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ABOUT NAGPUR

Named after the Nag River, Nagpur is also the third-largest city in Maharashtra and
is renowned as the "city of oranges." While en route to the town, we discover that
one of India's smart cities is frequently referred to as the state's secondary capital,
following Mumbai. Its creation is credited to India's medieval Bhonsle kingdom. It is
a quaint location with lakes, gardens, temples, and a rich -cultural
Oranges are a major export from the city. Nagpur is also known as India's "Tiger
Capital." The reason for this is the abundance of tiger reserves found within and
near the city. The rate of literacy in the city is 90%. The river Nag, which flows
through Nagpur, is the source of its name. Nagpur is also home to the regional
office of the Nagpur Tiger Conservation Authority. Nagpur institution, the second-
oldest in the state of Maharashtra, and the ninth-oldest institution in India. Nagpur,
also called the Deekshabhoomi, is a pilgrimage place. Within its lovely grounds is
the largest hollow stupa in the world. The largest producer of snacks and sweets is
also Nagpur. The city is home to Asia's second-largest air maintenance workshop.
India's busiest air traffic control room is located in Nagpur as well. The history of
the city dates back over 3,000 years. Nagpur is surrounded by an abundance of
natural beauties. Nagpur is located at an elevation of 310.5 meters above sea level
on the Deccan plateau.

ABOUT CONFERENCE

This International Conference on Recent Trends in Science, Engineering &
Technology (ICRTSET-2025) aims to provide an technical platform across the globe
to exchange innovative ideas and research findings on contemporary issues for
researchers from both industry and academia to participate,discuss the latest
advancements and explore future directions in emerging areas of engineering. The
participants will get benefit by experiencing knowledge on technical advancements
and recent innovations in the field of science & Technology. Conference Will be
conducted in Offline Mode. The focus area of the conference is global in nature and
the meet is expected to be a good platform for academicians and practitioners to
exchange ideas.

Swami Narayan Temple  Diksha Bhoomi Orange City Sq RB/
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GOVINDRAO WANJARI COLLEGE OF ENGINEERING TECHNOLOGY

Govindrao Wanjari College of Engineering and Technology is affiliated to
Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur & Dr Babasaheb
Ambedkar Technological University, Lonere. It offers undergraduate programs in
Engineering disciplines such as Computer Science & Engineering, Electronics &
Communication Engineering, Electrical Engineering, Mechanical Engineering, Civil
Engineering, Information Technology postgraduate programs in Management
Studies and Diploma Programs in Civil, Electrical and Mechanical. GWCET has a
strong focus on industry collaborations which helps the students gain practical
knowledge through internships and projects with leading companies.

INSTITUTE VISION
“To emerge as a centre of excellence creating research, innovation and

entrepreneurial attitude among the technocrats who in turn shall contribute to the
development of society and mankind."

INSTITUTE MISSION

o To develop a culture of excellence in teaching and learning with
accountability from all support activities.

o To promote new ideas leading to emergence of creators, innovators, leaders
and entrepreneurs.

o To achieve excellence in application based research in technology to
contribute to the development of the community.

. To imbibe the ethical values among the students to make them responsive
citizens.

Any institute's faculty are its greatest asset, and the expansion of any institute is
reliant on the faculty's growth. Keeping this in mind, the institute has put in place a
number of programs that help faculty members meet the demands of contemporary
society. The Soft Skills training classes for all branches and streams have begun at
the institute. Exchange programs that give students the chance to connect with
applicants from other prestigious universities are being implemented with great
enthusiasm. Important clubs for language, oratory, and aptitude have been
established to support students' total personality development.
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MESSAGE FROM THE PRESIDENT

The 5th International conference on “Recent Trends In Science,
Engineering & Technology” being organized by Govindrao Wanjari
College of Engineering & Technology, Nagpur from dated 28 MARCH
2025 TO 29 MARCH 2025 will mark several exciting milestones for our
organization. The conference highlights are important to mention
because they demonstrate our contribution in the field of Engineering,
Science and Management. The supportive and collaborative nature of
the conference also builds on our mission to support learners in
contexts of higher education. The contributions by the authors of the
following proceedings reflect their dedication to learners in various
settings and contexts. The proceedings not only build a legacy of
scholarly contribution for the authors, but also for ICRTSET-2025. |
would like to appreciate the editors for their hard work for preparing
the proceeding of this conference. | would like to congratulate all the
authors who presented their research at the conference.

Dr. Suhasini G Wanjari
President
Amar Sewa Mandal, Nagpur.
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MESSAGE FROM THE SECRETARY

It is with great pleasure, | acknowledge the 5" International Conference
on "Recent Trends in Science, Engineering & Technology” (ICRTSET-
2025), organized by Govindrao Wanjari College of Engineering &
Technology, Nagpur. | commend the organizing committee for their
admirable efforts in ensuring the success of this conference and their
commitment to presenting novel research findings and ideas. My best
wishes to them for their ongoing efforts to disseminate the knowledge
in their respective domain.

Adv. Abhijit G Wanjarri
MLC, Nagpur Constituency and Secretary
Amar Sewa Mandal, Nagpur
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MESSAGE FROM THE TREASURER

Govindrao Wanjari College of Engineering & Technology, takes great
pride in hosting the 5™ International Conference on “Recent Trends in
Science, Engineering and Technology (ICRTSET-2025). | would like to
appreciate the entire team at GWCET for their unwavering efforts in
bringing this significant event to fruition. This conference provides an
excellent platform for students and young researchers to enhance their
knowledge and gain a deeper understanding of the changing ideas and
innovative methods in Technology. | am confident that this event will
offer a valuable learning experience for all participants and provide an
opportunity for them to share their expertise. | wish all the attendees a
productive and fulfilling time ahead.

Dr. Smeetaa A. Wanjarri
Senate Member RTMNU and Treasurer
Amar Sewa Mandal, Nagpur
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MESSAGE FROM THE PRINCIPAL & CONFERENCE CHAIR

It gives me great pride to announce that Govindrao Wanjari College of
Engineering & Technology, organised the AICTE, ISTE Approved 5%
International Conference on “Recent Trends in Science, Engineering and
Technology (ICRTSET-2025) from 28 MARCH 2025 to 29 MARCH 2025.
The conference will act as an excellent colloquium to develop a
platform for the exchange of ideas towards scientific and technological
innovations for the generations to come. | hope that the conference will
deliberate on current issues of national and international relevance in
the fields of Science and Technology, allowing academicians,
researchers, and technocrats to share their thoughts and views on
innovations in their respective fields. The conference will withess an
unparalleled number of quality research articles being presented,
paving the way for new paths to innovate in Science and Technology. |
extend my heartfelt congratulations and appreciation to the entire team
for their efforts in organizing this international conference and wish
them great success in the successful conduct of the entire event.

Dr. Salim A. Chavan
Conference Chair (ICRTSET-2025) and Principal
Govindrao Wanjari College of Engineering & Technology, Nagpur
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MESSAGE FROM KEYNOTE SPEAKER

It is a pleasure to note that Govindrao Wanjari College of Engineering &
Technology is organizing the 5th International Conference. | would like
to take this opportunity to thank you for your invitation and the
excellent organized Conference. Conferences of this nature provide a
platform to young researchers and faculty members to present their
research and development work and get feedback and suggestions to
improve their quality of work. The level of expertise and knowledge of
the presenters are excellent. In addition, | appreciate their positive
attitudes, willingness to explain concepts, clarity and opportunities to
ask questions.

Dr. Mohan Kolhe

Professor,

Faculty of Engineering & Science,
University of Adger, Norway
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MESSAGE FROM KEYNOTE SPEAKER

| am very glad to know that Govindrao Wanjari College of Engineering
and Technology Nagpur is organising International Conference on
Recent Trends in Science, Engineering & Technology (ICRTSET-25). |
feel privileged to be part of this intellectual gathering and thankful to
organizers for inviting me as key note speaker. This conference will
provide broad forum to researchers to interact and collaborative. It will
help to impact society with proposed innovative solutions.

Wishing you all a successful and fruitful conference.

Dr Latesh Malik

Associate Professor, Head of Department
Government College of Engineering Nagpur
Board of Studies Chairman (CSE/CT/IT/CE board)
RTM Nagpur University, Nagpur
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MESSAGE FROM CONVENER

| sincerely thank the honorable Management and Principal of Institute
for motivating us to organize AICTE, ISTE approved 5th International
conference on “Recent Trends in Science, Engineering & Technology
(ICRTSET-2025)" from 28 MARCH 2025 to 29 MARCH 2025. | wish the
organizing team best of luck for further achievements, and hope for
continued cooperation. | want to thank in advance the conference
committee for extending their valuable time in organizing the program
and all the authors, reviewers, and other contributors for their
sparkling efforts and their belief in the excellence of ICRTSET-2025.

Dr. Rakesh G Shriwastava,
Professor,
Electrical Engineering Department,

Convener (ICRTSET-2025)
Govindrao Wanjari College of Engineering & Technology, Nagpur
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INTERNATIONAL ADVISORY COMMITTEE

Prof. Joao Martins, Associate Professor, Universidade Nova Di Lisboa, Portugal

Dr. Mohan Kolhe, Professor, University of Agder, Norway

Dr Alison Griffiths, Associate Professor, Staffordshire University, United Kingdom

Dr. Geev Mokryani, Associate Professor, University of Bradford, United Kingdom

Dr. Hamidreza Darabkhani, Professor, Staffordshire University, United Kingdom

Dr. Siddhaling Urolagin, Assistant Professor, Bits Pilani, Dubai

Prof Abdel Hamid Soliman, Associate Professor, Staffordshire University, United Kingdom

NATIONAL ADVISORY COMMITTEE

Dr. D. K. Agrawal. Add. Director of Research. KIMSDU, Karad

Dr. Prashant Maheshwary, Dean (Science & Technology), RTM Nagpur University, Nagpur
Dr. A.K. Saini, Professor & Head, Indraprast University, New Delhi

Dr. S. P. Gupta, Ex Vice-Chancellor, University of Engineering & Tech., Roorkee.

Dr. Prem Lal Patel, Director, VNIT, Nagpur

Dr. Raju S. Pawade, OSD, DBATU, Lonere,

Dr.S. L. Nalbalwar, Dean Academic, DBATU, Lonere

Dr. KTV Reddy, Dean, School of Engineering, DMHER, Wardha

Mr. Karthik Raghunathan, Senior Scientist, CSIR- NEERI, Nagpur.

Dr. Sachin Untawale, Director, GHRCE, Nagpur

Dr. U. P. Waghe, Principal, YCCE, Nagpur

Dr Rajesh Pande, Principal, RCOEM, Nagpur

Dr. Sant Sharan Pathak, Ex Professor, IIT Kharagpur, Professor, BIT, Ranchi

Dr. C. C. Handa, ISTE National Executive Council Member, New Delhi, Maharashtra & Goa
Section

Dr. Rajeshri Raut, ISTE National Executive Council Member, New Delhi, Maharashtra & Goa
Section Dr. Sudhir G. Akojwar, Associate Professor, Government College of Engineering,
Ratnagiri

Dr. Raju M. Tugnayat, Principal, Government Engineering College, Samastipur

Dr Vijay Wadhai, Principal, St. Vincent Pallotti College of Engineering & Technology, Nagpur
Dr.Vithal Arajpure, Principal, SCET, Nagpur

Dr. Nitin Choudhari, Principal, Priyadarshini Bhagwati College of Engineering, Nagpur

Dr. Amol Deshmukh, Principal, Nagpur Institute of Technology, Nagpur

Dr.Atul Borade, Principal, Govt. Polytechnic, Gadchiroli

Dr Sanjay Gulhane, Principal, Pravara Rural Engineering College, Loni

Dr. G. K. Awari, Head, Automobile Engg, Govt Poly,Nagpur

Dr. R. N. Patel, Associate Professor, NIT, Raipur

Dr. Sanjay B. Bodkhe, Registrar, RCOEM, Nagpur

Dr. Mayur R. Parate, Assistant Professor, Indian Institute of Information Technology Nagpur
Dr.Prakash G. Burade, Dean of School Engineering and Technology, Sandip University
Nasik,
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CONFERENCE REVIEW COMMITTEE

COMPUTER AND INFORMATION TECHNOLOGY

1.

Dr. S. P. Khandait, Professor & Head IT KDKCE, Nagpur
. Dr. Manoj S Chaudhari, Associate Professor IT,PBCOE, Nagpur
. Dr. Amit N Thakare, Associate Professor CE, CCOEW, Nagpur
. Dr Anil Warbhe, Assistant Professor GCOE, Nagpur
. Dr. Bhushan Manjre, Assistant Professor, GHRIET, Nagpur

o O N WD

. Dr. Sunil M Wanjari, Associate Professor, SVPCET, Nagpur
MECHANICAL ENGINEERING

1. Dr. Sachin P Ambade, Assistant Professor YCCE, Nagpur

2. Dr. Mangesh S Kotabkar, Associate Professor, VNIT, Nagpur
3. Dr. Imran A Khan, Associate Professor HoD, PCE, Nagpur

4. Dr. Mahesh R Shukla, Professor, HoD, CCOE
5.

Dr. Ganesh N Akhade, Dean Diploma in Engg, GHRIET, Nagpur
ELECTRICAL ENGINEERING

1. Dr. Sachin Jolhe, Assistant Professor, GCOE, Nagpur

2. Dr. Virendra Umale, Assistant Professor, PCE, Nagpur

3. Dr. Nitin Dhote, Associate Professor, SVPCET, Nagpur

4. Dr. Ajay Mendhe, Assistant Professor, HoD, JLCOE, Nagpur

5. Dr. Sandip R Gaijowal, Assistant Professor, YCCE, Nagpur
CIVIL ENGINEERING

1. Dr. R.N Patil, HoD, PBCOE, Nagpur

. Dr. Pallavi Bisen, Associate Professor, KDKCE, Nagpur

. Dr. Aasif M Baig, HoD, TGPCET, Nagpur

. Dr. Samyak Parekar, Assistant Professor, GH Raisoni University, Saikheda

. Dr. Farooq Chavhan, Associate Professor, SSBT, Jalgaon

o o1 A W DN

. Mr. Kanak Parate, JE Department of Post, Goa
ELECTRONICS & TELECOMMUNIATION
1. Dr. Sanjay Haridas, Professor, JDCOEM, Nagpur
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2. Dr. Pravin Kshirsagar, Professor, JDCOEM, Nagpur

3. Dr Abhay Kasetwar, Associate Professor, JLCOE, Nagpur

4. Dr. Pravin Pokale, Associate Professor, JLCOE, Nagpur

5. Dr Kapil Jajulwar, Assistant Professor & Dean activity students, GHRIET, Nagpur
ENGINEERING SCIENCES

1. Dr. Mohan N Giriya, Professor, Principal, CCAS

2. Dr. Deboshish Bhoumick, Professor, Principal, SRBTM

3. Dr. Nitin Wange, Assistant Professor, YCCE, Nagpur

4. Dr. Mahesh K Gaidhane, Assistant Professor, SLPM

5. Dr. Ajay Ghatode, Assistant Professor, JMPC
MANAGEMENT STUDIES

1. Dr. Mukul Burghate, Associate Professor, PDIMTR, Nagpur

2. Dr. Priyanka Nanotkar, Assistant Professor, SCOE, Nagpur

3. Dr. Vibha Bhusari, Assistant Professor, KNCE, Nagpur

4. Dr. Parihar Dahake, Assistant Professor, RKCOEM, Nagpur
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SESSION CHAIRS

INFORMATION TECHNOLOGY

Dr. Manoj Chaudhari, Associate Professor & Head, IT Deptt, PBCOE, Nagpur
COMPUTER SCIENCE & ENGINEERING

Dr. Amit Thakare, Associate Professor, CE Deptt, CCOEW, Nagpur

ELECTRONICS & TELECOMMUNICATION
Dr. Pravin Kshirsagar, Professor, ETRX Deptt, JDCOE, Nagpur
ELECTRICAL ENGINEERING
Dr. Sachin Jolhe, Assistant Professor, EE Deptt, GCOE, Nagpur

MECHANICAL ENGINEERING

Dr. Manoj Bashishankar, Assistant Professor, ME Deptt, SCOE, Nagpur
CIVIL ENGINEERING

Dr. Faroog. I. Chavan, Associate Professor, CE Deptt, SSBT, Jalgaon
ENGINEERING SCIENCES

Dr. Animesh Haldar, Assistant Professor, Deptt of Chemistry, PBCOE, Nagpur
MANAGEMENT STUDIES

Dr. Owais Talib, Associate Professor, Deptt of Management Studies, Zulekha
College, Nagpur
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CONFERENCE ORGANIZING COMMITTEE

Prof. Avishkar Wanjari, IQAC Coordinator & HoD EE Deptt, GWCET, Nagpur
Prof. Nitin Kumbhare, DBATU Coordinator, GWCET, Nagpur

Dr. Manoj Motghare, HoD, Department of Engineering Science, GWCET, Nagpur
Dr. Payal Pashine, HoD, MBA, GWCET, Nagpur

Prof. S. B. Ashtekar, HoD, ETC Deptt, GWCET, Nagpur

Dr. Sandeep Hanuwate, HoD, CE Deptt, GWCET, Nagpur

Prof. Vivekanand .P. Thakare, HoD, CSE Deptt, GWCET, Nagpur

Prof. Raj Kuhite, Polytechnic Coordinator, GWCET, Nagpur

Prof. Pravin Wat, Training & Placement Officer, GWCET, Nagpur
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CONFERENCE COMMITTEE

\/4

Conference Chair

Dr. Salim Chavan

Convener

Dr. Rakesh Shriwastava

Co-Convener

Dr. Hemant Bhagat Patil

Organizing Chair

Prof. Prashant Gumgaonkar

Technical Programme Chair

Prof Vivekanand Thakare

Publication Chair

Prof. Sameer Ashtekar
Prof. Avishkar Wanjari

Registration Chair

Prof. Nutan Moghe

Local Arrangement Chair

Prof. Shubham Khorgade

Hospitality Chair

Prof. Jayshree Mahendra

Publicity and Web Chair

Dr. Payal Pashine
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13 | Explosive Gas Leakage Detector with Automatic Switch 396
14 | Automatic Alcohol Detection And Assistance For Drivers 403
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20 | Crime Aware Navigation 440
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26 | Secure QR Library Scanning 478
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33 | Review On Serverless chat 520
34 | Serverless chat 525
35 | Cloud Data Security in Cloud Computing 533
36 | Placement Management Hub 540
37 | Deep Fake Detection in Digital Media: Challenges, Methods, and Solutions 546
6. MECHANICAL ENGINEERING
1 Inventory Management of Clothes in Houses for Maximum Return on Purchase 554
2 Computational Fluid Dynamics-Based Performance Evaluation of a Solar Dryer 558
Using Different Phase Change Materials
3 Production and Characterization of Chicken Egg Shell Powder Biofiber reinforced 561
PLA (Poly Lactic Acid) based Biocomposite-Fabricated by Hand Layup Process
4 Experimental Study and Thermal Analysis of a Combustion Chamber of a Diesel 570
Engine fueled with blend of Diesel, Kerosene and Cottonseed QOil
5 Integrated Tyre Safety System(Areal-time tyre monitoring system in dynamic 577
conditions) : A Comprehensive Study and Experimental Analysis
6 Power Generating System By Using Footstep 585
7 Plant Care Revolutionised :Smart Automatic Watering System with Mobile 590
Integration
8 Design of Plant Layout having using Particle Swarm optimization (PSO) 592
9 Innovative Design and Fabrication Strategies for Staircase Climbing Hand 598

Trolleys : A Comprehensive Study and Experimental Analysis




International Conference on Recent Trends in Science,

Engineering & Technology
(28™-29TH March, 2025)

SR. TITLE PAGE
NO. NO.
10 | Mechanical Design And Tactical Placement Technique Of Robust And Reliable 604
Battery Tray For Electric Vehicle
7. BASIC SCIENCE & HUMANITIES
1 Effect Of Mn-Zn Substitution In Calcium Hexaferrites On Structural, Electrical, 609
Magnetic And Mechanical Behaviour By Using Standard Ceramic Technique
2 Carboxybenz-Derived Spiro Triones And Their Biological Activities 620
3 Pre-Colonial Indian English Literature 629
4 Sustainable Mosquito Vector Control: Challenges and Opportunities 634
5 Nanotechnology For Enhanced Plant Secondary Metabolite Production 646
6 | Advances in Medicinal Plant Tissue Culture and Future Direction 664
7 Synthesis Techniques and Their Impact on the Properties of Hexagonal Ferrites: 685
A Comprehensive Review
8 Study of structural parameters and photoluminescence of LiBO2:sm3+ phosphor 692
synthesized by Solid State diffusion Method
9 Fractional Order Temperature Distribution In A One Dimensional Multilayer 698
Composite Sphere
8. MASTER OF BUSINESS ADMINISTRATION
1 Solar Rooftop Market In India: Government Policies, Challenges &Future 706
Potential
2 | Assessing the Efficacy of Skill Development Initiatives at RTMNU Nagpur 716
University: A Study on Enhanced Job Placement and Entrepreneurial Outcomes
3 | The Impact of Al and Automation on HR Functions and Workforce Planning 724
4 The Impact of Online Marketing on Start-ups and Small Businesses 731
5 The Role of Brands and Branding Factors in Customer Management: A Focus on 740
Fiber Optic Internet Providers in Nagpur City
6 New Insights For Agriculture Development- A Case Study Of Sustainable 747
Development With Special Reference To The Indian Agriculture Sector
7 | An Analysis Study On Gender Discrimination In Present Era 756
8 | An Analytical Study On Factors Influencing The Market Growth Of Generic 763

Medicines In Nagpur City




Engineering & Technology
(28™-29TH March, 2025)

International Conference on Recent Trends in Science,

SR. TITLE PAGE

NO. NO.

9 | A Study on Impact of Teamwork on Organization Productivity at HDFC Bank, 772
Nagpur

10 | A Study on Impact of Performance Analysis of Axis Mutual Fund, Nagpur 777

11 | A Study on the Impact of Automation on Inventory Management in Haldiram food 782
International Pvt. Ltd., Somalwada, Nagpur

12 | A Study on Loan Recovery Practice in Panjab National Bank 791

13 | A Research Paper on the Employee mental health support program at Mahindra 796
and Mahindra Company, Nagpur

14 | A Study On Recruitment & Selection Process Adopted By HDFC Bank (Civil 803
Lines), Nagpur

15 | A Study on Impact of Digitalization on Indian Banking Sector with Respect to 812
SBI Bank, Nagpur

16 | A Study on the Integration of Green Marketing in Mahindra & Mahindra’s 817
Corporate Strategy in Nagpur

17 | A Study on performance Appraisal mechanism adopted at Haldiram Company, 822
Nagpur

18 | A Study on Consumer Behaviour Towards Marketing Strategies Of D"MART, 828
Nagpur

19 | Leveraging loT for Informed Agricultural Decision Making: A Study on Real- 835
Time Data Utilization

20 | A Study on Employee Satisfaction Towards Recruitment and Selection in Ashoka 842
Build Con Limited

21 | Improving Service Operations in the Healthcare Industry: A Case Study of Orange 847
City Hospital, Nagpur

22 | A Study on the Financial Planning Challenges Faced by Gig Workers and the Role 853
of Insurance Solutions at Bajaj Allianz Life Insurance, Nagpur

23 | A Study on the Relationship Between Financial Market Development and 859
Economic Inequality at Kotak Mahindra Bank, Nagpur

24 | Driving Digital Transformation: A Case Study of Cloudbitz Technologies Pvt. 865
Ltd., Nagpur

25 | A Study on Data-Driven Decision-Making Practices at Infocepts Pvt. Ltd., Nagpur 871




International Conference on Recent Trends in Science,

Engineering & Technology
(28™-29TH March, 2025)

26 | Analyzing the Effects of Work Rotation on Performance Levels of Employees at 877
M/s Ashtabhuja Chemicals in Gadchiroli
27 | Impact of Economic Policies on Infrastructure Development in India — A Data 886

Driven Perspective




Development of IOT based Smart Safety System for Electric

Vehicles application-A review paper

Dr. Rakesh G. Shriwastava,
Professor, Department of Electrical
Engineering, Govindrao Wanjari College

of Engineering & Technology, Nagpur India

Harsh Gumasta, Rohit V. Kawre,
Purvakshi D. Khobragade, Tushar P
Yelne, Wasudeo H. Khutel

UG Students, Department of Electrical,

Govindrao Wanjari College of Engineering &
Technology, Nagpur India

ABSTRACT
Recently in domestic and industrial environments, Fire accidents are occurring frequently due to

human negligence and unpredictable climatic changes. The proposed model is designed for avoid
fire accidents by remote location and extinguish the fire. Also reducing the risk of fire fighters.
The main objective of proposed research is cost effective design and automatic fire safety in
automotive application. The flame/smoke sense by fire extinguisher fire areas which is inside
vehicle for extinguishes the fire. There are many reasons for fire accidents in electric vehicle
application due to battery used. In some incidents in which the cars caught fire and turned into
ashes. It can improved the safety level for the vehicle & also minimize the financial loss in

automatic fire extinguishing system

KEYWORDS: 10T Technology, Emergency Alert, Fire Situation, Controller, Battery
Management System (BMS)

Police and military has visited in firing spot

to help. But it is not enough solution. The
INTRODUCTION
new safety challenges in the wvehicle

] ) ) ] development process is Electric vehicle
In our country fire accident is the major

issue. There is no modern technology to
solve such problem in developing country.
The fire problem can be overcome by fire

brigade.

batteries. The testing of the minimal risk of
fire is carried. Electrical system failures

in some research, due to some causes of
automobile related fires. [7]- [8]. The battery



packs are problematic in all-electric and
hybrid vehicle because quick start of fire. It
is a big challenge in automotive industry to
tackle. In every billion miles, car fires are a
new problem in Indian roads for travelled.
Automatic fire extinguishing system offer
several gas jetting nozzles are arranged at
desired locations and greater flexibility. In
fire extinguishers, gas jetting nozzles are
connected through a valve and a pipe with
fire sensors. The valve is opened to cause
fire-extinguishing gas to jet from the gas
jetting nozzles into the region in fire signal
from the fire sensors. Automatic fire
extinguishing can be activated [9] The fire
accidents are frequent occurs in domestic and
industrial nowadays. The damage caused by
fire and also the risk to human lives in future.
The minimal solution to prevent small scale
fire accidents in home of smart home
automation system and to extinguish such
fire hazard. The supporting factors for the
fire cannot be controlled by the smart home
automation system because it is spread out to
the entire complex. A fire extinguishing
vehicle is necessary to control the fire
throughout the entire complex under such
situation. [10]

In proposed system, a guided
vehicle that can be installed in a domestic or
industrial environment to alert the user at the
time of fire accidents. The mobile phone
control can be guided by the vehicle user to

the intended location where the fire accident

Is occurring and water can be sprayed to
extinguish the fire via mobile phone control.
The user can be controlled velocity, volume
and the direction of water while spraying. It
can be observed in the screen of the mobile
phone from far away to guide the motion of
the vehicle. Thereby the wuser can
communicate to effectively extinguish the
fire. 10T (Internet of Things) enables the
guided vehicle to organise, process data,
analyse  and allowing the user to make
optimum decisions on a real-time basis.[11].
The damage that can be occurs by fire before
the arrival of the fire extinguishing. The
Squad can be drastically reduced the risk of
involvement of fire extinguishing squad .it
can also be minimised. The automatic door
unlocking system can be reduced chance of
life loss and / or injury in a normal
automobile fire accident [12].The fire
extinguishing squad’s people are dedicated to
stopping the fire even at the expense of their
lives. The main targets of this research is to
minimise human involvement to stop any fire

accidents.

