by

with fuel saving oppotinity with maximum
output on a steadier load from single boiler.
Expect the financial advantages of reduced
maintenance on boiler plant, plant

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 [5] Robert C Cockyne, A brief Introduction to

accumulator for load handling purpose steam  accumulators, ~steam  storage
engineering Limited.

7.By stopping boiler 1 from continuous

running condition, expected fuel saving is

882.35 I/month

[6] Spirax Sarco, The steam and condensate loop
book, Steamaccumulator.

8.Main advantages is pia load handing o
without production downtime and  Abbreviations
additional are fuel savingnergy saving  CIR Cleanin-place
and emission reduction from this project FSFlash Steam

outcome

NDTFNon-Destructive testing
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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 puitod optimization of energy generation. This research paper presents
design and implementation of an automated singbds solar panel tracking system designed

to improve energy yield in photovoltaic installatigi®Bolar 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 ganels
increase the efficiency of energy generation. The implemented system managed to increase

the efficiency of 40% on average compared to the fixed system.

KeywordsrSolar, 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.
Singleaxis 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 singlexis solar panel tracking
system and then compare the energy
generation with similar numér 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 theontrol 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 engy 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 requirdenally, it

is required to compare the eneyg
generation of the solar tracking system with
a similar number of fixed solar panel
system.

1.2 Solar Tacker

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 solapowered devices by
continuously pointing them at the sun as it

with a fixed orientaton. Fixed panels are
simpler, have lower installation costs, and

moves across the sky. Solar trackers come require less maintenance since they don't

in various types, offering different levels of
complexity, cost, and performance. The
heliostat is a welknown 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 Fixeahil
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 movesacross the sky during the de§olar
tracking systems come in two primary
types: singleaxis and duabxis. Singlaxis
systems track the sun's movement along
one axis (typically eastest), while dual
axis systems can track both the sun's
elevation and aimuth.

By continuously following the sun, solar
tracking systems maximize the amount of
sunlight that reaches the solar panels,
supposed to increase the energy geaton
compared to fixed panelsiutomatic 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 stationargnd
remain in a iked position, with a
predetermined tilt and azimuth angle
relative to the ground or roofUnlike solar
tracking systems, fixed panels do not adjust
their position throughout the day to follow
the sun's movement. They remain static,

have moving parts or tracking mechanisms.

However, fixed panels are less efficient
than solar tracking systems because they
cannot maintain an optimangle to the sun
at all times. Their energy generation is
limited to the amount of sunlight they
receive at their fixed tilt.

1 Key Considerations

Solar tracking systems are most beneficial
in locations with significant variations in sun
position throughou 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 yeaound,
especially in areas closer to the weqor.
The chdce 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 g 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 esiing research
related to singleaxis solar panel tracking
systems, focusing on their advantages,
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limitations, and performance in comparison
to fixed solar panels

| Abadi proposes a singiaxis 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 logiebased control  strategy
effectively improves energy output
compared to fixedsolar panels.

Verma [1], in their review @per provides

an overview of solar trackingystens in
photovoltaic power pants. It discusses
various tracking approaches, including
singleaxis and duabxis systems, while
highlighting their respective advargas
and challenges. The paper emphasizes the
importance of choosing an appropriate
tracking technology based on sigpecific
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

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 t06.00 PM.

4. Methodology
4.1 System Overview anceBign

Overall Architecture: The singsxis solar
tracker system is designed which comprises

solar energy systems. The study presents a a combination of hardware components

comprehensive overview of various solar
tracking methods, including singéis
tracking. It covers key  design
considerations, performance metrics, and
potential cost sawgs through enegy
optimization. Dhanaba[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 duakis
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

and software to control it in order to
dynamically adjust the tilt or azimuth along
one axigo maximize the energy generation

Monitoring devices

(Figure 1).
_.1‘4,&3

Figurel : Design of the overall system
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The ESP32 serves as the central controller, Process and Frequency of Data Collection:
interfacing with the various sensors and The LDR continually generates analog
actuators. Itreceives input from the LDR to  voltage values proportional to light

track sunlight, controls the DC motor to intensity. The ESP32 receives these

adjust the solar panel's orientation. numbers at regular intervals, often every
few n nsurin rateattim

4.2ComponenRoles ew seco ds, ensuring accurateattime
tracking.

ESP32 Controller iftire 2): Acts as the

brain of the system, receiving data from
sensors, processing it, and sending
commands to the motor and relay.

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 solgpanel should be
adjusted to face the sun by comparing
repeated measurements.

4.5Motor Control Algorithm

Algorithm for Movement Calculation: Using
LDR data, the algorithm computes the
Figure 2 ESP32 difference between the present solar panel

) . orientation and the intendedorientation. It
LDR (Light Dependent Resistor): Detects yetermines the required motor movement

sunlight intensity and provides analogue  taking into account aspects such as the
input to the ESP32. time of day, current position, and desired
DC Motor: Adjusts the solar panel's angle to tracking precision.The block diagram in
follow the sun's movement across the sky. Figure 4.

4.3Communicatiorand Interaction Motor Control Logic: The ESP32 sends
i pulsewidth modulation (PWM signals to
The LDR continuously measures the yo pc motor, PWM signals regulate the
intensity of sunlight and feeds analogue gheeq and direction of the motor, allowing
data to the ESP32. The LDR data iS¢y eyact changes. The ESP32 changes the
processed by the ESP32, and the desired p\y\ duty cycle based on the predicted

position adjustment for the solar panel is movement, providing progressive and
calculated. Following that, the ESP32 sends precise solar panel relocation.

control signals to the DC motor, defining
the appropriate movement angle.

4.4 Sunlight Detection

Utilization of the LDR: The LDR serves as 4
light sensor when properly positioned on

the solar panel. Its resistance varies with
light intensity, allowing it taetect levels of = = =
sunshine.

Figure3 : Functional block diagram

24| Page



Proceedingsf the InternationalEngineering Research SymposiER2023), pp R1-26] —
©National Engineering Research and Development Centre of Sri.Lanka 2

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 (0] mechanical
components.

5. Implementation and Results

A singleaxis 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 feing the sun at the same Figure 5 Implemented system

angle. Controllor circuit assembled

according to the (Figure 4). Sensor inputs As the results shown in Table 1 and Figure
were given to the controllor and output 6, there is a significant increase energy
signals were generated according the generation of singlaxis solar tracking
program to control the motors. Our test system compared to the similar capacity
results show that the output signals can fixed system. On average it is about 40 per
move the solar panels tequired direction.  cent increase of the efficiency.

It has manged to increase the power

generation per month to 25%0% within ~ Table X (llected data

the first month of implementation,

compared to the fixed structure. Fixed Panel single-Axis

Day1 24,53 KW 4474 KW

Day2 23.62 KW 42,58 KW

Day 3 22.54 KW 40.65 KW

== " Day4 BILKW  4354KW

Day 5 20,78 KW 38.63 KW

Day 6 2221 KW 40,34 KW

Figure 4 :Circuitidgram Day7 73.49 KW 43,18 KW

1 Implementedsystem

Figure 5 shows the implementeaihgleaxis
solar panel systemResults were obtained
from a similar capacity fixed solar panel and
single axis solar panel tracker system.
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Day1 Day2 Day3 Day4 Days Day6 Day7

mFixed Panel (Power InKW)  m single-Auis (Power In KW)

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
singleaxis 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 potgal

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 coseffectiveness analysisyB
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 decisiomakers, solar
developes, 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 soltions. 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 perneable 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 stidy resulted that steel slag permeable aspHadised concrete with a 350 mm
porous road thickness produces the lowest discharge potential while satisfying economic and
mechanical propertiesThis study predicts the future development of pavement mateiials
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, Snagp

1. Introduction 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 unestricted rainfall movemer3].
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, ad permeable
pavements areall 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.

Recently, rapid population growth,
urbanisation, and intensive infrastructure
construction have posed obstacles to leng
term development. In many cities,
impermeable pavement has replaced
permeable vegetation fields, making it
difficult for water to disperse and heat to
escape. These diffitties 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. Lownpact development
(LID), green infrastructure (Gl), bes
management practises (BMPsBpongy
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 @kke

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

porous material was investigated to

the scarcity of easily accessible urban areas determine how flow rate and porosity are

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 thdb
not function well together [k To resolve
these concerns, decisiamaking and
evaluation models have been developed.
The decisiommaking model could be
utilised to help allocate funds and other
resources §]. 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 partnerslip (PPP) model was
used to construct Spongy cities, particularly
in developing countries, which hgdd the
government save money J4 The
development of a Spongy city has won the
support of urban residents despitehée
persistence of most issues][7From a
engineering  standpoint,  ‘“infiltration,
retention, purification, evaporation, and
discharge" are some new standards that
Spongy city would like to incorporate into
pavement materials. According t@hao,
2019 [8], paving materials should be
permeable to wéer. 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 environmnt [9].

They created permeable masonry
pavement to resolve this problem [10The
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 stdy examined the pore
properties of Spongy Road materials. In
addition, the development of a
mathematical model for flow through

related. Flowthrough porous medium
analysis wa 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 hydtogical
performance and a broader application
range using a smart application.

2. Materials andMethodology
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 spage materials finite element
(FE) analysis was done using ABAQUS. The
Darcy model was used to find the results
related to rainfall and the sponge roaohd

A mobile app was developed to share the
information among people. People who are
in the flooding zoe could get benefitted
from the smart App. General procedures of
the Finite element analysis can be
summarized below in Fige 1.

2.2 Finiteelement 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 aténce

of two fluids in the medium. The porous
media is represented by affixing a finite
element mesh to the solid phase; fluid may
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1.Through the literature review
determine the properties of the
materials .

4

e p

1.A finite element study will be done

using ABAQUS, Darcy's equation model

\. J

¥

1.Behaviour of the retainwater flow cal
be predicted to some accuracy and thgn
that can be connected to a mobile ap

4

1.Developing the Smart mobile App t
communicate the information

Figure 1 Flowchart of the entire methodology

flow through this mesh. The model also
employs a continuity equation toalculate
the mass of wettingléiid 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 raavays.
Previous research investigated the
performancerelated mechanical
characteristics of the PTO specimens using
numerous preliminary approaches]jland
the basic strength of the specimen was
tested using a uniaxial compression test.
The PTO performedvell 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 longerm endurance of the
material, which was more than 10 tés
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 resulthis
wearing layer has the potential to deliver
new ecofriendly 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 Mdel

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 mateéals. Mean fields per
phase are commonly employed in
homogenization and provide sufficient
information in the majority of instances.
The RVEalculated elastic properties,
including moduli and Poisson's ratio, are
validated via Asymptotic Expansion
Homogetization (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 significaily 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 scaf the
representative volume element (RVE)
based on the findings of previous research.
Figure 2 depicts the specifics of the
designated RVE.
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Figure 2 RVE of the Pavement

2.4 Boundary @nditions

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 tferent 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 thegiven equation.

2.6 Micro Image off®ngyMaterial

In the present study, Quantitative

Pavement is assumed to be held at z= 0 and Computed Tomography (QCT) along with

z=a in a maner 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 (zatd z =a)
are restricted to zero in the -xand 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

image analysis techniques was used to
capture the air void distribution in
concrete. Using QCT images to create an
FEM model aglose 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 elemgsnthat each
enclosed a predefined cubic volume of
image voxels.

base course, subbase, and subgrade were 3. Results andiscussion

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 Mbile App

The reslts 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 usingmobile application by changing

3.1 Resilts of Finite Elementralysis

Figure 3 shows the mesh discretization of
elements is increased, the rainfall values
are slightly increased and then flatteoff.
Steel slag permeable asphdlased
concrete with 350 mm sponge road
thickness vyields the satisfying results
considering the economical point of view
while fulfilling the mechanical properties as
well. Hence RVEvith 75639 elements is
selected for thefurther analysis
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Figure3 : Comparison of mesh refinement Figure4 : Spongy layer configurations
3.2 Layer @nfiguration 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 measred 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 screecbat as opposed
to an asphalt layer of steel slag.

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 slggermeable asphalt in
the construction of smart sponge roads. Two
steel slagpermeable asphalt pavement
structures wee devised a semipervious and
entirely pervious. For the pavement's water
permeability, the completely pervioushe The configurabn (c) provides a reasonably
concrete and asphalt pavement of high absorbance of 55 mm; therefore, the
Configuration (a) absorb 36 mm of the day's surface discharge value is decreased to 83
total precipitation. In addition, the mm, which is 35% of the rainfall value
maximum accumulated infiltration tough
the stratum is 95 mm; therefore, the
surface discharge value is 107mm, which is According to Figur8, steel slag permeable
roughly 45% of the precipitation. The old concrete can be plad as the material for
porous concrete has been replaced with spongy roads for effective performance as
Gravel drainage and Steel slag permeable it has the optimum value for all the
concrete, as well as categories as compared qualities like absorbance of
configuration (b). structure was designed rainfall 23 %, runoff over rainfall 38 %
with additional levels of steel slag. infiltration of the macadam roads have
optimum rainfall 39%.

3.3 EffectivéVlaterial nfiguration
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Table t Hfective sponge materials thicknesses

S £ 8 IS IS = @ g = ‘T
$s-E |Bg=§ 83E | E g s | 22 | 22
[CIRCE] = O'm n © = 0 = c £ = c S
SESQ | PES g o 3 2 E g = S s=
oo F9® | 2839 gEQ g = E 2% 5 =
SECE | BECE Hge s 8 ? £ xS =S
L 3 = 3] 3 © 2 2 c
25 50 100 200 375 19 41 40
50 45 80 175 350 20 42 39
75 40 60 150 325 20 43 37
100 35 50 125 310 21 53 26
125 30 40 75 270 21 55 24
150 25 25 50 250 22 57 21
sébsorﬁb/agce/]feﬁigf/a)ll (%) economical perspective, the cost and the
<+ RUNO ainta (1) . .
= Infiltration/Rainfall (%6) mechanical properties of spongy layers are
considered as a vital role. Hence, we can
§ choose the overall thickres as 350 mm
= 40 o % considering the above aspect.
£ %
5 20 3.5 Flood warninghobileApp
N

0 g\ E\ Ek ] g\

PTO OGFC SMA SSPC ABPC

Figure5 : Finding effective spongy base materials
3.4 EffectiveThickness of thealyer

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 thethickness, 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 fahe absorbance
and also it is satisfying the mechanical
properties of the spongy road as well. In

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 opimum 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 welcme page that user can
identify the type of app that he or she is
going to use. After that, he or she press
aDSG adl NISR¢
can choose whether he or she is going to
check the existing flood data or esite
flood analysis. WhenaiSNJ Of A O
FE22RQ A4 NBRANBOGA
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 locé@bns list available in the

app.

Welcome To Flood
Predictor

Figure 6 :Welcome paggof 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 tomaterial 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 ot metrological
department data.

Based on the results, the seqmérvious and
entirely pervious variantsf two steel slag
permeable asphalt pavement structures
were designedThe optimum properties of
stone mastic bitumen for macadam roads

0 dzii G 2 yarell 2den#icall i thaseK Sof Inatllcady dza S N.

permeable concrete produced from steel

slag. Multiple inner layers comprise the

Btgl  thitkni€sS OGf the stratum. The
thicnesok F@nddemotiskafes afthgr@l G A 2 vy
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 t@ducethe
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 gnerated 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 flogaredictor
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 humber 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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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 intericomponents 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.Ufther, 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 studsgtlyfirthe
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 tlvdyndesigned
ventilation system. Temperature observations is taken by using a portable temperature
sensing module. As a result of designed solar ventilation systertemperature inside the

LI NJ] SR @SKAOf SQa OFoAy KI & sahdvsy cléamempBetaiure @ S
difference between the two experimental conditions and the ability to achieve the core
objective of reducing the cabin temperature of the vehicle whearked under direct
sunlight.

Keywords: Heat, Blower motor, Solar energy efimal comfort

1. Introduction 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 happerdue 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

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

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

Firstly, heat was transferred into the vehicle
cabin through the glasses & body of the
vehicle by radiation. Tén 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 tationary
YSRAdzY A& (y2e6y I a

ad 02y Rd:

temperature at winter season (Decdyar convection is a process of heat transfer due
to February) in Sri Lanka [2]. That to a temperature difference between a
temperature was not comfortable for solid surface and the adjacent fluid in
passengers when rentering to the vehicle  motion. The process of substances which
and it can create volatile organic emits energy in the form of
components emit from the interior of the electromagnetic waes in all directions and
particular vehicle. at wavelengths from low one to high one at
. . a finite temperature. The transfer of radiant
Heat is a kind of energy [6]. Heat shobl energy between two bodies at different

maintained in a proper level to keep the :
comfortable. Human feels hot when the temperatures is knovvp as the heat transfgr )
) 0 OGN RAFTUAZ2YED wlk RAFUOAZ2Y

substance get warmer than human body & °o¢ ¢ . A PRI .
Y2RS R 2 §ure/ & inediNds and it
feels cold when the substance gets less heat oceurs effectively in a vacuum
than the human body [7]. Generally, 21°C '
26°C (Relative humidity 459%60%) is define When a vehicle exposed to sunlight, some
as the comfort zone of a person [7]. When bad consequences will happen. Since all the
a vehicle parked under scorching sun, heat widows are closed in a park vehicle, the
transferring occurs though Sunlight, Heat in inside of the vehicle just like a greenhouse
ambient air, Road heat and Engine and and the accumulated heat in®dthe car
transmission heat (If parked after drive). 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
R2SayQid GNIyavYAlGtérAl$s
outside and that trapped heat getting

In a high ambient temperature situation
about37°C, the interior cabin of vehicle can
be reached up to 65°€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

SdNF I OS3Q S8YLISNT dzN%ﬁaE%jSC fnyauisly inside the vehiclg o,
Thispheny Sy 2y Aa 1y26y [ U

KSIG OGN yATFSNE w8 P
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, Conggon and Radiation.
Temperature level inside a car cabin
increase due to combination of conduction,
convection & radiation occurs in the car.

€ vehicle users_want to wal
£ geri?d_of ti?qe)\aubl?nd g‘ggﬁvminwﬁs < T & .
eﬁ‘{gre enter )i\nto the Vehifle' in order % aFSNNRY:
cool down the interior of the vehicle eién

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 disengage from the designed system and

reflective films (Window tints) and portable
ventilators are some conventional ways
dza SR (2 NBRdAzOS
The use of window tint was the most
efficient method which influencing to
reduce the cabin heat of a park vehicle [10].
However, allof these cabin heat reducing
products wil 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
AYyaiARS (KS LINRf2y3ISR
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 aley 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)ich 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 thog hypothesis, one main fact was
the consideration of the ignition key at
GhTFE& 2NJ a! O0¢ LlaAdl
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
Ghyée¢od LT a2z Al YSIy
parked. So, with that signal, the control unit

65K 9 584

were gathered.

allows current to pass into blower through

0KS @SKAOt SQa St SOGNROI €
r hypootrlie(s)is)\ gonsi%esreld Yin H¥" 6 ®

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

According to those

observations, we create a hypothesis about

the boundary temperature which was

applicable to operate this system as 36°C

whidh Nab foRer B Khe @AdYSiem th® | 6 A Y d

lowest observation. Also, the period of sun

shines within the day time considered as 09

hours (08.00 A.M¢ 05.00 P.M.) in order to

do the power calculations while estimating

GKS &deaidsSy O02YLRySyidQa

another hypotheis 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
0S GINASR I O0O2NRAY 3
prefererce. 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

oy e

G2

Qsidgred ag; (e inputs dadhe male
unit while the power distributes to

the blower motor considered as the output
signal from the main control unit. Likewise,
the bounday temperature and ignition
switch state conditions have been checked
in order to energize the blower motor to
create a ventilation. However, the double
(:heclﬂ'nR %f ve&ig Cﬁbgftegwpetat‘?re an

iSnition switch position iS neaded’afte? th

gl

240 |
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blower motor beyins to run and also the The variation of the temperature of a park
blower motor should be work by the vehicle cabin within the day time needs to
BSKAOf SQa St SOGNROI f be abseivadd Yelatediti BiNBofeetN® ~ (I K S
design system connected with the vehicle that, test committed by two different
electric system in order to power the aspects which are the variation of vehicle
blower when the vehicle is at running state cabin temperature in a particular van while
2N AJyAGA2y (t8=2is anli parked ander scdtching sun without any
integrated system which comprised in two ventilation system and the variation of the
different circuits.In that system almost all cabin temperatureof the same van while
the components and devices are physically parked under scorching sun with the
connected with the use of electric wires proposed solar powered ventilation
except the temperature sensor module. system. The temperature variation of the
Because the operation of the tempetae vehicle cabin without any ventilation
sensor module has deals with the radio system has been considered as the neutral
signal communication process rather than situation of the readings. Later the both
physical electric wires. It is due to make the readings needed to be compared and the
system as a usdriendly manner, easy success of the heat reduction of the vehicle
handling and also to avoid the complexity of cabin needed to be decided. Also, all the set
the product. Since it made as a portable of readings have been compared with the
device, it can use to take the temperature surrounding ambient temperatureTesting
deviation of the cabin according to the process has been conducted within a day
GSKAOE S dzaSNDa LINB T SN afddi@d10.00 KASWNIo 0B.0QKP.Mi & 2
30A fuses are used to safely pass the where the sun shines strongly. The set of
current into the main control unit. In order  observations has been taken within each
to create a ventilation inside a parked and every half hour time gap between the
vehicle,it needs to open the air duct which  selected day time ranges. In order to taking
located at the beginning of the air vent the temperature readings, the temperature
aeaidsSy 2F (KS @SKA Of Susing modid was used. & aisd At asfordey O S
this van has cable mechanism to control component in that design of the project. It
that duct manually, the same mechanism is one reason to make that unit as a
was used unless including any auto portable separate unitin order totilize the
activation method to lhat duct mechanism.  resources available.The overall circuit
In order to make this design system as a diagram of the main unitan be illustrated
userfriendly manner as much as possible. as in Figu 2.

Figure 1 Structure of the overall project design Figure 2 Overall circuit diagram of the main control
unit
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2.1Ignition 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 systemeeded to take an
input signal when the ignition switch key
GdzNYyAy3 Ayid2 ahbxl
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
G dzNy Ay 3 Ay a2 ahbe
connection has been arranged within the
ignition switch as shown in the below
figures (Figure 3).

Multimeter was used to detect theviring
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) ofthe 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).

Figure3: Van ignition switch wire arrangement

LJ2 a A

Figured : DC Voltage checking parameter setting in a

multimeter
&f t/,\ n a lzv r ings at
\wnre rlné‘)pofﬁt en '[%lkl %

the observatlons while placing the ignition

1S58 AyilG2 ah¥Fé LRarldrazy
L I OSR G2 a! O0¢ L2aAidAzy
reading at other remaining wire soldag

points. In that time at another one

soldering point, the multimeter displays 12
Vreading. IRSTAY Sa (GKIFG 6ANB ¢
output line, which pass current to the

vehicle electric system.

¢KSYys (GKS A3dyArldAizy
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
BSKAOES AT AGQa NYzya
conditions. Finally, connect that 12 V
reading shown electric wire (Figure 5) when
AJyAldArzy 1S@& LIXFOSR i
our main cortrol unit by using a separate

wire in order to check whether the vehicle

is at park or not.

188

NS
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Figure6 : Direct wiring (vehicle electric system)

Figure5 : Ignition switch output taken wire (ignition arrangement in the blower motor

key ON position) . .
blower must be selected as @njunction

2.2 Blower Motor Modification 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 oder to achiee the project
aim.

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 wsing 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 elecic 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 @pection 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 redis box So,

in order to make the system to comply with
both systems, the yellow colour wire which  Figure7: Modified wiring arrangement of the blower
comes out from the blower relay into the motor
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2.3 Connections Betweereiices 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

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 ggldeug;\;zalr)ranged as shown in the above
to the 12V lead acid auxiliary battery '
through the charging controller. Then, the Table - G_PIOterminaIs connection array of the main
power out to the main control unit across ~control unit
the 30A fuse. Since this system along with a pe—. —
parking condition, the system needs a T
signal to detect whether the vehicle ignition 2
switch off, on, Acc or in the starting 3
position. An assumption was created in that 4
case, if the vehicle was parked then the s
AAyAiGAaAzy asAGOK KFa 688y I a["™HRIY"ghFFe 2NJI
R&EN
8
9

Blower Motor (+)

Solar charging controlle(f)

Blower relay(+)

G! 0O0¢ LIRaAlGAZYyad Ly 2NRSNI (2wl OK A GK KI
assumption, a current signal was taken TgT T on Fons out

from the wire which passes current when m Grond()

the igniton $ A G OK G ahyé¢ OZYRAUGAZY D { 2=

there is a line connected to the GPIO The main key parameter of the design has
connector of the main control unit. been going to operate is the boundary

temperature of the park vehicle cabin. That
means, the blower motor has been started
its operation when tle temperature

The modified blower motor has two
connections, among those two one which

comes from the blower relay has connected j, reases more than the set temperature
to the GPIO connector with a 30A@&and gy ndary temperature) if the vehicle at

o_ther line which connected with blower LI N] SR 6LIYAGARZY AasAhdloK
directly has also connected to the main  .,ngition). That boundary temperature can
conFroI unit. !Elther blower operated W't,h be adjusted according to the preference of
vehicle electrical system or with the design & w3 9t &  dzi S ND & don 2h& S vy RN
sys_tem of the project, the current passes_to ignition suddenly the project designed
active blower motor across the main g qem stops working due to the electric

control unit. There are two main ground  gjgna| pass to the main control unit when
lines runs from this system, one is from the g ision switch on. If driver switch on the

chargin.g controller gnd.another one from blower fan or A/C system while ignition

the main control unit. Since blower motor — gyitch on, the blower begins its,run due t _ .
Pt NBFRe 3INBdyyRSR FNBye pdbit sliftids'bm thél elddificzid ¥ QU
needs to ground. system of the vehicle across the main

The temperature sensing moduleas actas ~ control unit.

a separate unit which can fix to any location In order to maintain the proper ventilation

of the vehicle cabin. Therefore, that purpose, the air duct handling cover should
temperature sensor module was fixed at be open by mechanically. Since the Nissan

the top of the van cabin (under the roof). Caravan van which used for tieg purpose

There is no any physical connection has a cable mechanism to control that
between temperature sensor module and  particular duct manually, there was not any
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more stuff added like actuators to make it different days. Those cabin temperature
automatically open or close. It can be easily results without ventilation system were
handled according to the passengers or distributed as in theFgures 8. For an
RNA GSNDA LINEB fide MiBwar@sS  &pefinieStal parpizsiea the temperature
to supply into the vehicle cabin or only observing was started frommorning at
circulation of the air already existing inside sharp 10.00 A.M. At that time, the surround
the vehicle cabin. The solar panel supplies ambient temperature was about 27°C. Then
G§KS NBIjdzA NER L3 ¢ SNJ U i2wasiképbunid 11D@BASMNAf@rkhstyt wak G Q a
operated with the project design system. In changed to 28°C at about 11.30 A.M. From
the rest of the time paod, the power given  the 11.30 A.M. the ambient temperature
by the solar panel used to charge the was continuously increased ungil30 P.M.

battery if the battery discharged only. Then it was decreased to 27°C due to the
climate changes to cloudy weather. With
3. Results and Bcussion the same time intervals, the cabin

31PN] SR +SKAOtSQa /&% a“ﬁreé"ﬂa?é a'iol-oﬁﬁ?rl‘-"iﬁ I;\b3é {he
Without Ventilation $stem wireless temperature sensor module which
was placed inside the van cabin. That both
The experiment related to the vehicle cabin temperature observations were taken and
heat distribution was conducted between NB O2NRSR G GKS &l yY$S {GAYSo®
the 10.00 A.M. to 3.00 P.M. which is the cabin temperature was recorded as the
normal time of scorching sun fallen in Sri 33°C at 10.00 A.M. Then it changed time to
Lanka. Therefore, within that time period time. The highest cabin temperature was
the maximum temperature reading of the recorded at 02.00 P.M within the first day
GSKAOEf SQa OFoAy O2 dzank it wvasSaboB°O.BbRUSERobthe W S
experimental reslis were analysed with ambient temperature due to the cloudy
respect to the outside ambient air weather, the cabin temperature shows
temperature within all the experiment rapid reduction after the 02.00 P.M.
COer‘fCteo' days to show temperature In that day.In the second day (Figure 9), the
variation of the day. In order to take the . .. ; !
) . . initial observation of the ambient
ambient air temperature, the mobile te rai about 27°C. Then.e
F LILX AOFGA2Yy aD223tS & ?{Juﬁeé\q(?f g1 5 .dzagr%&y L @
. . .~ ambient temperature’ maintains a 28°C
provides accurate ambient air
temperatures and also humidity level
within the particular time.

constant

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 n

much good to compare the final results of ™ 060 1030 115 1136 1158 1230 $105 01 0200 810 G180

0KS @SKAOf SQa OloAy —— idKS
designed auto ventilation system and

without any Ye”t”at,ion SyStem; I[I qrder tQ . Figure 8 :First set of observatiop without an
complywithti K i+ 4LISOGE GKS D6 KA Qbnin@rivystddl 0 A Y
temperature was observed in three

Temperaiues (')

42| Page



Proceedingsf the InternationalEngineering Research Symposi@ER2023), pp B5-51]
©National Engineering Research and Development Centre of Sri.Lanka

:v
v L

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.

—s—Surround temperature

—=—Vehicle's cabin temperature

Temperature (°C)

29 /__‘_‘___/0—‘\\_‘_‘

10.00 1030 11.00 11.30 1200 12.30 01.00 0130 02.00 02.30 03.00
am am am am noon pm pm pm pm pm pm

Time

Figure 9 Second set of observation without any
ventilation system

2 KSy 48§
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 weathehe
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 temperaure was keep up to 29°C
and later hat the ambient temperature
wasdecreased 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 thewireless
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.

Temparmens )
EEoE & B

1 \

\

1000 1850 1100 1180 1300 1330 0100 L0 G200 0280 0300
W wm am am maen pm P M e pm pm

Tima

Figure 10 Third setof observation without any
ventilation system

O2y aA RSNy 3Thafi Kgbin Gleryperature O was A yiold

constantly until the 03.00 P.M. When
compared with the second day
observations, the temerature was
seeming to be same.irially, the average
0SYLISNI GdzNBE  JI t dzbiaa
and outside environment was achieved
(Figure 1) 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 anmhost 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
(Decemberg March) of the Sri Lanka, the
observed ambient temperature valse
were not showing a higher temperature
and most of the evening time has a cloudy
S GKSND
temperature, the average minimum

2 ¥
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——Surround temperature

—=—Vehicle's cabin temperature

Temperature (°C)

10.00 1030 11.00 1130 12,00 1230 01.00 0130 0200 02.30 03.00
noon pm pm pm pm pm pm

Time

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 & low surrounding
temperatures.

32t I NJ SR +*SKAOf SQa /
with Designed shtilation S/stem

The heat variation of the parked vehicle
cabin also observed ith the same setup
having a thirtyy’ A y* dzim §a@. Here, the
boundary temperature was set as 36°C in
2NRSNJ G2 YIFIAYyidlAyYy
a minimum level and that boundary
temperature was estimated according to
the average observations recordedthout
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 wthin all the experiment
conducted days, in order to clarify the
effect of ambient air temperature towards
0KS @SKAOftSQa OloAy
application (Google weather) was used to
get the outside ambient temperature

observations and the portabltemperature
sensor module was used to detect the
BSKAOf SQa OF oAy
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°&
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
&t Qnd Yemperaturl sehidorNdolileA vy
occ/ X GKS
cabin heat reach to tht 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

i K Bduges dowee dhak 1R gbRupdam S 1

temperature limit.

b tamge ey

= g b o e My

(a2

Tempredue

M B 1 1158

B OEm s

1250 1150 G190 G100 GI0E 0308 S180
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KSIio ¢KS
Figure 12 First set of observation with designed
ventilationsystem
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When considering the cabin temperature, it = larondiempersirs
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. “

GKS 0ft26SN) R2SayQi
because the cabin temperature varies in
between boundary temperature. After
exceeding that boundary temperature, the
blower propels continuously to reduce the 000 1998 1180 1110 110 120 0190 6L 6100 0220 010D

cabin heat. However, the cabin s

temperature was increased up to 40°C at

12.30 P.M. After 12.30 P.M., cabin heat Figure 13 Second set of observation with designed
getting reduced due to th effect of outside ventilation system

climate change and also due to the effect of

ventilatiorl create ’by the blowgr. The the inﬂyence onf the outsideA a;mbignt
0f26SNJ aiuz2lLi AlUQa Lﬂéhﬂ)érbﬁdrefa%matk fhang_)e§ UgsSsSy
02.00 P.M. to 02.30 P.M. due to the rapid
temperature reduction less than the
boundary temperature inside the veatie
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 at the beginning of the day and it was
outside temperature it was began with 28°c  continued until 11.00 A.M.  Then, the
at morning 10.00 A.M. to 11.00 A.M. After ambient temperature was rise to 29°C at
11.00 AM., the ambient temperature was 1130 AM. to 12.00 Noon. After that
fise to 29°C at 11.30 A.M. Later, the same ambient temperature was reduced again to
29°C ambient outside temperature was 28°.C at 12.30 P.M. to Ol_.Op P.M. anld it \(vas
continued steadily until the 02.30 p.M. Mainly due to the variation of climatic
Finally, that temperature was reduced condition. Then, that temerature was
again to 28°C about at 03.00 P.M. When again increased up to 29°C at 01.30 P.M. to
O2yaARSNAY I tainetatud,lity Q-0 M A v

was recorded as 30 °C at 10.00 A.M. and it e T—

was increased rapidly to 37°C about at - e e
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, \was
rise within a short period of time more than
the boundary temperature. Therefore, that i

observation shows the effect of heat e

0NJF LIIJSR Ay&aiRS GKS 1 e oAy
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

Tompwrsiurs (50

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

Tamparamors PCh

Figure 14 Third set of observation with designed
ventilation system
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2 KSy O2yaARSNAY3
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,
GKS LI N)JSR &I yQa
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 rached 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 depersglaccording

to the temperature of the outside ambient
air supplied into the vehicle cabin through
the rear blower of the vanSo finally, the
average of the observed temperatures was
analysed based on the observations
recorded above. According to the avge
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 M. to
12.30 P.M.and from 01.30 P.M. to 02.00
P.M. In between that time, the average
ambient

—— Srround { g ke

#— Vahicie s caln e par stern

Tomparsers X}

BOGO 1000 1000 103 11OO 1210 0400 0185 180 0130 0103
Bn m wm em noon pm o pm o pm pm pm  pm

Tiewsn

Figure 15 :Average temperature distribution with
designed ventilation system

{ frBperat@d $Haws soMé delnperature

reduction because of the climatic changes
occured during the first and third days of
observations collecting. The average
temperature of the parked van cabin with

Ol @ha gesigied Venifatith SystevdSat indtibllg

was determined as 30°C.

Also, it was the minimum average
temperature value detectechccording 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 30minutes at all the three daydn
between second set of 30 minutes, the
blower tends to manage th& | y Qa
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.
Howeve, according to the average
temperatures evaluated in the parked van
cabin, the designed solar powered auto
ventilation system was able to maintain the
GSKAOEt SQa OFoAy KSI G
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

OF oAy

GFENRFGAZ2YyE 2F GKS LI NJ SR @¢
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— and system was able to maintain that heat
S around the acceptable level of boundary

T —— temperature until 02.00 P.M. The external

" — factors like wind flow rate, outside ambient

n " temperature, weather condition were

affected to the parked vefif SQa OF 6AY |

At the last 60 minutes, the average cabin

temperature getting reduced mainly due to
the effect of the outside ambient

Tormgee ratare ]

R

1000 085 1100 1150 1200 1150 G100 8100 G100 GABD GROG

“““““ _ temperature deviation.
Figure 16 Average temperature distribution without ~ WWhen comparing those two curves the
any ventilation system and with the designed cabin heat at the evening was not getting
ventilation system reduce as oppositéo the increment of the

deviation with respect to the observations Cabin heat at morning time. It would be

taken throughout six days. In that graph, Enalnly due to the morevamqur]t of'cheatAaw B

the red colored line shows the average U NJ LILISR Ay aARS UKS OSKA!
GSYLISNI GdzNB& 2F (KS UDe \yed fougls RO pogasesl agie 6 A y
without engaging any ventilation system ventilation system was engaged. The rate of
Wh||e the green C0|ored |ine hS)WS the air flow (W|nd) at the otside environment
average temperatures Of the parked was fee|S h|gher at11.30 A.M. to 02.30 P.M.
PSKAOt SQa Ol oAy @Al RKhat @¢eRal fackhy was g faffected {0 N
powered auto Vent"ation System_ When hOIdS the aVerage Cabin heat at 38°C at the
considering those two deviation lines, the noon time period of the day with the

initial stage was pretty much looked similar designed ventilation system. So likewise,

in between first 60 minutes of the vehicle U KS LI NJ SR katRvasQdriedoa OF
parked_ However, after the first 60 minuteS, with the and without the ventilation SyStem

the average temperature of the parked With respect to the time.

(ZSKAC)fSQé él-c‘;)\j é)\ﬁ@@gﬂg@ndary%%perﬁ@yﬁxfI-Gi\zy
system was getting gradually increased .

until the heat reached to 43°C around the The  average  cabin  temperature

time of 01.00 P.M. to 01.30 P.M. When Observations recorded without any

parked vehicle cabin with the use of boundarytemperature.

designed  ventilation  system, theé Agssymption: Desgn system was set to
temperature rises by 01°C at the second 60 gperate at 40 % higher than the lowest

minutes (11.00 A.M. to 12.00 Noon). average temperature observation

However, that increment was getting recorded.

reduced with respect to the first 60 minutes  goyndary temperature

observing time. The reason for that, there

was not any ventilation system engaged ~ [TL + (THTL) x (40/100)] ..(1)

within the first 60 minutes since the Where,

GSKA Ot SQa OFoAy KSt . fighést alerdge eablih tdhfidratire U K S
boundary temperature. The highest )

F GSNI 38 G SYLISNI (dzNB  BiFLowert gvergos gaRirenpesaiures | o A y

with the design syem was seems as 38°C
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Raunded boundary
estimated as 36°C.

temperature was

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; Heatariation at

minimum average vehicle cabin
temperature and Heat variation at
maximum average  vehicle cabin
temperature.

Heat variation at minimum average vehicle
cabin temperature = (TL1TL2) ..(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 = (TH1YTH2) ..(3)

Where,

TH1- Highest average cabin temperature
without ventilation system

TH2- Highest average cabin temperature
with designed ventilation system

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

3.6 Effectiveness of thalesigned 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 wo 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 cses were used for
calculations.

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

Effectiveness of the designed auto
ventilation systemn);
N =[(YOL'YQ / ((YOL'YQEXx100% (4)

Where,

TB- Cabin temperature without designed
auto ventilation system

TA- Cabin temperature with designed auto
ventilation system

Ten- Surround environment temperature

Therefore, effectiveness fothe designed
solar powered auto ventilationystem 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 toatee

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
KSFEGiGAYy3 A&aadzsSa | NRAaAy3
cabins nowa day The heat is increasing
insRS 2F (GKS LINRf2y 3SR
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
developa 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 wit 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 abotlite 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 objectivef 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
YIAYyGlrAy GKS @SKAOf
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
F dzS ¢ O2yadzyLIiAzy
needed to swith 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 ventilath system.
The experiment observations were
collected in a day time under some

gpieverppty
0 'the lessamount

aaA

different weather conditions. Because of
that, the observations were not gathered
within continues days and\ G Q&
collect number of observations in order to
achieve he 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 fa,
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 Lithiurion 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 ofinstalling 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
%“g?e ‘{F%gﬁdac?yﬁ‘f%déf%m
outside air drawn into
the vehicle cabin rather than front blower.
rfazsz GKFG NBIFN
reduce the frontal area heat efficiently
aAyO0S A4 t20FGSR
The van has a high amount cabin volume
with, gomp toacar, SOt blo ’
eéiég'd to Q%E\E{‘/ g\%gﬁé‘]amcohu%?%f?réévr?{aﬂ
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 another recommendation for this
blower already existing within the HVAC ventilation system Acknowledgement
system.was used. It was the rear side Authors wish to acknowledge the
blower in the dualA/C system. In order to . .

assistance given Mr.R.Eragan and

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 frontsheets. 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 corsidering the photo voltaic solar
panel used for this particular research
work, it was permanently fixed into the
PGSKAOE SQa NR2FO®
reduce the intensity of light falls on to it
gAOGK GKS GAYSo {2
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 andhen 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 hen
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

¢ K 5 NB PEWQIS(ORPY. Y QLELHMO2R.2- 94

i K I Godingfar (d@ #Parkéd Larsi Srotiteafu

Mr.T.Luxshman, Technical Officers for the
support throughout this project.
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Abstract

Paddy dispersing is one of the majoperations 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 oticomes. 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 cosfffective, this approach often results in uneven
distribution, affecting crop growth and yield potential. In contrast, modern methods
encanpass mechanized and technoledgven 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 shootingudep according to rows

and columns and ability to shooting capsules mud.