1. LITERATURE SURVEY

Research work related to Development
of IOT based Smart Safety System for
Electric Vehicles application were
studied and reviewed.

e Khan et al. (2019), A BMS was

suggested for electric vehicles,



employing a microcontroller, voltage
and current sensors, and a GSM
module for data transmission. The
system's purpose was to oversee the
battery's state of charge, health, and
temperature, and to deliver real-time
data and alerts to vehicle operators or
fleet managers through SMS. The
research determined that the proposed
system significantly enhanced battery
efficiency and reliability, offering
valuable insights  for  wvehicle
operators.[1]

Ghaffari et al. (2019), a BMS for an
electric  vehicle was proposed,
integrating a current sensor, voltage
sensor, temperature sensor, and
microcontroller for data acquisition
and analysis. The system aimed to
monitor the battery's state of charge,
temperature, and health, and to trigger
a cooling system if the battery
temperature  surpassed a  safe
threshold. The research concluded
that the implemented system
effectively improved the battery's
overall performance and safety while
extending its lifespan.[2]

Kasmi et al. (2019), A BMS was
proposed for electric  vehicles,
utilizing a current sensor, voltage
sensor, and a microcontroller for data
acquisition and analysis. The system's

objective was to monitor the battery's

state of charge, health, and
temperature, while also triggering a
cooling system if the Dbattery
temperature  surpassed a  safe
threshold. The research concluded
that the proposed system effectively
regulated battery temperature and
prolonged battery lifespan.[3]

Liu et al. (2020, A BMS was
proposed in  electric  vehicles
integrating an Arduino
microcontroller, voltage, and current
sensors, along with a wireless
communication module for data
transmission. The system's primary
objective was to monitor the battery's
state of charge, health, and
temperature, while also providing
real-time data to drivers or fleet
operators  through ~a  mobile
application. The research concluded
that the implemented  system
significantly enhanced battery
efficiency and safety, while also
offering valuable insights for vehicle
operators.[4]

Saha et al. (2020), the development of
a BMS for an electric rickshaw was
explored, incorporating voltage and
current sensors, a microcontroller,
and a temperature sensor. The
primary purpose of this system was to
monitor the battery's state of charge,

temperature, and health, and to trigger



a cooling system if the battery detected, ensuring the battery
temperature surpassed a safe limit. temperature is minimized for safety.
The research concluded that the
implemented system  significantly
enhanced the battery's overall
performance and reliability.[5]

e Zhang et al. (2021), A BMS was
proposed for an electric vehicle,
incorporating voltage and current
sensors, along with a temperature
sensor and a microcontroller for data
acquisition and analysis. This system
aimed to monitor the state of charge
and temperature of the battery,

activating a cooling system when the

battery temperature surpassed a safe

Fig. 1: Buried EV Busses

To develop an alert mechanism that

threshold. The research concluded >

that the implemented  system triggers an alarm to notify the driver

effectively regulated  the battery in case of heat or fire detection by the

temperature, thereby enhancing the BMS

overall battery performance.[6]

» An IOT module is integrated to the
2. PROBLEM STATEMENT

system
» Overcharging of Battery
> Battery electrolyte leakage- » To develop the experimental setup for
> Electrical short circuit - the investigation.

» Road crash-
3. RESEARCH OBJECTIVES

>

4. EXISTING METHODS

Electric Vehicles (EVs) are increasingly

The objectives of the research are:

» To detect fire accidents
becoming the preferred mode of

> To implement an automated system transportation due to their eco-friendly

that activates a high-speed air fan nature. However, the safety of EV

when the temperature or fire s batteries remains a critical concern.



Overheating, thermal runaway, and fire
hazards pose significant risks to both
passengers and vehicles. Current systems
lack efficient, real-time monitoring and
automated responses to such issues.
Additionally, existing fire safety solutions
are either manual or not specifically
designed to address the unique challenges
of EV battery management. This can
result in delayed detection of potential
hazards, inadequate cooling mechanisms,
and increased risk of severe accidents.
Moreover, there is limited integration of
advanced technologies like 10T for remote
monitoring and timely notifications,
leaving drivers and passengers unaware of

impending dangers until it is too late.

5. PROPOSED METHODOLOGY

The Smart Safety System for EVs using
loT addresses these challenges by integrating
advanced sensors, real-time monitoring, and
automated response mechanisms. The system
continuously tracks critical parameters such
as battery temperature, smoke, and potential
fire hazards through temperature, smoke, and
photoelectric  sensors. When abnormal
conditions are detected, the loT-enabled
microcontroller processes the data and
triggers appropriate actions. These actions
include activating high-speed cooling fans to
manage overheating or fire suppression
systems in case of fire.

The system is designed to monitor and

manage the temperature of the battery inside
an Electric Vehicle (EV) to prevent
overheating and potential damage. It uses a
combination of sensors, a microcontroller,
and cooling mechanisms for efficient
operation.

When the battery temperature rises,

sensors such as a smoke sensor, photoelectric
sensor, and temperature sensor detect the
situation. The smoke sensor and photoelectric
sensor monitor the presence of smoke, while
the  temperature  sensor  continuously
measures the thermal condition of the
battery. If any abnormalities are detected, the
sensors send their readings to the Arduino
microcontroller for processing.The
microcontroller, programmed with specific
logic, evaluates the data received from the
sensors. Based on the input, it determines the
appropriate response.
If smoke or signs of overheating are detected
by the smoke or photoelectric sensor, the
microcontroller activates a buzzer to alert
nearby users, displays warnings on the LCD
screen, and triggers the 10T module to send
remote notifications to the system or user for
immediate action.

In cases where the temperature sensor
indicates overheating, the microcontroller
initiates the high-speed DC fan in addition to
the buzzer, 10T module, and LCD display.
The DC fan starts operating at high speed to
generate increased airflow around the battery,

rapidly dissipating heat and reducing the



temperature to safer levels. [ Problem Identification |

This system ensures real-time monitoring and

. ) [MarkeULiterature Survey }
rapid response to battery overheating. The |

loT module facilitates remote tracking and  Seection and Problem Analysis |

alerts, allowing for timely interventions and

[ Creating the Conceptual Design ]

} Selection of Material

[ Analysis and Optimization ]

improved safety and efficiency of the EV.

Design
Modifications

The components used for 10T based Smart

Safety System are Development Board,

Relay Board,IOT Module Arduino Uno No /th\ s Fabrication&
esu .
Controller,LCD Display,Buzzer,Power oK Implementgtion

supply unit,Battery,DC Fan,Fire sensor,

Temperature sensor,. Figure 2 shows

_ Fig.3.Flow chart of working system
proposed block diagram of IOT based Smart

Safety System & Figure 3 shows Flow chart
6. ADVANTAGES

» Real-time Monitoring: Continuous

of working system

Power supply o Battery

wt [ - _ monitoring of battery temperature

ensures  proactive  detection  of
T E—

(" Control Board overheating issues.
| " LCD Display
» Enhanced Safety: Prevents potential
Avduine
- hazards like thermal runaway, fire, or
i I ——* Bum explosion in EV batteries.

» Efficient Cooling: High-speed DC

fans effectively dissipate heat,

| 10T Madule

maintaining  battery health and

High speed DC Fan

extending its lifespan.

Fig.2. Block Diagram of IOT based Smart > Remote Notification: 10T integration

Safety System allows users and maintenance teams
to receive alerts in real-time, enabling
swift action.

» User-Friendly: The LCD display
provides clear information about the
system's status, making it accessible

to all users



» Cost-Effective: ~ Prevents  costly
damage to the EV by ensuring timely
interventions

» Low Maintenance: The system is
robust, requiring minimal

maintenance over time.

7. APPLICATION

« Electric  Vehicles: Battery
temperature management in EVs
to ensure safety and performance.

* Renewable Energy Systems:
Cooling batteries in solar or wind
energy storage setups.

« Data Centers: Managing heat in
battery backups for uninterrupted
operations.

» Portable Electronics: Thermal
regulation in high-capacity
battery-powered devices.

* Industrial Systems: Monitoring
and cooling batteries in automated
machinery or robotics.

» Aerospace: Ensuring safe battery
operations in drones, aircraft, and
space applications.

8. CONCLUSION

The integration of a Smart Safety
System for Electric Vehicles (EVSs) using
loT is crucial for enhancing the safety,
performance, and longevity of EV

batteries.  This  innovative  system

monitors key battery parameters like
temperature and smoke, providing real-
time alerts through 10T connectivity. In
case of overheating or potential fire
hazards, the system automatically
activates safety mechanisms such as
high-speed cooling fans or extinguishing
units, effectively preventing accidents.
This system’s simplicity ensures minimal
maintenance, making it a practical and
cost-effective  solution. Its compact
design allows seamless integration
without causing any discomfort to drivers
or passengers. 10T connectivity enables
remote monitoring and instant
notifications to users, ensuring prompt
action.With continued research and
development, this smart safety system
could revolutionize EV safety, offering
scalable solutions adaptable to various
battery types and sizes. It represents a
significant step forward in ensuring EV
reliability and user confidence in modern

transportation.
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Distribution system play very crucial role to deliver electrical power to consumer. For healthy operation of distribution
system, it is important that fault analysis should be appropriate. Fault impact analysis is basic requirement to conduct
power system analysis of any system. The fault analysis give information about to behavior of bus voltages, short
circuit current at different fault such as (L-G, LL-G, LLL-G, and LL).

The work exposed in this paper consist of parallel feeder four bus system simulate in PSCAD/ EMTDC
software. Observing source current (sending end) and load current (receiving end) at normal operating and faulty
condition at different fault on time instant. And verify simulation, mathematical result before and after fault in case of
LLL-G fault. Also check and studied the effect of solid state resistive fault current limiter on feeder 1 fault current

magnitude in case of LLL-G fault in system

KEYWORDS: parallel feeders, distribution system, fault current limiter.

INTRODUCTION

Parallel feeders are two or more distribution feeders
temporarily connected to share load [1]. This practice is
used for maintenance, service restoration, and load
balancing. It is especially useful for backing up de-
energized feeders and distributing heavy loads. The goal
is to improve system flexibility, efficiency, and
reliability. However, paralleling feeders requires careful
consideration of voltage differences and impedance.
When feeders are paralleled, circulating currents can
flow between them, affecting overall current flow and
voltage distribution. These currents depend on voltage
differences and loop impedance. Voltage angle
differences are primarily influenced by the transmission
system and are difficult for distribution personnel to
change. In case of a fault, relay sense fault and circuit
breakers open its contact, isolator isolate healthy and
unhealthy part in system. Allowing the remaining
feeders to continue supplying power to consumers.

DISTRIBUTION SYSTEM

A distribution system is a network that delivers
electricity from power plants to homes and businesses [2].
It includes feeders, transformers, and distribution lines.
Feeders carry electricity from substations to different
areas, while transformers reduce the voltage for safe use.
Distribution  lines  transport  electricity  through
neighborhoods and commercial areas. The system is
designed for reliable and efficient power delivery
.Circuit breakers and protective devices prevent
widespread outages. Load balancing ensures no single
feeder or transformer is overloaded. Modern distribution
systems use smart grid technologies for better monitoring
and control [3]. This improves outage response and
optimizes energy usage. Renewable energy (distributed
generation) sources, like solar panels, are becoming more
common and require advanced system management [4].
The distribution system is essential for a stable and
continuous electricity supply.
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SINGLE LINE DIAGRAM

Single line diagram of parallel
distribution system.

feeders based
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Ground
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Fig.2 parallel feeder

SYSTEM UNDER STUDY

Fig.3 shows that simulation of four bus parallel feeders
based distribution system in PSCAD [5]. Configuration
of parallel feeder is given in Appendix. In this system
source is connected to bus 1 and load is connected to
bus 4.

trr R

Fig.3 Simulation of four bus system in PSCAD

SIMULATION RESULT

The work presented in this paper consists of following
cases.

Case I. Nature of load and source current at normal
operating condition of parallel feeder based distribution
system without fault. So load draws a load current form
source that time total source current flowing equally in
feeder land feeder 2. Fig. 4 represent the waveform of
current supplied by source, current drawn by feeder 1
and feeder 2 and current drawn by load obtained from
PSCAD simulation. The magnitude of load current is
equal to source current which verify Kirchhoff’s law.

Fig. 4 System current waveform of parallel feeder
based distribution system without fault.

Table-I
Case-l Source, Load and Feeder 1and Feeder 2 current
Source Fe;deLl Fe;deLl Load
Case-1 current ( eaK ( eaK Current
Valve in | Valve in
(kA) | Ay k)| (kA
Normal
operating
condition 1.0296 0.5148 0.5148 1.0296
(Without
Fault)

Case Il. Nature of all four bus voltages at normal
operating condition of parallel feeder based distribution
system without fault. Source is connected at busl due to
that RMS voltage of that bus is highest. In between Bus
2 and 3 parallel feeders connected. At consumer side
load is frequently change due to that more voltage drop
at bus 4. Fig. 5 represent the waveform of RMS voltage
of all four bus voltages obtained using PSCAD
simulation.
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Fig. 5 System voltage waveform of parallel feeder
based distribution system without fault.

Table-11
Case —Il RMS voltages of buses

RMS RMS RMS RMS

Case-11 voltage voltage voltage voltage
ofbus1l | ofbus2 | ofbus3 | ofbus4

(Vpu) (Vpu) (Vpu) (Vpu)

Bus volatges
(Without 0.9979 | 0.3322 0.3315 0.1020
Fault)
Case Ill. In this case LL-G fault occur on feeder 1 at

time instant 4 sec for duration of 2 sec. it observed that
before fault in system at time instant O to 4 sec both
feeder drawn same current trough source but after
occurring fault at feeder 1 at time instant 4 sec feeder 1
breaker open its contact this current shift to healthy
feeder 2 for the duration of 4 to 6 sec. The magnitude of
feeder 1 and feeder 2 current before fault and after fault
is same.Fig.6 represent the waveform of current
supplied by source, current drawn by feeder 1 and
feeder 2 and current drawn by load obtained from
PSCAD simulation. The magnitude of load current is
equal to source current which verify Kirchhoff’s law.
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Fig. 6 System current waveform of parallel feeder
based distribution system with LL-G fault at feeder 1.

Case IV. In this case LL-G fault occur on feeder 2 at time
instant 4 sec for duration of 2 sec. it observed that before
fault in system at time instant O to 4 sec both feeder
drawn same current trough source but after occurring
fault at feeder 2 at time instant 4 sec feeder 2 breaker
open its contact this current shift to healthy feeder 1 for
the duration of 4 to 6 sec. The magnitude of feeder 1 and
feeder 2 current before fault and after fault is same.Fig.7
represent the waveform of current supplied by source,
current drawn by feeder 1 and feeder 2 and current drawn
by load obtained from PSCAD simulation. The
magnitude of load current is equal to source current

which verify Kirchhoff’s law.
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Fig. 7 System current waveform of parallel feeder

based distribution system with LL-G fault at feeder 2.

Table-Il1
Source, Load and Feeder 1and Feeder 2 current in case
of Il and IV.
Feeder 2
Case-111 and Source cE??gr?tr alt current Load
Case VI current (410 6) sec at(4to Current
(kA) - 6) sec in (kA)
in kA
kA
LL-G Faultat | ;5)) 0 10321 | 1.0421
Feeder 1
LL-G Fault at
Fooder 2 1.1031 | 1.1031 0 1.1031
Case V. In this case LLL-G fault occur on feeder 1 at

time instant 4 sec for duration of 2 sec. it observed that
before fault in system at time instant O to 4 sec both
feeder drawn same current trough source but after
occurring fault at feeder 1 at time instant 4 sec feeder 1
breaker open its contact this current shift to healthy
feeder 2 for the duration of 4 to 6 sec. The magnitude of
feeder 1 and feeder 2 current before fault and after fault
is same. Fig.8 represent the waveform of current
supplied by source, current drawn by feeder 1 and
feeder 2 and current drawn by load obtained from
PSCAD simulation. The magnitude of load current is
equal to source current which verify Kirchhoff’s law.
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Fig. 8 System current waveform of parallel feeder
based distribution system with LLL-G fault at
feeder 1.

Case VI. In this case LLL-G fault occur on feeder 2 at
time instant 4 sec for duration of 2 sec. it observed that
before fault in system at time instant O to 4 sec both
feeder drawn same current trough source but after
occurring fault at feeder 2 at time instant 4 sec feeder 2
breaker open its contact this current shift to healthy feeder
1 for the duration of 4 to 6 sec. The magnitude of feeder 1
and feeder 2 current before fault and after fault is
same.Fig.9 represent the waveform of current supplied by
source, current drawn by feeder 1 and feeder 2 and
current drawn by load obtained from PSCAD simulation.
The magnitude of load current is equal to source current
which verify Kirchhoff’s law.

System Current

Sourze Current

Feader 1 Current

Feeder 2 Current

Load Currant

Fig. 9 System current waveform of parallel feeder
based distribution system with LLL-G fault at
feeder 2.

Table-VI
Source, Load and Feeder 1and Feeder 2 current in case

of V and VI

Feeder 2
Feeder 1
Case-V and Source | oot at cur;ent CLoad
Case IV current |\t 6)sec | A4t | Current
(kA) - 6)secin | (KkA)
in KA
kA
LELG Fault | g o3go 0 1.0048 | 1.0402
at Feeder 1
LLL-G Fault
at Feeder 2 1.0352 1.0441 0 1.0034

Comparison of feeder 1 fault current magnitude without
fault current limiter and with resistive fault current
limiter of 5 Q. Under the influence of LL-G, LLL-G
fault is shown in the below table.

Table-V
Comparison of feeder fault current in case 1V and VI.

Current in Previous Cases
Types of Feeder 1 Fault Current Feeder 1 Fault Current
Fault without FCL with5 ohm FCL (Peak
(Peak Valve in KA) Valve inKA)
LL-G
fault 1.1031 0.60
LLL-G
fault 1.0441 0.54

MATHEMATICAL RESULT

To verify simulation and mathematical result before
and after fault in a case of LLL-G. In this case first
measure RMS voltage of all four buses using PSCAD
simulation for that connect three phase RMS meter to
particular bus. After that finding the bus impedance of
all buses, calculate before fault current on time instant O
to 4 sec, during fault instant 4 to 6 sec and after fault
current on time instant 6 to 10 sec.

Case VII. Before fault calculation in case of LLL-G
fault.

Bus 1 voltage = 1 PU (voltage at sending end)

Bus 2 voltage = 0.33 PU

Bus 3 voltage = 0.33 PU

Bus 4 voltage = 0.015 PU (voltage at receiving end)

Calculate Impendence Z for all buses.
A) Impendence (Z) for Bus 1.

v 1

B) Impendence (Z,) & (Zs) for bus 2 and 3.
v 0015

l =—=

C) Impedance for bus 4.

12



v_oE 0.015
O Wt

Total impedance (Z) of all buses (Simulation result in
PSCAD Simulation)
(Zu)4(25)H{Zs)H(Z4)

Ztotal = 4

= 0.583

Calculate Current (before fault in time instant O to 4
sec)

1
calculate (ZZ)(Z1+3*(Z4
+7
’ (Z+2(3Z,)
Calculated fault current (If) during fault instant (4 to 6
sec)

I )) =0.625

—3*60 *22

" @ 7)2,2)(577) - -

Case VII. After fault calculation in case of LLL-G fault

Bus 1 voltage = 1 PU (voltage at sending end)

Bus 2 voltage = 0.30 PU

Bus 3 voltage = 0.299 PU

Bus 4 voltage = 0.015 PU (voltage at receiving end)

Calculate Impendence Z for all buses.

A) Impendence (Z;) for Bus 1.
v 1
:—:—:1
z, T=1 pu

B) Impendence (Z2) bus 2

v 0300 050
I T
C) Impendence (Zs) bus 3
v 0299
2, =1 = g5 = 05%pu
D) Impendence (Z4) bus 4
v 0015
Z4 = T = T = 0015pu

Total impedance (Z) of all buses (Simulation result in
PSCAD Simulation.

(Z)H(Z2)+(Z5)+(24)

Ztotal = 4 = 0.568

Calculate Current (After fault in time instant 6 to 10
sec)

1
|ca|cu|ate = (ZZ) Z1+3*(Z4) =0.625

YT (2, 2(32y)

Calculated fault current (lr) during fault instant (4 to 6
sec)

—3*60 *22

't (2,2 H25°20)(20%2,) ~ e

CONCLUSION

The work presented in this paper depicted that
importance of parallel feeder during faulty condition in
distribution system and giving uninterrupted power
supply to consumer end. In LLL-G fault current value
effect on parallel feeder operation and create a
protection problems for solving these issue connect a
solid state fault current in series with feeder 1. It is
observed that after adding FCL in case of IV and VI
fault current value decrease. The main advantages of
the proposed FCL are limit the fault current value in
predetermined level and maintain continuous power to
consumer, reduced the risk of safety hazards. Also
adding such type of FCL on system FCL has no effect
on voltage utility and current at normal system
operation and even after fault minimizing fault current
to safe value .It observed that normal operating
condition both feeder drawn same current value form
source and given to load (consumer end) verified by
Kirchhoff’s law. Simulation and mathematical result
also verified before and after in case of LLL-G fault.

APPENDIX

Configuration of system under study

Component Rating

Three Phase Source 100MVA, 66 kV, 60Hz

Transformer (A — A) | 100MVA, 66 kV /11 kV, 60Hz

Feeder line data Feeder 1 Voltage = 11 kV

No coaxial cable =03

Feeder 2 Voltage = 11 kV
Sending end Voltage = 66 kV
Receiving end Voltage = 11 kV

Transformer (A —Y) | 100MVA, 11 kV /0.4 kV, 60Hz
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ABSTRACT: The new technology utilized for producing electricity at the most affordable
price has the name photovoltaic. Even though solar photovoltaics only makes up a small
portion of the world's total power-generating capacity of 4800 GW from all sources, by 2040
they will provide electricity in more than 80 nations and are the power-generation technology
with the quickest pace of growth. In this paper, a novel kind of photonic crystal is created and
its uses are examined. Researchers will have a better understanding of photonic crystal design
with the aid of the CST program. The paper also discusses the benefits and drawbacks of

utilizing solar energy in day-to-day activities.

Keywords: Electricity, Power Generation Technology, Photonic Crystals

INTRODUCTION:

The use of photovoltaic cells, the

essential part of a photovoltaic system, is
the subject of photovoltaic, a novel and
rapidly expanding technology. The energy
is transformed from one form to another
by the cells, which is completely different
from other generating methods. For
example, solar energy is converted into
electricity. Currently in use is the cleanest
generation approach. The first use of
photovoltaic technology dates back to
1839[1], and it was first put to use in the
early 1970s. The United States began
utilizing photovoltaic technology in their
space program at this time. By 1990's end,
this technology was being used in both
large and small markets for things like
electric power applications and pocket
calculators. As of 2010, solar photovoltaic
technology is the power-generation
technology with the quickest rate of
growth worldwide, producing electricity in
over 80 nations but still making up a very
small portion of the 4800 GW [2] total
capacity of power generation worldwide
from all other sources. The most effective
way to use solar cells to generate power is

using photovoltaic technology. The
process by which light photons knock
electrons down to a higher energy level
and produce electricity is known as the
photovoltaic effect [1]. Sunlight s
converted by solar cells into a DC form of
energy that may be used to power devices
or recharge batteries. An inverter is then
used to transform the DC form of energy
into an AC form of electricity. Powering
satellites and other spacecraft in orbit was
the first practical use of photovoltaics [1].
One relatively recent and intriguing
technology that presents many new
potential for producing "green™ electricity
is the ability to generate electricity from
sunlight. We refer to this method as solar
photovoltaic. PV, often known as solar
electric, is a clean, quiet, and renewable
method of producing electricity. It
generates electricity using the sun's abundant
energy without emitting harmful emissions of
CO2, the gas backing to climate change. It
is a way in right direction towards green
initiative, that is crucial to employ while
combating global warming. Many nations
are making efforts to progress photovoltaic
technology through independent projects
and useful applications. Numerous nations,
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including Germany, Japan, the
Netherlands, Norway, and the USA [3],
have set up government investment
programs in partnership with different
businesses, resulting in the construction of
thousands  of  solar-electric  homes
worldwide [3].
However, other nations, like Scotland and
the United Kingdom [3], lack a sizable
domestic market in which to showcase
their proficiency in PV knowledge or the
resources to further expand this area. This
kind of technology is straightforward to
maintain, easy to install, and dependable.
It should be highlighted that, despite the
level of competence found in some
industrialized nations, it is odd that PV
technology is so little employed and does
not have a bigger impact on people's daily
lives. This could be because PV-generated
electricity is costly to compete with in
European Countries [3] since fossil fuel,
nuclear, and even wind generation are so
cheap.

A squeaky semiconductor layer that
functions as an electric field in solar cells
has two appearances: a positive side and a
negative side. These days, silicon—a
unique kind of molten sand with more than
2 thin layers of semi-conductive material,
mainly silicon—is used to make the
majority of solar cells [3].There are
various charges in these layers. Two
opposing charges—one positive and one
negative—are applied to the operation
layers. Electrons traveling along the solar
cell are knocked down by sunlight, which
releases them from the confines of atoms
in a semiconductor material. When two
separate conductors are connected, one at
the positive and the other at the negative
side, an electric circuit is created, allowing
electrons to be trapped and converted into
electricity in the form of an electric
current. A load, such a tool or light, can
then be powered by this electricity. The
PV cells that are utilized are often built as

Schottky barrier devices or pn junctions
[4]. Electrons and holes pair when sunlight
strikes a cell's surface. This process is
brought about by the interaction of
incident photons from the sun with the
atoms already existing in the cell. The
electrons and photons drift as a result,
changing their region. Under Standard Test
Conditions (STC), which include an
irradiation of 1000W/m2 and a cell
temperature of 25°C, the electrical output
of a solar cell is measured [3]. This allows
for the calculation of the cell's maximal
power delivery and fill factor (FF), or cell
conversion efficiency. [4]

In many nations, PV technology is only
used as a last resort by people, mainly in
remote or hard-to-reach places where
connecting to the grid is costly or
impossible. These kinds of problems exist
in rural parts of countries like Africa and
India, but because there is an abundance of
sunlight in these regions, photovoltaic
technology can be helpful. Stand-alone
systems are already proving to be
financially feasible in certain areas. These
systems don't rely on the grid, and any
extra energy they generate is typically
stored in batteries.

The dielectric constant, lattice topology,
and spatial period are the three
components that make up photonic crystals
[6]. When important parameters related to
these are taken into account, a breach can
be established where electromagnetic
radiation is banned. As result, a photonic
gap forms. Three distinct dimension
schemes—one, two, and three—can be
used to build photonic crystals. Every
derivative with relation to the z-coordinate
disappear in two-dimensional photonic
crystals [6]. One-dimensional photonic
crystal is produced by using a layer with a
variable dielectric constant.
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CREATING PHOTOVOLTAIC
CRYSTAL DESIGNS

This chapter discusses the design of the
photovoltaic crystal. For the creation of
cell software design tools like CST
Microwave Studio. High frequency
component 3D electromagnetic modelling
is a well-known use for this type of
software. Antennas, filters, couplers,
planar and multi-layer structures, SI, and
EMC effects are examples of high
frequency (HF) devices that can be swiftly
and precisely analyzed by the user with the

help of CST MWS [5].
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Alumina dielectric rods with an epsilon
value of 9.8 [6] in a vacuum lattice are
employed in this design method.

Figure: Creating and Establishing
Boundaries in CST Software
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Figure: Applying Phase Shift on prepared
cell using CST Software
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Figure:- Adding Frequency mode to cell
using CST Software

2E+14

1.5E+14

1E+14

1 35 7 91113151719 21232527

2E+14
1.5E+14 N\

s — N\

/ AN

S5E+13 / \

O L L L e e |
1 3 5 7 91113151719212325

RESULTS:

Graphical Output: When Et = 0, output
in frequency modes 1 and 2.

Graphical Output: When Ht = 0, output
in frequency modes 1 and 2
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The developed photonic crystal's electrical
and magnetic output properties are
displayed above. Evidently, the photonic
crystal employed in this experiment has a
band gap that prevents photons at a
particular energy level from passing
through the crystal.
Additionally, if the material is altered, the
band gap will grow, and for higher values
of epsilon, the band gap will increase as
well. The employed material's refractive
index rises as a result of this.

CONCLUSION:

Analysis therefore revealed that a band
gap, which prevents photons within a
specific energy range from propagating
through it, may be generated by using
different types of materials in the photonic
crystal manufacturing process. Thus, it can
be concluded that the crystal becomes
increasingly likely to retain photons over
extended periods of time. High epsilon
value materials cause a rise in the band
gap, which raises the used material's
refractive index. However, using a
material with a high epsilon value will not
be practical as it could result in an increase
in the crystal's manufacturing costs. In
contrast to the practical approach
employed by businesses, the CST program
provides researchers with a very basic
understanding of the designing of photonic
crystals. Additionally, it aids in the design
of various crystal types using various
materials by the researchers.
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ABSTRACT -

This project presents the development of a hybrid
energy generation system that integrates solar, wind,
and piezoelectric power sources to produce sustainable
electricity. Designed to address the growing demand for
renewable energy, the system combines photovoltaic
panels and wind turbines to harness natural resources,
while piezoelectric modules convert mechanical energy,
such as footstep pressure, into electrical energy. The
hybrid configuration ensures reliable power generation,
particularly in remote or off-grid areas, by leveraging
multiple renewable sources. It offers cost-effectiveness
with a long lifespan and low maintenance requirements,
despite higher initial investment costs. Additionally, the
system reduces transmission losses and operational
expenses by generating power locally. This approach
supports energy independence, minimizes
environmental impact, and caters to both domestic and
industrial applications. By promoting clean energy
adoption, the system contributes to achieving global
sustainability goals.

KEYWORDS: Hybrid Energy System, Renewable
Energy, Solar Power, Wind Energy, Piezoelectric
Modules etc.

INTRODUCTION

The ever-increasing global demand for energy has
posed significant challenges to traditional energy
generation methods. Conventional power sources, such
as coal, oil, and natural gas, have long been the
backbone of energy supply worldwide. However, their
continued use has severe implications for the
environment, including the depletion of finite resources
and the emission of greenhouse gases that contribute to
climate change. These issues highlight the urgent need
to transition to sustainable energy systems capable of
meeting growing energy demands while minimizing
environmental harm. Renewable energy sources, such
as solar, wind, and piezoelectric power, have emerged

as viable alternatives, offering clean, reliable, and eco-
friendly solutions to global energy challenges.

A hybrid energy generation system combines
multiple energy sources to maximize efficiency,
reliability, and sustainability. By integrating solar,
wind, and piezoelectric energy, these systems leverage
the strengths of each source to overcome individual
limitations, providing a comprehensive and innovative
approach to energy generation. Solar energy, harnessed
through photovoltaic panels, relies on sunlight as a
limitless, clean resource. Wind energy, generated
through turbines, converts the kinetic energy of wind
into electricity, making it a complementary power
source, particularly in areas with variable wind patterns.
Piezoelectric energy, on the other hand, captures
mechanical energy from pressure, such as footsteps,
vibrations, or vehicle movement, and converts it into
electricity.

The combination of these three energy sources in a
hybrid system offers numerous advantages over
traditional power generation methods. Solar energy
production is highly dependent on weather conditions
and daylight, resulting in fluctuating energy output.
Similarly, wind energy is influenced by local wind
patterns and speeds, making it an intermittent power
source. Piezoelectric systems can supplement these
sources by providing continuous energy generation
from mechanical pressure, ensuring a stable energy
supply even when solar or wind energy is unavailable.
This synergy improves the overall efficiency and
reliability of the system, making it particularly suitable
for remote or off-grid areas where energy access is
limited or inconsistent.

One of the key benefits of hybrid energy systems is
their ability to reduce energy transmission losses.
Traditional power systems often rely on centralized
power plants that transmit electricity over long
distances, leading to significant energy losses during
transmission. In contrast, hybrid systems can be
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installed locally, close to the point of use, minimizing
transmission losses and ensuring efficient energy
delivery. This localized approach also reduces the
infrastructure and maintenance costs associated with
large-scale energy grids, making hybrid systems a cost-
effective and practical solution for a variety of
applications, from domestic to industrial settings.

While the initial investment in hybrid energy
systems may be higher than traditional systems, their
long-term benefits far outweigh the upfront costs. These
systems have low maintenance requirements, long
operational lifespans, and minimal environmental
impact. Furthermore, advancements in renewable
energy technologies and decreasing costs of solar
panels, wind turbines, and piezoelectric generators are
making hybrid systems increasingly accessible and
economically viable.

METHODOLOGY

Hybrid Power :

A hybrid power tool is a combination of two power
sources used to power the load.  Under other
circumstances it may be summed up as "an strength
device which is fruited are developed to extract
electricity by the usage of two electricity sources, t's far
called hybrid power system." The hybrid strength
gadget has enough reliability, efficiency, low emissions,
and low cost.

In this proposed gadget, solar and wind power are
employed to generate electricity. Sun and wind
strength have distinct advantages as compared to all
other unconventional electricity sources. Each power
asset is required in all areas. It desires a low fee. There
is no need to identify a specific area to put in this
gadget.

Solar Power :

Solar energy is power generated by the sun's
radiation, which is constantly and readily available on
the earth. It is freely accessible, does not emit
pollutants, has minimal upkeep expenses, and is cost-
effective. However, it has difficulty producing power in
bad weather conditions. Solar energy is more efficient
than conventional sources, requiring an upfront
investment but having a longer lifespan and lower
emissions.

Wind Power :

Wind power is generated from the wind utilizing a
windmill, which is a sustainable energy source with
minimal production and maintenance costs. Wind
energy is accessible virtually 24 hours a day and
produces little emissions. The starting cost is cheaper
than for solar energy, and the amount of power
produced is determined by the direction of the air flow.

The recommended Hybrid Energy System mixes
solar and wind power to solve the short-term nature of
individual renewable energy sources. This provides
continuous power generation, increases dependability,
and overcomes the limitations of individual sources.
The system may be deployed in remote places, lowering
gearbox costs while providing a dependable, low-
emission, and cost-effective option providing
continuous power delivery.

Hybrid energy generation systems that integrate
solar, wind, and piezoelectric technologies represent a
promising solution to the global energy crisis. By
harnessing multiple renewable sources, these systems
provide a sustainable, reliable, and efficient way to
meet energy demands while reducing environmental
impact. Their potential for widespread adoption can
play a crucial role in achieving energy independence,
reducing reliance on fossil fuels, and fostering a
cleaner, greener future.

PROJECT DESCRIPTION

Piezoelectric
generator

mechanism solar | I_l""""d

| I LED| | I | |
DC TO DC boost
comverter

storage device

Controller Board

AC Loads

N P

Fig.2. Block Diagram of system

- Hybrid energy is the combination of more than one
energy source. Combination of solar and wind with
piezo generator is better among all the other
combination.

- Whenever force is applied on piezoelectric generator
that force is converted to electrical energy which can
be used to drive dc loads and that minute voltage
which is stored in the lead acid battery. The battery is
connected to the inverter.

- This inverter is used to convert the 12 volt D.C to the
230 volt A.C. This 230 volt A.C voltage is used to
activate the loads.

- We are using conventional battery charging unit also
for giving supply to the circuitry.

- Here we are using Charge Controller with display to
show the amount of battery charged voltage.
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- In this system wind turbine can be used to produce
electricity when wind is available and solar energy
panels are used when solar radiations are available.
Power can be generated by both the sections at the
same time also. The usage of batteries is to provide
uninterrupted power supply.

- The microcontroller is used in the system to control
the switching between the converters with the help of
a driver circuit. A charge controller/converter is used
to control the power supply of solar panels.

COMPONENTS SPECIFICATION
* Solar Panel (12v25w)
Solar energy is the energy that we receive from the sun

in the form of radiation. It does not pollute and is
infinitely renewable. It is accessible for free. A solar
cell, sometimes called a photovoltaic cell, is a device
that converts solar energy into electricity.

*  DC Generator (12v)
A direct current generator, or DC generator, is a device

whose principal job is converting mechanical power to
electricity.

*  Piezoelectric sensor
A piezoelectric sensor is a device that uses a
piezoelectric effect to measure energy and convert them
into an electrical signal. pressure, acceleration.
Challenge - Convert phase energy into electrical energy.
Solution - Using piezoelectric materials.

+ DC to DC boost Converter (Regulated 12v)
A boost converter (or step-up converter) is a power

converter from DC to DC that increases voltage while
decreasing current from the input (supply) to the output

(load). It is a type of switched-mode power supplies
(SMPS) that has a minimum of two semiconductor
components (a diode and a transistor) along with at
least a single energy storage element: a capacitor, an
inductor, or both in combination.

» Inverter (12v DC to 220v AC)
As we all know, most electrical devices require AC

power, thus the direct current (DC) power of the
batteries is transformed into AC voltage using an
inverter before being transmitted to the loads. The
inverter has to be having excess voltage protection, the
opposite polarity, as well as short circuit protection.

+ Battery (12V 5Ah)
Batteries are used to store the power generated by

piezoelectric and solar energy. The capacity of the
battery might vary based on the dimension of the input
power produced.

PROPOSED CALCULATIONS

Total energy generated by the system is the total energy
generated by the solar PV panel and the power
generated by the wind turbine. According to statistics, it
can be represented by,

PT = NW * Pw + Ns * PS

There,

Total energy generated = PT

Power generated by wind turbines = PW

Energy produced by solar panels = PS

Wind turbine number = NW

Number of solar panels used = NS
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A. Calculations for wind energy:

The energy produced by wind power is provided by,
Energy = (air density * swept area * cubed velocity) / 2
PW="%.p (AW) (V) 3

There,

P is the power in watts (W)

p air pressure per kilogram per cubic meter (kg / m?)
AW area of air per square meter (m2) V wind speed per
meter (m/ s).

B. Calculations for solar energy

To determine the size of the PV modules, the required
power consumption should be measured. Therefore,
power is calculated as

PS = Ins (t) * AS * Eff (pv)

There,

Ins (t) = separation at t (kw / m2)

AS = one PV panel area (m2)

Effov = full efficiency of PV panels and dc / dc
converters.

The overall efficiency is provided by,

Eff (pv) =H* PR

There,
H = Annual rate of solar radiation on oblique panels.
PR = Performance rate, loss coefficient.

C. Cost

The total cost of a solar-wind energy system depends on
the total number of wind turbines used and the total
number of solar panels used. The total cost is therefore
provided as follows

Total Cost = (Wind Turbine Number * Cost of One
Wind Turbine) + (Solar Panel Number * Cost of One
Solar Panel) + (Number of Batteries Used in Battery
Bank * Cost of One Battery)

CT = (NW * CWT) + (NS * CSP) + (NB * CB)

There,

CT is the total cost per Rs

CWT is the cost of a single wind turbine

CSP costs one day panel per Rs

CB One Battery Cost Rs

NW is the amount of wind turbine used

NS is the number of solar panels used

NB is the number of batteries used in the Battery Bank.

RESULTS AND DISCUSSION

The hybrid energy system integrating solar, wind, and
piezoelectric power sources demonstrates significant
potential in addressing global energy demands
sustainably. The system ensures continuous and reliable
electricity generation by leveraging the complementary
characteristics of each energy source. Solar panels
provide a steady energy output during daylight hours,
while wind turbines contribute power under favorable
wind conditions. The piezoelectric modules act as an
additional energy source, converting mechanical
pressure from movements or vibrations into electricity,
particularly during periods of low solar and wind
activity.

Experimental results highlight the system's improved
efficiency and reliability compared to standalone
renewable energy systems. Localized power generation
reduces transmission losses, ensuring more efficient
energy delivery. Additionally, the hybrid system's
capability to operate in remote areas underscores its
practicality for off-grid applications.

While the initial investment cost is higher, the system
offers long-term economic benefits due to its low
maintenance requirements, long operational lifespan,
and reduced reliance on conventional energy
infrastructure. However, challenges such as the need for
efficient energy storage systems and integration of
control mechanisms for optimal performance must be
addressed.

This  hybrid  system  effectively  balances
sustainability, reliability, and cost-efficiency, making it
a promising solution for future energy generation and
addressing global environmental concerns.

ADVANTAGES

 Increased Efficiency: Combines multiple renewable
sources for continuous power generation.

« Environmentally Friendly: Produces no harmful
emissions, reducing carbon footprint.

» Cost-Effective: Requires minimal maintenance with
low operational costs after installation.

« Sustainability:  Utilizes renewable  resources,
ensuring long-term power generation.

 Reliability: Provides consistent power, especially in
remote or off-grid locations.

e Reduced Transmission Losses: Local power
generation  minimizes energy wastage during
transmission.

DISADVANTAGES

1 The system is expensive compared to the current
system.

2. Microcontroller programming is required, which
increases software costs and makes prototyping
difficult.

3. Solar panels need frequent cleaning.
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APPLICATIONS

* Remote Areas: Provides power where traditional
grids are unavailable.

* Industrial Use: Supports energy needs for factories
and manufacturing units.

e Agricultural  Applications:  Powers irrigation
systems, greenhouses, and farms.

* Rural Electrification: Supplies electricity to
underserved rural communities.

»  Standalone Systems: Suitable for off-grid or hybrid
power setups.

SCOPE OF PROJECT

« It is the design method for maximum conversion
efficiency of a turbine for delivering the maximum
power to a load, battery in the case of a standalone
solar-wind system.

*  Saves space.

e It doesn’t require fuel.

CONCLUSION

The hybrid energy system that combines solar,
wind, and piezoelectric power generation provides an
innovative and sustainable solution for electricity
production. By integrating multiple renewable energy
sources, the system maximizes energy generation
efficiency and ensures a consistent and reliable power
supply, even in remote or off-grid areas. Solar panels
harness energy from the sun, while wind turbines
capture kinetic energy from the wind, both of which are
abundant and eco-friendly sources. Additionally,
piezoelectric modules convert mechanical pressure,
such as footsteps or vibrations, into electricity, further
enhancing energy output and bridging gaps in energy
availability during low solar or wind conditions.

This multi-source system significantly reduces
dependency on conventional energy sources like coal
and oil, thereby minimizing greenhouse gas emissions
and mitigating climate change. While the initial
investment for installation may be higher than
traditional energy systems, the hybrid approach offers
numerous long-term benefits, including a long lifespan,
minimal maintenance, and reduced operational costs.
Moreover, localized energy generation reduces
transmission losses and infrastructure expenses, making
it a cost-effective option.

Overall, the hybrid energy system offers a practical
and efficient pathway to achieving energy
sustainability. It addresses global energy challenges,
promotes energy independence, and contributes to a
cleaner environment, making it a promising solution for
the future of renewable energy.

REFERENCES

1. Nayak, S., & Sahoo, S. (2020). Hybrid Renewable
Energy Systems for Sustainable Power Generation: A
Comprehensive Review. Journal of Renewable and
Sustainable Energy, 12(4), 1-15.

2. Patel, H., & Joshi, D. (2019). Design and
Performance Analysis of Hybrid Solar-Wind System.
Renewable Energy Journal, 60(5), 119-132.

3. Rathi, R., & Kumar, R. (2018). Energy Harvesting
from Piezoelectric Materials for Power Generation
Applications: A Review. Journal of Materials Science:
Materials in Electronics, 29(2), 235-245.

4. Jadhav, A., & Deshmukh, A. (2021). A Hybrid
Solar-Wind-Piezoelectric ~ System  for  Off-Grid
Applications. International Journal of Renewable
Energy Research, 11(6), 1235-1246.

5. Kumar, V., & Sethi, M. (2020). Optimal Sizing of
Hybrid Energy Systems for Small-Scale Applications:
A Case Study. Journal of Energy Storage, 31(7), 45-57.

6. Singh, R., & Sharma, P. (2022). Techno-
Economic Analysis of Solar-Wind Hybrid Power
Systems. Renewable and Sustainable Energy Reviews,
153, 111-123.

7. Singh, S., & Garg, A. (2019). Piezoelectric
Energy Harvesting Systems: A Review of Recent
Developments and Applications. Energy Reports, 5,
211-220.

8. Ghosh, S., & Roy, S. (2021). Design of a Hybrid
Solar-Wind-Piezoelectric  System  for  Sustainable
Energy Generation in Rural Areas. Sustainable Energy
Technologies and Assessments, 46, 12-25.

9. A. Adejumobi,S.G. Oyagbinrin, F. G. Akinboro &
M.B. Olajide, “Hybrid Solar and Wind Power: An
Essential for Information Communication Technology
Infrastructure and people in rural communities”,
IJRRAS, Volume 9, Issuel, October 2011, pp 130-138.

10.Kavita Sharma, Prateek Haksar “Designing of
Hybrid Power Generation System using Wind Energy-
Photovoltaic Solar Energy- Solar Energy with
Nanoantenna” Internationa Journal of Engineering
Research And Applications (IJERA) Vol. 2, Issue
1,Jan-Feb 2012, pp.812-815.

11.Sandeep Kumar, Vijay Kumar Garg, “A Hybrid
model of Solar-Wind Power Generation System”,
International Journal of Advanced Research in
Electrical, Electronics and Instrumentation Engineering
(JAREEIE), Vol. 2, Issue 8, August 2013, pp. 4107-
4016.

12.M.Khalid and A. V. Savkin, “Optimal Hybrid
Wind Solar system for Matching Renewable Power
Generation With Demand” 2014 IEEE 978-1-4799-
2837-8/14.

24



Analysis of Electric Vehicles Under Different Driving Cycle
Conditions Using MATLAB.

Dr Kishor.B.Porate

Professor

Department of Electrical Engineering,

Priyadarshini College of Engineering, Nagpur

Ankush A Deosant

Assistant Professor
Department of Electrical Engineering PCE, Nagpur
><1 ankdeo@gmail.com*

ABSTRACT

Energy management systems (EMS) are crucial in optimising the performance and efficiency of hybrid
electric vehicles (HEVs). This paper presents an analysis and comprehensive review of various EMS
techniques and their applications in EVs. The study focuses on various energy sources, like batteries,
supercapacitors (UCs), and fuel cells, to enhance system performance. The impact of vehicle dynamics on
EMS performance, considering factors such as aerodynamic drag force, rolling resistance, and gradient hill
force, is analysed. In this paper, the MATLAB simulation is done considering only the battery as an energy
source, and the DC motor for transmission. The Drive cycle FTP 75 is considered a reference cycle for the
simulation. The vehicle performance is analyzed for different drive cycle conditions such as acceleration,
deceleration, normal running condition, and standstill condition.

Keywords—Electric Vehicle (EV), Battery, Energy management systems (EMS), State of Charge (SOC), Drive

cycle.

INTRODUCTION

T he importance of biofuel, electric energy, and
other renewable energy in vehicle transportation
systems is gaining demand nowadays. Various
automotive companies are launching their vehicles
in this section. The governments are also
encouraging the companies and people who use
these vehicles by giving them subsidies in different
forms such as under the FAME scheme. [15,16,21].

The energy management system (EMS) is an
important section of a hybrid electric vehicle
(HEV). The main objective of EMS is to use two or
more number of energy sources optimally and
deliver the maximum output to the system. The
various energy sources used in HEVs are Battery,
Supercapacitor (or Ultracapacitor UC), Fuel cell
(FC), Flywheel, and Solar panels. When it comes to
the driving range of HEV, the specific energy of the
source is considered and for acceleration, and
efficiency improvement, the particular power of the
energy source is considered. The EMS properly
utilizes available energy sources to meet this
demand. Many researchers work on performance
improvement of EMS by implanting various
advanced techniques some of which are listed in
Table 1. During their research, the various systems,
as well as energy source parameters, are taken into

consideration some of them are mentioned in Table
1. The major function of EMS is to take a decision
for energy consumption according to the voltage,
current, and temperature data in real time and use it
for cell balancing, thermal management,

state of charge (SOC), state of health (SOH), of
energy sources.

LITERATURE REVIEW
A review of different hybrid electric vehicles (HEV)

and their challenges is done by Hannan et al. [5]. The
different energy sources used for HEV are a Battery,
A supercapacitor (or Ultracapacitor UC), a Fuel cell
(FC) Solar cell, etc. The authors focus on the
advantages and disadvantages of different energy
storage devices, the dynamics of HEV, and the
characteristics and types of HEV. This paper explain
the details about HEV technologies and their
shortcomings.The two-converter topology for the
combined use of battery and supercapacitor is used
by Khaled Alobeidli et al. [4]. The main objective is
to enhance the overall system efficiency of the power
management system of electric vehicles and to
increase the battery life by decreasing its charging-
discharging cycle. Two-stage artificial neural
network (ANN)-based methods, called charge-
sustaining ANN and charge-depleting ANN (CD-
ANN), were created by the authors in [4].

The various parameters like battery state of charge
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(SOC), vehicle velocity, and supercapacitor (or
ultracapacitor (UC)) SOC are considered during
complete work. The performance is validated using
an  ADVISOR-based simulation toolbox and
MATLAB. The three different driving cycles are
considered for evaluation purposes like the Japanese
driving cycle (J1015), Indian Urban Driving cycle
(ITUDC), and Urban Dynamometer Driving Schedule
(UDDS). thus, controlling the UC SOC reduces the
battery  energy  throughput and  operating
temperature significantly. Along with the proposed
technique, the rule base and fuzzy-based techniques
are also studied. The suggested method lowers both
the system's overall energy loss and battery energy
throughput by about 20% each. Energy storage
devices, which fall into three categories—passive,
semi-active, and completely active—are typically
utilized in electric vehicles (EVs) using four standard
topologies. Q. Zhang et al. [1] employ the semi-
active topology for battery and supercapacitor hybrid
energy storage systems for research purposes. This
type of topology uses a supercapacitor in conjunction
with a DC/DC converter. The filtering and fuzzy
logic controllers are the foundation of the author's
real-time energy management control approach.

The author designed 5 membership functions for
battery power and 3 membership functions for
supercapacitor SOC. The result is evaluated with an
experimental setup consisting of AVL emulator
platform dSPACE based Auto box and lithium nickel
manganese cobalt battery. The main outcome of this
research is that the battery voltage is reduced when
used in combination with UC the sole battery (i.e.
hybrid energy storage system HESS). Also, battery
peak current, battery energy capacity, and battery
cost are reduced when used in HESS. The different
driving cycles considered for the study are the
highway driving cycle (HWDC), the new European
driving cycle (NEDC), and IUDC.

Another method is an adaptive fuzzy logic-based
energy management strategy (AFEMS) to calculate
the power exchange between the battery bank and
ultracapacitor (UC). This technique is used by H.
Yin et al.[6]. Fuzzy logic controllers help handle
complicated real-time control problems because
they don't require prior knowledge of the driving
cycle. This study presents an energy management
plan for a battery/UC hybrid energy storage system.
Due to their complementing features, UC and
battery are paired in a parallel active topology. An
EMS based on adaptive fuzzy logic is created to
divide the power needs between batteries and UCs.
The author covered the benefits and drawbacks of

lithium-ion batteries and supercapacitors [6]. Low
power density, short cycle life, and other issues still
plague lithium-ion batteries. In contrast to
traditional batteries, UC has a low energy density
but a high power density, extended cycle life, and
fast dynamic response.

The comparative analysis of a few chosen research
papers covering a range of significant topics taken
into account when studying EMS is presented in
Table 1. The parameters include the driving cycle
being taken into consideration, the energy source
used, the technique, the research's goal, and so on.

VEHICLE DYNAMIC

For any vehicle acceleration is important. The
acceleration depends upon the traction unit's rating
and all components' mass. The effort or force
required to move the vehicle is the tractive effort.
The total tractive force is the function of the mass in
kg (M), velocity of vehicle(v), and slop angle (0).
The study of vehicle dynamics is important for
studying different forces acting on vehicles. The
total tractive force is important to calculate the
power required by a vehicle. Figure 1 gives us an
idea about the different forces acting on the vehicle.
It mainly include the aerodynamic drag force (Fad),
rolling resistance force (Frr), gradient hill force or
climbing force (Fg) and velocity of the vehicle.

v v

Fad

AF,

.\ e
s 5 Frv

y
Mg Y S
s,

Figure 1. Vehicle dynamics
This total tractive force is given by

Fte =Fad +Frr+ Fg + Fla +Faa----------- (1)
The total power required is given by
Pte = Fte *V---e-omemomemoeenaeas (2)

The effect of different forces on vehicles is
examined by considering some reference parameters
given in Table 2.

Table 2. Technical specifications for theoretical

calculation

S. Parameters Value S. Parameters Value

N. N.
Aerodynam

1 Radius of wheel 0.2768 m 6 ic _drag 05

(rw) coefficient

(cd)

2 Gear ratio (gr) 10.83 7 Grade 0°
angle
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Rolling Acceleratio 9.81
resistance 0.01 8 n due to m /sec2
coefficient (purr) gravity (9)

Air density(p) ll<.§/2m3 9 Mass 1177 kg

Frontal area (A) 2.48 m2

The aerodynamic drag force is vital out of the total
forces acting on the vehicle.it is the function of
frontal area, shape of the vehicle, air density and the
vehicle's velocity it is given by equation 3. The
aerodynamic drag power is given by Equation 4

Fad = 0.5*p*cd*A*( V+ Vair)2 ---------- (3)
Pad = Fad *\/-----=-mmmemmmmmmmmmmmm e @)

Considering the wvarious technical values of
parameters in Table 2 the relationship between
aerodynamic drag power and velocity of the vehicle
is studied. Figure 2 give the relationship between
velocity of vehicle and drag power. Figure 3 state
the relationship between vehicle velocity and power
required to overcome rolling resistance.
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Figure 2. Velocity of a vehicle vs Pad
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Figure 3. Velocity of a vehicle vs Prr

DRIVE CYCLE

The drive cycle is the graph between velocity on the
Y-axis and time on the X-axis. For this simulation,
we considered the FTP75 drive cycle.as shown in
Figure 4 The drive cycle helps us to get the nature
of the reference velocity

T (sl

Figure 4. The drive cycle FTP75

METHODOLOGY: SIMULATION
MODEL

Figure 5 represents the MATLAB model for EV. It
contains different blocks, such as a longitudinal
driver block for acceleration and braking conditions.
The reference drive cycle, as well as the velocity
feedback, is connected to this block. The other block
is H bridge block, the main function of this block is
the power flow management for both the condition,
i.e. for motoring mode and breaking mode. The next
block is the vehicle dynamics block All dynamics-
related activities are done using it. In this model, the
DC motor is used as a motoring option, and the
lithium-ion battery is used as a source. The vehicle's
performance is analysed for the reference drive
cycle FTP 75 for 1000 sec. the main focus of the
analysis is to study the behaviour of electric
vehicles for various driving conditions such as
acceleration mode, deacceleration mode and steady
state condition mode of the vehicle.

For simulation, the following parameters are
considered shown in table 3

Table:3
Lithium-ion 50 V, Frontal area 2.48 m2
battery 280Ah ©)
DC Motor 19 Drag 0.5
KW coefficient

cd
Mass of 1177 Air density 1.22 kg/m3
Vehicle Kg
Gravitational 9.81 Arduous of 0.2768 m
acceleration m/sec2 wheel
Rolling 0.01 Grade angle 0 degree
resistance
RESULTS

Figure 6 represents the comparative graph of the
behaviour of battery SOC with the Drive cycle. It
has been observed that when an EV is in
acceleration mode, the battery discharges, and when
it is in deceleration mode. the actual reference drive
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cycle is shown in Figure 7 The distance covered by

EV is shown in Figure 8

S Ref. Energy Methods/ Driving cycle Parameters Objective/ advantage or

. sources Techniques/ disadvantage

N used software used

1 [1] Battery 1. low pass 1. New 1. State of The battery life cycle could
and filter and Fuzzy European Charge (SOC) be effectively extended by
Supercapa logic controller driving  cycle of  Battery. combining the use of battery
citor 2.DC-DC (NEDC)._ 2. State of and o supercapacitor.

converter 2._ _ Highway Charge (SOC) Battery size is reduce
Driving  Cycle of
3. Matlab (HWDC). Supercapacito
3. Indian Urban r
Driving
Cycle(IUDC)

2 [2] Battery 1.PWM+Fuzzy No driving cycle 1. Voltage Improve the battery life and
and logic controller is used 2.Current. decreases the battery cost
Supercapa 2.MatLab 3.
citor /Simulink Temperature

platform 4, SOC
5. Depth of
Charge(DOC)

3 [3] Battery Pontryagins FTP72  Urban Vehicle control of a hybrid electric
and Minimum driving  cycle, velocity, car online. Compared to rule-
internal Principle(PMP) NEDC 2000, Battery SOC, based, FTP72 saves about
combustio and discrete Japan 1015 ucC soC 6.5% on battery electricity.

n engine state space

(ICE) dynamic
programming
(PMP-DP)

4 [6] Battery Adaptive fuzzy JCo8 driving ucC SOC, System efficiency is
and logic  Energy cycle, highway battery SOC, increased  while  battery
ultracapaci management traffic situation voltage of current fluctuation and UC
tor (UC) (AFEMS) (HWFET) Battery and SOC are minimized, and total

UC, current energy loss is decreased by
of battery and 20%.
uc

5 [7] Battery dynamic NY_city battery SOC, The proposed solution for
and programming Artemis, uc SOC, online EMS can extend
ultracapaci (DP),  Neural Manhattan, load current, battery life by over 60%
tor (UC) Network (NN), WVU, NEDC DC/DC when used as HESS

Rule based convertor compared to sole battery
control strategy losses
, MATLAB

6 [10] Battery NEDC, ECE-15 Temperature, The main objective is to
and power, study the  effect of
ultracapaci vehicle temperature on EMS. After
tor (UC) velocity research it is found total

efficiency is decrease slightly
with temp .