Keywordsr Paddy planting, Dispersing, Capsules
1. Introduction Crop establishment is a critical determinant

. . . . of grain crop yield and is influenced by
Rice (Oryza sativa L.) is a crucial cereal crop . . .
: factors such as variety age, soil moisture,
that serves as a primary source of energy .~ ° " NSO .
. - . climatic conditions, availability of inputs,
and protein for a significant portion of the

: . . : and labor. Among these factors, the
global population, including Sri Lanka. . . N
Paddy cultivation, accounting for 34% of availability of inputs and labor significantly

A . . impacts the choice of rice establishment
total cultivation in Sri Lanka, plays#votal . . .
. ) methods. Direct seedling has gained
role in both food security and cultural

S . attention due to its lowinput demand,
significance ([1], Ganamanickam [2]). . )

. : . . economic  benefits, reduced labor
However, with the increasing population,

. requirements, and time efficiency when
the annual demand for rice surpasses the i
. ; compared to transplanting. However,
annual production, creating a need for

additional production to bridge the gap. research has indicated that direct seeding

Variouscrop establishment methods, such ylr?rlr?ziril a(;ie tlgwigr éfr]gn st;rr?;?:gr\]/v%ﬂe d
as direct seeding and transplanting, have P Y P P

been implemented to enhance infestation. Moreover, direct seeding often
productivity, while factors like limited 'SdUires ahigher seed quantity, resulting in

cultivation land area and production costs gaps in the field and increased croed
pose challenges [3].
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competition. The use of excessive technology requires minimal labor,
chemicals to control weeds further impacts alleviating concerns related to labor

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 challengeketSystem of

shortages. Moreover, thereduction 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 aimsto explore the

Rice Intensification (SRI) was introduced as different types of seedlispersing methods

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. thbugh 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], [9B],
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 systeby utilizing
drone technology to plant rice seeds with
precise spacing. By maintaining consistent
inter-row and intrarow spacing, this
system mechanizes the weeding process,
reduces nutrient competition, and
promotes healthy root growth and tiller
establshment. Mechanized weed control
helps improve environmental sustainability
and human health by reducing chemical
usage. Additionally, the proposed planting

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 ofrSLanka’s rice
farming sector.

2. Materials andMethodology

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

ensurecontinuous uninterrupted shots.

1.2Method 1

A Fully Mechanical seeshooting 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 gearl
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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shootdown. 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.

Figurel: 3D CADModel and the base part of
prototype 1

The Disk attached to the Geneva Wheel has
8 holes with an extruded tubulashaped
pill retainer. When the hole is aligned
straight 2
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 insidand the other is
to create vibration from outside but both
motors are utilized to avoid clogs
happening inside the reservoir to ensure
the continuots flow of the capsule.

2.2Method 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 haffinion
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 fortfThe
other servo motor has been fixed jiace of
the Geneva wheel to imitate the job done
by the gear sets and Geneva Mechanism.

Figure2: 3D printed model of prototype 2

The motor is controlled by a motor
controller and Atmega 328p
microcontroller. The rest of thevorking
principle, including the Feeding unit, is like

0 KS KA U diskwiRRalt S yhe fodél BeScribed in Method 1.

2.3Method 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
capsulepicking mechanism arttie other is

a capsuleshooting mechanism [Figure 3].
The capsulgicking 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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Figure3: 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 capsule§ifure4].
Because it is th constant distance that

must be there for a paddy plant to grow.

Figure4 - Row & column distance

8
Capsules for one acre=———

= 101,171.411

Needed for one hectare p T p @BXpPpPP
& xop

= 249,994.557

Drone speed for second =chi
Capsule shooting rate for second—=—
=10
Capsulesforanhour =10 c@m T
= 36,000

. 8
Time taken to one acre=

=281h

Tablel- 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 PLA
with capsule
Retainer

Feeding Funne PLA
(Pills Reservoir)

Picking PLA
mechanismnpart

Shooting PLA
mechanismnpart
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4. Resulsand Discussion
4.1 Results

Tablel - Comparison of the methods

M1 M2 M3
Weight  High  High  Low
Capsule 2/sec 2/sec 4lsec
ejecting
rate
Synchroni Hard Hard Less
zation Hard
Cost High  High Less
Power Low Low High
consump
tion

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 (Polylacticidgmaterial. 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 rsults time taken for one
acre,

Capsule shooting rate for second = 4

Capsules for an hour =4 x3600
= 14,400

Time taken to one acre= 8
=7.0h

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, finaltyeated
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 thaan 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
dispersingrelated 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
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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 speedtmaintain the
gap between two seeding positions in the
paddy field. @rrently, 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 anthprove 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 seedlispersing metbds

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 contexof 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 Isesignificantly 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 iddified 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 requihesidness
specifications, thereby enhancing their reliability and lifespan.

Keywords: Load cell, Heat Treatment, Hardness, Stainless Steel

1. Introduction specific performance requiremenfd]. The
specific heat treatment parameters
profoundly influencehe resulting hardness
in the load cell partsHowever, determining
the optimal combination of these
parameters to consistently achieve the
desired hardness valug2-45 HRCposes a
significant challenge. The objective of this
research project is to systematically
investigate the heat treatment process and
its impact onthe hardness ofoad cels. By
identifying the key factors that influence
hardness and optimizintpe 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 studiesath

The manufacturing of load cells, crucial
components used for force and weight
measurement in various industries, requires
careful attention to theithardness valugl].
Hardness is a vital characteristic that
directly impacts the performance and
durability of load cell§2]. Achieving the
required hardness value consistently is
essential to ensre reliable and accurate
parameter setting. The heat treatment
process plays a critical role in the
manufacturing of load cells. Itis a
manufacturing process used to alter the
properties of a material, typically metals or
alloys, by subjecting it to cordlled heating,
holding, and coolin{B]. The primary goal of
heat treatment is to improve the material's
mechanical properties, such as hardness,
strength, toughness, and ductility, to meet
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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 bette for load cell
manufacturing because ofits unique

combination of high strength, good
corrosion  resistance, and excellent
toughness [5]. According to a study

published inMaterials Science Forum, 447
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 manufacturingg]. In
addition, 174 phsteel has goodorrosion
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 methodson load cell behaviour. A
total of 27 load cell elementsf 17-4 ph
stainless steel were selected as test
specimensgach 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 throughhe flow chart shown in
Figurel.

[ Identify the research problem]

<

Define problem statemeréind objectives ]

~~

Identify the vital few factors that effect ]

for the hardness in heat treated object:

[ Design the experiment ]

[ Run the experiment ]

~

e A

Observe the results and conduct DO

\. J

~

e N
Analyse the results and find the bes
parameter setting for achieving the
desired hardness values

~

[ Discussion ]

Y

Conclusion

Figure5 : Flow chart of the methodology

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 fators for this study [7]. Tabl&
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 proceséir cooling is
the simplest and most common method of
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cooling after heat treatmentWater 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.

Table2 - Parameters and their Levels

Parameters Levels
Temperature 800 F 900 F 1000 F
Time 1.5h 2.5h 3.5h
Cooling Air (e]] Water
method

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 andontrolled
cooling rate. Twentgeven (27)
experimental runs we conducted as
shown in Table2 by changing three (03)
parameters simultaeously as a full factorial
DOE.The hardness value was determined
using a Portable hardness tester on4.ph
stainles 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-47ph
stainless steels samples without subjected
to any heattreatment 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 dested in Table 02.
The statistical analysis was performedbato
significance level. Figure2 shows the
ANOVA (Analysis of Variance) results for the
final model after removing all insignificant
terms. Main factors, temperature, time, and
cooling method aredentified 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 treatmentprocess, temperature
(900F), time (3.5 hours), and cooling
method (Qil), had a significant impact on the
hardness  value. Through careful
optimization, the selected combination of
parameters resulted in the targénardness
of 43.74 HRCThe analysis confired that
the adjusted parameters (Bg(adj) = 86.79
%) has a statistically significant effect on the
achieved hardness valu@he pvalue for
the probability plot of hardness value shown
in Figure 03 is 0.686 (>0.05) and, it indicates

that the data does nobsignificantly 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 studiedparameters to hardness
value of the 174 ph stainless steel. The
temperature is highly affected on the
hardness value as shown in Figudre

General Factorial Regression: Hardness value (HRC) versus Temperature, Time, Cooling method

Figure6 : ANOVA results for the final model
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Table3 ¢ Experimental plan of the study

Trial Temperature Time Cooling HRC
(F) (h) Method

1 1000 35 Air 26.68
2 1000 35 QOil 27.590
3 1000 35 Water  29.20
4 1000 2.5 Air 29.26
5 1000 25 il 35.98
6 1000 25 Water  30.42
7 1000 1.5 Air 26.72
8 1000 15 QOil 29.68
9 1000 15 Water 31.46
10 900 35 Air 39.86
11 900 35 Oil 43.74
12 900 3.5 Water 40.48
13 900 25 Air 29.62
14 900 25 QOil 33.66
15 900 25 Water 32.12
16 900 15 Air 31.00
17 900 15 Oil 32.32
18 900 15 Water 30.40
19 800 35 Air 35.02
20 800 35 Oil 36.70
21 800 35 Water  35.48
22 800 25 Air 37.14
23 800 25 Oil 37.70
24 800 25 Water  34.06
25 800 15 Air 32.48
26 800 15 Oil 34.06
27 800 15 Water 32.72

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

Probability Plot of Hardness value (HRC)

Normal

£

Mean 317
StDev 4271
N

AD 0259
P-Value 0686

Percent
E38533 8 8 %

2 0 3
Hardness value (HRC)

Figure7 : Normality test results of residuals for the
final model

Main Effects Plot for Hardness value (HRC)
Fitted Means
Temperature Time

ELRI

Cooling method

Mean of Hardness value (HRC)

Water

Figure8 : 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
dependig on the specific level of time, and
vice versa.
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Interaction Plot for Hardness value (HRC)
Fitted Means

Temperature * Time

+ . 25

Mean of Hardness value (HRC)
-

00
Temperature

Figure9 : Two wayinteractionamong main
parameters

4. Conclusions

In this study, the focus was on optimizing
the heat treatment process in the
manufacturing of load cedlto 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 theig a
significant effect from main parameters
(Temperature, Time, Cooling method) and
significant effect from Twavay interaction

(Temperature and Time) at 5% confidence
interval.

This study is clearly showing that the DOE is
a very systematic experimeait 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 gality 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 evalations, 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 nanufacturing processes, ensuring
the production of higkguality load cells
with the desired hardness value and optimal
performance characteristics.
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Abstract

Entrepreneurial sustainability is @merging 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 necesgibf 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 sefficacy as independent variables angreen
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 Re$aaiai model.
Accordingly, the research having a positivistic approach followed a sbassd strategy

using quantitative methods in analysis. The study selected 350 engineering students in the Sri
Lankan state universities from the third and fourth yeasjng convenience sampling. The
primary data were collected through a selésigned questionnaire and analysed using SPSS
software. The data were analysed using correlation analysis to statistically test all hypotheses
and were further processed with reggsion 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 varidb. 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
concludel 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 updatédnt®rin

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 hef tountry as a
contemporary requirement.

Keywords: Entrepreneurial intentions, Green entrepreneurship, University students

1. Introduction Thus, their sustenance is a challenge today
hence; the entrepreneurs dve a
1.1. Study Background responsibility to find solutions for the issue.
The contemporary business world has This endeavour can be successfully achieved
greatly impacted by the Cowith pandemic.  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 aspectahile
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 staps,
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 thragh 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 entrepreaurship 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. Howeverin the Sri Lankan university
education, this Green entrepreneurship
concept has not yet been attempted [6].
Although several topics related to
entrepreneurship are coved 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
studentswere 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 Focusig Engineering Studentsmong
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 engineerig 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 engineeringtudents
are more likely to do novelties. Thus, they
have the potential to create novel business
startups. Past studies have also made
evidence for this potential [90]. Thus,
further improving their entrepreneurial
intentions is necessary. Thereforéhis
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 stateuniversity 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. 9§ Research Questions
The received responses were depicted in
Figure 1. Accordingly, the least number of
students respaded 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 differentto 2.What is the impact of university
another faculty. However, this initial survey education on Green entrepreneurial
confirmed the less intention of the intentions that are empirically tested
university  students toward  Green through the conceptual model?
entrepreneurship. Based on the above
result, this study was continued based on
the following research problem. The study identified the following two

G52 {NR [Fylly dzyiosREND garsinthseesing and aegegpile |\
. . empirical studies.

adequate level of intention to become

Green entrepreneurs in their future  1.Although several studies were conducted

entrepreneurial effort and can it be really on ertrepreneurial intentions, no study

AYyTFtdzSYyOSR o0& GKS dzy A éBIdNEiAdi tnve§idadng I thek Hyedns

entrepreneurial  intentions of the

university students.

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

9 Research Gaps

1.4 Research Objectives and Research
Questions
2.A proper relationships assessment was
not done on the Green entrepreneurial
1To identify a suitable conceptual intentions within the Sri Lankan higher
framework for studying Green education cotext.
entrepreneurial intention among the
engineering students in the Sri Lankan
state universities. 2.1 Key Definitions

Research Objectives

2. Literature Review

2.To investigate influences of the university This study identified Green entrepreneurial
education on Green entrepreneurial intentions and the Green entrepreneurship
intentions that are empirically teste education as key terms hence; the related

through the conceptual model. recent literature was reviewed. Thus,
several authors were found defining these
Strongly key terms. Amongst, Sudyasjayanti [11] has
Preferred
, 90 explained the environmental friendly
PreNfg:red Syi NBLJNSYSdzNﬁ Fa &alofsS G2
280 Moderat resources, lower operating costs _through
ely waste reduction and pollution, contribute to
Preferred the societies with sustainable economic
» 135 development and provide new and different
ROy idr3sSa G2 &adzOOSSR Ay
_ . the empirical studies have used the terms of
Figure 1 Respases of the Initial Survey 4802 LINB y 8 dzﬁl\ﬁ K NEEIND Wi S ORE KA LI
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denote Green entrepreneurship. However,
the key dea of the term is doing innovations

and making changes to the businesses in an entrepreneurial

environmentally friendly manner. The
intention toward Green entrepreneurship
was driven by personal factors [12].
Accordingly, they found that sustainability
values, sustainality 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 corihuation 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 businessducation
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
a4 GOKFNIXOGSNRAGAOA

pervasive influence on a broad range of
trait-NBt SO y
g a RS@®St 2LISR
innovation theory [1]. Also, Schumpeterian
theory provides a basis for Green
entrepreneurship. The theory argued that
GSYPANRYYSYGlFf LINROCE

$ yui-datdd hpRlivadodsNBnk pdlliging &nd

inefficient
creating

technobgy are inherently
innovations, thus new
actions are needed to
adequately solve the current problems for
Fyed 1AYR 2F aeadsSvye
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 behawiral
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
entreprenaurial 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 bdime 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
Bnirepranguiidl BvanRMelddl also Kndvn as
Shapero Model was introduced [14]. It

NE & LJ2 ydél S & dsserts ¢ckedtig busiidses (as ah2 event
F N2 Yexplaifir@ K dh¥é LIierddidd a between

initiative, ability, management, relative
autonomy and risk. This model described
the entrepreneurial events which occur if
S a@ppouNily Is fefBvedad dedirkbe,
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feasible and possesses the progéy to act.
Thus, the Entrepreneurial Event Model
states the entrepreneurial intention as a
NBadzZ G 2F Iy AYRAGAR
perceived desirability and the propensity to
act on opportunities. Accordingly, perceived
desirability refers to Wat 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 starup and its successful
achievement. This essentially reflecself
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 confirmedeth
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 influene 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 intentims of the Sri Lankan

university students.

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

2.3Entrepreneurship Education

This study argued that entrepreneurial

pfeqiens Ca{‘qé’?gi@" afeg) thoudy
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 knowledgeand skills
acquired through the entrepreneurial
education. Third, these entrepreneurial
intentions are created by the sefffficacy.
Moy et al [15] identified the mediating
impact of entrepreneurial awareness,
training and courses on seifficacy 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
andGreen 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 sellesire and @en

entrepreneurial intentions of the Sri Lankan
university students.

H6: Entrepreneurial education has a
significant  positive impact on the
relationship between the sekfficacy 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
seltdesigna& 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.

Independent | | Moderating ‘ ‘ Dependent
Personal preference -
Entrepreneurship
to become green .
i education
entrepreneur ‘

through social &
demographic
influence

™~

-_ ~ ~ .
Perceived skillsto | |12 T~ t [meglgns

become Green T, | oward Green
entrepreneur H3 H6 / entrepreneurs

Self-efficacy
Figure 2 Research Framework
3.2 Population and Sample Selection

This study selgéed 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 theMinistry 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 fotlr
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 selectambnsidering

the convenience of data collaon.
3.3 Data Collection and Analysis

The study adopted collecting primary data.
Also, quantitative data were collected from
the responants. 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
interpreted wth its outputs. To adopt

statistical tests, the data should be normally
distributed hence; it was hypothetically
tested. Also, the reliability was measured
g AdK /| N2Eyol OKQa I f
correlation analysis was done to depict the
significance of thealationships 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 relationshipgere 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
indeperdent variables and the
entrepreneurial education being the
moderator variable.

4. Results and Discussion
41wSALRYRSYGAQ t NRTA

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 Engindeg
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 ba&ground. 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
¢tKS NBtAFOAtAGE o4&
alpha and depicteih 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.

wlinear correlation among independent
variabks

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

wlinear 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, independe 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,
P,PA - P,erAsovnaI Preference
Ii;'SS a Be?cgvead éiilf‘sy 3
SE

/ N2yol OKQa

- 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 highé¢smpact 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 differg 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
educdion. Accordingly, the following
results were obtained.

wModeration 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( 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 signifiant. 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.

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

The regression equation is

the R2 value resultk Also, the analysis of
variance showed this model to be
significant. Therefore, the moderation
impact of entrepreneurial intention on the
relationship between seléfficacy and
Green entrepreneurial intentions was
significant and positive. Accordinglyé Mas
proved.

5.Conclusions and Implications

w Assessment of research questions

The study addressed two research
questions.
Accordingly, through comprehensively

reviewing the respective theotieal and
empirical entrepreneurship related models,
a suitable research framework was

GEI=2.10 +1.24 PS + 0.953 ED + 0.127 PSHd®ntified. The dependent variable was

Where,

PSEDx, the interaction between personal
skills and entrepreneurial education

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

wThe moderation impact on the
relationship between the seffficacy and
Green entrepreneurial intentions

The regressioequation is

GEI = 0.435 + 1.02 SE + 0.660 ED + 0.086

SEED
Where,

SEELX, the interaction between personal
skills and entrepreneurial educatiormhis

model showed positive coefficient for the
interaction term and explained 67% data as

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 multige 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 meived skills
and the least was made by personal
preference.

Moreover, the analysis was continued to
getermine the moderating impact of
entrepreneurial intentions. The findings
revealed that entrepreneurial education
positively moderated the relationship

between each independent variable and
dependent variable. Accordingly, this
answered the second research question of
the study.
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w Contribution to the identified

research gap

give

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 Lakan higher education context. Also,
they were confirmed with empirical
evidence.

wResearch Implications

The study identified the highest impact was
made by perceived skills and the respective
relationship with Green entrepreneurial
intentions could be mderated 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
G2 AYLNROS GKS
inculcate their selflesre 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.

a0 dzRSY ueioQuap LNEFTSNByYy OS

Moreover, the necesary 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 suwal of
the country as a contemporary
requirement.

w Future Insights

The analysis found regression models
representing data in the range of 65%2%
hence; it can be further improved expanding
the samples. This study considered only the
Engineeringstudents, but this can also be
done considering the university students in
management and other related disciplines.
Therefore, further studies can be
conducted. Also, -entrepreneurship has
become another emerging perspective; the
Green concept can be iaporated to it.
Therefore, further studies can be continued
deriving nwel techniques for this effort.
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Weisbach Friction Methods in uPVC Pipes by using Water Distribution
Network Modelling: Tropical Context
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Abstract

This paper presents a comparative analysis between the Hadliams (HW) and Darey
Weisbach (DW) friction methods concerning their efficacy in predicting head loss and velocity.
The study establishes relationships for head loss and veloacitgtier 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 undéwta. 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 hominal diameters
ranging from 90 mm to 110 mm and emptopoth 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\ 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 d 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 prafidsble
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 nueth, temperature variations,

and flow characteristics, enriching the comprehension ofifily\namics within uPVC pipes.

Keywords: DarcyWeisbach, Hazewilliams, PVC pipes, Water network models, Head loss

1. Introduction served up to end ahe design period. There
are  numerous empirical formulas
established to solve the problems related to
fluid flow in pipes. These equations are used
in dayto-day life to solve the problems
come across by water supply utilities.
Comparatively few problems ni 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

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
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Darcy, Chezy, Fanning Kutter, Manning, flow is given by DW formula, as shown in
Weisbach, Scobey, Hazen, and Williams Equation 2.

through many types of research. Though 0

there are numerous empirical equations —_— —
presented to calculate the head loss and v ¢QO
velocity in water pipes, widely accepted Where;

fluid mechanics equ#ns are HW and DW
formula.

—

= Dimensionless friction factor

1.1Hazen Williams Friction Mthod = Fluid velocity (m/s)

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

\%
g = Gravitational acceleration (m/s2)
D = Pipe internal diameter (m)

HL =Head loss (m)

depending on the Sl units, as shovim L = Pipe length (m)

equation 1. The friction factor fluctuates with the pipe

KO) p Y 8 length, diameter, fluid temperature, (ld

D 68 08 p flow rate, in 'Ehe DW equation. However, o
gAUK2dzi O2YyaARSNAY3I 0UKS

Where; temperature, a single dimensionless

) roughness coefficient is applied for all range

Q = Fluid flow rate (m3 /s), of diameters of single pipe material in the
C = Dimensionless HW roughness HW approach [1]. Wideanging research ]

constant g2NJ a USNBE OF NNASR 2 dzi
Huang et al [3] to find the numerical value
of friction factors for different conditions of
HL = Head loss (m) water flow in a separate manner. However,
as literature indicates, there is no reliable
and direct solution for the CW equanh.
Flow coefficients for uPVC pipe were For instance, 30 available explicit equations
discovered through research and analysis by were compared byMohsenabadi[4] to
various researchers, including Price, provide the solution to the CW equation. It
WSLILJa2y > bSIfST | yR was foungd (i therekage sonfe linfitationd 2 NE
of the HW flow coefficient is widely used as and significant variations in the results
a range from 150 td 65 for both used and derived by each equation. Therefore, no
new PVC pipe. The dimensionless approximate solutions of CW shall be
coefficient has been recognized considered reliable.
conservatively, at 150 for uPVC pipe
network system design.

D = Pipe internal diameter (m)

L =Pipe length (m)

1.3 Hydraulic Analysis &Water Dstribution
Network

1.2 DarcyWeisbach Srmula Water distribution network modelling is a

An empirical formula that illustrates a mathematical demonstration of an actual
relationship between pressure loss or head physical water distribution network system,
loss because of the friction along a pipe which calculates the water flow, velocity,
length to the average velocity of the water  friction losses in each pipe element and
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pressure headteeach junction of pipes
1.4Operating 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 DWequation, the friction
factor is determined through the utilization

of the ColebrookWhite  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.

" w0

Y - o
In this context, B represents the
RAYSyaAizyt Saa wSeyz2t
the density of water at adesignated
temperature (in kg/m3), V denotes the
velocity of water (in m/s), D represents the
LALIS RAIFYSGSNI 60AyYy Y
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 inkinematic 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 workof Bagarellodelved
into the practical implications ohermal
effects on water distribution systems [6].
Their findings emphasized that overlooking
temperature variations can lead to
inaccuracies in head loss predictions and,
conseaqently, suboptimal system design
and operation. This underscores the
relevance of the research in addressing this
critical issue and highlighting the need to
consider temperaturagelated parameters
in hydraulic equations.

Understanding how different friabin

methods perform in various conditions such
as friction method, temperature, diameter,
flowrate, is crucial for designing efficient

and _ reliable _s§stems.,, since _ water = . _
Rickbutifnd?Y Qystdvk  are? A T A S a
infrastructure, and their design and

operation requie high levels of accuracy.
Accurate modelling helps optimize resource
SR 055 prevert

expenses related to pipe sizing,
maintenance. By using the most appropriate
friction method and considering factors like
temperature and flow rate, mgineers 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 specifionditions 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 2r&/hr to 20m3/hr in
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temperatures of 250 C, 300 C and 350 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, asdepicted 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 te_mpe_ratures (2500_’ 30°C, Figure 1 : Idealized water distributioetwork

and 35°C), and pipe diameters ranging from (Jeppson [9])

90 mm to 110 mm. Additionallywo friction

methods, namely DW and HW, were The proposed simulation model was
employed in these simulations. The yalidated and calibrated by using the study
methodology flow diagram was adapted as gone by Jeppson [9] before the analysis. The
shown in Figure 2. results of flow measurement in every pipe

The DW roughness coefficient was used as Were used for validation. The deviation
0.0015 mm [7], while the HW roughness between the flow reslis of this study model

constant was considered as 150 [dhe and the previous study [9] is tabulated in
modelling output results such as head loss T1able 1.

or pressure loss per unit length, and flow

velocity found by HW and DW friction

method under identical conditions were

compared.
N (N N
Modal -1 H Q=2m’/hr |—’
Modal -2 H Q=4m?hr |—’
Modal -3 H Q=6m?hr |_'
Temperatur
Modal-4 |—{ a=8m%hr Pipe G Friction
Diameter T
- =252 C Method
Modal -5 H Q=10 m’/hr Dy =90mm . L _
T.=300C . DW
Dz =110mm 2. HW
T3=35¢C

Modal -7 }—'{ Q=14 m*/hr
Modal -8 }—’{ Q=16 m*/hr
Modal -9 ]_*[ Q=18 m’/hr
(Modat-t0 j—{ a=20mme J=\ )\ T

Figure 2 : Modelling Flow Diagram

[
[
[ Modal -6 H Q=12m’/hr
[
[
[

TTTTTT
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Table ITSummary of Model Validatiot

Flow Fr::)a\;\; Results
Stop  (m?3s) (m?/s) Deviation
Node [current [Previous
(%)
study] study]
KL k2 0452 0458  13%
K2 K3 0221 0224  14%
k4 k3 0078 0076  2.6%
KL K4 0227 0222  22%
k2 K4 0081 0083  25%

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;

O ™TIP 1T (¢ T

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

."r"

g v 09431x +0.0642
: RZ=10.9992

® Headloss

----- Linear (Headloss)

%
&
0 i
0 5 10 15

Headloss by Hazen-Williams Equations/(m/km)

=
H
E
Z]
7]
=
|
>
o
]
=
>
)
)
z
2
-

Figure 3 Head loss by HW vs Divittion 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;

o v
Where; D and R 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. Furtherit 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.

1.2
a1 2
g L y=x
— 0.8 . 2
2 £
= 0.6 .’.‘
g o4 /i" s Velocity
; 0.2 /’ ----- Linear (Velocity)
0w
0 0.5 1 1.5
Velocity by HW (m/s)

Figure 4 : Flow velocity by HW vs DW friction
method
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25degC [ W degC (i) 35degC (iii)
Fu qu P
= 12 812 -
Ebes - S - i
0 = -

= ,;’ 2 - d
o B rd £ - s
B G e 2 LAl L& y=09220x+0.0604
F o7 Y006k | 00687 g " LA YT OB T 0063 R2— 09998
k- a ", RE=0.9908 %9 4 R*=0.9998
g2 / £ 2
< 0 o 0

0 5 10 15 a 5 0 15 - 5.00 10.00 15.00

Headloss by HW (m/km) Headloss by HW (my/km) Headloss by HW (m/km)
®  Headloss ==== Linear (Headloss) ® Headloss ==== Lincar (Headloss) ® Headloss ---- Linear (Headloss)

Figure 5 : Head loss by HW vs Head Loss by DW for 90 &110 mm dia. pipe &, ({)259 C, and (jii) 35

90mm at 25 deg C (a) 110mm at 25 deg C (b) 90mm at 30 deg C (c)
14 5 16
-~ 12 £ =
3 4 =
210 = En
=] 15 3 g
2 g = =
2 A gz 8
L £ E
?‘“, 4 E 1 i 4
e} 2 = -]
0 0
0 2 4 6 810121416 18 20 0246 81012141618 20 0 2 4 6 8101214 16 18 20
Flow rate (m3/h) Flow rate (m3/h) Flow rate (m*h)
——HW =8=DW ——HW  =——DW ——HW =—a=DW
110mm at 30 deg C (d) 90mm at 35 deg C (&) 110mm at 35 deg C (£)
6 16.00 6
&, ‘E 12.00 2,
8 g 8.00 2
=2 = T2
b 5 400 z
o=} =<} o
0 0.00 V]
0 2 4 6 8 1012 14 16 18 20 02 4 6 8 101214 16 18 20 0 2 4 6 8 101214 16 18 20
Flow rate (m3/h) Flow rate (m*h) Flow rate (m*/h)
g\ el DW e HW e DWW —— W —e—DW

Figure 6-Head loss vs Flow raby HW for (a) 90mm dia at 2&, (b) 110mm dia at 2%, (c) 90mm dia at
30° C, (d) 120mm dia at 3@, (e) 90mm dia at 3%, and (f) 120mm dia at 35

To determine whether the relationship diameter pipe. It is also observed that the
between two variables exists, the flow rate relationship between those two methods is
vs head loss deriveloy DW and HW friction  starting to deviate with the increase in
methods are plotted to compare the two  water flow.

variables using the Inferential Statistics
technique. Figure 6 illustrates that the
relationship is very precise and values are
closer to each other at 250C than at 350C.
Further, the relationshi of head loss by
derived DW and HW is much more precise
in 110mm diameter pipe than that in 90mm

Engineers and wataretwork 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 takeinto 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 sigitiént
differences in friction loss occur at higher
temperatures, so the choice of method can
be tailored to the local climate and
conditions.

Table 2 Summary of ANOVA Test Results for HW a

Statistical comparison through an ANOVA
G6Said o{Ay3atsS cCI Oi2ND
compare the level of signifant 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 250 C derived by the two
methods, howeversignificant differences
were observed in the friction head loss at
250 C and 350 C derived by HW and DW
friction methods.

nd DW Friction Methods

Parameters F P-value F crit Interpretation
- . There is no significant difference i
Friction loss i the Friction loss in 90mm dia pipe ¢
. . [3
90mm dia pipe at 0.00207327 0.9641339 4.3512435 25 C derived by HW and DW frictio
25°C
method
- . There is no significant difference i
Friction  loss ~ in the Friction loss in 110mm dia pipe
. . <
110mm dia pipat 7.8575E06 0.9977912 4.3512435 25° C derived by HW and DW frictio
25C
method
- . There is significandifference in the
Friction loss i Friction loss in 90mm dia pipe at%3(
90mm dia pipe at 0.01094014 0.9177389 4.3512435 C derived by HW and DW frictio
3rC
method
- . There is significant difference in th
Friction _ loss i Friction loss in 110mm dia pipe at°3(
110mm dia pipe at 0.00425086 0.9486632 4.3512435 C derivedby HW and DW friction
3rC
method
- . There is significant difference in th
Friction loss i Friction loss in 90mm dia pipe at%3!
90mm dia pipe at 0.02526252 0.8753087 4.3512435 C derived by HW and DW frictio
35C
method
- . There is significant difference in th
Friction _ loss _in Friction loss in 110mm dia pipe at3!
110mm dia pipe at 0.01411043 0.9066289 4.3512435 PIp :

35 C

C derived by HW and DW frictio
method
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4. Conclusion
This study investigates the comparison [3]1 K. Huang, J. W. Wan, C. X. Chen, Y. Q. Li, D.

between DW and HW friction methods of co . at_" 2 Ef_ lt yfﬁ t aoe | qj‘th 2Kl y3
uPVC water pipes within the tropical Investigation on friction factor in pipes with
PIp P ftFNBS NRdAzZAKYySaazeée 9ELID ¢ |

context. Relationships for head loss within a

doi:
diameter range of 90 mm to 110 mm were .

50, pp. 14%153, 2013,

established for both methods.
Nevertheless, it was observed that head loss [4]
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 an®W friction methods.

5]

It is recommended to conduct further [6]
studies on validating the model predictions
and observations from this research, by
conducting a field study. This involves
implementing the models in a realorld

water distribution network and cmparing

the practical results with this model's [7]
predictions. This field study can help fine
tune the models and ensure the accuracy in [g]
local contexts. Engineers and water network
designers can use the relationships
developed in this study to better modehd
design uPVC water distribution systems. [9]
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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 altewest 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 thenergystoring system, i.e., battery. At present the tecltno
economic characteristics of rechargeable batteries suitable for vehicles are not satisfactory to
FOKASGAY3I | WwWo22YQ LISYSGONIXdGAz2y 2F St SOGNAO @SK.
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 criticahost irreversilte (in thermodynamic
context) part is the 1.C. engine, not the energy storage, i.e., fuel tank. But in an electric vehicle
the most criticalg irreversible part is its energy storage, i.e., battery. Within the above
background, the objective of this papé& to develop a mathematical model and related
simulations by considering the whole drive train, metootor controller, mechanical gears,
accelerator pedal operation, regenerative braking, and battery characteristics, to optimize the
drive train to achieg a maximum kilometres/charge concerning weight and cost of the battery
for the electric threewheeler which is being designed and developed at NERDC.

Keywordsy Transportation, Electric vehicles, Regenerative braking

1. Introduction 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!

The industrial revolutionswere 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) 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
thermodynames) 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 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 ctechno-economic situation was this
energy producer.

Although various research is being done on
aluminiumrelated batteries for high power,
energydensities and more charging cycles

Although electricity is a very versatile,
controllable, useiffriendly energy driver the
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at present the most famous rechargeable
battery is lithiumiron. It has the highest
Wh/kg and chargingdischarging rate
concerning cost. But these have to be
operated at reliable and safe operating
ranges. (Voltages.emperatures, charging,
discharging rates). If these ranges are
exceeded, rapid deterioration of battery
performane and safety issues will arifg.
These batteries are built by assembling
various numbers of basic cells in parallel and
series configuratios 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 cellsahighly
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
systens. Therefore, in designing an electric
vehicle the characteristics of the battery
have to be considered properly, especially
the chargingdischarging rates, applied
voltages, and temperatures in the
propulsion of the vehicles have to be
considered. The b&ry 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 inb 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 lifdearing topsoil on
earth and related watersata.

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 ighly irreversible
(or inefficient) in converting chemicafree
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 vas 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 manly 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 pattens 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 analysigll 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 threavheelers) The
motor will be neutralized when it is in
overdrive. i.e. whenever the speed of the
motor exceeds a specific val(@00r.p.m.)
And according to the torquespeed
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characteristics of the motor driving will take
place mly on a slopeMotor characteristics
shows in Figure 1.

Motor Characteristics:

Torque INPUT DC Input Output Efficiency at
(N":n) SHEED) 'EH CURRENT posaer pO\:er 100% onad
19 140 0426 54 381.24] 278.41 73.03
19 384 0938 147 1037.82] 763.65} 73.58)
19 671 1455 2385 1683.54| 1334.40] 79.26]
19 1069 |1.243 36.57 2581.94 2126.28 82.35
19 1327|0646 4349 3070.72 2638 .56 85.93
19 1674 1349 5366 3788.11 3320.03] 87.88|
19 2000 |1.649 63.71 4497.90 3994 .83} 88.82
19 2331 1.85.1 7451 5260.09| 4635.98} 88.14)
19 2686 18652 85.55 6039.79 5341.24 8843
19 2086 11953 93.92 6630.94 5938.00; 89.55

Figurel0: 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 iree-wheeler
1.1 Operation of Electrichfeewheeler

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

Figure 2 islescribinghe control mechanism
of the electrical threewheeler. When the
driver presses the aeleration 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 accelerationThe motor
controller receives the signal and adjusts

the flow of electric curent from the battery

to the BLDC motor. It increases the amount
of currentin the motor, which leads to an
increase in motor speed and torqué&he
BLDC motor converts the electrical energy
received from the battery into mechanical
power. This power is trssferred 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 800
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 Kkinetic 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 dowrThe
electrical energy generated during braking is
convertedinto 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 vehiclH.
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 mot, 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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Figure11 : Control mechanismof 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
Figure3.

Figurel2: Forces in Play as a Vehicle Drives Uphill

The tractive force, denoted &9, represents
the strength needed to drive the vehicle
ahead by surpassing the opposing
resistive forces. This force can be
expressed as follows:

0O 0 0 0 O M
Where;
"Ois the rolling resistance,
"O is the aerodynamic drag
"Ois thelinear acceleration force
"O isthe force involved in ascending a hill

The force of rolling resistance, denoted as
"0, primarily arises from the hysteresis
losses within tle vehicle's tires, as well as
the friction occurring in the bearings and the
gearing system.
O ‘0 M 2)

Where' : is thecoefficient of frictionand"Q
is the acceleration due to gravity on Earth
0 is the total weight of the vehicle which is
represented by equatiof.

0 0 0 0 ®3)
Mass of vehicle(( ), the total weight of
passengers { ), and the weight of the
battery © ).

Aerodynamic drag, represented asforce
"0, emergesfrom the vehicle's movement
through the air, stemming from air friction,
and is quantified as follows:

0 2o @

P,
C
Where,” : density of air,0: crosssectional
area of the threewheeler, 6 : drag
coefficient anda: resultant velody 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.

0§ Qw (5)
Y Qo
Where,0 is the total weight of the vehicle

and — is the linear accelation of the
vehicle.

The force engaged in uphill asce(fO)
pertains to the effort needed to propel the
vehicle up aincline by counteracting the
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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.

0 "Q Q¢ —

"0 (6)

Where—is the angle of climb.

1.3 Discrete Geardios

A discrete gearsystem, 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 wheelsDifferent

gears provide different mechanical
advantages, allowing the vehicle to actéev
various speeds and optimize performance.
Lower gars (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 higherspeeds and cruising on highways.

YYD ()
Where,"Yis output torque on the wheelY

is rated torque of the motor and N is the
gear ratio denoted by;

1

7 (8)
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 mae efficiently and smoothly by
continuously adjusting the gear ratio to
match the driving conditions.Hgure 4
illustrates the range of CVT gear change.

30

2.5

rem

Figurel3: The range of CVT gear change

The total gear deductiors given by;

6 0 o0we| 9)
Where
e, OTUC
0ME | —— (10)
OTTT
The vehicle speed is given by;
5 L ¢ O (11)
0 21 owejpm

3. The gstem Simulation
2.1 Parameter

Table 1 shows the relevant parameters of
the electric threewheel consideredor the
simulation.

Table4 - Simulation parameter and values.

Parameter Value Unit
Mass of passengers () 200 kg
Mass of vehiclel{ ) 600 kg
Mass of batteries)( ) 80 kg
Friction coefficient (L) 0.02} [3]
Air Drag coefficient ¢ ) 0.5

Effective Area of Air Drag (A) 1.5 a
Motor (BLDC) rated toquélf) 19 Nm
Gravity (9) 9.8 ai
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2.2 Simulation by MathLab Simulink -"ﬁ;&{@}.}.&" """"""""""

s

Electric
Machine

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.

$——— Moveable

Driven Pulley
Wheel

-------

50;0;0;.;.;,'

052000005
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2.3 Discrete Bar Simulation

Figure 5 illustrates the Simulink model
depicting discrete gear simulation. The Figure 7 The schematic diagram of Electric three
model equation was derived by solving wheel CV@rive

equations (1), (2), (3), (4), (5), and (6).