7 [8] Battery Genetic Urban driving Battery SOC, The main objective is to
and . algorithm (GA) Supercapacito reduce the daily operating
ultracapaci r SOC cost of bus
tor (UC)

Table 1 The comparative analysis
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Figure 5. Matlab Model for simulation
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Figure 7. Graph for reference drive cycle, actual drive cycle
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CONCLUSION

This paper compares different EMS and analyzes
EVs for different driving conditions. It also
theoretically examines the effect of various forces
acting on vehicles and discusses it with a graph.
Changes in vehicle parameters, such as load and
battery consumption, are also affected. The battery's
SOC changes as per driving condition.
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ABSTRACT

Modern electrical power system’s complexity is increasing, posing challenges for system stability,
particularly in transient stability. Transient stability is the ability of the power system which which regains
its synchronism after having subjected to certain form of disturbances. Power system stability is crucial for
secure operations, as past blackouts have been caused by instability due to the complex, interconnected
nature of the power system. The transient stability phenomenon is found to be analysed by most of the
researchers using various software tools such as PSIM, E-TAP, and MATLAB. MATLAB/Simulink
simulations were used in most studies to demonstrate the effectiveness of STATCOM in improving
voltage regulation and transient stability across a range of system configurations. In this review the role of
STATCOM in mitigating voltage issues, damping oscillations, and improving system dynamics, especially
under fault conditions are highlighted. The review also identifies key challenges such as system
complexity, energy storage limitations, and control design complexities. The comprehensive review seems
to provide a platform for future researchers to optimize the integration of STATCOM in modern power
system.

Keywords : FACTs Devices, STATCOM, Reactive Power Compensation, Rotor angle stability, Voltage regulation

INTRODUCTION optimization techniques, and system performance during
fault conditions. The scholarly discourse surrounding the
enhancement of transient stability via the implementation of
STATCOM and various FACTS devices extends over several
decades, underscoring a multitude of methodologies and
technological advancements. Initial studies conducted by
Morison et al. in 1993 [1], amalgamated analyses pertaining
to both static and dynamic voltage stability. Patel et al. [2]
investigated transient stability through the utilization of
MATLAB/Simulink, whereas Wahad et al. ([3] accentuated
the economic viability of STATCOM. Farrok et al. [4] and
Hossain et al. [5] illustrated the efficacy of STATCOM in the
enhancement of voltage regulation and the attenuation of
oscillatory behaviour. Abraham et al. [6] elucidated the
function of TCSC in oscillation damping, while Pahade et al.
[7] examined the RVC control of STATCOM in relation to
stability. Damor et al. [8] conducted a comparative analysis
of FACTS devices, concluding that UPFC exhibited superior
effectiveness, while Landry, Mukekwaet al. [9] corroborated
its significance during substantial disturbances. Akhtar et al.
[10] scrutinized the reactive current compensation

Power system stability is crucial for ensuring the
continuous and reliable operation of electrical grids,
particularly during disturbances such as faults and fluctuating
load conditions. Among the various methods for improving
power system stability, the use of FACTs devices has emerged
as an effective solution for enhancing transient stability.
FACTs devices provide dynamic reactive power
compensation by improving voltage regulation. Over the
years, numerous studies have explored the integration of
FACTs with advanced control strategies and optimization
techniques to further enhance their performance. This paper
reviews 27 studies published between 1993 and 2023,
discussing the application of FACTs devices in various power
systems, their effectiveness in improving transient stability,
and the challenges associated with their implementation. The
purpose of this literature review is to synthesize the findings,
identify trends in the research, and suggest potential
directions for future studies in this field

; capabilities of STATCOM, and Satyendra et al. [11]
LITERATURE REVIEW : illustrated the potential of UPFC in two-area system
The integration of STATCOM in power systems has configurations. Progressive control methodologies such as

been extensively studied, focusing on control strategies, Fuzzy Logic Control (FLC) and Model Predictive Control



(MPC) were investigated by Rajalingam et al. [12], and
optimization strategies were proposed by Vetoshkin et al.
[13]. Research conducted by Mahmud et al. [14] and Kakaiya
et al. [15] explored essential parameters and the reliability of
STATCOM within modern power grids. Naeem et al. [16]
drew attention to the advantages of STATCOM in comparison
to Power System Stabilizers (PSS), while Khan et al. [17]
examined the roles of MBPSS and STATCOM in the
prevention of blackouts. Izumi et al. [18] presented

Table — 1: Comprehensive review of transient stability papers

Author Year Refe| Brief of review Key
of renc findings
public es
ation
G.K. 1993 [1] This paper effectively | Voltage
Morison, combines static and | stability
P.Kundur dynamic methods to | analysis

analyse voltage stability, | Static and
providing valuable | dynamic
insights and explores | methods of
better understanding of | stability.
this critical aspect of
power system.

Ramnara 2002 [2] | The paper highlights | Simplificati

yan Patel, Simulink's use in | ons in
TS analysing transient | modelling,
Bhatti stability of a 4-generator, | better
andD.P. 6-bus system. It | Component
Kothari demonstrates  stability | modelling,

evaluation through rotor | Utilized
angle, speed, and voltage | System size
responses under faults, | Solver and
emphasizing Simulink's | parameters
efficiency and flexibility | Fault

for such studies. representati
ons.

Noor 2003 [3] This paper conveys the | Focuses

1zzri cost-effectiveness of the | towards
Abdul D-STATCOM, Specify | distribution
Wahad, whether this based on | static
Norman installation, operational, | synchronou
Mariun, or maintenance costs. | S
Azad The short duration of | compensato
Mohame curtailment indicates | r (D-
dand efficient operation. STATCOM
Mohibull )
ah
Mohama
d
0. 2010 [4] | The paper presents the | Complexity
Farrok, reactive power | in
M.G. compensation and | realization,
Rabbani, voltage regulation by | High
and M.R. using VSC-based | computation
Islam STATCOM  controller | nal efforts,
and demonstrates its | Economic
effectiveness under | considerati
dynamic conditions | ons.
through improved

transient stability and
reduced voltage swings.

innovative methodologies such as Superconducting Fault
Current Limiters (SFCLs) and SOS programming aimed at
enhancing transient stability. Varma et al. [19] proposed the
BESS-STATCOM concept, underscoring the pivotal role of
motor stabilization during disturbances, thereby a thorough
investigation is carried out for enhancement of transient
stability within power system. Table-1 presents a
comprehensive review of some related approaches to tackle
transient stability problems.

Nikhil M. | 2011 [6] In this paper, the TCSC Tie line

Abraham demonstrates effective power flow
, Arun P damping of both tie-line | control
Parames power and frequency technique

waran oscillations. It performs | is used

well under sudden load based on
disturbances in utilization
interconnected system. of TCSC

Javed 2012 [10] | Inthis paper, dynamic Tackled
Akhtar, performance under Increasing
Sinto varying load conditions | power
george had been enhanced with | quality
effective reactive issues due
current compensation. to non-
linear loads

Arvind 2012 71 In this research work, | Reactive

Pahade, the use of STATCOM | power

Nitin and a Reference Voltage | demand,

Saxena Compensation  control | Damping
scheme to improve | characterist

transient  stability in | icare
power systems. utilized to
Control
system
complexity

S, Sujith. 2014 | [20] In this research, Three | Reactive
phase fault occurring | power
between bus 7 and bus | control

4, STATCOM insight | with

the best location to | STATCOM
clear the fault in the | for multi-bus
system. To improve the | system
transient stability of the
MMPS at different
fault  condition  the
STATCOM is used.

Mr. 2014 [8] This  paper  present | Comparisio
Ketan, improvement of | nof FACTs
G. transient  stability by | devices.
Damor, using different types of | UPFC

Mr. facts  devices.  The | superiority.
Vinesh simulation results | Challenges
Agrawal, reveals that Upfc is an | in power
Dr. effective facts device | system
Dipesh, for improvement of

M. Patel, transient stability than

Mr. other facts device.

Hirenku

mar, G.

Patel
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Sohel 2014 [21] | This paper presents the | Developme
Hossain, STATCOM  with  or | ntofpower
Atiqur without power oscillation | oscillation
Rahman controller for different | controller.
Khan & types of faulted | Integration
Jannat-E- conditions. It has been | with
Noor concluded that POC is | STATCOM
more efficient controller | . Effictivene
for STATCOM  to | ssof
enhance  the power | STATCOM
system stability. with POC
Mohamm | 2014 [5] | This paper explores | Combined
ad Ashraf methods for enhancing | operation of
Hossain the transient stability of | circuit
Sadi, multi- machine power | breakerand
Mohd. systems through the | static SVC.
Hasan combined operation of
Ali Static Var Compensator | Explored
(SVO). Simulation
with  3-LG
and LG
fault.
Landry, 2016 [9] | This paper the system | Integration
Mukekw under study focus on | of EVswith
a integration of electric | thegridand
vehicles batteries with | also with
the power grid also | the
explores  the  study | STATCOM
regarding to integration
of STATCOM with EVs
batteries.
Dr. A 2016 [12]| This paper provides that | Different
Rajalinga advanced control | STATCOM
m, Dr. technologies like FLC | Control
M. and MPC are crucial for | schemes.
Ramkum improving the stability of | System
ar power systems equipped | voltage
Prabhu,& with  STATCOM. The | fluctuations
K. paper contributes the
Venkates ongoing research in
wara Rao power system dynamics
and control strategies.
M.A. 2016 [14] | This paper explores the | Linearised
Mahmud, critical parameters of | modelling
M.J.Hoss power system that affect | for dynamic
ain, H.R the power system | load effects
Pota stability. The
effectiveness is evaluated | Power
based on the damping of | oscillation
the dominant mode. The | damping
analysis reveals that the | controller
dynamic load has | PODC
significant influence on | performanc
the damping of the | e
system.
Prashant 2016 [22]| In this paper presents the | Fault
Rajotia, effectiveness of | induced
Dr.Deepi STATCOM in enhancing | instability.
ka the stability of MMPS | STATCOM
Masand under  various  fault | for stability
conditions, it also | enhanceme
suggests that the | nt.
simulation work can be | Optimal
lengthened to analyse | STATCOM
more complex MMPS | placement.
and multiple  fault
scenarios.
G. B 2017 [23]| The paper demonstrates | Comparisio
Jadhav, tintegration of [ n of
Dr.C.B.B STATCOM with MBPSS | STATCOM
angal, provides substantial | and SVC

Dr.Sanje improvements in | for power
et damping of oscillations | system
Kanungo in a MMPS and transient | stability.
stability. The findings | Integration
highlights the importance | of PSS with
of selecting appropriate | SVC  and
FACTS controllers and | STATCOM
stabilizers to enhance the
reliability and
performance of power
systems during
disturbance.
Vishwak 2018 [11] | This paper presents two | System
arma area power system with | behaviour
Satyendr UPFC is having | without
a improvement of transient | UPFC.
stability during large | Impactof
signal. UPFC converter | ontransient
can independently | stability
generate  or  absorb
reactive power.
Asad 2018 [16] | In this paper components, | Limitations
Naeem, types and  different | of generic
Adnan methods  for  voltage | PSS.
Atif regulation are discussed. | Advantages
PSS can clear the single | of
phase fault but it can | multiband
cannot control the low | PSS with
frequency  oscillations | generic
and the system got | PSS.
unstable speed | Fault
synchronisation loss | impacts
problem which make the
system unstable.
Shailesh 2019 [15]| This paper provides | Effectivene
u. valuable insights into the | ss of
Kakaiya, application of | STATCOM
Dr.Bhupe STATCOM for | in voltage
ndra R. enhancing transient | stability.
Parekh stability in power | Power flow
systems, supported by | dynamics
theoretical analysis and | during
simulation results. The | faults.
findings underscore the | Rotorangle
importance of FACTS | stability
devices in modern | improveme
electrical networks, | nt.
particularly  as the
demand for relaible
electricity continues to
grow.
Lavr 2019 [1 The paper explores the | Improveme
Vetoshki 3] transient stability | ntof
n, Jan improvement using | transient
Votava, STATCOM and | stability
Jan optimization techniques, | with
Kyncl, utilizing a MATLAB | STATCOM
and Simulink case study and | and optimal
Zden&k future research. placement.
Muller
Daniel 2020 [24] | This research enhances | Developme
Ruk reduced-order induction | nt of
Tomas motor models for power | reduced
Asiah system simulations. order
Daniel By using  dynamic | models.
O&uh models that capture rapid | Dynamic
frequency shifts and | model
damping effects, as well | characterist
as steady-state models | ics
for power flow analysis.
R. 2020 [25] | This paper shows the | Power
Jegedees Simulation results show | oscillation
h Kumar, efficient power damping, | damping.
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Dr.T. particularly in internal | Switching
Rammoh faults. The bypass mode | mode

an is optimal, avoiding | analysis.
impulse  current and | 3 phase
voltage. STATCOM | fault
properties  on  low- | impact.
frequency oscillation and
power compensation are
compared.

Farhan 2020 [17]| In this paper the author | Transient
khan explores the wuse of | stability
MBPSS and STATCOM | Complex
to improve power system | network
transient stability and | structure
highlighted their | Damping of
effectiveness in reducing | oscillations
peak  overshoot and | Device
preventing blackouts. limitations
Response
time

Ruizhe 2020 [26]| This paper explores the | Application

Hu, Lei application of  the | of modified
Chen, modified flux- coupling- | SFCL.
Hongkun type SFCLs to improve | Suppressio
Chen the transient stability ofa | nof

multi-machine power | transient
system . Itis the research | energy.

of an IEEE 9-bus system | Practical
with the modified | implication.
superconducting  fault
current limiter, it is
concluded  that  the
transient energy at fault
clearance time is
suppressed by  the
modified SFCLs and
visibly ~ reduce  the
generator rotor swing

CONCLUSION:

The evaluation of twenty-seven scholarly articles underscores
that the Static Synchronous Compensator (STATCOM)
represents one of the most effective FACTS devices for the
improvement of transient stability in electrical power system,
dynamic reactive power compensation, voltage regulation,
and  oscillation  reduction.  Sophisticated  control
methodologies, including Reactive Voltage Control (RVC),
Power Oscillation Damping (POC), and combinations of
Battery Energy Storage Systems (BESS) with STATCOM, in
conjunction with contemporary techniques such as Fuzzy
Logic Control, Model Predictive Control, and Multi-Band
Power System Stabilizers, substantially bolster system
stability by improving response times and mitigating
oscillatory behaviour. Comparative evaluations indicate that
STATCOM and Unified Power Flow Controllers (UPFC)
surpass the performance of alternative devices such as Static

R. 2020 [25] | In this paper, transient | Power

Jegedees stability of  power | oscillation
h Kumar, systems, particularly ina | damping.
Dr.T. multi-machine setup, | Switching

Rmmoha using FACTS (flexible | mode

n AC Transmission | analysis.
Systems) devices, | 3 phase
specifically the | fault
STATCOM (Static | impact.
Synchronous
Compensator).

Article, 2021 [27]| In this paper, In a single | Optimizatio

Original machine network | nbased
connected to an infinite | approach.
bus to designing the | Effictivenes
damping controller to | sof
improve the transient | STATCOM
stability. STATCOM | Rotor speed
improved system | behaviour.
stability was conducted
in the MATLAB/

SIMULINK.

Rajiv K. 2023 [19]] In paper, clearly | Stabilizatio

Varma, introduces the concept of | n of critical

Milad BESS-STATCOM and | loads

Ahmadi, its purpose. Provides a | Field

Cristain clear timeframe for the | demonstrati

Arpino curtailment. on.

Integration
with
feeders.

Shinsaku 2020 [18]| This paper represents the | Analysis of

lzumia, inertia  constant and | transient

Hiroki damping coefficient of | stability

Somekaw generator are uncertain. | with

ab, To combining the | parameter

Xin Xina polytopic representation | uncertainty.

Taiga and properties of SOS

Yamasak polynomials this method

ia is proven that,To solves

the analysis problem if
the SOS programming
problem is feasible.

VAR Compensators (SVC), particularly when integrated with
optimal reclosing methodologies. Nevertheless, challenges
persist, including operational constraints, the complexity of
control mechanisms, and significant computational and
financial expenditures, alongside modeling limitations
related to overly simplified configurations and inadequate
fault representations. Simulation platforms, such as
MATLAB/Simulink, exhibit efficacy for studies pertaining to
transient stability, although comprehensive modelling is
requisite for broader applicability. Hybrid methodologies,
such as the integration of STATCOM with SVC or the
utilization of BESS as compensatory devices, yield promising
outcomes. Future investigations should prioritize the
development of cost-effective solutions, sophisticated control
algorithms, and an analysis of dynamic load influences to
adequately meet the escalating demands posed by
contemporary power systems.
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ABSTRACT :
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In order to achieve effective heating solutions, this paper focuses on the use of heating solar
panels, which work on the principle of converting solar energy into thermal energy. Through its
specialized surface, the heating solar panel absorbs sunlight and transforms it into heat energy,
which is subsequently transferred to a working medium. This idea serves as the project's
cornerstone and makes environmentally friendly and sustainable heating systems possible. The
paper intends to reduce dependency on non-renewable energy sources and contribute to
environmental sustainability by offering an energy-efficient substitute for traditional heating
techniques by utilizing solar energy. The project's execution and operation show the potential of
solar thermal technologies in a range of real-world uses.

Keywords - Thermal energy conversion, solar radiation absorption, solar thermal energy
heating, and solar panels Eco-friendly heating options

INTRODUCTION : -

the world's energy needs is solar energy. In

order to generate electricity, solar heating

Innovations in solar energy technology have systems  employ  solar  thermal  or

been spurred by the energy crisis and the concentrated solar power (CSP)

increasing demand for renewable and technologies to transform sunlight into heat.

sustainable ~energy sources. One such This review of the literature looks at current

innovation is the use of solar panels for innovations, technologies, problems, and

Sejal Ramteke, Chetan Bhandarkar, Prasannajit Fulzele

heating as well as electricity generation. The
goal of this project is to provide an effective
and environmentally responsible heating
solution by harnessing the heat-collecting
capabilities of solar panels. The system uses
solar energy to heat air or water for use in
homes, businesses, or industries.

LITERATURE SURVEY :-

One of the most promising renewable
energy sources that can sustainably supply

uses in this area.

The paper on “GENERATE ELECTRICITY
BY USING WASTE MATERIAL” by Rohit
Patil*1, Rushikesh Ghate*2published in
International Research ~ Journal of
Modernization in Engineering Technology
and Science Volume:04/Issue:12/December-
2022 shows How to Generate Electricity by
waste materials is successfully and how to
control pollution by Pollution control filter ,
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and they generate electrical energy from
waste material with minimum pollution is
about 50%. Because of this project 1250
hectares of land is save from storage of
wastage. As compare to thermal power plant
it generate less pollution is about 0-5%.

The paper by Shimpi Maheshwari on
“Generate Electricity by Waste Materials”
has proposed a Live working idea for
generate Electricity by Plastic and Waste
Materials, In This Project
when electricity start storing that time output
power supply off because of heating sensor
so when electricity store perfect then heating
sensor turn on the output power supply
and LED bulb start glowing
and we can show that time live working of g
enerate electricity by waste material

PROBLEM STATEMENT :

The use of solar heating systems to generate
electricity is still restricted despite the
growing demand for renewable energy
worldwide. This is because of issues like
high capital costs, inefficient heat transfer,
and reliance on favorable environmental
conditions. The scalability and reliability of
current technologies, such as hybrid
photovoltaic-thermal (PV-T) systems and
concentrated solar power (CSP), for
continuous  electricity  generation  are
hampered by problems with thermal energy
storage, land and water requirements, and
intermittent solar radiation.

By creating an economical and effective
solar heating system that can produce
electricity with better thermal storage
integration, increased efficiency, and less
environmental impact, this paper seeks to

address these issues. In order to develop a
viable and sustainable solution for the
production of renewable energy, the project
will investigate cutting-edge materials,
creative designs, and hybrid approaches.

OBJECTIVES OF THE PROJECT :

1. To Create a System for Effective
Solar Heating:

2. Create a system that effectively
harvests solar energy and transforms
it into heat for the production of
electricity.

3. Improve heat transfer systems to
increase productivity and reduce
losses.

4. Advanced Thermal Energy Storage
(TES) Integration:

5. To enable continuous power
generation even during non-sunny
periods, use storage solutions like
phase change materials or molten
salts.

6. Boost the storage system's efficiency
and energy density.

7. To lessen the impact on resources
and the environment.

8. Investigate small and resource-
efficient system designs to reduce
the need for water and land.

9. Create eco-friendly materials and
fluids for heat transfer.

10. To Make Things More Cost-
Effective:
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11. To increase the economic viability of
solar heating technology, create a
system with reduced startup and
operating expenses.

12. For utility-scale and small-scale
applications, investigate scalable
solutions.

13. Create modular power generation
systems that are appropriate for off-
grid or decentralized systems.

14. To Perform a Feasibility Study.

15. Assess the suggested solar heating
system's sustainability, affordability,
and  performance in  various
operational and  environmental
scenarios.

16. Conduct a comparison with current
technologies.

17. To Encourage the Use of Renewable
Energy.

18. Showcase the effectiveness and
dependability of solar heating
electricity generation to offer a
competitive substitute for fossil
fuels.

19. Increase knowledge of the possible
uses of solar thermal systems in
homes and businesses.

2) Existing Methods for Solar Heating
Electricity Generation :

Solar heating generates electricity using a
number of well-established techniques and
technologies. Concentrated solar power
(CSP) and hybrid solar systems are the main
components of these techniques. This is a
summary.:

1. Concentrated Solar Power (CSP)
Systems

Through the use of mirrors or lenses, CSP
technologies concentrate sunlight to produce
heat, which powers a turbine or heat engine
that is connected to a generator.

Parabolic Trough Collectors (PTC)

How it Works: Sunlight is focused by
parabolic-shaped mirrors onto a receiver
pipe that holds a heat transfer fluid (HTF),
like molten salt or synthetic oil. Steam
produced by the heated fluid powers a
turbine..

Applications: utilized extensively in utility-
scale power plants.

Examples: Andasol Plant (Spain), SEGS
(USA).

b. Solar Power Towers

How it Works:-Sunlight is reflected onto a
central receiver atop a tower by hundreds of
heliostats, which are flat, movable mirrors.
Steam is produced by transferring the heat to
a working fluid, usually molten salt.

Advantages: high efficiency and the
capacity to store energy.

Examples: Ivanpah Solar Electric
Generating System (USA), Noor 11
(Morocco).

Solar Photovoltaic-Thermal (PV-T) Systems

How it Works: combines thermal collectors
and photovoltaic (PV) panels. As the PV
panels produce electricity, the extra heat is
either stored or captured for use as heating.
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Applications: Residential and small-scale
installations.

Examples: Buildings with hybrid PV-T
systems for both heating and power needs.

Thermal Energy Storage (TES) Systems

Combined with CSP to store extra heat for
use at night or on overcast days. Typical
TES technologies consist of

Molten Salt Storage: retains heat at elevated
temperatures, usually ranging from 290°C to
565°C.

Phase Change Materials (PCMs): Utilize the
latent heat of fusion to store energy in a
small, effective package..

Emerging Technologies

Direct Steam Generation (DSG): s Synthetic
heat transfer fluids are not necessary
because sunlight heats water directly to
create steam.

Nanofluid-Based Collectors: To increase

thermal conductivity and heat transfer
efficiency, add nanoparticles to fluids.

Limitations of Existing Methods

High Initial Cost: CSP systems demand a
large infrastructure and material investment..

Water Use: Since many CSP plants require
water to cool, they are not appropriate for
arid climates.

Intermittency: Reliance on daylight and
weather requires hybridization or effective
storage.

Land Requirement: Large land areas are
needed for CSP plants.

Proposed Methodology for Solar Heating
Electricity Generation Project

This methodology describes how to create a
solar heating electricity generation system
that maximizes  sustainability,  cost-
effectiveness, and  efficiency  while
addressing the shortcomings of current
technologies.

System Design and Conceptualization

Objective: Create a design that maximizes
solar energy absorption, heat conversion,
and electricity generation.

Steps: Create solar collectors that efficiently
concentrate sunlight, such as solar power
towers, linear Fresnels, or parabolic troughs.

To improve heat absorption and reduce
losses, create a heat transfer system with
cutting-edge materials or fluids (such as
molten salts or nanofluids).

Incorporate thermal energy storage (TES) to
store surplus heat and facilitate ongoing
power production..

Selection of Materials and Components

Objective: Choose and employ materials that
optimize cost-effectiveness, durability, and
thermal efficiency.
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StepsTo improve heat capture and reduce
radiation losses, investigate and choose
cutting-edge coatings for solar absorbers.
Select or create high-performing,
environmentally friendly heat transfer fluids
(such as phase-change materials or molten
salts). For highly optically efficient mirrors
or lenses, use reflective materials.

Project Working Principle : Solar
Heating via Solar Panels

Basic Principle of Solar Panels

The idea behind solar panels, also referred to as
photovoltaic (PV) panels, is to use
semiconductor materials—typically
silicon—to directly convert sunlight into
electrical energy. Electricity is produced
when sunlight strikes the solar cells, exciting
the electrons.

But we're not depending just on the solar
panels' electrical output for this heating-
focused project. The fundamental idea here
is to take advantage of the solar panels'
capacity to absorb solar radiation, which
causes heat to be produced. When solar
panels are exposed to sunlight, they produce
heat that can be used for heating.

Heat Collection in Solar Panels

Sunlight is the main energy source that solar
panels absorb and transform into thermal
energy. The surface of the panels warms as a
result of the absorbed sunlight. This project
makes use of the thermal energy stored in
the solar panels rather than the electrical
energy they produce.
Through pipes or channels that are
connected to or integrated into the solar

panel system, this thermal energy is
transferred from the solar panels to a fluid
(typically water or a heat-transfer fluid).
After that, the heat is either used straight
away for heating purposes or stored in a
thermal tank.
Heat Transfer Mechanism

The system uses a heat exchanger or solar
thermal collector to convert the heat that has
been collected from the solar panel into a
form that can be used. A closed-loop system
circulates a heat transfer fluid (HTF), such
as  water, glycol, or  antifreeze.

4. Heating Applications: Following
transfer, the heat can be used in a variety of
heating situations:

Heating water for domestic uses, such as
cleaning, cooking, and bathing, is the most
popular application.

Space Heating: To maintain a comfortable
indoor temperature, the heated fluid can be
circulated to air heating systems (such as

forced-air heating systems, underfloor heating, or
radiators).

Industrial Heating: Solar heating can be
applied to industrial processes like
pasteurization, drying, and agricultural
applications that call for moderate heat.