4. Results
—}_“>_ Figure8 depicts the velocitytime graph of
=) B B ﬂ the modelled three-wheel, generated by
o J-F ‘ , conducting the simulation introduced in
i ] %%Q Figure 9, while considering a range of N

values, namely, 2.5, 10, 15, 20, and 30.

e gl

Bl

Figure14 -: Simulink representation of a discrete |
gear system featuring 6kW BLDC electric motor. “ 1

2.4 CVT drive simulation |

Figure6 demonstrates the Simulink model

portraying the simulation of a CVT drivédne 5 ovs oo achis somn oo os 0o oo 05 00080
model equation was formulated by solving

equations (1) through (11Figure? depicts Figure8 : The graph illustrating velocity against
the schematic representa‘[ion of anegltric time forthe CVT drive simulation model

drive system with a continuous variable H . f th . | f
transmission (CVT) designed for a three e attainment of the maximum value o

wheel vehicle. 100 kmph occurred in 2.33 seconds for the
case when N = 30he minimum speed of 20
\ <}—<}—=¢ kmph was achieved by N = 2.5 in a time span
‘j TR <) of 5.3 £conds.The velocity vs. time graph
CHa— g1 j - of the threewheel is shown in Figur®
. & i Hee when running the CVT drive simulation
f"" b egg model (Figurel0). It appears that a time
1 } a1 = span of 0.02 seconds was required to
<3 ' achieve a maximum speed of 100 kmph for

the threeewheeler.

Figure 6 Simulink model depicting the CVT system Notor

! ¢ current  consumption  holds
with a 6kW BLDC electric motor

significant importance in battery discharge
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Figure9 : Graph depicting the relationship between
time and velocity across N ratios of 2.5, 10, 15, 20,
and 30.
Figure 10 : Battery discharge ofdiscrete gear

analysis. Tabl2 has been compiled utilizing system
the data sourcedrom the manufacturer's

provided datasheet. The battery discharge follows a parabolic

trajectory for the initial 20 seconds,
Table5 - The correlation between input DC current  transitioning into a linear pattern

and motor speed. thereafter.
Speed (rpm) Input DC Current (A) Figure 11 show the battery discharge of CVT
140 5.4 drive modle.Noteworthy is the observation
384 14.7 that the battery discharge demonstrates a
671 23.85 linear pattern right from its initial stages.
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.
P P q Figurell- Battery discharge profile of the T\drive

kO] (12) model.
TBIoTTY ¢& ¢ T U

In accordance with the Peukert equation,

Figure 10 depicts the battery discharge of Optimization of the drivetrain which

the discrete gear model. comprises of rechargeable battery, water,
water controller, regeneration unit,

4. Conclusions
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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.

(4]

(9]

The analysis presented in this paper
describes how the mechanical discreet and
continuous Vvariable 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 dse
what should the parameters shall be
determined by this analysis in this analysis
discharging of the battery was modeled by
dZaAAy3 WLISN)] Sdzi Q Y2RS¢
model. By using modes developed recently
more accurate predication will be possible.

(6]

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.

References
[1] RU ! 8NBazr a¢KS a802yR
NBOeOfAy3a YR fAYAGA

Economics, vol. 29, no. 3, pp. €483, Jun.
1999, doi: https://doi.org/10.1016/s0921
8009(98)0009%.

(2]

Soylu, S. ed., Electric vehicles: modelling and
simulations. B®¢Books on Deman@011.

[3] Jayasinghe, J.A.K.S., Samarasiri, B.S. and
wl2F1FNdzyl 2 Dodad! oL O
Drag and Rolling Resistance of Three

2 KSStSNBE QS

G2

OHANNGL

9YAAYSSNY W2dzNY I

Institution of Engineers, Sri Lanka, 44(4), pp.
21¢29.d0i:10.4038/engineer.v42i4.7030.

hYENE bod Si fd aunmov
critical appraisal and need for modification

for lithumA 2y oFGGSNRS&aQr 9y S
pp. 562%5641. doi:10.3390/en6115625.

N. Galushkin N.N. Yazvinskaya, an®.N.
DIFfdZ&AK]l{AYS O0Hnuno WY  ONA
the Peukert equation and its generalizations

for lithium-A 2 y O0SttaqQ:x W2 dzNJy/ |

Electrochemical Society, 167(12), p. 120516.
doi:10.1149/19457111/abad69.

Chen, W. et al. (2019} review of lithium

ion battery for electric vehicle applications
FYR 068@82yRQS 9ySNHe t
43634368.

doi:10.1016/j.egypro.2019.01.783.

N2

gKAOK A& I GSNE ol aaxo
flgs GKS F2dNIK fFgsz
ANRSGIKEZE 902t 23A0!I f

Wi SNRReylYAOD
iKS
89| Page

27F



Proceedingsf the InternationalEngineering Research Symposi@ER2023), pp P0-97]
©National Engineering Research and Development Centre of Sri.Lanka 2

Restaurant Catering RoboRgscabot)

G A Alahakoot, K J T S Fernaniddék P D T R WickramaratpP K C Sanjdni
H K|S Lakraly S P Weerasinghe

NSBM Green UniverstyNational Engineering Research and Development Center
*gaalahakoon@students.nsbm.ac.#94 71 675 2361

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 trecg@dure of preparing
food, serving, and delivering under different catering settings, we have emerged with a
promising alternative that cooperates machine learning, additional cutishge technologies,
artificial intelligence, and robotics to ensure thgply of an efficient, faulfree, and seamless
catering experience to the consumers at hand. The akstated criteria will be displayed in
what we introduce as the focal point and purpose of this abstract which would be the
WwSadl dzNI y i [ his(stSdyJexplares wrl ezamiced elaboratively the powerful
robotic simulation software CoppeliaSim also formerly known-&E¥ and the popular CAD
software SolidWorks which will facilitate the design process through its enhanced mechanical
analysis, visueation, 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 dning 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, stadents,
whoever is interested in the field which could in turn inquire about the grebrehking
concept of a restaurant catering robot that could potentially replace the duties of a
waiter/waitress and further.

Keywords Restaurant Catering Robdtatering Settings, Robotic Simulation

1. Introduction assembling, or altering parts. They are also
capable of cognitive functions, including

With every minute improvement of . . . o
y P making quick decisions and streamlining

technology on a daily basis, our lives

gradually get collaborated with robots. In
making the simplest tasks even simpler and
the impossible tasks for humarands
possible, robots have become a spotlight in

the world to achéve the impossible.
Robotics integration with smart
technologies including [oT  solutions,

artificial intelligence and machine learning,
big data, and cloud computing are current
trends in manufacturing. Smart
manufacturing is therefore developing.
These rdotic systems are not just capable
of doing routine, simple tasks like loading,

procedures without human assistanfH.

Servie 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
gamechanging robot for the cleaning
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industry where the tasks of a flooteaner
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 possitpfg.

A service robot is a robot that undekes
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 pedrm their tasks. Therefore,
most service robots were introduced in the
manufacturing industry. Service robots are
composed of drive devices, motorized

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

devices, control systems, and sensing and displayed using a display menu card. The

communication devices. In addition to the
refinement of motionstructure and human
simulation, the development route of
service robots is the most eyeatching
technology. Service robots have a wider
scope, and the technology is more diverse,
including manufacturing sectors,
agriculture, mining, construction,
transpotation and storage,
accommodation and catering, public
administrdion, 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 tke kitchen, bringing
the food to the customers' table, providing
Odzit SNBE G2 GKS Odzaidz2
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 tahe 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 easierof the customer to
retrieve the order without spillage. This

tabletop is spacious enough to

accommodate multiple dishes at a time
including the cutlery. After the serving food
task is doneempty 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 Il
provides a description of the otrol system

of the robot. The catering robot process,
ordering system, and kitchen for the service
robot and the simulation are explained in
Section lll. The last part of the paper
provides the future work we expect to do on
the robot and concludes the meer.

Xéwaﬁure%gvﬁa\k §1§ Re%tQGQNOFE” B® ¢F

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 desi 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, Al 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
applicaion 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 thease 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 catenig 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

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 tabléke structure which
enables the users to retrieve tHeod 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 otler 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 robotfriendlierlooking wih humanilike
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 issumost
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 boxike structure. The
human hands on the other hand need the
do5 58yl YAO {ft2L)54¢
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

this paper comprises a display menu card as features in the robot design of ours is the
the initial stage, but many other robot being able to complete tasks without
applications have installed various getting disturbed by human obecles.
methodologies to communicate with  Similar to the design of the REEM robot
requested parties. The ARI, the social which is equipped with several sensors that
Assistive Robot and Companion is equipped enable the detection of both static and
with a touchscreen that is fixed in the torso dynamic obstacles, our design is equipped
which makes it capable for the users to with proximity sensors which could avoid
communicate with the family or doctors dynamic and static disturbances. The
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proximity sensors used help to adapt the clashing of orders are the most crucial

speed of the robot to suit the environment sectors.
when catering. In a busy time with more
dynamic obstacles, to lower motor speeds

3. Simulation and Development

and avoid spillage, the speed control of The simulation and development of a robot

motors is crucial [10]. SERVIROB is theinvolve the creation and testing of a virtual
service robo for a restaurant where they = model of the robot, as well as the iterative
have set 15 ultrasound devices controlled by design and refinement of its physical

the microcontroller ATMEL at two different counterpart.
levels with respect to the floor to avoid

collisions. [11.

Another feature regarding the physical . . .

structure of our robot is that thatructure is

very usetfriendly in the manner of avoiding

accidents caused due to sharp edges. Since )

this robot acquires the shapef a box the Kitchen

edges are curved so that no sharp edges are

found. In reference to ARI, the Socially Figure2 : Flow path for the robot

Assistive Robot, social s&f 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 pretere i
two destination points. Like José, the vision
based mobile robot, the route inveés the
robot traveling from the kitchen to the
Odzat2YSNRa GFrofS FyR
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].

Wit for the order to be
ready

In the research on theDesign and ‘
Implementation of a robotic technique

given path

Reach destination table following the

based waiter, the robot was developed so '
that it is capable of taking only one request e e o ‘
at a time and with ndysteresis 13]. |

‘ Go back to the kitchen

From all the abowenentioned previously

done research it is clear that when 1

devdoping 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

Figure 3 Sep by step process flow diagram

93| Page

G2



L)
Proceedingsf the InternationalEngineering Research Symposi@ER2023), pp P0-97] _\_
©National Engineering Research and Development Centre of Sri.Lanka r s

The concept of our restaurant catering simulation, we created a comput@ided

robot was explained in the first and the RS&A 3y FNBY a{h[L52hwY{¢
second parts of this paper after defining the which could be fed into the simulation

purpose and objective of the robot. Design software.

based on the objectives was followed after
involving the physical structure, and
sensors.

In the present studycarried out the
simulation focusing on onegpticular table
as shown in Figurel and thus for the
In this part of the research paper, the virtual obstacle avoidance feature, we used a
simulation of the robot is explained using virtual human in the simulation software
computeraided design (CAD) software and called Bill. Our goal in the simulation was to
robotics simulation tools, and avirtual drive the robot from the source point to the
model of the robot. Performing a simulation dedination with an obstacle in the middle.
GKAAa gl & Ffft2¢a dza G ThuszvRSNdEniakeyluse ofi darSproN®itg 2 ( Q &
behaviour, its performance, and evaluate its sensors as wellThe specifications for the
capabilities in a computegenerated simulation including the motor speeds, the
environment sensor angles and distances, and wheel
rotations were fed into the program as

A program is also used to control the robot shown inFigire 5, 6, and 7.

in parallel with thevirtual 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

¢KS NRoz2d gAtft 32
andwait for the order there and will receive
the order. Then the order will be transferred 07 0 . oacicmosvonon oo
to the kitchen to be prepared. When the Figure 4Catering to a particular table
food is ready the waiter will collect the food
from the kitchen, travel to the relevant
table, and serve the food. The sourcetlo¢
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 stegby-step process flow
diagram. Here only one table is served at a

time. After completion of that task, the =7 =

& - ALOD-CECWEBOOMOAPEO R Pl ~2au N0

robot will go back to the kitchen for more ‘ Figure 5 Wdeheel parameters
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.

3.2Simulation Software

The simulation of the robot is done using the
a2Fi06F N8B OFffSR a/2LIISEAF{AYéd . ST2NB (KS
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&= MALO-COWEOCOHORPO RS

Fgure6 : Detection parameters

&= MALO-COWEOCOHORPO RS

Fgure 7: Detection parameters

Sensor angles, and distances were to avoid
obstacles and wheel rotations wedecided

upon considering that the restaurant
environment is rapidly changing.

3.3. Scene Hierarchy

¢tKS Ga22NXR¢ y2RS adl

simulation environment and it is at the top
of the hierarchy. All the other nodes in the
hierarchyare children éthe 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 pats separately or collectively.

Many properties and behaviours are
RSTAYSR AyaARS 2F SI OK y
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 8represents the scene hierarchy of
the restaurant catering robot.

Scene hierarchy
@ = (scene 1) &

th
&
&
me- {} customizableTable (2]
@ 5l &
me @ Billl] &
o @ a .
B & Wheell @
B— @ @
A Wheell_wvisual
B & Wheelz -0
= @0 =
MY Wheel?_wvisual
B & Wheeld o
B @ @
M Wheeld_visual
B & Wheeld - @
B— @ @

A Wheeld_visual

A base_link_wisual

&8 Dummy

a3 Proxirity_sensor &2 S
& Durnrny
@ Cuboid[0]
@ Cuboid[1]
& Cubaid[2]
O Cuboidf3]
& Cuboid[4]
@ Cuboid[5]
& Path ] 0
{‘-’ s
¥ Cuboid[s] ;
9 Cuboid?] @
O Cuboid[g]
He- & &l

s

e e e e

me
me

yRE Sy (iANB
Figure 8 Scene Hierarch of the restaurant
catering robot

3.4. Programming andimulation

The restaurant catering robot described in
this research paper is programmed in
CoppeliaSim using the programming
fly3dza 3S a[dzZ ¢ d ¢KS
used to utlize the maximum of the
resources because the complexity in wheel
rotation progranming 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 ami
distance from the obstacle. Proximity
sensors we have used acquire a cahic
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 cebe 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 destation 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 nce 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 ipossible 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 multlanguage 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, he 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 functicality,
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 tadiness 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 customdrased
creative aspects of service.

However, it is importanto 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 [5]D. F. C. J. H. a. M.W. S. Srinivasa, "HERB: A

efforts are much needed to refine the home exploring robotic butler,”
capabilities of the robot. ResearchGate, 2010. [Online]. Available:
Overall, the research can be finalized by izit:éf%ﬁERB—mme—EXplormg—mbOt

stating the obvious, on how these robots
have the mucheeded potential to [71 A.D.F.C.V.a. F.F.S. Cooper, "ARI: the Social
transform the catering industry by Assi_stive Ro_bot and Companion," Aug 2020.
improving productivity, client satisfaction, [Online]. Available:

and sustainability; thereby, this restaurant [8] U. R. M. H. a. P. K. B. Graf, "Robotic Home

catering robot presents an exciting Assistant Car€©-bot? 3- Product Vision and
opportunity in the related industrial avenue Innovation Platform,” Nov 2009.

for further innovation and growth. [12] J. H. D. L. a. J. J. L. Pantelis Elinas, "Waiting
Acknowledgment \;\I(I)tngose, a visichased mobile robot," Feb

First and foremost, sincerest thanks must be [13] M. K. a. M. Tareq, "Design and

paid to our lecturer for the Robotics implementation of a robotic technique
module, who provided immense guidance based waiter,” Dec 2017

and supportthroughout the process of this

research paper. He has been a pillar in giving

out his expertise and feedback that have

been insightful in producing a quality and

meaningful study paper.

Also, a huge appreciation goes out to the
members of the team who padipated in
enriching the paper by supplying their
valuable inputs elabmted in detail in this
paper. Each and every contributor that
made this research feasible is much
apprecided and we are thankful for it.
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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. Sustaitde 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
dueto 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 highlightéeagplication 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
reviewbased study with the available literature on the apation 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 sevdratks for process optimization in the
automobile industry.

Keywordsy Sustainable manufacturingR Principles, Circular economy, Automobile industry

1. Introduction quality-based  product  manufacturing
The world is moving towards achieving the Process. This rises the |mportanc9 of
rethinking of any manufacturing

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 he 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 avantages 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

environment for the successful survival [3].

On the other hand, it has been proven that
business activities prevail the main reason
for environmental polluibn. 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 ohé
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 businesselated 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 behindthis 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 hamg 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 idefy 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.

wStudy, the importance of circan
economic princifes for the automobile
industry.

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

wFormulate the framework for the
assessment of the impact of process
optimization in the suminability of
Automobile Sectar

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 econorie 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 sustainabilitt,
Ad RSTAYSR ala YSSaGAay3
present without compromising the ability of
future generations to meet their own
ySSRaé¢ womed LG Oy 065 ¥
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, implememtion 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. Thelater 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 intection 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 [Figure 1)
For example, previous litature has
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Figurel: 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 managementhi§

creates the interconnection between
sustainable manufacturing and circular
economy[5].

The Figure 2shows the interconnection
between each of these elementéin 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
devdoping 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  establish  the
relationship between the stake holders and
the manufacturingcompany 2].

Sustainable

Manufacturing

Figure 2. Sustainability elements ofanufacturing
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,
governnent 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 entertairthe improvement

in the manufacturing sustainability with the
identified needs and concepts of
sustainable manufacturing,3].

When we study the evolution of sustainable
manufacturing, it can be stated that
sustainable manufacturing has gone
through variaus generations, way from
traditional manufacturing, lean
manufacturing and greenmanufacturing
[6]. In the most developed phase, it has
been identified as an integrated approach
with the 6R principles as w¢f]. The kgure

3 explains its evolution againsstake
K2 f RS NXJ@ thedibw theSdesign for
manufacturing is also a major concern in
terms of organizational sustainability.

Innovation Elements

& Remanufacture)

'l /" Redesign
B reoer

ry

Sustainable Manufacturing
(Innovative, 6R-based)

Green Manufacturing
(Environmentally-benign, 3R-based)

Lean Manufacturing
(Waste Reduction-based)

Recycle

Reuse

"
Q
& e

> i Traditional Manufacturing
(Substitution-based)

Stakeholder Value

1980 1990 2000 2010 2020 2030 2040 2050
Time

Figure 3: Evolution of sustainablenufacturing
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A closed loop has been observed in a researchers as a potential to way to
manufacturing environment whit covers overcome the current model of
the life cycle stages of a product. It starts consumption and production.

from  manufacturing, use, inverse
manufacturing and fially inverse use. The
diagramshown inFgure 4shows this clearly

[1].

Studies have shown the application of
Circular economy concepts in Asia for the
business production. Fewxamples can be

cited from the globe as well. The
manufacturing perspectives of Nike, BSH,

Manufacturing;

F B s ﬁ Philips and Adidas are few thfem [7].
Category: Actors .
: The ultimate goal due to the
o s Diston implementation of circular economy is to
Design of use Selection . . o . .
Preparation of manufacturing Utlization create values in sustainability. This is
Material selection Maintenance . . .
Category: Engineering scientists Category: Society aChleVed by 6R pl’lnCIp|eS and further
‘ . — supported by innovation, education and
Inverse Manufacturing; . L.
i e Sl . training, novel methodology and visionary
/aste management & processing A ) )
Category: Qbserving scientists thinking. Unfortunately, Istorically the
Figure4 : LifeCycleStages and design for circular economy is relied on 3Rs: Reduce,
manufacturing Reuse andRecycle I1]. Sustainability and

the circular economy, both have a separate
track of applications. But both of them go
From the past, the linear economy has been together and being quite distinct.
identified and applied worldwide which  Sustainability remains the umbtalfor the
T20dza SR IgaMaké ¢ 57 & LJ2 4 &#cepts under circular  economy.
I LILINE | OK-T I2ANY €a FULINIVY O A IrhferSfére, bothéhes beedzlinked with the
this model failed in many aspects, especially intention of reducing the impacts on the
for sustainability that targets in econam environment, closing the economic and
growth, environmental protection and ecological links in terms oésources ]2].
societal wellbeing, thus, circular economy
concept is combining resourcefulness, .
design thinking and much more for the circular economyA paper presented by

sustainable manufacturing [8]. In 2021, the ~Ndrew [L3] states that ch:uIar economy L B
9dNB LISFY t I NIAFYSyG B& rﬁoﬁafﬁbﬁm"{%%g Hd%?‘“? A
economy is a moel of production and Innovation that seeks sustaina & MR
consumption, which involves sharing, © , humand C?i%eggfsé vemulagng tgeR o
leasing, reusing, repairing, refurbishing and pa)\ e\r(n;lsn@ssr g tad u . a E o€
recycling existing materials and products as coordinated Wi o

long as possible. In this way, the iigcle of geochemical cycles. Lieder and his team [10]

LINE RdzO i & Aldl %’P&I‘é(ﬁ'jr&yﬁrﬁe S%‘ wn that the circular economy can be
economy establishe the balance between dlscussed under  three different

the economy and environment. It has been perspectives such s scarcity of resources,
o . environmental impacts and economic
proven that the application of circular P

economical aspects throughout the life benefits. Damato [14] has introduced the

cycle has gained the benefit of transition in concepts like green economy and bio

terms of environmental sustainability [10]. economy Km hrelatlond LO thﬁ C|rcula1r5
Thus, the circular ecomoy has gained the economy. Korhonen and his colleagues [15]

attention of many stakeholders and presented a theme on a collaborative

3.2 CircularEconomy

The kgure5 shows the concepts that govern
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economy based on the three dimensions of 3R with the strategiesnentioned. Below
glimpses from the literature adds value.

the circular economy. lanother research
work [16], the circular economy is explained
as an essentially contested economy.

0““‘” Econor,,y

\nnov:unn

(4
5
&

Tr:h,
P ovel Mru.m.,
Thing og,’
e lng

Sustainable
Value
Creation

Fgure 5: Gncepts under circular economy

3.3 3R and 6R Principles

3R and 6R approaches are innovative based *
solutions for sustainable manufacturing. |
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
postuse [L7]. The 6R approadh applicable

for all these stages with the intention of
transferring the traditional manufacturing
to sustainable manufacturing.

The 6Rs aabe explained as shown in the
Table 1. In a paper presented by Jawahir
[18], he has clearly provided the backgraiun
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 betwee

Table 1: Explanation of 6R Approach

6R principles  Definition

Reduce Focuses on sustainable consumption of resources and energy at the design,

construction, and operation stage

Reuse Involves the reuse of components after their first life cycle or other

subsequent life cycles to reduce the use of virgin materials in the
production of a new component

Recycle Process of converting components that cannot be restored into their original

state into new materials or components

Recover Involves the process of collecting materials at the end-of-life stage and then

disassembling, sorting, and cleaning for use

Remanufacture Involves the re-processing of already used components for restoration to

their original state or a like-new form through the reuse of as many parts
as possible without loss of lumuun.\ln)

Redesign Involves manufact g or

using materials recovered from the previous lm cycle or previous
generation of components

Application of

Manufacturing

Application of

............. p
Subscquent
(2% and beyood)

Life-cycle Stages

Lean

MANUFACTURING

1
1
1
'
1
1
1
e UsE '
'
'
1
]

Concepts

=
+

i

Iulnl

VALUE ($)

(unup(\ 2t REDESIGN
3
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Figure6 : Material flow and 6R approach

Post-use
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Manufacturing N Remanufacture _ly
\1 Rewse Redesign _»
! - X Use
" /Recover
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Say 8

" Recycle
' Y

/ Pre-manufacturing

Landfill

v

Traditional product life-cycle

1#1ife-cycle of product (extended life-cycle) 2+ and subsequent lfe-cycles of product

Figure7: Product value and 6R approach

3.4 Process Optimization

Process optimizationis 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 theédure 8.
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Among them, Process Optimization
approach is a simplest means for the
implementation ofsustainability 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 conduetl in a construction
sector for the enhancement of waste
recycling using the 6R approach and waste
management techniques. The application of
additive  manufacturing and  naro
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
histeam [1] (Figure 9) They have presented
the idea under quantitative and qualitative
frameworks. An integrated model was
developed andoptimization 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 sysin 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 tregillars

of sustainability has been used for process
level assessmernj?].

There are several means of process
optimization methodologies have been
explained in the literatur& he authors have
given priorities for 5S principles, OEE
(overall Equipment Ettiveness), Pareto

Rawmateral
. ‘substitution
(©) Process
y " optimization

Y 4
y o,» Developing work
£ 7 practiceand
maintenance

!/
Figure8: Process Optimization in Circular Economy

Manufacturing Energy

.
integrated Model

Optimzation |
Methodology

Optimal Operating
Levels

Acceptable
Sustainability Level

Need
Improvements

Figure9: Processpmtimization framework

Analysis, Elimination of waste strategy,
Kaizen, setup time reduction methods,
process mapping, Value stream mapping
and Eight stepsractical problerssolving
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 hgis to visualize the value
added and norvalueadded activities in the
production ling[22].

In a cross sectional case study presented by
Helleno and hisnate 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 histeam [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 piocess. Cherrafi[25] has
presented the relationship between value
stream mapping and life cycle assessment.
Pampenelli and hisnates 6] related the
integrated sustainability metrics with the
traditional VSM taking the automotive
industry as an examplet has been stated
that this model is appropriate for the
measurement of three pillars tluneeded
further investigation.

It can be summarized that, there are few
process optimization measurement tools
have been identified. Authors suggest the
effective appication of Six Sigma approach
for lean manufacturing aspects in the
manufacturing industry. DMAIC approach is
also suggested which is a branch of Six
Sigma$]. 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 remaitise
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 onrising P8]. But when compared
to 2019 records, it is a slow recoveag
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 9]. Therefore, it requires new tools
and technology to produce goods to

compete and swive 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 Sustainabilitg igaining the
concern in the companies due to its impact
on the process efficiency. It is also based on
the three npillars of sustainability. The
economic pillar is aimed to address the
issues with financial stability, organizational
efficiency, productiontime 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 practies 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 sstainability. The solution
has been found using the sustainability
goals which can be used to interrelate them.
The table2 taken from a literature shows
thisinteraction with theSDGs19].

Many researchers have implemented the
lean principles in the autaobile industry.
Azevado and his mates [31] proposed the
framework combining VSM and LCA in the
automobile industry. A goariented
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 questionnabased
survey is only applicable for the foundries
only. Jadhav [33] have mentioned the effect
of lean tools in the environmental
performarce.
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Table

2 Orgnizational
automobile ndustry

sustainability and

No. Principle P Goal
s1 intenests o stakehold Putting into operation activities that are in line SDGI,
nterests of stakeholders >
i > with stakeholders’ strategic plans SDG12
Reducing the toxic impact of the workplace on SDG4,
S2 Reduction of toxicity . P ¥ X
employees $DG5
S3  Reducingoperatoroverload _ Reducing operator overload on production jobs
Reducing process losses contributes to improving ~ SDGY,
S Reducing resources .
i Sy finandial results. SDGI12
= Increasing production capacity as a result of SDCY,
55 Time efficiency so14
reducing activities time SDG12
% The company has to reduce its waiting time to SDGY,
S6 Reducing waiting time R D gy ity
improve its production capacity. SDG12
o Reducing fixed costs contributes to the efficiency SDG12,
7 Monitoring fixed costs el
of the production activities SDGI17
& SDCé,
™ Stakeholder engagement in Strategic planning should take into account the SDGS
" strategic decisions functions of sustainable development s
i P SDG17
. SDG2,
. Company involvement in society contributes to
$9  Supporting community activities e ks coritia SDG3,
improving living conditions .
bl Tk SDG16
By training human resources, the company’s SDGH,
S10 Training human resources 6 Ty e o AL
performance level is improved SDGS
sy Corporate Social Responsibilty  CSR actons improve employee wellbeingand — SDG1,
(CSR) improve public image SDG10
Reducing the amount of waste generated sOCH
S12. Increasing recycling capacity  contributes to reducing the organizational impact ' |x11"
on the environment ’
Increasing the capacity of the
S, A i ke Waste management functions generate added SDG7,
s13 reuse, remanufacturing,
value for the organization SDGI2
reconditioning
Increasing the capacity to generate energy and SDGY,
S Reducing energy consumption reducing energy consumption contribute to le‘]“
protecting the environment a0y
& The implication of the company in this activity SDGI1,
S15 Greenhouse gas reduction
leads to reducing pollution to the environment. SDG13

It has been confirmed that this application is
in terms of identificationand reduction of
environmental impacts. The  major
drawback of this study is that is applicable
only for motacycle manufacturing
industries and diversified analysis is
requiredfor various industries as well.

A crosssectional case study has been
proposed by Wan{4] suggests that energy
efficiency can be measured in the
automobile manufacturing industry throing
sustainable VSM. Also, the water usage, raw
material usage, social aspects and
environmental hazards can also be
evaluated. Vinodh [35¢valuated the lean,
green and carboivalue efficiency concepts
to an automotive sector. This approach has
shown its baefits in improved cycle time
and continuous flow processing. Stoycheva
and his mate$36] presented research with
integrated green and lean six sigma. This
approach has supported in analyzing the
weaknesses and strengths with the
intention of reducedesource 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 studed 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 outputf19].

A dmilar study has been presented by
Manish Yadav and Man#&umar B7], 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 dagram. A gquantitative 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 numericalnalysis of process capability.

3.7. Industry 4.0
Manufacturing

and Sustainable

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 aspectsin an innovative
thinking mannerwith the qualitative and
inductive content analysibased literature
review. The authors present a framework
for the basis of interrelation between three
aspects: Sustainable manufacturing, 6R and
Triple Bottom Line dimensioriadicates in
Figure 10
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Theytypically 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
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Figurel0: Interrelation betweenustainable
manufacturing, 6R andiple 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 v
will affect them in the transformation
towards Industry 4.0 with sustainable
manufacturing conceptg2].

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 tearf88]
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. RatneshwarSingh 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 Bancing in the
production line.

Manuela Ingaldi and Marta Jagusidkcik
[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 conpé 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
Saksman 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 hee 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 irhe
SYLXt 2888aQ LRAyG 27
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 Ahame3] 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 § and layout
modification, the results shown that the
remarkable amount of reduction in the cycle
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time and nonvaluedded time while
increasing the productivity with the certain
percentage. ARENA simulation has been
used for the analysis for the detailetudy.

A thesis work of Vinay Mohgd4] studies
the application of lean methods in the
automotive industry. He has presented the

importance of Jusin Time manufacturing in
relation with lean. The author provides the
future direction to the applicatiorof 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
performane 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 colleags [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 tean¥7]
evaluated the customer satisfaoh due to
an appropriate implementation of lean
practices in the automobile service sector.
The causand-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.
Theyhave 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 componen 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 uk
being an ideal situation. Moreover, the
usage of norsimulation 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 Manuécturing Sector. They
have selected a company and carried out
the detailed study. A projedtased
approach has been highlighted in the study.
The importance of fuzzy and TOPSIS has
been clearly defined throughout the paper.
Lal
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
reseach. 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 techniquesspecifically SMED approach. Rather than limiting tri Lankan
technique for an automobile industry. Inthe perspective, a moddbased study can be
same research, it has been shown that formulated which can be accommodated
SMED is more beneficial in terms of quick for world wide application. With that

Odza i2 YSNJ NBaLkRyas
safety. A drastic improvement
production rate was observed.

in the

Crstina 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 manufacting 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 Reseach Gap and Physicab@straints

From the studied literatre, 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
AYRddzaZGONED® ¢KSe
the application of circular emomy. 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 dimization 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 sirgproduct in a cross
sectional analysis. And no any scalable
parameters have é&en 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

Kl @Sy @dvelopdd? A RSR

Iy BnhowledgkJME résSarch aar2bi taBtediviah

analysis of current trends of automobile
industry in terms of organizational

sustaindility. 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 fo 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 producbriented 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
RSLISYRAY3I 2y (KS O2dzy i NE Q&
might have an impaatn the working model

0KS oFasS F2NJ
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
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foundation for the application of circular
economic approach tautomobile 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 aappropriate 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 showrin 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
sustdnable 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 waldwide. 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, nany 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 ingstry 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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Selective Tea Harvesting Using Autonomous Drones Integrated with
CNN Based Recognition
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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 bushesusing 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 thesignificance of Sri Lanka's tea industry and the need for an efficient harvesting
approach. The methodology involves image procesbaged recognition system using Mask
RCNN for TLB detection, a meticulously designed robotic arm for precise pluckth@ an
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. Chgjss 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 enhagcefficiency, quality, and sustainability
through advanced automation technology.

Keywordsr' Tea, Plucker, Mask@&\N, Drone, ROS, Robotic arm, Selective harvesting, TLB

1. Introduction the ideal TLB to inemse 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 dé&bor and

Tea holds a special place in Bainka'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
hlghgual_lty, aroma_tlc bre_ws. However, scarcity of skifld tea harvesting pluckers
despite its prosperit, the industry faces 2]

several pressing challenges, particularly *

concerring tea harvesting methods [1]. 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 noerns 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

Traditionally, tea harvesting in Sri Lanka has
been a labouintensive process that relies
heavily on skilled manual Ilabour to
meticulously pick the tener 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
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mature leaves and stems. As a workers pluck all the succulent leaves which
consequence, the noeelective harveing may include two or three leaves with or

has been known to compromise the overall without a bud. In the proposed system, TLBs
quality and flavor of the tea produced, were selected for the initial stage due to the
potentially impacting Sri Lanka's hard fact that they are the most common type
earned reputation for excellence [4]. We that is being plucked and used to produce
were also discovered that there are some high quality tea, and the system currently
TLB harvesting methods that use image does/ Q i L2aasSaa  LINBLISNI
processingechniques [5]. But they used an identify the succulency of a tea leaf.

older version of image processing
techniques called haar cascade classifier.
Their experimental findings indicate that A diverse dataset of approximately 7000

the classifier possesses a capacity to images of tea bushes was collected for
differentiate harvestable tea shoots up to automating the tea plucking. The images
some extent. But withan accuracy rate of  were captured from various tea plantatien
57.58%, it is evident that there is a need for encompassing different environmental
further enhancement of this tea leaf conditions using highesolution cameras.
detection system. ¢tKS Y2RSfQ&d NRoOodzalGySaa
including images with varying lighting
conditions and angles. Figure 1 shows the
collected image of a tea busB.1.2 Image
Annotation

2.1.1 Data Collection

To overcome these challenges, this research
proposes an advanced automated tea
harvesting system. The proposed system
incorporates a gtting-edge detection
mechanism capable of identifying the TLB To prepare the dataset for TLB detection,
with precision. Coupled with an automated each image was annotated with piXelel
robotic arm, this system promises to masks using the Makesense Al tool. The
revolutionize the tea harvesting process by annotation process involved manually
replicating the expertise ofkilled human  drawing masks around the TLB instances
pluckers, ensuring the salBve harveting present in the images. The mask
of tender shoots and buds. annotations precisely olihed the leaves
and bud, providing accurate ground truth
data for training the model. Following Figure
The proposed system comprises four main 2 shows annotated images with a mask
sections, around TLBs.

2. Methodology

1 Image processingased recognition
system

1 Robotic arm

1 Drone

1 Integration

2.1 Image PRocessingbased Recognition
System

The objective of the image processing
system is to identify tea leaves and buds F
which are ready to be picked up. Unless in |
an exception like special tea varieties,
usually in the manual harvesting method, 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 FCNN architecture was utilized
for TLB detection in the tea bushes. The
ability of Mask FCNN to provide the
coordinate of the cutting point using the
mask data, makes it the most suitable
architecture compared to other objéc
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-GRIN
model was initialized with random weights
to begin the training process.

2.1.4 Testing

After completing the training process, the
trained Mask RCNN 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 allity to accurately detect TLB
instances and generate pixielvel masks
was assessed. A detectedBltan be seen in
the following kgure 3.

Figure 3 Detected TLB
2.2 Robotic An

This section describes the robotic arm
design, its components and thegorithms
used to guide the robot arm.

2.2.1 Robtic 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 itsaxis 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 itsaxis. 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 Hac
mechanism are employed to open the
gripper, and a spring ensures that the
gripper closes prompy 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 maerial and the arm was assembled
along with lidgntweight 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 dimensional versio of the fiveDOF robot

arm. arm was constructed in the Rviz simulator
Table 1- Angle of movement of each joint for th_'s project aml it I_S shown !n the
Parameter Angle of movement following Fgure 5.Move it package in ROS
) which offers a setup assistant GUI was used
Base jomnt 016360 to manlpulat'e the robot arm. By uploao!lng
_ the URDF file of theobot model to this
Joint_01 -3010 130 setup assistant interface, a configuration file
Joint_02 -90 to 270 can be generated by changing the
Joint 03 -90 to 270 parameters like sei€ollisions, Virtual joints,
o Planning groups, Robot poses, End effectors
Joint_04 0 to360

and controllers of the robotic arm model.

. Figure 5 Simuldion of the 5 DOF robot arm in Rviz
Figure 4 CAD Design andsembled version of the Simulator

robotic arm . .
The necessary commands like reading joint

All the jointsinclude smart servo motors angle from ROS platform, converting joint
with position, temperature and velocity angle from degrees to position, passing read
feedback which are controlled using an angle to the servo motor were included in
Arduino atmega2560 microcontroller. This the Arduino code. The communication
feedback system enhances the efficiency petween two platforms ROS and Arduino
and accuracy of tea leaf plucking, was done by installing libraries like
contributing to the overall succesof the  rosserial_arduino on both platforms. The
proposed atomated tea harvesting system.  3rm movements accuracy can be tested by
2.2.2 Software @nfigurations running configuration files along with
Arduino code. The accuracy can be checked
ROS (Robot Operating System) platform was py setting an arm paton from the ROS Rviz
used in this project to develop robot gimylator and test whether the physically
software. In ROS, the modeling of a robot it robot arm move to that given position.
can be done using URDF (Unified Robot The movement of the end effector tip to the
Description Fanat) file. In this research the required coordinate can be done by writing
URDF of the robotic arm is done using a g separatenode using C++ or python. This
URDF exporter plugin built in SOLIDWORKSypde passes theoordinate values to the

software. URDF files are read using move itpackage node which generates the
simulators like Gazebo and Rviz by building gngles ofach joint of the robot arm.

3-D models of the robot for users. A three
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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 inorder to acommodate 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.

w Carrying capaty of 1.5 kg pluckedea
leaves

w Positional Accuracy of <5 cm
w Operational time of 15 minutes

wMounting deck space for robotic arm
and processing computer

wMinimum wind disturbance from the
drone.

w Fully autonomous flying capacity

A custom carbon fiber drone bodwas
designed in CAD software in a hexpisy
configuration as shown in idgure 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.

(3 LI

Figure 6 CADmodel of the drone

A wide middle body deck space was created
to house the camera, processing computer
and the tea leaf collection bifThe rotor
arms of the drone were specifically designed
to be longer than usual with a span of
700mm ad they were given a tilt of 6
degrees to tle upward direction as shown in
Fgure 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 gad stability during
the flight.

For the flight electronics, an opesource
flight controller platform, pixhawk was
selected as it allowed customization of the
firmware according to our requirements.
CUAV X7, a high performanceigfit
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 FOP 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 tdss
than £3 cm.

Figure 7: Tilt angle of the drone arm
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Other than the above majartomponents, 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 betwee
the pilot and the drone and to keep
everything powered, one Lithium lon
16000mAh 6 cell battery was used as shown
in the fully assembled drone shown in Figure
8.

2.4 Integration

Integration of the image processidzased
recognition system, robotic arnand 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 stem's
components.

The full workflow can be dided 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 abng with all the other
parameters required such asdfit speed,
flying altitude

e

Figure 8 Assembled drone without collection bin

Ground Control Operator
sending instructions

Drone flying to designated
field

l

Robot Arm plucking the
identified TLB and
depositing in the box

Camera identifying buds
and sending coordinates
to drone & arm

1

Drone returning to base
once the box is full, or
battery is low

Figure 9 System wrkflow

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
coordnate 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 collectionbox 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 # 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 integratezystem 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 futurensie

it involves designing of complex control
system for the drone and the arm. Once
completed the overall performance of the
system can beevaluated against manual
labor.