In a nutshell, a heating panel produces
electricity by letting photons—particles of
heat or light—knock electrons out of atoms.
In reality, heating panels are made up of
numerous smaller components known as
photovoltaic cells. (To put it simply,
photovoltaic systems turn light or heat into
electricity.)
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The  Operation of Heating Penal
A p-n junction is formed when p-type and n-
type semiconductors are placed next to one
another. With one fewer electron, the p-type
pulls the extra electron from the n-type to
stabilize itself. The electricity that results is
what is called electricity because it is
displaceable and creates an electron flow.
An electron rises and is drawn to the n-type
semiconductor when heat strikes the
semiconductor. This results in a greater flow
of electricity by producing more negatives in
n-type semiconductors and more positives in
p-type semiconductors. The photovoltaic
effect is this.
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1. Sustainable Energy Source: Solar heating
uses the sun's free and abundant energy,
reducing reliance on fossil fuels and
lowering emissions of carbon.
2. Lower Operating Costs: Because sunlight
is free and renewable, solar heating systems
have low operating costs after they are
installed.

3. Eco-Friendly: By offering a sustainable
substitute for traditional heating techniques,
solar heating systems aid in the reduction of
greenhouse gas emissions and the mitigation
of climate change.

4. Low Maintenance: Solar thermal systems
require less maintenance than other heating
systems, which over time makes them more
affordable.

5. Energy Independence: Particularly in
areas with plenty of sunlight, solar heating
systems offer a certain amount of energy
independence.

CHALLENGES AND LIMITATIONS

Initial Installation Cost: Solar panels and
related equipment (like heat exchangers,
storage tanks, and piping systems) can be
expensive up front.

Weather Dependency: Due to their reliance
on sunlight, solar heating systems may
perform less well on overcast or wet days.

Space Requirements: Installing the required
number of solar panels requires a substantial
amount of ground or roof space, especially
for large-scale heating applications.

Efficiency: In order to optimize efficiency
and guarantee that heat is sufficiently stored
and transferred, solar thermal systems
typically need to be carefully designed.

CONCLUSION

Using solar panels, this project uses the
principles of solar heating to provide an
effective and sustainable way to heat water,
air, and other fluids. By decreasing
dependency on fossil fuels, the technology
not only has major environmental benefits
but also long-term economic benefits due to
low operating costs and  energy
independence.

The long-term benefits of solar heating
make it an appealing option for both
residential and commercial applications,
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even though the initial cost may be a
deterrent for some.

FUTURE PROSPECTS:-
Because of continuous technological
advancements, solar heating for electricity
generation appears to have a bright future.
Enhancing  energy  storage  options,
extending the life of solar panels, and
lowering the price per watt of electricity
generated are the main goals of research.
Combining solar thermal and photovoltaic
technologies to create hybrid systems could
be a crucial step in increasing solar power
generation efficiency.
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ABSTRACT -

In recent years, the demand for electricity by the utility industry has been increased continuously. To satisfy
this increased demand for electricity, electric power systems are interconnected. As a consequence, some
transmission lines gets heavily loaded & the issue of Transient instability & power imbalance arises. The
Transient Stability plays a crucial role in maintaining the stable operating condition of power system during
the events like large disturbances taking place. This paper investigates the stability and transient behaviour of
a power system simulated in MATLAB Simulink, focusing on fault scenarios and the dynamic performance
of synchronous generators. The analysis highlights the system's response to a line-to-ground (L-G) fault,
where voltage dips and current surges were effectively mitigated through circuit breaker operations,
demonstrating the system’s fault tolerance and recovery capabilities. Additionally, the transient oscillations
observed in the synchronous generator's rotor angle deviation underscore the need for enhanced damping
mechanisms to improve system stability. The study concludes that the power system responds effectively to
faults under different conditions, the implementation of appropriate damping strategies is essential for
preventing transient instability and ensuring sustained system reliability. This work provides valuable
insights into the role of damping mechanisms in enhancing transient stability in modern power systems.

Keywords : FACTs devices, Transient stability, Voltage regulation, Load angle, Rotor angle deviation

and provide critical support to bus voltages by injecting or
absorbing reactive power [3]. MATLAB and Simulink are

INTRODUCTION:

The demand for electricity in the utility

industry has been steadily increasing in recent years, driving
the need for interconnected electric power networks to share
resources and meet rising energy demands. However, this
expansion often leads to overloaded transmission lines,
resulting in challenges related to transient voltage and power
stability, particularly in transient stability [1]. Transient
stability refers to the ability of a power system to maintain
synchronism after being subjected to significant
disturbances, such as faults or sudden load changes. To
address these challenges, various methods and devices have
been explored to improve transient stability, including power
system stabilizers (PSS) and Flexible AC Transmission
System (FACTS) devices, such as shunt controllers like
Static VAR Compensators (SVC) and Static Synchronous
Compensators (STATCOM) [2]. The advent of power
electronics has introduced the use of FACTS devices in
power systems, enabling fast and efficient control of
network conditions. SVC and STATCOM, as members of
the FACTS family, are connected in shunt with the system

widely used for simulating electrical power systems,
especially for studying dynamic behaviours like transient
stability. Multimachine systems are more realistic
representations of actual power grids, which typically
involve many interconnected generators.[4] Stability in
power systems depends on several factors, including initial
operating conditions and the severity of disturbances. In this
study, the focus is on analyzing the transient behaviour of
the power system, particularly the load angle and rotor angle
deviation, to understand their impact on system stability
under fault conditions. The results contribute to a deeper
understanding of transient stability and the dynamic
behaviour of synchronous generators in power systems.

LITERATURE REVIEW:

The scholarly discourse surrounding the enhancement of
transient stability via the implementation of STATCOM
and various FACTS devices extends over several
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decades, underscoring a multitude of methodologies and
technological advancements. Initial studies conducted by
Morison et al. in 1993[5] , amalgamated analyses
pertaining to both static and dynamic voltage stability.
Patel et al. [6] investigated transient stability through the
utilization of MATLAB/Simulink, whereas [7] Hossain
et al. accentuated the economic viability of STATCOM.
illustrated the efficacy of STATCOM in the enhancement
of voltage regulation and the attenuation of oscillatory
behavior. Abraham et al. elucidated the function of
TCSC in oscillation damping, while Pahade et al.[8]
examined the RVC control of STATCOM in relation to
stability. Damor et al.[6] conducted a comparative
analysis of FACTS devices, concluding that UPFC
exhibited superior effectiveness, while Landry,
Mukekwaet al.[9] eloborated its significance during
substantial disturbances. Akhtar et al.[10] scrutinized the
reactive  current  compensation  capabilities  of

METHODOLOGY :

Case 1 — Healthy System Having Two Sources
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Figure 1: five bus healthy system with sources

The figure 1 represents a detailed power
transmission and distribution system modeled in MATLAB
Simulink. It includes two 11 kV, 100 kVA sources connected
to step-up transformers, which increase the voltage to 132
kV for long-distance transmission. Circuit breakers are
installed for switching and fault isolation, and the high-
voltage transmission occurs over a 100 km line connecting
Bus 2 and Bus 3. At the receiving end, step-down
transformers reduce the voltage from 132 kV back to 11 kV
for distribution. The system supplies two 100 MW loads at
Buses 4 and 5. Each component, such as buses,
transformers, and circuit breakers, is strategically placed to
ensure efficient power flow and fault management.
Measurement blocks at each bus monitor voltage, current,
and power, enabling detailed analysis of system
performance and stability under various operating
conditions.

STATCOM. The challenge of maintaining power system
stability due to rising electricity demand and loaded
transmission lines is explored in [10]. Using a four-bus
system model, simulations show improved stability with
STATCOM, supported by effective control strategies
like synchronous reference frame theory [11]. S. Hossain
et al. explored that STATCOM enhances power system
stability with rapid reactive power control, while
advanced strategies like the POC ensure faster and more
efficient fault recovery, as confirmed by simulations[12].
M. Ashraf et al emphasizes how STATCOM can be used
to solve problems with transient, dynamic, and steady
state stability. STATCOM improves damping during
oscillations, controls power flow, and improves voltage
profiles. Its ability to increase transmission efficiency
and stabilize systems under faults without the need for
new infrastructure is confirmed by simulation studies
and case analyses[13]

Figure 2: Voltage and Current Waveforms at Bus 5

The figure 2 displays the voltage and current
waveforms at Bus 5 of the power system. The top plot
shows the three-phase voltage, which is sinusoidal,
balanced, and consistent in amplitude, with a 120-degree
phase difference between phases, indicating proper voltage
regulation and load distribution at this bus. The bottom plot
represents the three-phase current, also sinusoidal and
balanced, with its magnitude corresponding to the 100 MW
load connected at Bus 5. Both waveforms demonstrate
steady-state  operation under balanced conditions,
confirming the effective functioning of the step-down
transformer, bus connections, and the load. The stability and
periodicity of these waveforms validate the system's ability
to deliver power efficiently without distortion or instability.

Case 2 — Two Sources System With L-G Fault
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Figure 3: Five bus system with Line to Ground (L-G) fault
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The figure 3 represents a MATLAB Simulink
model of a power system, incorporating generation,
transmission, and distribution, with a line-to-ground (LG)
fault modelled in the transmission network. The system
features two 11 kV, 100 kVA sources connected to step-up
transformers, which increase the voltage to 132 kV for
transmission over a 100 km line. Circuit breakers are
included to control switching operations and isolate faults
when needed. The 132 kV transmission line interconnects
multiple buses (Bus 2 and Bus 3), facilitating high-voltage
power transfer.

At the receiving end, step-down transformers
reduce the voltage from 132 kV to 11 kV for distribution to
two 100 MW loads connected at Buses 4 and 5. A line-to-
ground (LG) fault is introduced on the transmission line to
study its impact on system stability and performance.
Measurement blocks are strategically placed across the
buses to monitor voltage, current, and power, enabling an in-
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depth analysis of fault conditions and system recovery. This
setup is designed to analyze fault dynamics, ensure proper
fault management, and validate the system’s stability under
abnormal conditions.

Figure 4: Voltage and Current Waveforms at Bus 2

The figure 4 shows the voltage and current
waveforms at Bus 2 of the MATLAB Simulink model,
highlighting the response to a line-to-ground (LG) fault. The
fault occurs at 0.15 seconds, causing a disturbance in the
waveforms, evident from the abrupt drop in voltage and a
corresponding rise in current. This marks the initiation of the
fault condition on the transmission line.

At 0.3 seconds, the circuit breaker operates to isolate the
fault, resulting in the voltage and current waveforms
stabilizing momentarily as the faulted line is disconnected.
During this time, the system operates without the affected
section, maintaining stability.

After the fault is cleared, the circuit breaker recloses at 0.8
seconds, restoring the connection. Following the reclosing
operation, the waveforms gradually return to their steady-
state sinusoidal forms, indicating the system's recovery and
resumption of normal operation. This simulation captures
the dynamic behaviour of the system during the fault,

breaker operation, and reclosing, demonstrating its ability to
manage and recover from transient disturbances effectively.
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F:gure 5: Voltage and Current Waveforms at Bus 5

The above figure 5 represents the voltage and
currents waveforms at the bus 5 . we can see that from 0 sec
to 0.15 sec the waveforms were normal and at just 0.15 sec
the LG is occurred , therefore the disturbance in the voltage
waveform is seen. And in incurrent waveform it observed
that in during the fault time (0.15 sec to 0.7 sec) the
waveform of yellow phase is increased in level it happens
because when fault occues at that section more current
draws from the faulty phase i.e. yellow phase. Then at 0.3
sec the circuit breaker operates and from 0.3 sec to 0.8 sec
the circuit breaker were operated so the source 1 is totally
disconnects from the system and only source 2 is in
operation that’s why the waveforms at bus 5 presents the
increased voltage and current waveform increased. After
clearing the fault the circuit breaker recloses, the the source
1 reconnects to the power system and starts operating
normal as before fault were occurred.

Case 3 — Five Bus Healthy System Having Synchronous
Generator

Figure 6: Five bus healthy system with synchronous Generator

Figure 6 shows the Simulink model represents a
single-machine infinite bus (SMIB) system with a
synchronous generator supplying power through a step-up
transformer (11 kV to 132 kV) into a 100 km transmission
line connecting buses. Circuit breakers (CB1 & CB2)
manage power flow and fault isolation, Two step-down
transformers (132 kV to 11 kV) feed 50 MW loads at Bus 4
and Bus 5. The above system is modelled as stable power
system. The rotor angle deviation is monitored, showing
gradual oscillations. While the load angle stabilizes, the
increasing rotor angle deviation suggests potential poor
damping, requiring further tuning for better transient
stability.
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Figure 7: Voltage and Current Waveforms at Bus 3

Figure 7 represents the waveform plot represents
the voltage and current at Bus 3. Initially, both signals
exhibit a steady-state sinusoidal waveform, indicating
normal operation. The top plot shows the three-phase
voltage, which is sinusoidal, balanced, and consistent in
amplitude, with a 120-degree phase difference between
phases, indicating proper voltage regulation and load
distribution at this bus. The bottom plot represents the three-
phase current, also sinusoidal and balanced, with its
magnitude corresponding to the 100 MW load connected at
Bus 5. Both waveforms demonstrate steady-state operation
under balanced conditions, confirming the effective
functioning of the step-down transformer, bus connections,
and the load. The stability and periodicity of these
waveforms validate the system's ability to deliver power
efficiently without distortion or instability.

Figure 8: Load angle & Rotor angle deviation of above system

In the figure 8, the given plots illustrate the
dynamic response of a synchronous generator by depicting
the variation of load angle (8) and rotor angle deviation (Ad)
over time following a disturbance. The load angle initially
oscillates before gradually stabilizing, indicating the
presence of damping mechanisms that restore the system to
steady-state operation. Similarly, the rotor angle deviation
exhibits high initial oscillations, which diminish over time,
ensuring that the generator maintains synchronism. This
behaviour is crucial in assessing transient stability, as
excessive oscillations could lead to instability. The damping
observed in the response may be attributed to system inertia,
inherent damping, or external stabilizing devices such as a
STATCOM. If the response is without STATCOM, the level
of damping can be analysed to determine the need for
additional stabilization. Conversely, if the response includes
STATCOM, it confirms its effectiveness in enhancing
transient stability by improving damping characteristics.
Overall, the results demonstrate that the synchronous

generator remains stable post-disturbance, emphasizing the
importance of damping in transient stability analysis.

Case 4 — Five Bus System Having Synchronous
Generator with L-G fault

BE 50 =1

Figure 9 : Five bus system having synchronous generator with LG-
fault and circuit breaker operation

The given figure 9 represents a power
system model in MATLAB Simulink, depicting a multi-bus
transmission network with a synchronous generator
(alternator), transformers, transmission lines, circuit
breakers (CBs), and loads. The generator at Bus 1 supplies
power through a step-up transformer (11 kV to 132 kV),
connecting to Bus 2. A 100 km transmission line links Bus 2
to Bus 3, where another transformer steps down voltage for
further distribution. A line-to-ground (LG) fault is applied in
the middle of the transmission line, and circuit breakers
(CBI1 and CB2) are present to isolate the fault if needed. The
system continues to Bus 5 and Bus 4, where loads are
connected through step-down transformers (132 kV to 11
kV). Power and voltage measurements are implemented at
various points to analyse system performance, stability, and
transient responses under fault conditions. The setup is
designed to study fault impact, stability, and protective
measures in a power system.

¥ . llrlﬁ[h B! =

Figure 10 : Analysis of Load angle & Rotor angle deviation of above
system

Figure 10 represents the analysis of Load Angle
and Rotor Angle Deviation in the given System (fig. 9). The
given simulation results illustrate the behaviour of the load
angle (8) and rotor angle deviation (AO) when the circuit
breaker (CB) opens at 8 sec and recloses at 10 sec, isolating
the source while keeping the generator connected to the
system. This leads to significant transient disturbances
before the system eventually stabilizes.

1. Before CB Operation (0 - 8 sec) — Normal Steady-State
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Before the CB operates at t = 8 sec, the system is in a stable
operating condition. During this period, the load angle (5)
remains nearly constant, indicating steady power transfer
between the generator and the system. Similarly, the rotor
angle deviation (A®) is also stable, suggesting that the
generator is well-synchronized with the system. This
represents the normal steady-state operation of a
synchronous generator under balanced load conditions.

2. CB Opens at 8 sec — Source Is Isolated

At t = 8 sec, the circuit breaker opens, disconnecting the
source from the system while keeping the generator
connected to the loads. As a result, the generator must now
supply the entire system demand alone, leading to a sudden
change in power balance.

This sudden loss of power support from the source causes a
significant increase in electrical power output (Pe) from the
generator, which, in turn, leads to a rapid change in the load
angle (3). As seen in the top graph, the load angle initially
decreases but then exhibits high-frequency oscillations,
indicating instability.

These oscillations occur because the generator is trying to
adjust to the new operating condition, but due to the sudden
nature of the event, the system enters a transiently unstable
state where the rotor oscillates significantly before finding a
new equilibrium.

3. CB Recloses at 10 sec — Source Reconnected

At t = 10 sec, the circuit breaker recloses, reconnecting the
source to the system. However, by this time, the generator is
already in a highly disturbed state, meaning its rotor position
is out of phase with the source voltage. This phase mismatch
leads to a large transient response in both the load angle ()
and the rotor angle deviation (A0).

After reclosure, the load angle (8) undergoes severe
oscillations, as seen in the top graph, before gradually
stabilizing. Meanwhile, the rotor angle deviation (A0)
increases continuously without immediate stabilization, as
observed in the bottom graph. This behaviour indicates that
the generator is momentarily losing synchronism with the
system before eventually resynchronizing.

4. Post-Reclosure Behaviour (10 sec - 30 sec)

Following reclosure, the load angle (8) oscillations persist
for nearly 20 seconds, as the generator attempts to
resynchronize with the system. These oscillations gradually
reduce due to damping effects within the system.

The rotor angle deviation (A6) continues to increase initially,
suggesting that the generator is momentarily unstable before
damping mechanisms bring it back to steady-state operation.
Around t = 25 sec, the oscillations are sufficiently damped,
and the system transitions into a new equilibrium state.

Ultimately, the final rotor angle is lower than
before the disturbance, suggesting a redistribution of power
flow in the system. This highlights the importance of
stability studies in power system analysis, ensuring that

transient disturbances do not lead to complete loss of
synchronism.

RESULT ANALYSIS:

The MATLAB/Simulink model of the power
system was analysed to study the effects of circuit breaker
operation during faults. The system, consisting of two
sources, multiple buses, transformers, and a 300 km
transmission line, was analysed under balanced load
conditions. During normal operation, the voltage and current
waveforms across all buses remained stable and sinusoidal.
A line-to-ground (L-G) fault was introduced at Bus 2 at 0.15
seconds, causing a significant disturbance, particularly in the
yellow phase current, which showed an increase due to the
fault. At 0.3 seconds, the circuit breaker operated, isolating
the faulty section and disconnecting Source 1 from the
system. During the disconnection (0.3—0.8 seconds), Source
2 maintained the power supply, leading to an increase in
voltage and current waveforms at Bus 5 due to the
redistribution of power flow. After the fault was cleared, the
circuit breaker reclosed at 0.8 seconds, reconnecting Source
1 and restoring normal operation with balanced waveforms.
The transformers (132 kV/I1 kV) and the 300 km
transmission line were modelled to reflect practical
conditions, ensuring accurate voltage levels and fault
analysis. The study demonstrated the effectiveness of circuit
breakers in isolating faults, redistributing power, and
maintaining system stability, highlighting their critical role
in minimizing the impact of faults on the power system

The power system model in MATLAB Simulink
was analysed under various scenarios to assess its stability
and transient response. In the healthy two-source system, a
five-bus setup with two 11 kV, 100 kVA sources was
simulated, where voltage and current waveforms remained
stable, ensuring efficient power flow to 100 MW loads at
Buses 4 and 5. When a line-to-ground (L-G) fault was
introduced, the system experienced a voltage dip and current
rise in the affected phase. However, circuit breakers
operated at 0.3 seconds to isolate the fault and reclosed at
0.8 seconds, restoring normal operation and demonstrating
effective fault management. In the healthy system with a
synchronous generator, power was supplied through
transformers and transmission lines, but the rotor angle
deviation showed oscillations, indicating transient effects.
Though the system remained stable, improvements in
damping were needed for enhanced transient stability. The
addition of an L-G fault in the synchronous generator
system led to rotor angle instability, with large oscillations
occurring before the system resynchronized after circuit
breakers opened at 8 seconds and reclosed at 10 seconds.
These results highlighted the generator’s transient behaviour
and underscored the importance of proper damping
mechanisms to prevent instability. Overall, the study
concluded that while the system effectively handled faults
with circuit breakers isolating and restoring power flow, the
need for damping strategies, such as STATCOM, was
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critical for improving stability and reducing transient
oscillations.

CONCLUSION :

The analysis highlights the critical role of circuit
breakers in ensuring the stability and reliability of power
systems during fault conditions. The study demonstrated that
circuit breakers effectively isolate the faulty section of the
system, allowing the unaffected portions to operate without
disruption. During the fault period, the redistribution of
power was observed, particularly with increased voltage and
current waveforms in specific areas. Upon fault clearance
and circuit breaker reclosing, the system returned to normal
operation, showcasing the circuit breaker's ability to restore
stability. The overall analysis highlights the importance of
system protection and stability measures. Fault occurrences
and breaker operations significantly impact the generator's
rotor angle stability. Properly coordinated reclosing
strategies, damping mechanisms, and advanced control
techniques are essential to ensure the system recovers
smoothly from disturbances. Implementing stability-
enhancing devices can help mitigate oscillations, improve
damping, and maintain synchronism under dynamic
operating conditions. This analysis reinforces the importance
of incorporating properly designed circuit breakers to
protect power systems from faults and maintain operational
continuity.

REFERENCES :

[1] A. Reza and A. Vahedi, “Transient stability
prediction of power system ; a review on methods ,
classification and considerations,” Electr. Power
Syst. Res., vol. 190, no. July 2020, p. 106853, 2021,
doi: 10.1016/j.epsr.2020.106853.

[2] T. Mahmoud, “Power System Stability Improvement
Using (Sssc),” J. Al-Azhar Univ. Eng. Sect., vol. 14,
no. 53, pp. 1474-1480, 2019, doi:
10.21608/auej.2019.64260.

[3] P. Varaiya, F. F. Wu, R. Chen, and A. Introduction,
“Direct Methods for Transient Stability Analysis of
Power Systems : Recent Results,” vol. 73, no. 12,

(4]

[10]

1985.

R. Patel, T. S. Bhatti, and D. P. Kothari, “MATLAB
/ Simulink-based transient stability analysis of a
multimachine power system”.

G. K. M. B. Gao, M. 1. P. Kundur, and F. Ieee,
“Voltage Stability Analysis Using Static and
Dynamic Approaches,” vol. 8, no. 3, pp. 1159-1171,
1993.

K. Damor, V. Agrawal, D. M. Patel, and H. G. Patel,
“Improving Power System Transient Stability by,”
vol. 3, no. 7, pp. 1-5, 2014.

M. Ashraf, H. Sadi, and M. H. Ali, “Combined
operation of SVC and optimal reclosing of circuit
breakers for power system transient stability
enhancement,” Electr. Power Syst. Res., vol. 106,
pp. 241-248, 2014, doi: 10.1016/j.epsr.2013.09.001.

A. Pahade and N. Saxena, “Transient stability
improvement by using shunt FACT device (
STATCOM ) with Reference Voltage Compensation
(RVC) control scheme,” 2013.

M. Landry and R. S. Sharma, “IMPROVING GRID
TRANSIENT STABILITY THROUGH STATCOM
WITH EV BATTERY AS ENERGY STORAGE
SYSTEM,” pp. 1-11.

E. Cooper, M. Arioli, A. Carrigan, and L. A. Lindau,
“Exhaust emissions of transit buses: Brazil and India
case studies,” Res. Transp. Econ., vol. 48, pp. 323—
329, 2014, doi: 10.1016/j.retrec.2014.09.059.

S. Kakaiya and D. B. Parekh, “Transient Stability
Improvement Using STATCOM,” SSRN Electron.
J., pp- 1-9, 2019, doi: 10.2139/ssrn.3442558.

S. Hossain and A. R. Khan, “Design of STATCOM
for Power System Stability Improvement,” vol. 14,
no. 2, 2014.

C. Liuand J. S. Thorp, “New Methods for
Computing Power System Dynamic Response for
Real-Time Transient Stability Prediction,” no. April
2000, 2013, doi: 10.1109/81.841915.

49



Load Flow Analysis and Optimization of Rural
Distribution Feeders in India

Prof. Viraj B. Bhosale Dr. Alok Kumar
Research Scholar, Sandip University, Nashik; Assistant Professor,
HoD, Electrical Engineering Department, Sandip University,Nashik
N. K. Orchid college of Engg. & Tech.,

Solapur

bhosale.viraj@gmail.com*
virajbhosale@orchidengg.ac.in

Prof. A.J. Mehta, Prof. D.D. Pawar

Assistant Professor, Assistant Professor,

N. K. Orchid college of Engg. & Tech.,, N. K. Orchid college of Engg. & Tech.,

Solapur , Maharashtra, India Solapur, Maharashtra, India
ABSTRACT

The increasing demand for reliable electricity in rural India necessitates the integration of renewable
energy sources (RES) into distribution feeders. However, rural feeders often suffer from voltage
instability, transformer overloading, and high power losses. This paper presents a comprehensive load
flow analysis using the Newton-Raphson method, evaluating power losses, voltage stability, and
transformer loading under different energy management scenarios. A case study in Solapur district
illustrates the impact of distributed solar energy integration. The results indicate a 36.8% reduction in
power losses and improved voltage stability (+6.8%), highlighting the need for optimal distributed
generation (DG) placement and demand-side management strategies. Furthermore, an economic
feasibility study using the Black-Scholes model demonstrates a 14.5% return on investment (ROI)
over five years. The study underscores the importance of grid reinforcement, financial modeling, and
smart optimization techniques for sustainable rural electrification.

KEYWORDS—Load flow analysis, rural feeders, renewable energy, Newton-Raphson, power losses,
voltage stability.

flexibility to handle bidirectional power flow
introduced by solar and wind energy [2].

INTRODUCTION This study applies load flow analysis to
evaluate feeder performance and suggests
optimization strategies to enhance voltage
stability and reduce losses. The Newton-

Rural distribution networks in India face Raphson method is employed for solving

significant challenges due to long feeder power flow equations, and a case study of
lengths, high losses, and voltage fluctuations Solapur's rural feeder is analyzed under
[1]. With the increasing penetration of different scenarios. Furthermore, a financial
renewable energy sources (RES), the risk analysis using the Black-Scholes model is
complexity of power flow analysis has conducted to assess the viability of solar
intensified. Traditional radial feeders lack the photovoltaic (PV) deployment.

1
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METHODOLOGY

2.1 Load Flow Analysis

Load flow analysis determines bus
voltages, real/reactive power flows, and
system losses. The power flow equations
for an n-bus system are:

P =V; Y V;(Gijcosby; + Byjsin6,;)
i=1
Q: =V, Y _V;(Gi;sinb,; — Bijcosbyj)

7=1

where:
Pi, Qi = Active and reactive power at bus i.
* Vi, Vj = Voltage magnitudes.

Gij, Bij = Conductance and susceptance.
0 1) = Phase angle difference.

The Newton-Raphson method iteratively
solves these nonlinear equations, using the
Jacobian matrix:

AP| |Ju Jia| | A6
AQ Joy Joo| AV
where JJ is updated until the power
mismatch falls below 0.0001 p.u.

2.2 Case Study:
Substation Details
Degaon substation Solapur (MSEDCL)
Substation Voltage Rating :
132/110/33/11kV
11 kV Feeders (Total :11 Feeders) :
# Nehru Nagar AG feeder*
#Solapur - | #Solapur — 11
#Solapur — 111 #Tikekarwadi

#Bale #Jam Mill
#Degaon #Navives
#Spare | A#Spare Il

MAHARASHTRA STATE ELECTRICITY TRANSMISSION COMPANY LTD

=

Fig 1 Single Line Diagram of Degaon Substation

A 5-bus rural feeder in Solapur,
Maharashtra is analyzed. The system
parameters are:

11 kv Neheu Nagar SKT:Q?E
o g

F o
.K&S‘ ‘4::: 1 1.
g
1 o
v Y

Fig 2 HT SLD of Nehru Nagar AG Feeder

Parameter Value
Number of Buses 5
Number of Transformers | 2(Chandelel,2)
Feeder Voltage 11 kV
Renewable Penetration | 20% (solar PV)
Total Load 5 MW

Table 1 Feeder details
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RESULTS AND DISCUSSION

3.1 Voltage Profile Comparison

Voltage (pouw.}

0.8

Voltage Profile Comparison

. fase Case
- Optimized Cose

Bus 1 Bus 2 Bus 3 Bus 4 Bus 5

Fig. 4 Voltage Profile comparison

Bus | Base | Optimized Voltage
Case Case Improveme
Volta | Voltage nt (%) 3.2 Transformer Loading Analysis
ge (p.u.)