3.1 Recognition System Results

The image processidgased recognition
system utilizig Mask RCNN 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 precispixeklevel masks around
them. To quantitatively evaluate the

model's performance, its accuracy on the
test dataset. Figure 11 prests the results,
which include:

Figure 10 TLB Detectioresultsin multiple testsn
the field

Figure 11 Model accuracy and etrics

wmAP50(B): Mean Average Precision at
loU (Intersection over Union) threshold
0.5 for bounding boxes.

wMAP50595(B): Mean Average
Precision at loU thresholds ranging
from 0.5 to 0.95 for bounding boxes.

wPrecision(B): Precision score for

bounding box predictions.

wRecall(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 optiization. Figure 12
provides insights into # training process,
showcasing:

wBox Loss: The loss associated with
bounding box predictions.

wClass Loss: The loss associated with class
predictions.

wObject Loss: The loss related to

objectlesspredictions.

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'sperformance in such
scenarios.

Box Loss Class Loss. Object Loss

Figure 12 Los 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 keetively
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:
uHarvesting Accuracy: The system

achieved a accuracy rate of 78% in
selectively harvesting TLB instances,
contributing to maintaining the quality
of the tea leaves.

wHarvesting 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
a2F0G6FNB dGardaarzy
only a small deviation from the planned
route.

t

w The navjational accuracy of the drone
was measured by attaching a 5W laser
diode onboard the drone and then
laying out paper along the préefined
route. When the drone travels, the
laser marks the actual trajectory of the
drone as a burn mark on the paper.
Throwgh 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 Ché#lenges 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 guidinthe drone away from the
shade trees. Also, strong wind conditions
greatly affected the performance of the
drone making it shake while hovering to
compersate for unbalanced wind force.

For future enhancements, the following
improvements are recommeled:

wDptimize the plucking process by using
multiple cameras from different angles
to identify TLB in various orientations.

wCarry out an aerial mapping survey for
identifying the shade trees beforehand
during the route planning phase to
avoid obstacles when dren is
¢ + DAY9aYqe throyap e figld: 5 v x v 3
uRedesigning 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 recognitionsystem 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 capalid.
Field testing validated the system's
efficiency and adaptability to reavorld 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 harvestingensuring consistent quality,
increased productivity, and sustainability.
As technology advances and the proposed
system undergoes furtherefinement; it is
expected to play a pivotal role in shaping the
future of SriLanka's esteemed tea industry.
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Smart Bed for Physically Impaired People
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Abstract

One of the major health challenges in the world is the rapid increase in the number of people

University of Vocational Technology
*anushkanayanajith@gmail.cor®4 76 0121863

who have difficulties in walking. Injuries and chronic d&es 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 disked 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 wessa using electric motors.

'RRAGAZ2YyFffes (GKAA
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of a heartbeat failure or a rise in body temperature. Also included is gmgrammed
massaging system for requesting assistance. When the patient needs to callrsomeibe

house, there is a standard calling buzzer. The primary goal of this project is to improve

LI GASyGQa O2YT2NIz a

F¥FSdez FyR 2@SNIff

Keywordsy Wheel chair to bed, Automation, Automataakdication, 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 andatisfying 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 depresed. This can increase the
risk of getting other psychological diseases
like depressionmental fatigue is high. The
LI GASydQa yS3targs
introducing a system which helps the
patient to do theirdaily activitiesithout an
assistance banother 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 patieth 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. Nowaday&eeping 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.

FrhadiofeYiths iderited 12 ibvdioping © ©

design should have he capability of
assisting the patient in moving. Taking
YSRAOAYSS NBY2(GSt e
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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 wheelchia to tackle this
problem there they have designed
wheelchairs which could be converted into
beds using mechanical linkages. So,
removes the effort needed to change the
patient from bed to wheel chair

2.

it

Obijectives

Main objective is tadesigna smart bel so
that a person can move from sitting position
of the wheel chair to lying position on the
bed without external supporand move the
wheel chair with electrically powered
motors. It also should have theadditional
features such as automatiemote patient
parameter monitging, 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
SIdALIYSYyGQa (2 Faaia
According to[1], they have studied about
wheelchair to the stretcher anversion
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, hd@eat, pulse
rate etc. Hartmarj2] have develope@mart
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 tahe article[3] the primary gal

of their research paper is to reduce the

patient's precluding exertion, to carry out
the transformation proces with the utmost
safety, and & save money, use a gear
mechanism instead of hydraulidg]. 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.
Pneumatts, or electronicfb]. 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 bedsystem in
today's world, as well as the various
mechanisms that can be implemented,
were discussed in this articlé&ccording to
the [7], they got an idea about material
selection, with a focus on material
properties, and we also got an idea about
human baly weight distribution and load
calculation. It takes into account caster
wheel calculation, back rest calculation, and
leg rest calculation. This project's limitations
include. i ing the weight of the chair
lé'md lfr?érégggeir%g the cost of the chaithe
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 g@hoto diode, and it
analyses various hearate 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 ratdyeats 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 disablggerson, 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 1In this design it will

convert half of the bed as a wheel chair.Hal

of the mattress is designed as fixed and the

other half will be foldedand the patient

himself can simply change the half as a chair

simply by pressing a buttonDesign of
Movable wheel chair part and fixed bed part
is shown in Figure 2.

Fixed metress

Figurel :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 battetp
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 inafles 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 batterycompleted
smart disable person caring bé&shown in
Figure 3.

Figure2 : Movable wheel chair part and fixed bed
part

Figure 3 : @mpleted smart disable person
caring bed

There it has included a preprogramed
medicine pills dispense uniin Figure 4
which will alarm the patient to remind
about medicine at rightime. 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 pdient can call for help and notify  This limitation is given the programmed to
others about an emergency by sounding a send the SMS automatically to guardians
buzzer. And also, it has a pre designed who are far away from home in a set value
program to send a SMS to desired number exceedingReceived high temperature SMS
to inform a person which away from patient alert shown in Figure 6.

> pills Storing
Iray

Stepper motor

Figure 4 Pills loading compartment Figure 6: Highemperature SMS alert

by just pressing a button in an emergency. It has assumed that breakfast will be taken
The SMS can include the requirement or call at 7.30 am, lunch at 1@0 noon and dinner
for help. It can use this function to inform at 7.30 p.m. they can adjust at the
neighbours about theemergency as well. programme, and the patient will be able to
The programming part will be done with the hear an alarm and dispense relevant
ESP8266 microcontroller and S8@0 GSM medicine into the cup to make it easier to
moduleshown in Figure 5 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.

Figure 5 ESP8266 microcontroller and S@a0 After meal 08.00 p.m.

GSM module . . . .
The medicine dispenser is designed to store

It includes Human Body temperature and medicine only for one day and the guardians
Heart beat monitoring sensors which can of the disabled person, who workigroutside

check the guardians remotely by using GSM the home can store the medicine for the day
module when there is any abnormalities in the relevant section of the container in
with the patient while they are stay away every morning. The container is divided into

from home. It uses temperature sensor and eight segments as in Figure 7, one is left as
pulse sensor to measure the temperature jinitial compartment.

and the pulse rateThe critical values were
set as follows.

1 Temperature > 37C
T Bpm >140
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Theoretical Friction coefficients
> F2NJ GAE S =042 2 NJ
> FT2NJ OSYS ¥4t 2 2 NJ

> for sandy floor = 0.50
R total-W = 0
R total = 1000N
D = 0.18m

Assumed average friction coefficient is 0.50

. I . . cCr > Pw
Figure7 : Partitioned pills container F total = 500N
The patient's body temperature and heart

rate are measured, and the program is There it used Inotors therefore,

designed to receive the patient's 1 motor--- 250N

information in the form of a text message T = FxD

when there is an abnormalityFabricated T = 45Nm

patient monitoring and pills dispensinmit

shown in Figure. The wheel arrangement need to be changed

otherwise it will not be possible to get a
motor with less power therefore chain
sprocket sygem used to increase the
power.

w DS N dli A 2
= output torque/input torque
W 2 MK 2 \8nl/n2=d2/d1=T2/T1

Figure8 : Fabricated patient monitoring and pills

: ; . w DSFENINYGAZ2 I' 2mMK2HT YW
dispensing unit

= 1/p gear speed
5. Calculations Olp gear speed

Loads on wheel chair as in Figure 9.
Small wheel teeth = 12

Assumptions human weight 75 kg Large wheel teeth = 43
Chair and accessorie®) kg
Battery 5kg nl/n2 =T2/T1
R total T2 =161.25Nm
l Loads on lower half shown in Figure 10.

W total

Figure 9 : Loads on wheelchair
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O point

18 cm

N%
14.31¢m

W=200N

Figure 10 : dads on lower half

Considering O point,
Cos o =14.31/23
a=cos "1 (14.31/2.3)
a=51.52

tan p=5/14.31
B=19.52

a+p=51.53+19.52
=71

h?+182=232
h=1431

Considering O point,
200x 14.31-F1sin71 =0

F 1=200x14.31 %10
Sin 71 x 23 x10

F1=13160N

Loads on upper half shown in Figure 11.

15.18 cm

W= 400N

Figure 11 : Loads on upper half

Cos (o) =25/29.25

o=31.27°-2327"
=g

Considering point O,

400 x15.18 x 102-F2 sin 8" x29.25 x10-2=0

F2 = 1491.59N
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 syste
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 he usage ofmild steel for the
fabrication, the final product was heavier
than expected. It made an &a 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 pressurenser

it has installed in a fabric layer to improve
the comfortability of the patient. It can read
the blood pressure and temperature

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.

indicate on LCD panel. It can send SMS alertThe temperature and blood pressure sensor

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 braling 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 alt 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
lessthan 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 capacitytbe
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 predefined 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

read the blood pressure and temperature
correctly and indicated on LCD panel. But
the problem is that when aatient uses a
wheelchair, it disconnects from the
monitoring unit. So it should further
improved to work with wheel chair battery.

/| dZNNBydte AG KFa €A
maximum weight but it can be improved to
handle heavier loads. This should furthe
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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Tree Crown Maintenance and Harvesting Device
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Abstract

Ceylon Agro Food Technologies (Pid.
*malindut@agrofoodtech.lk+94 77 6002667

The coconutindustry was the targeted industry for the crown maintenance and harvesting
device. In the coconut sector, there are two different categories of growerdigi growers
and parttime growers. Finding coconut climbers and getting access to alternativeotie

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 themtamgeted manner.
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threatening job into a professional whiellar job. Further, it gives priority to other manual
activities like pollination, cleaning of debretc. However, present patented technology
(Patent ne 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 robati 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 membgtd], 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
producingnations P].

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 thembeing a lack of experienced
workers because of high risk, high costs, and
outdated technology4]. Given thesdacts,
are cwucial 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 téind 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 devicean 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 thecoconut field,
this device travels a straight path between
tree lines and covers a 1&[kgree 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 oprations. 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
operationsand the comprised method of
lifting unite is indicates in Table 1.

Tablel- Comprised methods for liftingnit

Method Working  Lifti Maximu  Liftin
Principal ng m g

load Height Time
(KG) M) S

Hydraulic  Hydrauli 400 25 300

Crane c 0

Telescopic Pneuma 50 25 48

Mast tic

Liftin Manual 380 10 600

Towers

Note: All the parameters that are includedthis
table are averages of actual values.

The telescopic mash Figure lwas chosen
as lifting method due to its advantages.
Pneumatic systems utilize pressurized air to
move cylinders and othenechanical parts.

S = = .

'

Figure 1: Design oélescopic 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. fMat 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 tmeet 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 adegreeof-freedom
(3DOF) shoulder rotation, shoulder bend
and elbow bendn Figure 2A gripper at the
end of the am 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.
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Fundamental methods such as forward
kinematics, inverse kinematics, path
planning, and control were empjed. The
arm consists of three links, each of which
are equipped with powerful motors to
handle the load and momentum forces.
Additionally, an armmounted camera is
used to identify the cutting area, allowing
the operator to remotely control the robotic
arm using the display.

L=

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 aspray attachmenshown in
Figure 3, can easily reach and cover the
entire tree, effectively targeting and
spraying whiteflies. The spray arm allows for
the flow of highpressure fertilizer liquid,
which is directed to the underside of the
leaves. The nozzkan be adjusted to modify
the shape of thewater flow for optimized
spraying. The Field trials of spraying
attachmentis shown in lgure 4

Figure 3 Design of spraying arm and attachment.

Figure 4 Field trials of spraying attachment.
2.3Harvesting Attachment

Harvesting coconuts using a robotic arm
faces numeroushallenges, particularly in
navigating obstacles and ensuring accurate
operations. To address these challenges and
to enable the identification and harvesting
of mature coconutsrobot 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 wtion 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 tts challenge suessfully
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 coamut 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 Table 2: Test Result of Different Motors

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 laborintensive 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 conut
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 werevaluated 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 higbrque
brushless motors were among the
evaluated motors. These motors showed
various performance levels, depending on
the prevailing circumstance#. is shown in
Table 2

Motor Type Speed Torque Efficiency
(RPM)  (Nm)

NEMA 23 1500 3 Medium

Stepper

Viper Motor 55 8 Medium

GIM810836 100 36 High

Brushless

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 &d 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, keping 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 attachmenfest
result of cutting methods shown in Table 3.

Some of these solutions, hower, 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.

134| Page



Proceedingsf the InternationalEngineering Research Symposi@iER2023), pp [L31-136]
©National Engineering Research and Development Centre of Sri.Lanka

-\v
v s

Table 3- Test Result of Cutting Method

Metho  Mass Speed Vibrati  Efficie

d on ncy
(Kg) (RPM)

Hacksa 0.3 50 High Less

w

Cutting 4 5000 Mediu  Less

Disk m

o6néuv

Chains 15 2200 Mediu  High

aw m

After thorough investigation, it was decided
that the chainsavattachment 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 bestutting
technique, resulting in successful and
efficient harvesting operationsDesign of
the robotic are shown in the Figure 4.

Figure4 : 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
laborintensive challenges associated with
coconut harvesting and upkeep. By
introducing the novesystem'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 umches,
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 réfing 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, effdévely 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 safeguardi
their longterm 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 weltbeing. 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 des
has revolutionized the coconut industry by
addressing challenges, such as labor scarcity
and outdated technology. The device, with
its robotic arm and spragttachment, 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 vyields. Continued research and
development can further improve the
device's capabilities and relionize 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 studswonducted 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%) ascdhgulant. 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 removiveger 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. Subsequemtlalum 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 alysis 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 itsemtitri
contents. Additionally, while a significant amount of alum can be recovered using sulfuric
acid, it is not economically soudd

Keywords Water pollution, Sludge, Questionnaire survey, Fertilizer, Alum recovery

1. Introduction water treatment process contribute in
producing sldge 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 dal 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
The sludge produced by water treatment released inappropriately. Hence Due
plants (WTPs) creates lot of environmental issues with land and the toxicity of such
AdadzSa AF AGQa RA & OK wasie Sompohefits, ltheldip@salNTslidyeS t &
the environment. The coagulation, from WTPs has become a significant issue
sedimentation and the filtering steps in  of global environmental concern [2].

The Water treatment isan 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 treatmentof raw
water. Managing this sludge is a critical
aspect of the overall water treatment
process, driven by both environmental and
resourcerelated considerations.
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Sri Lanka is one of the countries which faces Table 1¢ Methods used for testing nutrients
the issue of environmental impacts of

) - } Parameter Testing method
inappropriate disposal of sludge [5]. :
P Inductively coupled plase
Therefore, this study was carried out to optical emission spectrosco
(ICP-OES)

overview the existing situation of sludge
management in Sri Lanka and investigate a NOs
potential method to utilize it effectively. NO»

2.  Methodology K

Cadmium reduction method
Diazotization method

Atomic Absorption Spectromete

. . (AAS) method
2.1 Questionnaire @vey

The current sitation of the sludge in the

existing WTPs in Sri Lanka was studied
through a questionnaire survey. For this According to the questionnaire survey,
questionnaire survey, 40 WTPs in Sri Lanka alum was predominant coagulant type.

were selected. The selection of the WTPs Therefore, the method of alum recovery
was based on its location as it covers all the was tested as described below, based on

2.3 Method of Alum Bcovery

country. The quesbnnaire 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 ihaled in
guestionnaire 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

Equation 1 and using sulfuric acid.

c!A( 30+ 3/TH13/ 14 O (1)

The testing procedure was as follows: First,
a collected sludge sample was dried at
M n @ forH nhours. Theno n mg of the
dried sludge was mixed with nml of pure
water using a jar test apparatus. Afterward,
the prepared sample was mixed with® o p
M H.SQ using a magnetic stirrer @ mpm

for o minutes at a temperature ofwu /Cc
Next, the sample was extracted, and the
supernatant layer was filtrated using a
suction pump.

costs. Ambathale WTP, Biyagama WTP, andThe amount of recovered alum (Y) and the

the Kethhena WF were the WTPs from
which samples were collected. The latter

alum in the raw sludge sample (Xre
measured using the AAS method, and the

one used Poly aluminium chloride (PAC) as recovery of alum was calculated as a

the coagulant, while the other two used
alum.

The nutrient content of the sludge samples
collected from the above three WTPs was
measured. PotassiumK], Nitrate (N®),
Nitrite (NQ’), and Phosphorus (P) were the
measured chemical parameters, and the
methods used for each parameter are
shown in Table 1

percentage according to equatiorP
Recovered alum = (Y/X) x 100 % OHOU
3. Results and Bcussion

1.1 Existing use of€oagulant Used & Way
of Sludge Hndling

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

impacts even aftetandfilling, compared to

12.5% of surveyed WTPs used both PAC asalum.

they received. Only one used none of the
coagulars. The use of PAC may offer added
benefits over the application of alum, such

1.2 Application of Sludge as &filizer

The results of the nutrient tests on sludge

as requiring a lesser dosage and generating from three WTPs are shown in Table 2. As

less sludge [6].

Inappropriate disposal of sludge into the
downstream of the same raw water source
has significantly reduced curreptlFigure 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 dispos&élowever, thee
was no utilization of sludge, as shown in
Figure 1.

25

Coagulant type
OMNane @ Alum/PAC

P2
(=]

-
(%)

OPAC H Alum

C D E
Sludge Disposal Methods

Dried in sludge drying bed & landfilled
Sludge treatment unit & landfilling

Mumber of WTPs
=
=

L

[ |

[=]

=
B

Water removal using belt pressing & disposing

Mo treatment & disposed [not into the water source)

m o & m I

No treatment & disposed into raw water source

Figurel5: 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

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 ¢ Nutrient contents in tested sludge
samples

Parameter WTP WTP WTP Standard
1 2 3 value

P(mgl) 02 01 02
25 2.7 2.6

NOs 03 05 04 90

(mglL) 30 25 25

NGOy 67

(rr%/L) 0.02 0.03 0.0z
0.3 0.2 0.35

K L

ML) o5. 05- 06- 144
2.0 2.5 2.8

WTP1 Ambathale WTP, WTR Riyagama 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/tespectively. 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,

55% of WTPs adopting it. The use of PAC using 500 ml of sulfuric acid, which costs

may reduce potential environmenita

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. e
However, there is no utilization of sludge
other than landfilling after its volume is
reduced.

The nutrient composition of the sludge
does na 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,
costwise, it does not offer any significant
advantages.
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Abstract

Over the past few years, there has beennatable 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 advagga 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 r@a, 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 respetcto 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 bilding 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
SriLanka.

Keywordsr Condominium, Current state, Building defects, Structures, Severity, Impact

1. Introduction failure, a lack of facilities, a lack of gas and
light, difficulty living in small areas, bad
construction, cdapsing, and water
absorption. Building defects and failure can
be identified as critical issues because
defects affect directly the occupants].
The identification of building defects in
condominium structures was the most
considerable problem when asssing the
current state. Previous research studies
have been conducted within Sri Lanka and
other countries about defects and root
The motivation factors for living in the causes of condominium structures and
condominium structures are the idea of those provide better knowledge about the
owning a house at an inexpensive price, a research area. This research study will
secure and simple lifestyle, more facilities assessthe current state through defect
for the low cost, and the cleaning, identification in current condominium
maintaining, andepairing are managkby  structures in Sri Lanka.

the condominium managementPeople

who live in condominiums face issues with

poor qualities such as building defects and

In Sri Lanka, due to a scarcity of land
resources, increasing population growth,
and the result of the advancementfo
construction  technology, = Muklstory
structures were created in commercial
areas of Sri Lankfl]. 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 areaR2].
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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 lowincome families due to the
country's growingpopulation 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 distr{5. Many
high-rise residential condominium buildings
with modern amenities and services teav
been built in majocities [J.