(p.u.) - Transform | Base | Optimiz | Reducti
1 | 1.00 1.00 0.00% er Case | ed Case | on (%)
2 0.96 0.98 +2.08% Loadi | Loading
3 0.93 0.97 +4.30% ng (%)
4 0.91 0.95 +4.40% (%)
5 | 088 0.94 +6.80% Chandele2 | 85% | 70% | -17.6%

Table 2 Voltage profile comparison Chandele 3 | 92% 78% -15.2%

Table 3 Transformer Loading analysis

Tr: - 1 il
Voitage Improvement Across Buses ransformer Loading Reduction
1.00 -e- Base Case i FM’E i 5 J-"‘
3 ~#— Optimized Case st =8= Dpbimized Caze ___..-" -
0.98 o
_ 096} g5 e~
3 -
% 0.94 : 7 j
& . = ar
2 ; g
0.92 =
,
090 ‘\\ 5t
0.88 Y
Busl Bus2 Bus3 Busd4 BusS 70
Chan-:liele 2 Chandeala 3
Fig. 3 Voltage improvement across buses

Fig. 5 Transformer Loading Reduction

Observations: Optimized energy
management  significantly  improves Faestmm RS S
voltage profiles, minimizing fluctuations —=

and ensuring compliance with grid
standards (IEEE 1547).

Loading {%]

Chandele 2 Chandale 3

Fig.6 Transformer Loading Analysis



Observations: Optimized case reduces
transformer stress, improving lifespan and
reliability.

3.3 Power Loss Reduction

Scenario Total Reduction
Losses (%)
(MWw)

Base Case 0.38 MW -

Optimized 0.24 MW -36.8%

Case

Cumulative Savings (TM)

i
P

Payback Period Analysis

20

=@= Cumilativa Savings {(¥M]
== Break-guen Point

[

i i i L n L
14 15 20 25 30 35 40 45 50
Years

Table 4 Power Loss reduction

Power Loss Reduction

Base Case Optimized Case

Fig8 Payback Period

Fig. 7 Power Loss reduction

Observations: A 36.8% reduction in
losses is achieved with optimized DG
placement.

FINANCIAL  ANALYSIS  USING

BLACK-SCHOLES MODEL

Economic feasibility is assessed using:
C = SyN(dy) — Xe ™ N(ds)

where:

e C=Renewable investment value.

e SO = Initial investment cost.

e X = Future expected return.

e r = Risk-free interest rate.

e t=Investment time period.

e N(d1),N(d2) = Cumulative normal
distributions.

Return on Investment (ROI) Growth Over 5 Years

—a— %)

L L L L
1o 15 2.0 25 30 35 4.0 4.5 5.0
Years

Fig. 9 ROI Graph
Results:

e ROI =14.5% over 5 years
o Payback period = 5.2 years
e Annual savings =34.2M

Observations: Renewable integration is
financially viable under optimized
conditions.
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CONCLUSION AND FUTURE WORK

This study demonstrates that:
/ Load flow optimization improves
voltage stability (+6.8%).
</ Transformer loading is reduced by
17.6%, preventing overload failures.
</ Power losses are cut by 36.8%,
increasing system efficiency.
&/ Solar integration is economically
feasible (ROI = 14.5%).

Future work will explore:
e Real-time Al-driven load
forecasting.

e Machine learning-based optimal
DG placement.
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ABSTRACT— The renewable sources of energy are becoming one of the utmost priorities of the
present day world due to their innumerous advantages. In particular, solar energy is progressing as a
potential inexhaustible and non-polluting energy source to suffice our ever-increasing energy
requirements. However, the solar panels which are the fundamental solar-energy conversion components
are fixed at a certain angle and are not able to track the sunlight direction with diurnal and seasonal
changes. This limits the area of exposure of sunlight on solar panels and efficiency of the solar tracking
system involving solar panels. We have developed a solar tracking system using a combination of micro-
controller, stepper motor and light dependent resistors (LDR’s) with the primary aim of improving the
power efficiency of the solar panels. The main component of this tracker is Arduino controller which is
programmed to detect the sunlight with the help of LDRs and then actuate the stepper motor to position
the solar panel in such a way so that it gets the maximum sunlight. Thus this system can achieve
maximum illumination and can reduce the cost of electricity generation by requiring minimum number

of solar panels with proper orientation with the sunlight.
Keywords— Solar tracker mechanism, LDRs, Stepper motor, Controller, Solar panel, Inverter , AC load etc.

INTRODUCTION

In the development of any nation, energy is the main

driving factor in the world today. There is an extensive
amount of energy that gets extracted, distributed, converted
and consumed each and every day in the world today. Fossil
fuels account for about 85 percent of energy that is
produced. Fossil fuel resources are limited and also using
them is known to cause global warming because of emission
of greenhouse gases thereby leading to the need for alternate
sources of energy.

Renewable energy is rapidly gaining momentum as an
alternative source of energy since fossil fuel prices are
varying every other day in the market. The most used
renewable energies are solar, wind, gas and biomass but the
most employed is solar energy.

The sun radiates energy in the form of electromagnetic
energy and the amount of electromagnetic radiation that
reaches the earth from the sun is referred to as solar
radiation. Theoretically, solar energy levels reaches around
1366 W/ on the surface of the earth. This simply means that
for every square meter of surface area on a solar collecting
platform that faces the sun, the system will nearly be able to

collect around 1 kW of solar energy(if it is 100% efficient)
thus solar energy has impressive magnitude and provides
more energy than present day human technology. Solar
panels inarguably convert radiation from the sun into
electrical energy. The panels are manufactured from
semiconductor materials, such as silicon. Their efficiency is
24.5% on the higher side. Solar energy is being used as an
alternative energy source due to the fact that it is readily
available and environmentally friendly. It is hence critical
for people to gain an understanding and appreciation of
technologies associated with solar panels.

Solar energy is becoming increasingly lucrative with
the increasing cost and continuous depletion of the non-
renewable energy resources and the growing demand of
other renewable energy sources such as solar wind,
geothermal and ocean tidal wave. However, in spite of the
multiple benefits of solar energy, solar panels which capture
sunlight are stationary (solar array has a fixed orientation to
the sky). These stationary as well as expensive solar panels
are unable to extract the maximum solar energy as there is
no stability of weather conditions. The power output of solar
panels is maximum when it is oriented perpendicularly to
the direction of sun rays as both the area of illumination of
sunlight on solar panels and intensity of sun-rays is
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maximum in this case. It has been found out that the
efficiency of solar panels improve by 30-60 percent when
we use a mobile solar tracking system instead of a stationary
array of solar panels. The design and implementation of a
power efficient solar tracker is therefore a challenge owing
to the immobility of the solar panels.

The angle of inclination of sun-rays with the solar
panels continuously changes due to the movement of the sun
from east to west because of earth’s rotation independent of
the weather conditions. Moreover, during cloudy days the
situation totally goes berserk. Additionally the revolution of
the earth alters the distance between earth and sun which
introduces change of pattern of incoming sun rays. All these
factors should be kept in mind for designing the solar
tracking electricity generation system to achieve maximum
efficiency.

In this project, we have discussed about the solar
tracking system that we have designed using some LDR’s
(light  dependent resistances), Arduino controller,
comparator using OPAMP’s, a crystal oscillator, stepper
motor and stepper motor driver , tracker Mechanism. The
basic idea behind this work is that the intensity of light will
be sensed by the LDR’s separated by a certain angular
distance, the comparators will compare the incident light
intensity with the intensity of perpendicular incidence. The
controller will rotate the stepper motor by the desired angle
depending on the output of the comparators via a stepper
motor driver circuit to maximize the efficiency. Owing to
the change in the location where the device is placed and
weather conditions, the intensity of sunlight changes, for
which we have made a provision of changing the threshold
value by using variable resistances.

PROBLEM IDENTIFICATION

»  Fossil fuels dominate global electricity generation but
pose environmental and accessibility challenges,
especially in developing countries.

» Limited infrastructure often restricts electricity access,
highlighting the need for sustainable alternatives like
solar energy. However, conventional solar panels are
inefficient due to their static design.

* This project develops a solar tracking system that
increases energy capture by 30-40%. Using a control
circuit, two stepper motors dynamically adjust the
panel’s orientation based on the sun’s position, ensuring
optimal sunlight exposure throughout the day.

* This innovative system enhances solar efficiency,
making renewable energy more viable.

* By bridging the energy gap in underserved regions, it
reduces reliance on fossil fuels and provides a cleaner,
more reliable power source for communities.

A. Existing System

The existing solar power system primarily relies on fixed
solar panels, which remain stationary throughout the day.
These panels are positioned at a fixed tilt, optimized for
average sunlight exposure but unable to track the sun’s
movement. As a result, energy capture is inefficient,
especially during early morning and late afternoon hours.
This limitation reduces overall power generation, requiring

larger panel installations to meet energy demands.
Additionally, conventional systems often lack automation,
relying on manual adjustments for seasonal optimization. In
developing regions, these inefficiencies hinder widespread
solar adoption, making it crucial to develop advanced
solutions like solar tracking systems

B. Drawbacks

Fixed solar panel systems have several drawbacks, primarily
due to their inability to track the sun’s movement. This
results in reduced energy efficiency, especially during
morning and evening hours. They require larger installations
to compensate for energy losses, increasing costs and space
requirements. Seasonal adjustments must be done manually,
adding inconvenience. Additionally, fixed systems generate
lower power output, making them less viable in regions with
inconsistent sunlight. These limitations hinder widespread
solar adoption, especially in developing areas with energy
shortages.

AIM AND OBJECTIVES

Aim : The aim of our projects is to utilize the maximum
solar energy through solar panel. For this a digital based
automatic sun tracking system is proposed.

The main objectives of the study are outlined below:

» To design a system that is able to control the position of
solar panel in accordance with the position of the sun.

» To invent a more affordable solar tracker as opposed to
commercial made solar trackers.

* To utilize this electric energy in AC loads using inverter
module.

The solar panel tracks the sun from east to west
automatically for maximum intensity of light.

Processes Involved are-:

i. To develop a Stepper dc motor control interfaced with
driver circuit.

ii. To construct a model prototype solar cell movement
system with a mechanical assemble to move the solar
Panel.

iii. To design an electronic circuit to sense the intensity of
light and to control dc stepper motor driver for the panel
movement.

LITERATURE SURVEY

1) Shubhangi bhatambrekar et. al. 2022, This paper
presents the design and construction of an 8051
microcontroller-based solar panel tracking system to
enhance solar energy production. Solar trackers align panels
perpendicular to the sun's rays throughout the day,
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maximizing energy capture. Utilizing fuzzy control to
position a DC motor, the system ensures optimal solar
tracking. By following the sun's east-to-west movement, this
innovative technology increases the efficiency of solar
photovoltaic systems, providing a practical solution for
sustainable energy generation.

2) Abhishek Shuklal et. al. 2017, This study focuses
on the development of an 8051 microcontroller-based solar
tracking system designed to optimize solar energy
harvesting. By continuously adjusting the orientation of
solar panels to remain perpendicular to the sun's rays, the
system enhances energy absorption throughout the day.
Implementing a fuzzy control mechanism to regulate a DC
motor, the tracker efficiently follows the sun’s east-to-west
trajectory. This advanced approach significantly boosts the
performance of photovoltaic systems, offering an effective
and sustainable solution for maximizing solar power
generation.

3) Shreyasi Chakrabory et. al. 2021, This paper
presents the design of a solar tracker system capable of
dynamically aligning with the sun’s movement using a
microcontroller and stepper motor. The system operates
effectively regardless of weather or location and includes
adjustable threshold voltage settings to suit varying
requirements. After sunset, the tracker resets its position,
and the solar panel tilts toward the ground, protecting it
from dust and enhancing its durability. While the prototype
is limited to one-dimensional rotation and uses a small
number of Light Dependent Resistors (LDRs), future
enhancements will focus on increasing degrees of freedom
and LDR coverage to improve performance.

4) Shivanshu Tiwari et. al. 2023, This research paper
demonstrates an LDR-based solar tracking system designed
to optimize energy capture. The prototype tracks the sun
throughout the day using a comparator circuit, with
noticeable improvements in voltage and current output
compared to fixed panels. The tracker operates effectively
regardless of weather, with an adjustable threshold voltage.
Additionally, a reset mechanism repositions the panel to
face east every morning. Although limited to one-
dimensional tracking, future work will focus on enabling
multi-dimensional movement for enhanced efficiency.

5) Karan Salgaonkar et. al. 2023, The aim of this
paper is to present a novel design of an automated dual axis
solar tracking system using a four quadrant light dependent
resistor (L.D.R) and simple electronic circuit to provide a
sinewy system performance. The proposed system uses the
tracker to actively track the solar radiation and accordingly
adjust the panel to maximize the power output. The project
focuses on the simulation and implementation of the most
efficient algorithm on the dual axis solar tracker which
rotates in azimuth and elevation direction. This simulation
positions the panel in a hemi spherical rotation absorbing
maximum solar irradiation thus increasing the total
electricity generation.

6) V Sundara Siva Kumar et. al. 2022, The aim of this
paper is to present a solar energy collection technology by a

photovoltaic cell. To present this efficient solar distributed
generation system, a dual-axis solar tracker is designed. The
tracker actively tracks the sun and changes its position
accordingly to maximize the power output. The designed
tracking system consists of sensors, microcontroller
operated control circuits to drive DC motors and gear-
bearing arrangements with supports and mountings. Two
geared dc motors are used to move the solar panel so that
sun’s beam is able to remain aligned with the solar panel.
With the rapid increase in population and economic
development, the problems of the energy crisis and global
warming effects are today a cause for increasing concern.

7) Errum Ali et. al. 2022, This paper deals with a
microcontroller based solar panel tracking system. Solar
tracking enables more energy to be generated because the
solar panel is always able to maintain a perpendicular
profile to the sun’s rays. Development of solar panel
tracking systems has been ongoing for several years now.
As the sun moves across the sky during the day, it is
advantageous to have the solar panels track the location of
the sun, such that the panels are always perpendicular to the
solar energy radiated by the sun.

8) Prof. Pooja K.et. al. 2019, This system can achieve
the maximum illumination and energy concentration and cut
the cost of electricity by requiring fewer solar panels,
therefore, it has great significance for research and
development. The main use of this report is to utilize the
maximum power from the sun. Now a day we are in heavy
need to use the solar power as in the coming days
everything we use might depend on this kind of systems. If
errors are found or the system needs to be improved or
upgraded, the PCB must be redesigned. Adjusting and
modifying the PCB is very inconvenient and increased the
design cost and development period. This implementation
has great future scope because the Sun is important source
of energy which available in free of cost. As today’s world
need greater amount of energy it can be satisfy by our
project use.

9) V Sundara Siva Kumar et. al. 2020, The aim of this
paper is to present a solar energy collection technology by a
photovoltaic cell. To present this efficient solar distributed
generation system, a dual-axis solar tracker is designed. The
tracker actively tracks the sun and changes its position
accordingly to maximize the power output. The designed
tracking system consists of sensors, microcontroller
operated control circuits to drive DC motors and gear-
bearing arrangements with supports and mountings. Two
geared dc motors are used to move the solar panel so that
sun’s beam is able to remain aligned with the solar panel.
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Fig. 1. Block Diagram of system

The solar tracking system is designed to maximize solar
panel efficiency by continuously aligning the panel with the
sun's position. The system uses Light Dependent Resistors
(LDRs) to detect sunlight intensity and an Arduino Uno
microcontroller to control the movement of a stepper motor.

To ensure accurate tracking, the LDRs are placed on the
surface of a large curvature. This placement allows them to
detect sunlight from various angles. At any given moment,
only two adjacent LDRs remain active, which provides the
microcontroller with precise directional information. The
microcontroller processes this input and generates the
required bit pattern to direct the stepper motor. The motor,
in turn, rotates the solar panel mounted on its shaft to align
it perpendicularly to the sun.

This continuous tracking ensures that the solar panel
faces the sun throughout the day, optimizing the amount of
sunlight captured. The energy generated by the solar panel is
stored in a battery for later use. The stored energy is then
utilized to power AC loads through an inverter module,
making the system suitable for wvarious applications,
including household and commercial use.

The tracking mechanism significantly improves the
efficiency of solar panels compared to fixed systems. By
maintaining an optimal orientation, the system increases
energy generation and ensures that the solar panel operates
close to its standard working conditions. The design is
flexible, allowing for easy adjustment of the LDR
configuration or threshold settings. This ensures adaptability
for different weather conditions and locations. The
combination of efficient sunlight detection and precise
motor control makes this solar tracking system a reliable
and effective solution for enhancing solar energy utilization.

COMPONENTS USED

The main operating components of this system are:
. Photovoltaic Solar Panel

. Arduino controller

. Comparator LM324

. Gears Mechanism

. LDRs

. Motor driver IC L293D

. Stepper motor

. Inverter
. Battery

. AC Load
. Others.

Software Required:
. Arduino Compiler
. MC Programming Language: Embedded C.

Il.  ADVANTAGES

* Increased Efficiency: The solar tracking system ensures
the panel is always optimally oriented toward the sun,
leading to higher energy output compared to stationary
systems.

» Versatility: The system can adapt to changing sunlight
angles due to diurnal and seasonal shifts, maximizing
power generation throughout the year.

» Automation: The use of an Arduino microcontroller and
LDRs allows for automatic tracking, reducing the need for
manual adjustments.

» Energy Storage: The inclusion of a battery enables energy
storage, ensuring availability for later use or during non-
sunny hours.

 Better Utilization of Space: Improved efficiency means
more power can be generated from the same panel area.

* Durability: The system can reset the panel to a safe
position, such as facing downward at night, protecting it
from dust and environmental wear.

+ Scalability: The design can be scaled up for larger solar
installations.

CONCLUSION

In this project a solar tracker has been developed to
increase the amount of power generated by the solar panel
as the sun traverses across the sky. A controller was used to
control the movement of the solar panel. The system is
designed to be autonomous; such that energy generated by
the solar panel would be used to charge two lead acid
batteries. In this project some difficulties regarding the
placement or the LDRs is faced, so that at a same time more
than two LDR do not get activated. All the readings are
taken very carefully during the project to eliminate the
errors as many as possible. Solar Energy is one of the most
popular renewable sources nowadays. It is being widely
used also, and within some more years it will be very
popular that it will be used for many purposes, in industries
and household as well. So it is most important fact to utilize
the maximum energy of the sun so that maximum power can
be generated. The thought behind this project is also derived
from this fact. In many places experiment is being done on
this fact how it is possible to make full use of the day light.
In many places application of this project can be seen also.
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ABSTRACT— Photovoltaic (PV) panels, which are grouped in several arrays inside a solar farm or
solar energy system, are the primary source of solar power. Many nations with high levels of insolation
favor solar as a possible source of clean energy, despite the variable efficiency of power generation from
solar photovoltaic (PV) panels. However, even on a single panel in an array, the buildup of pollutants
and dust reduces the level of energy produced by PV panels. Because of this condition, PV panels'
surfaces need to be cleaned on a regular basis. The labor-intensive, time-, water-, and energy-intensive
cleaning techniques used for photovoltaic arrays today lack automation. A completely automated system
that may be used with or without water is suggested as a solution to this issue. Therefore, the
development of a machine for automatic PV panel surface cleaning is discussed in this study. To
regulate the robot's mobility while cleaning, the design makes use of an Arduino controlling system.
Furthermore, it has a system for pumping water and two rough sponges that will be used to remove dust
or dirt from PV panel surfaces. Prior to and following the cleaning procedure, the PV panels' efficiency
is also noted. The outcome demonstrates that, once the dust of the photovoltaic panel is removed, the
designed solar panel washing robot can efficiently clean the panel and restore 50% of the panel's

maximum power and output current.
Keywords— Solar Panel Cleaning Robot, Photovoltaic (PV) Efficiency, Automated Cleaning System, Arduino-Based

Control, Dust and Debris Removal etc.

INTRODUCTION

The primary source of electricity for all life
on Earth is solar energy, which is also the
foundation for all other energy sources except
nuclear energy. However, solar electricity has
not advanced to the level of conventional energy
sources, and it faces numerous obstacles like
high cost, unpredictable and erratic nature, low
efficiency, and the need for storage. The goal of
this project is to increase the efficiency of
renewable energy sources by resolving the issue
of dust accumulation on the surface regarding
solar panels, which lowers the generated
electricity and overall efficiency of the facility.It
suggests creating a solar panel washing system
that could regularly clear the dust buildup on the
panel's surface and preserve the output of the
solar power plant. Given the limited water
supply in the areas where these plants are
primarily found, the robotic system could move
on its own across the tops of solar arrays using
pneumatic equipment suction cups and clean
them wusing dry techniques like a rotating
cylindrical touch cleaning system. Because

cleaning solar panels exposes people to
dangerous conditions in the blazing sun, this
project also attempts to minimize the amount of
human involvement involved in the process.

A robot is an instrument that can perform a
sequence of tasks automatically based on input
from its surroundings and an internal program.
According to these guidelines, an autonomous
robot can perform tasks and instructions with a
high degree of precision on its own.

* Capable of obtaining concrete inputs from
the surroundings; ¢ Capable of carrying out tasks
for extended periods of time without human
intervention.

* Capable of moving around its workstation
without assistance from humans.

* Unless specifically trained to do so, it is
capable of avoiding circumstances that could
endanger both humans and itself.

The robot that cleans.

Although cleaning is considered to be
among the least desirable tasks, it is nevertheless
a vital activity in human life. Cleaning can also
be dangerous for people in some situations.
Machines have thus been developed repeatedly
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to help us with this essential evil of cleaning.
The newest trend that has emerged in recent
years is robotic cleaning. An autonomous robot
that can turn around to disinfect surfaces using a
variety of methods, including vacuuming,
mopping, or just scouring with a rotating brush,
is called a robotic cleaner.

Although it is intended for industrial
cleaning in large-scale solar power facilities, the
suggested solar panel clean system is classified
as a cleaning robot. It is a robot with autonomy
that uses vacuum suction cups to move across
the sloped coating of the solar cells and a
revolving cylindrical brush to clean the panels'
surface. Every cycle begins with the robot
traveling a certain distance parallel to the solar
panel's base, after which the revolving brush
moves from top to bottom perpendicular to the
base. In order to maximize solar irradiance, the
solar cells are attached at an angle toward the
ground, depending on the latidunial position of
the photovoltaic plants. However, because
robotic cleaning systems must travel over a
sloped surface, this benefit turns into a
drawback. A typical wheel-based robot can't
move on the sloping surface because it will slip
and tumble to the ground. As a result, we have a
pneumatic system with suction cups on the
bottom. When these suction cups are activated
by vacuum pumps, a suction force is produced
that aids in the robot's attachment to and
movement on its surface.

PROBLEM IDENTIFICATION

» Solar Technology Advancements: Solar
panels, derived from solar cells, convert solar
energy into electrical energy and are widely
used in industries and households.

* Challenge in Maintenance: Maintaining solar
panels is crucial to preserve efficiency,
requiring effective cleaning methods.

* Impact of Dust: Dust accumulation is the
primary factor reducing panel efficiency, with
losses of up to 50%, depending on
environmental conditions.

» Other Factors Affecting Efficiency: Shadow,
snow, high temperatures, pollen, bird
droppings, and sea salt also contribute to
efficiency reduction.

Manual Cleaning Limitations:

» Commercial detergents are costly, time-
consuming, and potentially hazardous to the
environment.

» Frequent cleaning every few weeks is
required, especially challenging for large
arrays.

» Automated Cleaning Solutions:

* Robotics offers an economical, autonomous
solution for cleaning large ground-based
arrays.

* Eliminates human labor and supports efficient
maintenance for systems with up to 22,000
panels.

———Before
cleaning

After cleaning

Fig.1. solar panel cleaning

A. Existing System

The traditional method for cleaning solar
panels involves manual labor, which is time-
consuming, inefficient, and costly. Commercial
cleaning detergents, although effective, pose
environmental hazards and require frequent use
to maintain panel efficiency. Large solar farms,
consisting of thousands of panels, demand
substantial human resources and water for
regular maintenance. Additionally, factors like
dust, bird droppings, and environmental
pollutants accumulate on panel surfaces,
reducing efficiency by up to 50%. Manual
cleaning methods also expose workers to
hazardous conditions, such as extreme heat and
difficult terrain. Some semi-automated systems,
such as water-based cleaning robots, exist but
are limited by high water consumption and the
inability to navigate slanted panel surfaces
effectively. As solar farms expand, the
inefficiencies of manual or semi-automated
cleaning become more apparent, necessitating
an advanced solution that enhances efficiency
while reducing operational costs and human
involvement.

B. Drawbacks
Despite its advantages, the automated solar
panel cleaning system has several drawbacks.
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The initial investment for robotic cleaning
systems is high, making it less accessible for
small-scale solar farms. The reliance on vacuum
suction cups may lead to wear and tear over
time, requiring regular maintenance.
Additionally, the system may struggle with
extremely rough or uneven panel surfaces. In
regions with severe soiling, such as bird
droppings or hardened debris, the dry cleaning
method may not be as effective as water-based
cleaning. Moreover, power consumption by the
robot reduces the net energy gain, and extreme
weather conditions may impact operational
efficiency.

AIM AND OBJECTIVES

The main objectives of the project are
comprehended as follows:

Aim : This Solar Panel Cleaning Robot aims to
maintain the efficiency of Solar power
production by making sure the Solar panels
are kept clean without putting humans at risk.

Obijectives :

* To develop smart cleaning robot for solar
panels.

« To make wireless smartphone operation for
cleaning robot using Bluetooth technology.

» To effectively clean dirt from solar panels
using a roller brush and water sprayer.

« To enhance solar panel efficiency for both
industrial and  small-scale  applications,
including solar plants and rooftop panels.

LITERATURE SURVEY

Maghami et al. (2016) examine the effects of
soiling on solar panels, analyzing how dust
accumulation reduces sunlight absorption and
subsequently lowers power output. Their study
reviews various pollutants, such as soil, ash, and
calcium carbonate, showing how each affects
panel efficiency differently. They highlight the
importance of regular maintenance and propose
potential cleaning techniques to counteract dust
impact on PV systems. The authors argue that
managing soiling is crucial to sustaining optimal
energy output, as daily energy loss due to dust
can reach significant levels, especially in areas
with prolonged dry spells.

Sayyah et al. (2014) explore how dust
deposition on solar panels diminishes energy
yield. They document how dust density and
deposition rate correlate directly with power
losses, noting variations based on geographic
location and environmental conditions. The
study evaluates multiple cleaning strategies,
from manual to automated methods,
highlighting the economic and operational
impacts of each. Findings suggest that high-dust
regions experience more frequent and severe
energy Yield losses, emphasizing the need for
effective dust mitigation techniques to preserve
energy efficiency, particularly for large-scale
solar power systems.

llse et al. (2018) present an extensive review
of techniques to mitigate soiling losses in PV
systems, focusing on both preventive and active
cleaning solutions. They assess passive coatings,
robotic cleaners, and electrostatic methods,
comparing  their  cost-effectiveness  and
suitability for different environments. The study
shows that automated robotic systems provide
efficient and scalable cleaning for commercial
solar  installations, reducing  operational
disruptions. By identifying the best strategies for
soiling mitigation, this research provides
valuable insights for developers and operators to
improve PV panel longevity and output.

Bhushan et al. (2020) discuss power loss
minimization by adopting various solar panel
cleaning techniques. Their research evaluates
manual, semi-automatic, and robotic cleaning
options, analyzing each for cost, efficiency, and
long-term effectiveness. They emphasize that
automated systems, although costly upfront,
offer consistent cleaning quality, enhancing
panel performance and reducing maintenance
intervals. Their findings support the integration
of robotics in solar energy management,
especially in areas with frequent dust
accumulation, where they estimate power loss
could reach up to 20% without regular cleaning.

Mani and Pillai (2012) investigate the
influence of dust on PV performance, covering
research developments and the challenges
associated with dust accumulation. The authors
review the varying degrees of power loss caused
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by different dust types and recommend targeted
cleaning solutions based on environmental
conditions. They also highlight a need for
economical, region-specific cleaning
technologies to maintain PV efficiency,
especially in arid and semi-arid climates. Their
recommendations advocate for more research
into automated cleaning solutions and coatings
that prevent dust adherence, thereby preserving
PV output and reducing operational costs.

Our research aims to construct a solar panel
cleaning robot using Arduino and wireless
technology. The objectives of the project are to
design and implement a microcontroller-based
dust cleaning system by using Arduino UNO as
the main system, to optimise the performance of
PV panel operation under dusty environment,
and to improve the efficiency of the solar panel
by keeping them clean.

PROPOSED SYSTEM

Arduino
Uno

Controller

Fig. 1. Block Diagram of system

Their electric energy is stored in a battery
when the adaptor is used. The machine's
electrical switch board is powered by a 12v DC
battery. SMPS and the air dryer receive their
primary power from the electrical board, while
the sighing process and SMPS receive DC
power when they are operating. The DC motors,
which are essential to the cleaning process, are
operated by the moping process. One of the
single D.C. motors rotates the mop to clean the
central surface that the chassis covers.
Compared to the brush motor, the DC motor that
is used to rotate the mop has a higher torque.
The front portion of the solar array is cleaned by
another two DC motors with high RPM. The
brushes are rotated by the DC motor via the
shaft, which is fastened to the motor shaft by a

nut and bolt. The arc on the left side of the
chassis allows you to adjust the front mopping
mechanism, which cleans the uneven particles
that accumulate on the Solar's surface during the
summer.

A spinning mop brings moisture as well as
dust or dirt fragments into the central region of
the chassis during the wet season, which slightly
alters how the solar cleaning equipment
operates. In order to gather more water in the
center portion, the mopping heads rotate in the
opposite directions, collecting the water and dirt
mixture. For efficient cleanup, the mop is
rotated by the third motor. A water sprayer
pump is installed at the bottom for the water
tank to supply fresh water for effective cleaning;
the control valve sets the fresh water flow.

COMPONENTS USED

The manually operated Solar cleaning
machine consist of various elements such as, DC
motors, fresh water sprayer pump, mope, LED
lights, chassis and fresh water tank. For
converting the AC supply into DC the Switched
mode power supply (SMPS) is used. The fresh
water tank is used to stores the water in it. While
doing wet cleaning it provides water as per the
requirement. The switch board is fixed onto the
handle. It is used to start and stop the machine as
per operator’s wish different buttons are
provided to operate the different component.
Chassis is a Main part of machine which holds
all other parts on it. It is made up of mild steel
because it satisfies all the required conditions.
Water is stored in a chamber that has a opening
controlled by a motor. By putting this motor to
ON position water or cleaning liquid starts
flowing from the tank. A connecting pipe
connects it to a shower-style setup. There are
several manually adjustable holes in the
sprinkler system that are positioned in a
consecutive fashion. When a mop is not needed,
an arc is supplied to allow for positional
adjustment.

. Battery

. Adapter

. Arduino Controller

. Motor Driver controller
. Relay Board

. Bluetooth Module

. Mop for cleaning
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. DC Pump
. LCD Display
. Wheels

Software Required:
» Arduino Compiler
» MC Programming Language: Embedded C.

ADVANTAGES

1. Manual effort is reduced:

This solar cleaning machine has the electric
work system that reduces the manual effort in
the cleaning of surface.

2. Operating time is less:

As we are using the motorized brushes and mop
in this machine this will reduce the operating
time and cleaning work can be done faster.

3. It is possible to accomplish both cleaning and
polishing simultaneously:

By using mop we can clean the dirt and dust and
as well as at the same time solar polishing is
also done with the help of mop.

4. Power consumption is less:

The power usage is lower because we are
employing a low voltage electrical DC motor.

5. This machine requires low Maintenance cost.
6. In this machine Easy control of cleaning
solution supply by controlling valve.

7. Other than rough surfaces, it can be employed
in a variety of settings.

8. By further modification the drive or
movement can be made automatic.

APPLICATIONS

Applications of Solar Panel Cleaning Robot:

Industrial Solar Power Plants: Maintains
efficiency of large-scale solar panels in
dedicated solar power plants.

*Residential Rooftop Solar Panels: Cleans solar
panels in homes, boosting power generation
efficiency.

*Commercial Buildings: Enhances  the
performance of solar panels installed on office
rooftops.

*Solar Farms: Regularly cleans solar arrays in
vast solar farms to ensure maximum energy
output.

*Hazardous Locations: Operates in areas where
manual cleaning is risky or time-consuming,
ensuring worker safety.

*Remote Solar Installations: lIdeal for cleaning
panels in isolated or difficult-to-reach areas.

CONCLUSION

Dust, dirt, pollen, sea salt, and bird
droppings significantly impact solar panel
efficiency, reducing peak power generation by
10-30%. Robotic cleaning methods effectively
address this issue, enhancing power generation
capacity while offering easy maintenance, low
cost, and minimal power usage. The lightweight
device, primarily made of aluminum, ensures
affordability and efficiency, especially for large
solar systems. Automatic cleaning proves more
economical and less labor-intensive than manual
methods, enabling frequent and consistent
cleaning to  maintain  optimal  panel
transmittance. Innovative technology reduces
human effort, encourages regular cleaning, and
improves system performance. This
advancement promotes sustainable energy
solutions and supports India’s progress by
increasing solar efficiency, reducing costs, and
fostering a cleaner, healthier environment for
future generations.
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ABSTRACT

The three primary types of multilevel inverters—diode-clamped, flying-capacitor, and cascaded H-bridge
multilevel inverters—as well as their variations for photovoltaic power systems are thoroughly reviewed in this
work. Photovoltaic power systems typically create DC electricity. Therefore, it must be managed and transformed
into a form that is beneficial. An inverter is a power electronic device that transforms DC power into AC power at
the required output frequency and voltage. Because multilevel inverters may provide a staircase AC output voltage
waveform without the need of a large passive filter, they have recently become an interesting subject of study in the
field of electric power systems.

This paper presents multilayer inverter technology for photovoltaic power systems, which will be very beneficial in
identifying the limitations of this field of study and, consequently, provide information to address current problems
in the near future.

Keywords:multilevel inverter, flying-capacitor, diode-clamped, cascaded H-bridge

INTRODUCTIN

Demand for clean energy is rising as more energy is
produced from renewable resources like solar,
wind, hydro, and so on [1]. The most significant
renewable energy source in the world is the sun.
Photovoltaic (PV) power systems use PV panels to
turn sunlight into electricity. Solar panel-generated
DC power must be managed and transformed into
forms that can be used [2-4]. Authors have
proposed a variety of power inverter types. Pulse-
width modulated (PWM) multilevel inverters are
becoming increasingly popular among them
because of their numerous, dependable applications
[5]. Because of their staircase output voltage's low
total harmonic distortion (THD), large, costly, and
passive filters are not necessary [6-8]. Diode-
clamped, flying-capacitor, and cascaded H-bridge
multilevel inverters are the three fundamental types
of multilevel inverters [9]. The following sections
cover the functioning, benefits, and drawbacks of
diode-clamped, flying-capacitor, and cascaded H-
bridge multilevel inverters. This is how the rest of
the paper is designed.

DIODE-CLAMPED MULTILEVEL

INVERTE

2.1 Working of Diode Clamped Inverter

Clamping diodes and cascaded dc capacitors are used in
the diode-clamped multilevel to generate multi-level ac
voltage waveforms. In general, the inverter can be set up
with a three, four, or five-level topology; however, only
the three-level High-power medium-voltage (MV) drives
have made extensive use of inverters, also referred to as
neutral-point clamped (NPC) inverters. When compared
to a two-level inverter, the NPC inverter's primary
characteristics include lower dv/dt and THD in its ac
output voltages. Two cascaded dc capacitors typically
split the inverter's dc input voltage, creating a floating
neutral point. Additionally explained is how to manage
the neutral-point voltage variation.Figure 2.1 shows the
simplified circuit diagram of a three-level NPC
inverter.The inverter leg A is composed of four active
switches S; to Ss4 with four antiparallel diodes D; to Da.
In practice, either IGBT or GCT can be employed as a
switching device.
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Fig2.1 Three Level NPC Inverter

The dc bus capacitor on the inverter's dc side is
divided in half, creating a neutral point Z. The
clamping diodes are Dz; and Dz, which are connected
to the neutral point. Upon activating switches S, and
Ss, the inverter output terminal. One of the clamping
diodes connects A to the neutral point. Each dc
capacitor has a voltage of E across it, which is
typically half of the total dc voltage Vd. Neutral
current iZ can charge or discharge the capacitors when
Ca1 and Cg» have finite values, resulting in neutral-
point voltage variation.

The switching states displayed in Table 1 shows the
operational status of the switches in the NPC inverter.

Table 1: Switching States of three level (NPC)

inverter
. o Inverter
N Device Switching .
Switchin Terminal
States g Status (Phase A) Voltage
Sl Sz 83 S4 VAZ
P On | On | Off | Off E
0] Off | On | On | Off 0
N Off | Off | On | On -E

The upper two switches in leg A are in the "P"
switching state, and the inverter terminal voltage Vaz,
while "N" denotes that the lower two switches
conduct, resulting in Vaz = - E, the voltage at terminal
A with respect to the neutral point Z is +E. When the
inner two switches, S; and Ss, are in the "O" switching
state, the clamping diodes are clamping Vaz to zero.
Depending on the load's direction one of the two
clamping diodes is activated by current iA. For
example, terminal A is connected to the neutral point
Z via the conduction of Dz and S,, and Dz; is forced
to switch on by a positive load current (i > 0).

2.2 Commutation Circuit
Consider a switch from switching state [O] to [P] by
turning Ss off and S; on in order to examine the
commutation of switching devices in the NPC
inverter. The gate signals vgl through vg4 for
switches S; through S are displayed in Figure 2.2.a,
respectively. Comparable .The complementary switch

pair S; and Sz must have a blanking time of ~ due to the
gating configuration in the two-level inverter. The circuit
layout for inverter leg A during commutation is displayed
in Figures 2.2.b and 2.2.c. Each active switch has a
parallel resistor for static voltage sharing. Based on the
phase A load current iA's direction, the following two
cases are looked into.

[0] g [P]

Fig.2.2.a Gate Signals
Case 1: Commutation with i >0

It is assumed that (a) the inductive load causes the load
current (ia) to remain constant during commutation, and
(b) the dc bus capacitors Cq1 and Cq are big enough so
that all of the switches are in perfect condition and the
voltage across each capacitor is maintained at E.
Switches S; and S4 are off in the switching state [O],
whereas S, and Sz are conducting.

The positive load current (ia > 0) activates the clamping
diode Dz;. While the voltage on each of the off-state
switches, S; and Sy, is equal to E, the voltages across the
on-state switches, S, and S, are determined by Vs, = Vs3
= 0. At § interval Sz is being turned off at this time. The
in routes are unaltered. The static voltage sharing
resistors R; and R4 cause the voltages across Ss and S to
become Vs; = Vsa = E/2 when Ss is fully turned off. The
top switch S; is gated on (Vs: = 0) in the switching state
[P]. Because it is reverse-biased, the clamping diode Dz
is off. From Dz; to Sy, the load current iA is commutated.
The voltage across Ss and S. has already been in the off-
state because Vs3 = Vsq = E is the result of dividing these
two switches evenly by Rs and Rua.
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Fig. 2.2.b Commutation with iA>0

& Interval

Case 2: Commutation with iA <0

Fig. 2.2.c shows the commutation process with iIA < 0. S
and Sz conduct in the switching state [O], and the
negative load current iA activates the clamping diode
Dz. The off state voltage across Vsi = Vsa = E for
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switches S; and Ss. At turn-off, Ss's resistance is
always less than S.'s off-state resistance. As a result,
Vss remains at E while Vss rises from zero to E.
When S1 is in the switching state [P], the circuit's
functionality is unaffected by its activation.
Due to the conduction of D; and D, even when S; and
S, are turned on, they do not carry the load current.
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Fig. 2.2.c Commutation with iA<O

It may be inferred that during the transition from
switching state [O] to [P], all of the switching
components in the NPC inverter can only tolerate half
of the dc bus voltage. Likewise, the commutation from
[P] to [P] can be interpreted in the same way. [O], [N]
to [O], or the other way around. As a result, there is no
dynamic voltage sharing issue with the switches in the
NPC inverter.

CASCADED H-BRIDGE MULTILEVEL
INVERTERS

One of the common converter topologies utilized in
high-power medium-voltage (MV) drives is the
cascaded H-bridge (CHB) multilevel inverter [1-3]. It
is made up of several single-phase H-bridge power
cell modules. In order to achieve medium-voltage
operation, the H-bridge cells are typically coupled in a
cascade on their ac side. as well as minimal harmonic
distortion. In reality, a CHB inverter's operational
voltage and manufacturing cost mostly dictate how
many power cells it has. An H-bridge power cell is fed
by each of the several separate dc supply used by the
CHB multilevel inverter.

The cascaded H-bridge multilevel inverter generates
large ac voltages by connecting several H-bridge
power cell units in a series chain, as the name implies.
Fig. 3.1.1 depicts a typical five-level CHB inverter
design.

I,

Fig 3.1.1 Five-level cascaded H-bridge inverter.

Two H-bridge cells driven by two separate dc sources
with the same voltage E make up each phase leg.
Multipulse diode rectifiers, which are typically used to
get the dc supplies. Five voltages can be produced by the
CHB inverter in Fig. 3.1.1. levels. The output voltage of
the H bridge cells H1 and H2 is VH1 = VH2 = E when
switches S11, S21, S12, and S22 are conducting. The
resulting inverter phase voltage is VAN = VH1 + VH2 =
2E, which is the voltage at the inverter terminal A with
respect to the inverter neutral N.

Similarly, VAN = —2E when S31, S41, S32, and S42 are
turned on. Table 2 summarizes the several switching
states that correspond to the other three voltage levels,
which are E, 0 and -E. It is important to remember that
the load phase voltage VAO, or the voltage at node A
with respect to the load neutral O, may not always be
equal to the inverter phase voltage VAN.

Table 2: Voltage Level and Switching State of the Five-
Level CHB Inverter

Output | switching State

Voltage VH1 [ VH2

VAN S11 | S31| S12 | S32

2E 1 0 1 0 E E
1 0 1 1 E 0

E 1 0 0 0 E 0
1 1 1 0 0 E
0 0 1 0 0 E
0 0 0 0 0 0

0 0 0 1 1 0 0
1 1 0 0 0 0
1 1 1 1 0 0
1 0 0 1 E -E

e [t 11 To € [€
0 1 1 1 -E 0
0 1 0 0 -E 0
1 1 0 1 0 -E

2E 0 0 0 1 0 -E
0 1 0 1 -E -E
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3.1 Modified Cascaded H-Bridge Multilevel Inverters

The Authors suggested a number of modified
cascaded H-bridge multilevel inverters based on the
Quasi-Z source concept in order to get rid of the
constraints of the original design. A novel PV system
topology is the quasi-Z source cascaded H-bridge
multilevel inverter (QZS-CHB). Figure 3.2 explains
the structure of PV system based on QZS-CHB
multilevel inverter.
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Fig 3.2. QZS-cascaded H-bridge multilevel inverter.
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Two PV strings, three QZS H-bridge modules,
filtering inductance, and the distribution grid make up
this system. The total of all module output voltages is
the QZS H-bridge multilevel inverter's output voltage.
The output voltage waveform's number of levels often
rose as the number of QZS H-bridge modules
connected in series increased. This topology's primary
benefit is its ability to successfully resolve the DC-
link voltage imbalance issue. This system's
shortcomings include the fact that it has many parts,
making it expensive and complicated.

MULTILEVEL FLYING-CAPACITOR
INVERTERS

A common five-level flying-capacitor inverter
arrangement is depicted in Figure 4.1. By
incorporating dc capacitors into the cascaded
switches, it is an evolution of the two-level inverter.
Each of the inverter legs contains four complementary
switch pairs. Leg A's switch pairs, for instance, are
(S1, S17)), (S2, S2°), (S3, S3°), and (S4, S4°). As a
result, each inverter phase only needs four separate
gate signals. Five different voltage levels can be
produced by the flying-capacitor inverter shown in
Fig. 4.1. When S1, S2, S3, and S4 switches are in the
conducting state. The voltage at the inverter terminal
A in relation to the negative dc bus N is 4E, which is

the phase voltage VAN. Likewise, VAN = 3E when S1,
S2, and S3 are turned on. All of the voltage levels and the
matching switching states are listed in Table 3. Noted
that several switching states can be used to get different
voltage levels. For example, six sets of distinct switching
states can produce the voltage level 2E. Multilevel
converters frequently experience switching state
redundancy, which offers a great deal of flexibility in
designing the switching pattern.
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Fig 4.1 Five-level flying-capacitor inverter

Although the flying-capacitor inverter topology is based
on the two-level inverter, it has some limitations. It is a
multilevel inverter that produces voltage waveforms with
reduced dv/dt and THD, and contains the same features
as the two-level inverter, such as modular structure for
the switching devices. Many dc capacitors with
independent circuits for pre-charging. Several banks of
large dc capacitors are needed by the inverter, and each
one has its own pre-charge circuit. The working
circumstances of the inverter typically affect the dc
capacitor voltages. The voltages on the dc flying
capacitors must be strictly regulated to prevent the issues
brought on by the dc voltage deviation, which makes the
control plan. Owing to the aforementioned limitations;
the flying-capacitor inverter's practical application in the
drive system appears to be restricted.

Table 3: Voltage Level and Switching State of a Five-
Level Flying-Capacitor Inverter
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A COMPARISON OF THE ESSENTIAL
MULTILEVEL INVERTER TYPES

This section presents a comparison of cascaded H-
bridge multilevel inverters, diode-clamped inverters,
and flying-capacitors. According to the comparison,
the cascaded H-bridge multilevel inverter has become
more popular because of a number of characteristics,
including the fact that it doesn't require an excessive
amount of clamping diodes and flying capacitors. The
H-bridge can be added or removed to conveniently
regulate the output voltage levels. It creates a
multistep staircase voltage waveform that is almost
sinusoidal by increasing the number of levels. The
cascaded H-bridge multilevel inverter structure does
not require a voltage balance circuit since it is made
up of a cascaded connection of H-bridge units, each of
which is fed with its own DC source. Only diode-
clamped multilevel inverters require the clamping
diode, while both diode-clamped and flying-capacitor
multilevel inverters require the balancing capacitor.
For the cascaded H-bridge multilevel inverter fewer
components are needed. The H-bridge multilevel
inverter topology has lately gained popularity in high
AC power supplies and photovoltaic systems due to its
reduced component count. Additionally, the likelihood
of a system failure is reduced, and switch control is
simple.

CONCLUSIONS

Basic multilevel inverter topologies and their
modifications are thoroughly discussed in the study.
Furthermore, the fundamental kinds of a variety of
factors are used to compare multilayer inverters.
Classical multilevel inverter structures have been
examined, along with the benefits and drawbacks of
each method. Multilevel inverters' primary benefit is
that they address the issues of THD and dv/dt stress on
switches. The explanation that follows leads to the
conclusion that, in comparison to other multilevel
inverter types, cascaded multilevel inverters require
fewer components. Thus, it uses fewer semiconductor
switches to generate a higher stepped output. Because
there are fewer switches, the circuit's overall control is
simpler and more compact.
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ABSTRACT

Municipal Solid Waste Management (MSWM) remains a critical challenge for Indian Urban Local Bodies (ULBSs)
due to rapid urbanization, population growth, and inefficient waste disposal mechanisms. The integration of Artificial
Intelligence (Al) with Geographic Information Systems (GIS) offers a transformative approach to optimize waste
collection, route planning, landfill site selection, and predictive analytics for waste generation patterns. This review-
based study explores various Al-driven GIS applications in MSWM, comparing existing methodologies, case studies,
and data-driven insights. The study aims to assess the effectiveness of Al and GIS technologies in addressing
inefficiencies in waste management by analysing different models, such as machine learning-based waste
segregation, route optimization using deep learning, and loT-enabled real-time monitoring. The methodology
involves a comparative analysis of global and Indian case studies, leveraging GIS-based spatial analysis, deep
learning algorithms, and statistical visualization to highlight efficiency improvements.

Findings indicate that Al-integrated GIS solutions significantly enhance waste collection efficiency, reduce
operational costs, and improve environmental sustainability. However, challenges such as data availability,
technological adoption barriers, and infrastructural limitations in Indian ULBs must be mention. The study concludes
by advocating for Al-GIS adoption in MSWM policies, proposing a strategic roadmap for scalable and cost-effective
implementation.

KEYWORDS: Al in Waste Management, GIS, Smart Cities, Urban Local Bodies, Machine Learning, Waste
Collection Optimization.

1 INTRODUCTION resilient, and sustainable.
1.1 Context of Urban India’s MSWM The integration of Geographic Information

] . o o ) Systems (GIS) and Artificial Intelligence (Al) offers
India's rapid urbanization has led to a significant increase transformative solutions for MSW management. For
in municipal solid waste (MSW) generation, with urban jnstance, In india, a, GIS was utilized to optimize waste
areas producing approximately 160,038 tonnes daily. collection routes, leading to a 15%-28% reduction in
Traditional waste management practices, such as manual operational costs and improved service efficiency.
collection and open dumping, have proven inadequate, Additionally, Al-based forecasting models in New Delhi
resulting in environmental pollution and health hazards. have demonstrated high accuracy in predicting waste
To address these challenges, the Swachh Bharat Mission generation, aiding in efficient resource planning. These
(SBM) was launched in 2014, emphasizing scientific technological interventions enhance waste collection

MSW  management and aligning with Sustainable efficiency, reduce operational costs, and promote
Development Goal 11 to make cities inclusive, safe,
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environmental sustainability. management (MSWM) is inefficient collection and

segregation. Despite a reported collection efficiency of

India's rapid urbanization and population 95.4%, a substantial portion of waste remains

expansion have significantly escalated municipal solid unsegregated at the source, making recycling and proper

waste (MSW) generation in urban areas. Currently, disposal difficult. The lack of a structured waste sorting

Indian cities produce approximately 160,038 tonnes of mechanism at the household level exacerbates the

MSW daily, with projections estimating an increase to problem, forcing waste management authorities to rely on

165 million tonnes annually by 2031 and a staggering 436 inefficient post-collection segregation methods. Another
million tonnes by 2050. pressing issue is inadequate treatment and disposal.

A significant fraction of MSW is dumped in low-lying

areas or open landfills without scientific treatment, leading

to severe environmental pollution, groundwater

MSW / Day (In tonnes) contamination, and public health risks. Open dumping and

unregulated landfills contribute to greenhouse gas

emissions, particularly methane, further aggravating

400 climate change concerns. Addressing these issues requires
200 a paradigm shift toward sustainable waste management

600

practices, leveraging modern technologies such as
Artificial Intelligence (Al) and Geographic Information
2014 2022 2031 2050 Systems (GIS) to optimize waste collection, improve
= MSW / Day (In tonnes ) segregation effmency, and implement environmentally
sound treatment and disposal methods.
Figure No.1: Municipal (Urban) Solid waste generation per 1.2.1 Traditional vs. Modern Approach MSWM
day Year wise data (in tonnes) projection in (2031, 2050)

MSWM

The composition of MSW is diverse, with Methods/Techniques

biodegradable waste constituting the largest share

(42.51%), followed by paper (9.63%), plastics and rubber [ 1 I
(10.11%), metals (0.63%), glass (0.96%), and inert
materials  (17%). However, the current waste |Traditional Approach Modern Approach
management infrastructure in urban India struggles to
?Ope. W'th. th.'s gr0W|_n g waste b_u rden, leading to Manual Collection Mechanical Segregation
inefficiencies in collection, segregation, treatment, and ) N T
disposal. Open Dumping Scientific Landfilling
Minimal Segregation \Waste-to-Energy Plants
Sr. | Component of Urban Percentage (%0)
No SW
1 Biodegradable 42.51 ebor-mtencive
2 !Daper 9.63 processes g/l;igmgted
j PIaSt:\(;IS/ Rubber 10.11 Open Disposal scientific landfills
etal 0.63 Environment waste to energy
5 Glass 0.96 Degradation Proper
6 Inert 17.00 less SEQQragaﬁon Seggragation
complicated recycling Easy recycling
Table No.1l: Municipal (Urban) Solid waste components

ercentage (Inclusive National figure, 2018 . . .
P ge ( g ) Figure No.2: MSWM Techniques- Traditional Vs Modern

Approach
1.2 Challenges

One of the critical challenges in municipal solid waste
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1.3 Swachh Bharat Mission (SBM) and Urban
Sustainability Goals in India

SBM was Launched in 2014, the Swachh Bharat Mission

C) Predictive Analytics:
forecast waste generation trends, enabling proactive

Machine

planning and resource allocation

aims to achieve universal sanitation and a clean 2 METHODOLOGY:

environment. Under its urban component, SBM

emphasizes scientific MSWM, promoting practices such  Following Methodology Adopted for the Review
as door-to-door collection, source segregation, and the base understanding of MSWM GIS through Al

establishment of composting and recycling facilities.
These initiatives align with India's commitment to the
Sustainable Development Goals (SDGs), particularly
Goal 11, (11.1,11.2,11.3,11.4,11.5,11.6) which focuses
on making cities inclusive, safe, resilient, and sustainable.

Figure No.3: SDG 11 Sustainability Goals

1.4 Integration of GIS and Al in Urban Solid Waste
Management

In today’s world modern Urban planners Engineers uses
the convergence of Geographic Information Systems
(GIS) and Artificial Intelligence (Al) which offers
transformative solutions for MSWM.

Applications: It has following applications,

a) Route Optimization: Al algorithms analyze spatial
data to determine efficient waste collection routes,
reducing fuel consumption and operational costs

b) Site Selection for Disposal: GIS-based analysis
assists in identifying suitable locations for waste
disposal facilities, considering factors like population
density, land use, and environmental impact

application on Indian cities.

learning models

Step Step Title Description

No.

1 Understanding Analyze current MSWM
Background of status, challenges, and
MSWM in Urban waste  policies  like
India Swachh Bharat

Mission (SBM) SDG
Goal.

2 Comparing Evaluate manual
Traditional vs. collection; open
Modern MSWM dumping vs. Al-based
Techniques waste segregation,

smart  bins, WItE
plants.

3 Role of GIS in Solid | Study how GIS, Al, and
Waste Management | RS  optimize waste

collection, segregation,
landfill site selection,
and decision-making.

4 Comparing Case Compare Aurangabad,
Studies of 4 Indian Hyderabad, Kolkata,
Cities Chandigarh, on waste
(including metro) collection, cost savings,

and efficiency.

5 Drawing Results & Prove benefits of AI-GIS
Framing Conclusion | in MSWM

sustainability, cost
reduction, and data-
driven urban planning.

Table No 2: Methodology Chart Shows 5 Step Involved in to

the attempt of GIS MSWM Study for review paper.
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2.1 Al-integrated Geographic Information
System (GIS) framework Stages:

Approach to implementing an Al-integrated
Geographic Information System (GIS) framework for
Municipal Solid Waste Management (MSWM) in
urban local bodies (ULBS) in India. The proposed system
leverages Artificial Intelligence (Al), Machine
Learning (ML), Deep Learning (DL), Internet of
Things (1oT), and Remote Sensing (RS) technologies
for efficient waste collection, transportation, segregation,
treatment, and disposal.

Step 1: Data Collection & GIS Mapping

e  Satellite Images & Remote Sensing (RS)
10T Sensors in Waste Bins
GPS Tracking of Waste Collection Vehicles
Public Feedback & Surveys
Historical Waste Generation Data

Gp 2: Al-Based Waste Generation Prediction and \

Route Optimization

A. Predictive Analytics using Al & ML

e Machine Learning (ML) models to predict
future waste generation trends.

e  Deep learning models (CNN, LSTM) CCTV
cameras at LFS, DS.

e  Al-based forecasting tools for resource
allocation and infrastructure expansion.