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 parcelsThe
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 organization§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 siyption,
and subsidencgs]. 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 ineasing maintainability

issueq4].

2.2

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 dte
defects in buildings [ Adding to the above
Sri Lanka also facing a struggle with
maintaining and managing the
condominium structures due tduilding
defects [4. So, it is most important to
identify  the  building defects in
condominium structures. Man physical
defects such as cracking, spalling, corrosion,
and water seepage, were observed on the
external side of all these buildinggl].
Defects in buildings are defined as cracks,
collapses, loos tiling problems on the floor,
problems in electrical wiing 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 rusttaning [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 joidégradation,
fasteners degradation, and fasteners
corrosion8].

Defects

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 stagp!]. Addng to the
above majority of peeling paints have
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caused problems with the surface being

The research design involves a meticulous

exposed to temperature changes such as visual inspection of various condominium

rain, and sun as a result of poor surface
preparation [6]. Steel corrosion situations
can be identified in condominium strucies
and adverse climates due to high humidity,
poor quality of reinforcement and steel
bars, and insufficient thickness of concrete
covers can be defined thugh previous
studies Root causes of building cracks,
spalling of concrete, and waterproofing
defeds most frequently arise with the
causeof 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 structureq1]. According to
the above research studies, the research
study severity of identifie¢ 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, functionirg, and safety of the
structure [9. The severity of buildi

structures in the Colombo metropolitan
area, encompassing a diverse range of
buildings, including lovincome and middle
income structures. Thesstructures 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 recessary 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 Disclis#s

defects can be recognized based on building In this data collection process, building

elements and it also impacts the occupants
[10].

3. Methodology

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

The research adopts a qualitative research as mentioned above with low and middle

approach, aligning with the nature and
objectives of the study. Qualitative data is
gathered primarily though case studies and
interviews, with a focus on building defects

income families.
4.1 Case A Condominium Structure

As one of the lowncome condominium

and their root causes within condominium structures, in the Colombo area. The age of
structures. During the literature review case A is 52 years, and it has 54 individual
phase, a comprehensive understanding of units. The rented housing units and owned
these defects was developed, and a housing units are included in this case A.
guest!onnalre was designed to dititate 411 Fadiity Level of Case A
interviews.

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 semiuxury condominium
structure.
4.1.2 Income Level ofaSe A

Figure 1, presents the percentage of the
income of each family who lives individual
in from casé\. Out of those 17 families, the
figure represents percentages for each
income category. According to that 53% of
families include above 50000 categesj
29% of families include between the 25600
50000 category and the rest of 18A¢lude
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. Theeason for that is
they are semiuxury condominium
occupants, and they have to maintain their
units on their own.

18%
V

0,
ﬁzg%

H Below 25000
Between 25000-50000
m Above 50000

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
educationlevel of 17 interviewees who live

shows case A has the majority of nRon
educated people. 35% of families have
advanced level to undergraduate education
level and the rest of 24% hawetlucation
above undergraduate.

350 41%

m Advanced level and below that
Advanced level to undergraduate

m Above undergraduate

Figure2 : Percentage of the education level of
occupants in case A

4.1.4 Defectsin Case A

In case A, various building defects were
observedin Table 1 Structural cracks were
found in common areas like balcony walls,
staircase columns, and slabs, primarily due
to dedgn 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 mateials. 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 wallglss, and
columns, stemming from construction
deficiencies, waterproofing failures,
ventilation issues, water leakage, and

in individual units of case A. In this case, the p|umb|ng prob]em& |eading to mold growth
above sample was used as a convenientand health concerns for residents.
sample from case A. Out of those 17 \waterproofing defects were substantial,
families, the figure represents percentages especially in wshroom areas, causing paint
for each education level category. piistering and peeling due to waterproofing

According to that 4% of families include fajlures, poor maintenance, rain exposure,
aboveadvanced level and below th&®o it
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and temperature fluctuations, impacting
the building's appearance.

Table 1 Defects in Case A

Defects

P
o

Structural cracks
Damagedvasonry walls
Spalling of concrete
Hairline cracks
Blistering

Peeling

Discolouration

Dampness

© 00 N O 0o~ WwWN P

Waterproofing Defects

Warping of doors and windows
Corrosion

Water seepage

Electrical wiring or lighting Problems
Leakypipes and faucets

e =
A wN RO

Warping of doors and windows was
attributed to poor maintenance and human
activities but had no direct impact on
occupants. Corrosion was found in abeve
ground pipes due to inadequate
maintenance. Water
widespread issue ithe structure, primarily

in slabs, internal walls, and external walls,

according to the figure the roof hamo
defects in case A structure.

6
@5 %
84 w— x
TS = R
Dl =
O_iw_o §
- « Y .= C Y
S SS8SEESSS
>'3§mw®EE o
CGLIJC_E m S N
o c O
© )
m <

Building Component

Figure 3 Number of defectsibuilding components
in case A

4.2 Case B @dominium Sructure

As one of thelow-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

seepage was a The Case B structure has facilities such as

parking facilities, pay areas, fire protection,
and private balcony areas. So, this

caused by roof leaks, plumbing issues, poor condominium structure can be categorized

waterproofing, wall fractures, and
groundwater seepage. It significantly
affected residents' comfort, safety, and the
building's structuralritegrity, impacting the

appearance of their units according to
occupant interviews.

415 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, 2in beam and floor similarly, and 1
in stairs and doors and windowslowever,

as semi semiuxury 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 casel8 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 250€8D000
category and the rest of 22% include below
25000 categories.
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45%

m Below 25000
m Between 25000-50000
Above 50000

Figure 4 :Percentage of the irne 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 edcation 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% hawtucation
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 thei units.

45%

\ 4

33%

m Advanced level and below that
Advanced level to undergraduate
H Above undergraduate

Figure 5 :Percentage of the education level of
occupants in case B

4.2.4Defects 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 ase 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 giping 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 maintenace 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 temperaire 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 4.3 Case C Condominiurtrigture
several components, including balcony

. Case C
walls and slabs, due to poanaintenance,
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 4.3.1 Facility Level ofé@&e C
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 reorted no impact, attributing it
to material strength issues.

is one of the middlcome
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 sipermarkets, shops, and other
facilities which want to conduct daily life.

The Case C structure has facilities such as
parking facilities, play areas, fire protection,
and private balcony areas, 2¥ur security
CCTV & intercom ystems with fire
protection and detection systems, garbage
disposal systems, hot water, MATV
4.2 .5Defect Identification Based on Building connection, aiconditioned apartment
Elements in Case B blocks, lifts for passengers and gas
separately. So, this condominium structure
can be categorized as a luxury condominium
structure.

FHgure 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 4.3.2 Income Level of Case C
defect types were recognized from_ thg Figure 7 presents the percentage of the
balcony walls. The number of defects is 5 in . . . .
. . income of each family who lives in

external walls and internal walls, 4 in beam, . . . ) . .

. individual units. In this case, 15 families
2 in column and floor, and 1 defect

. e . were used as a convenient sample from
|Qent|f|ed in the roof. But.accordlng to the case AOUL of those 15 families, theigure
figure the doors and windows have no

. 7 repr n rcentags for h incom
defects in case B structure. epresents percent or eac come
category.

Defect types
OFNWAUIOI~N00

& H Below 25000
H Between 25000-50000
Above 50000

Building Component

Figure 6 :Number of defects in building

components in case B 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 250060000
categories and there is no famihycluded 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

Table 3 Defects in Case C
No Defects

Hairline cracks

Discolouration

Dampness

Warping ofdoors and windows
Damaged switches in the lift

1
2
3
4
5
6 Hairline cracks

in individual units of case C. In this case, the Hairline cracks, discolouration, dampness,
above sample was used as a convenientwarping of doors and windows, and

sample fromcase C. Out of those 15
families, the figure represents percentages
for each education level category.
According to that 67% of families include
above undergraduatesSo, it shows case C
has the majority of weleducated people.
20% of families have an aalvced level of
undergraduate education level and the rest
of the 13% have an advanced level to
undergraduate level education.

0
67% ‘

H Advanced level and below that
B Advanced level to undergraduate
Above undergraduate

Figure8: Percentage of the education level of
occupants in case C

4.3.4Defects in Case C

In this case, the defect identifidan was
done by visual inspection of the particular
condominium structure. In the literature
review defects were identified and
prepared a list of defecti® table 3 By using
the prepared list record whether those
defects are included in case A and what the
defects included in cask except to the list
of defects

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 loeguality
materials. Discolouration was mainly noted
in starcase 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.  Adddnally,
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.

4.3.5Defect Identification Based on Building
Elemens in Case B

FHgure 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, stairand
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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Figure9: Number of defects in building
components in case C

4.3.6Root Causes of Building Defects in
Cases A, B, and C

Fgure 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, ad 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 fiets due to
human activities. Thredefects were raised
due to the usage of inappropriate materials
and exp@ure to temperature changes, and
1 defect was raised due to insufficient
consideration of design are represented
respectively.
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Building Component

FigurelO: Identification of ot 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 buildng 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 send 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. Accordig 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 understaml 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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numberof defects and how they spread on
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Abstract

Alkaline Hydrogen Peroxide (AHP)-meatment is one of the chemical processes that can
be applied to prepare a substantial amount of greated fibres from readily available agro
plant residues in Sri Lanka. The NatioBagjineering Research and Development Centre of
Sri Lanka has initiated several projects aimed at processingtfdmed materials using pre
treated fibres from agro plant residues. Moreover, they have optimized the existing AHP pre
treatment method to prodice a significant quantity of preeated fibres within a 24our
timeframe. The current study is centred around the design of an AHRrgmament pilot

plant and the assessment of pteeated fibre quality through the production of handmade
paper. Two ditinct grades of fibre samples were successfully generated from the designed
AHP prereatment pilot plant. Fourier Transform Infrared Spectroscopy (FTIR) analysis
confirmed that the pretreated fibres primarily consist of cellulose. Additionally, evatrati

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 expectasimoncerning handmade
papers, particularly in the context of producing efcendly packaging items that align with
evolving consumer behaviours and regulations favouring environmentally conscious
packaging solutions. The establishment of AHRtratment facilities and the promotion of
handmade paper production using ptesated fibres hold promise for tapping into the
export market. This strategic endeavour aims to contribute to the ongoimmnauic
resurgence in Sri Lanka.

KeywordsYAlkaline hydrogen peroxide pteeatment, Cornhusk residues, Rreated fibres, Pilot plant

1. Introduction The National Engineering Research and

Currently, some researchers have directed pevelopment Centre of Sri Lanka has

. ; initiated the development of cellulose
their attention towards the development of - : .
. . based building mateais[3], roofing sheets
cellulosebased production using agro plant 2], and carboxymethylcellulosfd] usin
residues aviable in Sri Lanka. However, ' y y 9

. S AHP pre-treated fibers from agro plant
their research is limited due to the lack of an rP gro p
residues andthey have modified the
affordable pretreatment method for I
. existing AHP prreatment process to
extracting cellulose from these agro plant ~. . S .
. . . efficiently produce a significant quantity of
residuesAlkaline Hydrogenétoxide(AHP) )
. . pre-treated fibres or celluloseon an
pre-treatment is an effective, pre : - : .
- industrial scale within a short period of time
treatment in industryto produce AHP pre
. ; [2].
treated fibers or cellulose from widely
available agro plant residues in Sri LankaThe study focuses on designing an industrial
within 24h [1,2]. pilot plant to produce prédreated fibres
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from available agro plant residues in Sri
Lanka. When designing the AHP jre
treatment pilot plant, researchengineers
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 pretreatment and expect to design a
low-cost chemical proces#n addition, the
present study considered to evaluate the
characteristics of préreated fibres
producing from designed AHP pre
treatment plant by preparing handmade
paper from cornhusks residues.

The project's focus is to design an alkaline
peroxide pretreatment plant aimed at
producing 1520kg of cellulose filbes from
30kg of raw orn 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.

The survey conducted by National
Engineering Research and Development
Centre NERD@Q of Sri Lankaeveals that 1 To design alkaline hydrogen peroxide pre
approximately 100,000 metric tons of corn treatment plant for extracting of 120kg of
husk residues (on a dry basis) are discardedcellulose fibres from 30kg of availe agro

1.1 Objective

annually from various parts of Sri Lanka.
Additionally, discussions held with the
research institute of the Department of
Agriculture in 8 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. Consequentlyit 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 p#eeatment
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 thke quantity of pretreatment
fibres required forthe processing.

plant residues (corn husks) within 24 hours

1 To study the quality of pr&reated fibres
prepared from designed piolet plant by
making handmade papers from cornhusks
residues

2. 2.Methodology
2.1 Designing of AHP Ritseatment RHant

The AHP plant was designed considering the
unit operations illustrated inFigure 1The
initial step involved AHP pieeatment,
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 prreatment was performed,
utilizing the collected wastewater from the
first treatment and supplemented with
H205.
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Figure 1: All unit operations in the process used for design of AHP treatment plant

Consequently, two préreated samples

were prepared: one from the output of the
first treatmentand 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 toDa . | €

confirm the alteration 6 the pretreated
fibres. Furthermore, Scanning Electron

paper, and several characteristics of the
resulting papers were measen.

a. GSM check

¢tKS @¢2NR aD{aé¢ RSy
{ljdzk NB aSGSNE® LG A
the product per unitareali KS & Y! w]

AyaidN™zySy i (Y
Valachechenai company was used and
31070 TAPPIT 410 standard was referred to

Microscopy (SEM) analysis was conductedmeasure tle GSM value of prepared two

to investigate the morphological attributes
of the initial raw corn husk sample, as well
as the pretreated 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 pe-treated fibres were evaluated in
terms of their utility in the papemaking
process. Furthermore, as the process
moved forward, the prepared paper
samples were used to create handmade

pre-treated fibre samples.
b.Thickness check

The BOCHEL VAN DER KOmR®tiiment
atthe National Paper Company laboratories
at Valachcheneand TAPPI T 411 standard
were used to measure the thickness of the
prepared paper saples.

c. Water Absorption check

The quantity of water absorption of the
prepared paper sampleswere 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). TAPFI441 standard was referret
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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 characteristictiog
paperboard, which differentiatesgidity of
the paper. Thusstiffness is clodg related
to the amount of filwe in the board.The
stiffness tester (TEEDYNE TABER;B150
USA731274), which was available at paper
company of Valachchenei used for the
experiment.

e. Burst pressure check

Burging strength of a material is defined as
the maximum hydrostatic pressure required
for producing rupture of the material when
controlapplication of a pressure gonstant
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 Elmendetype tearing

value of the waste solution after thestl
processing was 13.8indicating a high
alkdinity condition. After the Xprocessing
the wastewater had a pH of 10.5. The
recommended pH range for conducting AHP
pre-treatment is 11.511.6 [5].
Consequently,the wastewater generated
after the ' AHP pretreatment could be
reused for pretreating agro plant residues
by adding same volume ofJ8- used for the
18t processingThus, approximately 15.8kg
of pre-treated fibres could be obtained after
the first and second treatmentgrigure 4
displays he variation in FTIRavebands of
the pretreated fibre samples and raw
cornhusk. Table 1 presents a comparison of
the wavenumbers in the prdreated fibre
samples with the corresponding
wavenumbers ofcellulose, as reported by
[6]. This confirmation valigtes that the pre
treated fibres indeed consist of cellulose.
Figure 5 illustrates the variation in SEM
diagrams letween raw and préereated
fibres. The paper article [3] notes that a
rougher surface washserved in the pre
treated fibres compared to theamw fibres
after the pretreatment of agro plant

tester. The measured results can be used to residues. This observation indicates the

calculate the approximate
resistance of a single sheet.

tearing

g. The universal tensile teste(INSTRON,
Model: - 4465, USA) atthe Textile
Engineering Laboratonyf the University of
Moratuwa, Sri Lanka was used for the
testing ,

3. Results and Bcussion

3.1 Designed AHP r&treatment Piolet
Pant

Figure 2 shows the flow chart of the
procedure used to design a AHP pre
treatment plant andFigure 3 shows 3D
diagram of the designed piolet plarithe pH

removal of surface impurities such as lignin
and wax from thesurface of theraw plant
residues.

Figure 6 indicates the variations in the
tested characteristics of théwo prepared
handmade papers. Accordingly, a few
variations were observed between the two
papers made from the pr&reated fibres.
However, the recommended standards
were varied according to the purpose of
application of the papesuch as packaging
materials, handmade paper bags, book cove
etc. Also no proper standers for the
comparison of the measured data in
prepared papers ithe presentstudy.
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Stage 1
50 kg agro plant
waste Stage 3/Stage 7
+ HCL+ water
NaOH+H,0:+
Water
Stage 6
Add with agro
plants &H20; to (0_1)
generate fibre Gr2 Processing tank |
pre-treated fibers Stage 4/ Stage 8
Stage 2- Tank (02) - Grl Tank (03)
‘Waste NaOH water Wastewater after
" Remove waste | HCL neutralization
alkaline water after + pretreated fibers
the 1% stage
Waste discharge for
water treatment unit v

¢ Stage 5-Fibre grade 1
e Stage 9-Fiber grade 2

Grade 1 processing - 1% stage —» 2" stage —» 3™ stage —» 4t stage—» 5% stage
Grade 2 processing - 6% stage —» 7 stage — » 8% stage — > 9™ stage
|

Figure 2 The flow chart of procedure of processing that used to deSidfa pretreatment plant

/1.5 kW 3P Gear Mofor

speer ratiol 40

Agitator Unit—
g Y ¥ — Vertical Thrust

Plumber Block Bearing

——— Processing Tank

Centifugal Water Pump ~
075k —————————

& r I ————Ladder
Main Structure—~ i

NQOH wast water / —Slage -2 HCL Wast water
J tank 4 collecting Tank

Figure 3 :3D diagram of the of the deged piolet plant respectively
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E:\2022MSC\BUDDIKA DR.INDIKA\31-10-2022\PRE TREATED CORN HUSK SAMPLE 01 BS.0

PRE TREATED CORN HUSK SAMPLE 01 | 31/10/2022)

E JDDIKA DR.INDI

TREATED CORN HUSK SAMPLE 02 BS.0

PRE TREATED CORN HUSK SAMPLE 02 | 31/10/2022)

E:12022MSC\BUDDIKA DR.INDIKA\31-10-2022/RAW CORN HUSK bs.0

RAW CORN HUSK

Instrument type and / or accessory 31/10/2022|

Figure 4 :Variation of FTIR wavenumbers of Raw andtpeated fibres

Page 1/1

(b)

(©

Figure 5 SEM diagrams of (a) Raw corn husks (btreated fibres # sample and (cpre-treated fibres 2d
samplerespectively

Table 1¢ Comparison of variation of FTIR wavenumbers oftpgrated fibre samples with reference sample

Type of bond Wave Wave numbers  Wave numbers
numbers of fiber sample 1  of fiber sample 2
from [6]
Cellulose (Alkaline GO-C stretching 1163 cmt 1158.24cnt 1160.01 cnt
hydrogen peroxide GO stretching 1062 cmt 1024.54 cmt 1026.66 cmt
pre-treatment) O-H Stretching 3434 cmt 3316.91 cni 3455.59 cni
GH Stretching 2906 cmt 2887.15 cmi 2966.78 cnit
-C=0 stretching 1639 cmt 1635.81 cnt 1605.77cnt
-C=0amorphous cellulose 1431 cmt 1412.08 cnt 1411 cmt
GH bending vibration 898 cm! 895.93cnt 894.38cnt
O-H bending vibration 1318 cmt 1313.41 cnt 1316.49cnt
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The prepared fibre sample had tensile
strength 64.8 Mpa and 71.2 Mpa
respectively in prdreated 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 guentages of
sources of the global pulp production by
type in Cyl9 (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
polycyclicaromatic 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 mtroduction 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.

600

500 5 4
400

2l g

-100

value of mesured data

H Pretreated 1st sample ® Pretreated 2nd sample
Measured parameters

Figure 6: Variation of tested characteristics

Figure 7 Visual observation of prepared sample

2% = Chemical pulp

|

Mechanical pulp

Semi-chemical
pulp
Recycled

52%

7%
2% = others

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 consumptionand 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
respectivel)y{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 Viae increased
notably, with peaks in growth recorded in
2016. Import of handmade paper into Sri
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