B. Route Optimization using GIS and Al

e Geospatial Al Model App

e Ai Algorithm App auto mechanism

e Real-time adjustments & 10T sensor alerts

K System
Qp 3: Smart Waste Segregation and Recycling \

Using Al & loT
A. Al-Based Waste Segregation:
e Al-powered robotic arms equipped with image
recognition (CNN models) for waste sorting.
e  Smart conveyor belts use Deep Learning (YOLO,
Faster R-CNN) to detect and separate materials.
e 0T sensors at Material Recovery Facilities
(MRFs) track the quantity and type of segregated
waste.
B. Automated Recycling Systems
e  Machine Learning algorithms : Automation in
swm scheme

K Block chain for Waste Management :

/

Step 4: Scientific Landfill Management and
Waste-to-Energy Conversion

e GIS-Based Landfill Site Selection

e Al-Fnabled Waste-to-Fnerav Plants

Step 5: Al-Powered Monitoring and Policy
Decision Support (SI) & (RS)

e Real-Time Monitoring

e Al inPolicy & Governance:

- J

REALLOCATION OF BINS
& NEW SECTORISATION

S0 e
P el
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JSa ’ o0 = st ).
» @ . 9 < L3 )
," @ ® QQ (o] ‘9 T See
0. . @ ® b, Ve
o o, o N ® ' .
. g © 2 g
~0: 0 @
o ° R e T
iz TE o . & @ Q.
sasy oS v g L .
to e o e o P
3 ° o ©° & ,
0l e e -
. E el <
T '-" N % e new sestor
g 7 - @—>~—new bins
H o i — existing bins

60m huffer
zone

1)(2)(3
E" K . | |
ZRR sensor  ZonRobolics Bram ZenRobates
urit scans the control software Bran identifies

waste stream  analyses data and  matenals,
controls the objects

gropng points

Smart Gripper utple ’
5 facbons in £ '
desired cbjects one spat . B

Fig No 4 : MSW Collection Routes Mapping, Waste
Segregation, Landfill Management (Source: net images)
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3. AI-INTEGRATED (GIS) MSWM CASE
STUDIES:

India's urban centers face significant challenges in
managing municipal solid waste (MSW) due to rapid
urbanization and population growth. The integration of
Geographic Information Systems (GIS) and Artificial
Intelligence (Al) has emerged as a transformative
approach to enhance the efficiency and sustainability of
solid waste management (SWM). This discussion
presents case studies from four Indian cities -
Aurangabad, Hyderabad, Kolkata, and Chandigarh—
highlighting their adoption of GIS and Al technologies in
SWM.

3.1 Case Study 1: Aurangabad

Aurangabad, located in Maharashtra, has
implemented GIS-based models to optimize waste bin
allocation and collection routes. Prior to this intervention,
the city faced challenges with inefficient bin placement
and irregular waste collection schedules. By analyzing
spatial data, the municipal authorities reallocated waste
bins and redesigned collection routes, leading to
improved efficiency in waste collection and reduced
operational costs. The GIS model facilitated better
decision-making by providing a visual representation of
waste generation patterns and collection logistics.

In Aurangabad, GIS was utilized to optimize
waste collection routes, leading to a 15% reduction in
operational costs and improved service efficiency.

Technological Interventions:

e Machine Learning (ML): Enhances waste
segregation processes by classifying waste types
through image recognition.

e Internetof Things (10T): Sensors monitor waste
bin levels in real-time, facilitating timely
collection and reducing overflow incidents.

e Remote Sensing: Assists in monitoring landfill
sites and detecting unauthorized dumping
through satellite imagery.

3.2 Case Study 2: Hyderabad

In  Hyderabad, the integration of GIS,

Management Information Systems (MIS), and Global
Positioning Systems (GPS) has revolutionized SWM.
The city developed a comprehensive GIS-MIS-GPS
framework to monitor waste collection in real-time. This
system enabled tracking of waste collection vehicles,
ensuring adherence to designated routes and schedules.
The implementation led to a significant increase in
collection efficiency and a reduction in fuel
consumption. The real-time data facilitated prompt
decision-making and resource allocation, enhancing
overall service delivery.

e Increased Waste Collection Efficiency: The
city manages approximately 2,200 metric tonnes
of solid waste daily, with 1,500 metric tonnes
disposed of via landfilling and 700 metric tonnes
utilized for power generation.

e Optimized Resource Utilization: The system's
real-time tracking and route optimization have
led to a reduction in fuel consumption and
operational costs, though specific percentages
are not detailed in the available sources.

e Enhanced Service Delivery: The
implementation of the GIS-MIS-GPS framework
has improved adherence to waste collection
schedules and routes, resulting in more reliable
and timely services.

o Data-Driven Decision Making: The integration
of these technologies provides comprehensive
data that supports informed decision-making and
strategic planning for future waste management
initiatives.

o 3.3 Case Study 3: Kolkata

Kolkata Municipal Corporation (KMC) employed

GIS technology to optimize the placement of waste bins
across the city. The traditional approach resulted in
uneven distribution, leading to overflows in some areas
and underutilization in others. By conducting a
locational analysis using GIS, KMC identified optimal
sites for bin placement, considering factors such as
population density and waste generation rates. This
strategic allocation improved waste collection efficiency
and reduced instances of public littering.
Kolkata has implemented Geographic Information
Systems (GIS) and Artificial Intelligence (Al) to
enhance its Solid Waste Management System (SWMS).
Key improvements include:
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o Optimized Waste Bin Placement: A GIS-based
study identified optimal locations for waste bins,
considering factors like population density and
waste generation rates. This strategic placement
improved collection efficiency and reduced
operational costs.

e Increased Waste Collection Efficiency: The
city generates approximately 3,500 metric
tonnes of solid waste daily. Implementing GIS
and Al technologies has streamlined collection
processes, leading to more timely and effective
waste management.

o Enhanced Resource Allocation: By analyzing
spatial data, authorities have optimized the
deployment of collection vehicles and
personnel, resulting in cost savings and
improved service delivery.

e Improved Waste Segregation: The integration
of Al has facilitated better sorting of waste at the
source, increasing the percentage of segregated
waste and promoting recycling efforts.

o Data-Driven Decision Making: The use of GIS
and Al provides real-time data analytics,
enabling informed decisions regarding route
planning, resource allocation, and policy
formulation.

e 3.4 Case Study 4: Kolkata

Chandigarh implemented a GIS-based system to
assess and enhance its MSW management. The city
utilized spatial analysis to map waste generation
sources and identify optimal routes for collection
vehicles. This approach addressed previous challenges
of route redundancy and uneven service distribution.
Post-implementation, Chandigarh experienced
improved waste collection coverage and a reduction in
operational costs. The GIS application provided a
platform for continuous monitoring and optimization of
the SWM processes.

Chandigarh has significantly enhanced its Solid
Waste Management System (SWMS) through the
integration of Geographic Information Systems (GIS)
and Artificial Intelligence (Al) technologies. Key
improvements include:

e Optimized Waste Collection Routes: By
utilizing GIS applications, Chandigarh has
developed an integrated MSWM assessment
model that optimizes collection and transport
routes. This model aims to minimize costs,
distances, and time associated with waste
collection, leading to more efficient operations.

e Cost Reduction in Waste Management:
Collection and  transportation  activities
traditionally account for 60-70% of the total
expenditure  in  municipal  solid  waste
management. The implementation of GIS-based
route optimization has significantly reduced these
costs, though specific figures are not provided.

e Enhanced Road Condition Monitoring: The
Municipal Corporation (MC) of Chandigarh has
initiated a project employing Al and GIS tools to
assess and monitor the condition of 200 km of
roads. This initiative aims to identify potholes,
uneven surfaces, and other maintenance needs in
real-time, facilitating prompt repairs and
improved infrastructure management.

o Data-Driven Decision Making: The integration
of Al and GIS technologies provides
comprehensive data that supports informed
decision-making and strategic planning for future
waste management  and infrastructure
maintenance initiatives.

4. RESULT AND FINDING

4.1 comparison of integrated technologies used in
various Cities

Comparing the municipal solid waste management
(MSWM) practices in Aurangabad, Hyderabad, Kolkata,
and Chandigarh reveals diverse applications of
Geographic Information Systems (GIS), Remote Sensing
(RS), Artificial Intelligence (Al), Machine Learning (ML),
and Deep Learning (DL) technologies. The table below
summarizes the technologies employed by each city across
various MSWM functions:
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City Waste Route Waste Recycling Data Future
Collection Optimization Segregation Management Waste

Generation

Prediction

Aurangabad | GIS-based GIS utilized for | Efficiency Application of | GIS employed Al integrated
system for optimizing increases DL, Ai tool for data GIS Data
monitoring and | collection routes, | from 28% to | manage to collection and
managing reducing travel 67% recycle 21% of | management
waste distances and recycling of related to waste
collection fuel daily waste collection
routes. consumption. activities.

Hyderabad | Integration of | GIS and GPS Increased Optimizing MIS servesasa | Al integrated
GIS, MIS, and | technologies efficiency different option | centralized GIS Data
GPS for real- used to ensure enormously | related to platform for data
time adherence to double to the | recycling on collection,
monitoring of | designated earlier trial models to storage, and
waste routes and readings find better analysis.
collection schedules. suitability.
vehicles.

Kolkata GIS employed | GPS and Real Integrated Huge waste was | GIS aids in Al integrated
to determine time technology | technology treated spatial analysis GIS Data
optimal adopted of Ai sensor | recycling waste | for strategic
locations for base two process through | placement of
waste bins, landfill sites | various ML, waste collection
enhancing design Sensor adoptive | infrastructure.
collection scientifically | process
efficiency.

Chandigarh | GIS-based GIS utilized for | Aland ML Demo Level Integration of Al-driven
models route models are [Trial is GIS and Al data analytics
optimize waste | optimization, playing on working at facilitates analyze waste
collection enhancing the demo spatial level continuous generation
routes, efficiency and status which | scale upgrading | monitoring and patterns,
reducing travel | reducing results 83% data supporting
distances and operational success rate management of | informed
fuel costs. waste collection | decision-
consumption. activities. making.

Table No 3: Comparison of Case Studies based on Waste
Collection, Route Optimization, Segregation, Recycling,
Data Management, Future Waste Generation Prediction 25
parameter through Ai integrated GIS MSWM optimization

used in these cities. 20
4.2 Findings of Case Studies about Integrated Ai o
Technology with GIS Application for MSWM. 10

5

Figure No 3: Graph Shows City wise % Percentage Cost
Saving (reduction) In waste Collection Process after GIS 0
base ai application Use.

% Cost Saving on Waste Collection Proces

Aurangabad Hyderabad

% cost Saving

Kolkata

Chandigadh
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A. Improved Waste Collection Efficiency

e Aurangabad: Optimized waste collection (680
MT) routes led to a 15% reduction in
operational costs.

o Hyderabad: 18% Increased efficiency in waste
collection; manages 2,200 metric tonnes daily,
with 1,500 MT landfilled and 700 MT used for
power generation.

e Kolkata: Waste collection efficiency increased
21% due to GIS-based bin placement. Handles
3,500 metric tonnes daily.

e Chandigarh: GIS-enabled route optimization
led to cost savings up to 23% in collection and
transport.

Waste Collection Improvement in MT

4000
3500
3000
2500

2000
1500
1000 I
50 l
o M

Kolkata Chandigadh

o

Aurangabad Hyderabad

m Waste Collection Before
m Waste Collection After GIS base Al app

Figure No 4: Graph Shows City wise Improvement in
waste Collection (before and after)use of GIS&AI

B. Route Optimization & Fuel Savings
. Aurangabad: GIS models reallocated waste
bins and optimized collection routes, 20%Fuel Saving,

reducing travel distances average 40 minutes daily.

. Hyderabad: Real-time GPS tracking decreased
fuel consumption up to 19%,

. Kolkata: Data-driven vehicle deployment
minimized travel inefficiencies y 50%

. Chandigarh: GIS Trial models optimized
collection routes and reduced fuel consumption 15%,
improving service coverage.
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Figure No 5: Graph Shows City wise Improvement in Route
Optimization, waste collection, time and fuel saving figures
after GIS base Al integration Application.

C. Enhanced Waste Segregation & Recycling

. Aurangabad: Machine Learning (ML) image
recognition improved waste classification by 20% and
recycle 30% gradually with saving time around 25% than
usual one.

. Kolkata: Al-enabled segregation waste recycling
efforts by improving 25% efficiency and reduce human
efforts from 10-30 % with waste segregation.

. Hyderabad: Al Sensors segregation reduces
waste recycling efforts by improving 21% efficiency Even
23% Improvement Observe in Segregation

. Chandigarh: Al and GIS tools mapped waste
sources and optimized recycling strategies with 18%
improvement. Waste segregation raises up to 28% Helps
in real time data for future prediction and site
identification.
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Figure No 6: Graph Shows City wise Improvement in Waste
Segregation, Recycling Efficiency and real time manpower —
time reduction, percentage figures after GIS base Al
integration Application.
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D. Cost Reduction in MSWM Operations

Aurangabad: GIS-led bin reallocation
and optimized routes reduced expenses.

Hyderabad: Fuel cost savings due to
GPS-tracked route optimization.

Chandigarh: Collection and transport
cost savings; MSWM traditionally
accounts for 60-70% of total municipal
expenses, Saved almost 1/3" of total
cost.

E. Better Data Management and Decision Making

Aurangabad: Remote Sensing (RS)
identified unauthorized landfill sites.

Hyderabad: GIS-MIS-GPS integration
facilitated real-time monitoring and
resource planning integrated system

create a real time data of waste generation.

Kolkata: Al-driven data analytics helped
authorities in policy formulation and
infrastructure planning to cater huge
density and expanded part of city.

Chandigarh: Al and GIS provided
comprehensive data for strategic decision-
making in waste management.

4.3 Finding Summary:

e GISand Al have significantly improved MSWM
efficiency (optimized collection, transport,
and waste disposal)

e Cost-effectiveness and fuel savings (Route
optimization and tracking systems reductions
in fuel consumption and operational costs)

e Improved waste segregation and recycling
efforts (higher recycling rates and better waste
processing.)

e Data-driven decision-making enhances
municipal planning (GIS and Al provide real-
time data and predictive analytics)

e Sustainability and environmental benefits
(better recycling practices, and optimized
landfill management cleaner and healthier
urban environments)

5. CONCLUSION

The integration of GIS, Al, ML, and Remote Sensing (RS)
has significantly transformed municipal solid waste
management (MSWM) in Indian urban areas, as
demonstrated in the case studies of Aurangabad,
Hyderabad, Kolkata, and Chandigarh. These cities have
successfully utilized technology-driven solutions to
optimize waste collection, improve route planning,
enhance waste segregation, and enable data-driven
decision-making. Aurangabad’s GIS-based waste bin
allocation and route optimization resulted in a 15%
reduction in operational costs, while Hyderabad’s GIS-
MIS-GPS framework streamlined real-time tracking,
leading to improved efficiency and reduced fuel
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consumption. Similarly, Kolkata’s Al-enhanced waste
segregation improved recycling rates, and Chandigarh’s
GIS-enabled route planning and monitoring led to cost-
effective and sustainable waste management solutions.

The implementation of Al-powered predictive modeling
has allowed municipalities to forecast future waste
generation, ensuring better resource planning and
infrastructure development. Additionally, loT-based
smart sensors have helped in monitoring waste bin levels
in real-time, reducing overflow incidents and ensuring
timely collection. These advancements contribute to
India’s Swachh Bharat Mission (SBM) and urban
sustainability goals, addressing critical environmental
and public health concerns. Despite these successes,
challenges such as data integration, financial constraints,
and public participation remain, requiring continuous
policy support and technological innovation. Moving
forward, scaling up AI-GIS applications across more
urban centers and integrating waste-to-energy solutions
can further strengthen India’s efforts toward sustainable
and environmentally friendly waste management.

The integration of GIS and Al in MSWM
presents a promising avenue for urban local bodies in
India to enhance efficiency, reduce costs, and promote
environmental  sustainability. = Embracing  these,
technologies, supported by initiatives like the Swachh
Bharat Mission, can significantly improve waste
management practices, contributing to the broader urban
sustainability goals of the nation.
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ABSTRACT

Solar energy is a crucial renewable energy source. Its vast availability makes it an attractive option for electricity
generation. According to the International Energy Agency, Developing affordable, Inexhaustible, And clean solar
energy technologies will yield significant long term benefits. India is among the leading countries in renewable
energy production, With renewable sources contributing 21.22% of The Nations total utility electricity. The primary
goal of the solar class roadway is to generate renewable energy on surface that can be walked or driven upon. This
project has the potential to become a smart grid for the nation, Supplying energy to homes and businesses along its
path. If implemented on a large scale, Solar roadways could produce substantial amount of renewable energy. It is
also essential to continue supporting other forms of renewable energy.

Keywords- Solar Glass Road, Green India, Inexhaustible, Renewable Sources, Conventional Energy, Fossil Fuel, Modularity,

Photovoltaic Cell

INTRODUCTION

In response to concerns about global warming and our
dependence on fossil fuels, we explored the concept of
replacing conventional or traditional wearing course
with photovoltaic materials that can be driven on. This
innovative idea involves Panels made of special
formatted tempered glass, Capable of supporting the
weight of semi-truck And providing a traction surface
compared to asphalt. Imagine constructing a section of
road from this material and incorporating LEDs to
illuminate road lines from beneath, Enhancing nighttime
Driving safety. Additionally, A heating element could be
embedded in the surface to prevent snow and ice
accumulation in colder climates. Such ideas lead to the
inception of solar roadway project. Bharat is primary
nation to establish a Authority dedicated to NCER, The
Authority of new and renewable energy in (MNRE), In
1980. The SECOI, A public sector undertaking, Is
responsible for Advancing the solar energy industry in
the country. A solar roadway is a road surface that
generates electricity using photovoltaic cells. In
Netherlands, Efforts are underway to develop and
commercially produce road panels made from recycled
material that incorporates photovoltaic cells. Given
India’s extensive roadway network and abundant
sunlight, The country Is well suited to implement this
technology. When we talk about solar road, the idea
seems to be a crazy one and looks difficult to
implement. Definitely looking at the installation cost of
solar roadways, which is 3X the conventional roads,
seems to be difficult, but the additional benefit of
generating clean, renewable energy from a self-
sustaining structure makes it, worth a try. It really
helpful to creates a job opportunities for the young youth
in the different trends of the technical education and it
seems like a ‘Key’ of the ‘Global warming Lock’ will
certainly fulfil the requirement of the mission of ‘Protect
Environment’. The proposed work consist of the
innovative step towards the green India Project of Solar
Glass Road. The paper is organized into different
sections, section 1 consist of the introduction of solar

glass road, section 2 describes the working principle of
this road, section 3 shows advantages and disadvantages
of solar glass road and section 4suggest the future scope
of this world changing step with some suggestive
measures in section 5. The growing concerns about
global warming and heavy dependence on fossil fuels
have driven researchers to explore alternative and
sustainable energy sources. Solar glass roads offer an
innovative solution by integrating photovoltaic (PV) cells
within road infrastructure, enabling roads to generate
electricity. These roads can potentially power streetlights,
electric vehicle charging stations, and urban grids.

Key Features of Solar Glass Roads:
Tempered Glass Construction:
withstand heavy vehicular loads.
Embedded LEDs: Illuminating
nighttime visibility.

Heating Elements: Preventing snow and ice accumulation.
Energy Generation: Converting sunlight into electricity
via embedded photovoltaic cells.

Integration with Piezoelectricity: Harnessing additional
energy from vehicular movement.

In India, with vast road networks and high solar
irradiance, solar roadways can contribute significantly to
sustainable energy production. This paper evaluates the
feasibility of implementing a 100-feet-long solar roadway in
Jalgaon, Maharashtra, through design calculations, cost-
benefit analysis, and a comparison of solar PV technology
vs. piezoelectric energy generation.

WORKING PRINCIPLE

A solar roadway consist of a series of structurally
engineered solar panels designed to be driven on. The
concept involves replacing petroleum based asphalt
roads, And driveways with Photovoltaic materials which
collect energy for use by homes and businesses, With
the potential to store access energy within or alongside
the solar roadways. This renewable energy source can
replace the fossil fuels currently used for electricity
generation, Reducing greenhouse gas emission and
promoting sustainable development. The panels are

Strong enough to

lanes for improved
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intended for use in Driveways, And eventually
highways. If solar roadway panels were installed across
the entire interested highway system in United States ,
The generated electricity would exceed the nation’s
current consumption by many more than three times
.(5) The Netherlands pioneered the construction of
world first solar powered road . Photovoltaic Roads
work on a technology that combines a transparent
driving surface with underlying solar cells, electronics
and sensors to act as a solar array with programmable
capability [6].

A. Structural Composition
Solar roads are designed as modular panels with three
primary layers:

1. Transport-medium wearing course — Composed of
colourless, strong tempered mirror with an anti-slip
texture.

2. Electronics Layer — Houses photovoltaic cells, LED
components, and heating elements

3. Base Plate Layer — Supports load distribution and
protects internal components.

B. Solar Energy Conversion Mechanism

The solar PV cells embedded in the panels absorb sunlight
and convert it into electricity, which is stored in a
connected energy grid. This electricity can be used for
roadway lighting, traffic signals, and local energy supply.

C. Piezoelectric Energy Harvesting

Piezoelectric materials embedded within the road surface
convert mechanical stress from vehicular movement into
electrical energy. This system works alongside solar PV to
enhance energy output, particularly in high-traffic areas.

Design Calculations for a 100-ft Solar Road in Jalgaon

A. Solar Power Generation Calculation
o Total Road Length: 100 ft (30.48 meters)

e Width per Panel: 10 ft (3.048 meters)

e Total Area: 100 ft x 10 ft = 1000 sg. ft (92.9 m?)

e Solar Panel Efficiency: 18%

e Solar Irradiance in Maharashtra: 5.5
kWh/m?/day

e Power Output Calculation:

Where,

o P =Power generated (kW)

o A =Total solar panel area (92.9 m?)

o S =Solar irradiance (5.5 kWh/m?/day)

o n = Panel efficiency (18%)
A 100-ft solar road can generate approximately
92 kWh per day, enough to power 15-20
households.

B. Piezoelectric Energy Generation Calculation
e Traffic Load: 5000 vehicles per day (approx.)
e Energy Generated per Vehicle: 2-5W
e Total Piezoelectric Power Output:

Piezoelectric technology can contribute an
additional 15 kWh/day, complementing solar PV
generation.
Comparison: Solar PV vs. Piezoelectric Energy
Generation

Feature Solar PV Piezoelectric
Roadways Roads

Energy Source  Sunlight Vehicular Stress
Efficiency 18-22% 2-5%
Energy Output 92 kWh/day 15 kWh/day
Installation Cost High Moderate
E:/IO:ZT tenance Moderate High
Scalability Large-scale Limited

Integration of both technologies can enhance overall
energy output and efficiency.

Innovative Methodology for Solar Glass Road
Construction
The construction of solar glass roads involves a

combination of advanced materials, smart grid integration,
and sustainable design principles. The methodology
outlined below ensures efficiency, durability, and high
energy output.
A. Smart Modular Design
1. Precast Solar Panels: The road surface is built
using modular, prefabricated solar panels
embedded with high-efficiency photovoltaic cells.
2. Self-Healing Materials: Use of smart materials
that can repair minor cracks and damages,
extending the life of the panels.
3. Anti-Reflective Coating:  Special coatings
enhance sunlight absorption and reduce glare for
drivers.

B. Layered Road Construction
The road is constructed in multiple layers to ensure
stability and efficient energy conversion:

1. Surface Layer: Made of high-strength tempered
glass, ensuring durability and transparency.

2. Energy Generation Layer: Embedded with
photovoltaic cells and LED indicators for smart
traffic management.

3. Sensor Layer: Incorporating piezoelectric sensors
to harvest kinetic energy from vehicles.

4. Base Layer: A sturdy, waterproof structure
housing energy storage and distribution
components.

C. Intelligent Traffic Integration
1. Smart LED Road Markings: Dynamic lane
markings that adjust based on traffic conditions.
2. Real-Time Data Collection: Sensors monitor
traffic, weather conditions, and road performance.
3. Remote Monitoring System: Integrated Al-driven
analytics for predictive maintenance.
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D. Hybrid Energy Utilization

1. Dual-Energy  System: Combination  of
photovoltaic cells and piezoelectric technology
enhances energy harvesting.

2. On-Site Energy Storage: Battery units store
excess energy for nighttime and cloudy
conditions.

3. Grid Connectivity: Excess electricity is fed into
the local power grid, supporting nearby
infrastructure

Usablo LED Lighting

Energy

Svpport Strucure

Base LayerRecyclable Materals

Water Collecting Basin |

Fig.1 Construction of Solar Glass Road [7]

A. Transport-medium wearing course

Its course is colourless with strong body, providing
sufficient tract force which also allows solar light to
propagate through to embedded solar collector cells,
LEDs, and heating elements. It must withstand current
sudden heavy weights in adverse condition and be Water
proof to protect the electronic course beneath.

B. Technological Electric Course

This layer is embedded with photovoltaic cells that
capture solar energy. Additionally, it features a
microprocessor board integrated with support circuits
designed to monitor surface loads through sensors. It
also regulates the heating element, helping to minimize
or entirely prevent the accumulation of snow and ice. As
a result, it aids in reducing the need for manual snow
removal and helps prevent school and business closures
caused by severe weather conditions.

C. Bass plate layer

This layer needs to be weather-resistant to safeguard the
electronic layer positioned above it. The electronic layer
is responsible for distributing power and transmitting
signals to and from the panels [7]

ANALYSIS AND DISCUSSION
1. Benefits
+ Nonconventional and Lifespan

Primary benefit in Photovoltaic roadway structure that
isits use of renewable energy source to generate

electricity, sustainably reducing dependence on the
conventional sources like wood, coal, Petrol and earthen

energy sources.

+«» Military and Emergency Response Support

During environmental crises or military emergencies,
solar roadways can serve as a crucial power source when
energy is in high demand. Since solar power is a
renewable resource, it operates independently without

relying on any external or artificial energy supply.

+«» Existing roadways

Another benefit of solar roadways is that they eliminate
the need to develop unused land, which may be
environmentally sensitive. This addresses a major
concern associated with large-scale photovoltaic
installations, particularly in the southern United States
and other regions.

« Lighting up roads

By adding LEDs Beneath the transparent panels, Roads
can be eliminated for safer nighttime travel and an
aesthetic look. The led can be programme to display
instructions such as “slow”, “stop”, “go”, and “speed

limit”.

« Environmental advantages

Solar power production generates electricity with a
limited environmental impact compared to other forms
of electricity.

+« Modularity and scalability

The size and generating capacity of the solar system
depends on the number of installed solar modules,
making the application of solar technology rapidly
scalable and versatile.

+» Accident prevention

Solar roadways can protect wildlife and motorist. The
load cells in the solar panel can deflect if something is on
the surface, Acting like a weighing machine.

¢+ Electric vehicles
With the increasing availability of electric vehicles, More
car manufacturers are offering electric options. If we can
be recharged at conveniently located rest stops or parking
lots, allowing owners to plug in and recharge while not
driving.

¢ Snow/ Ice Management
The roads hit themselves with embedded hitting elements,
Melting away snow and ice. [8]
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Fig.2 Advantages of Solar Glass Road [8]
2.Disadvantages

¢ Seasonal efficiency

While it will be less efficient in other seasons due to
reduce so the radiation, This technique can be highly
effective in countries where summer lasts for more than
half of the year.

% Needs town planning

For these roads to be implemented town planning is
crucial. Accurate orientation of buildings, Roads, Sanitary
lines, Parking lots, Playgrounds, Etc., Is necessary.

FUTURE SCOPE

In the future the conventional roads can be replaced by
solar roadways although a significant initial investment is
required. The solar roadways alternative could be
developed at a lower cost with energy return while
gradually phasing out the old system It can be also
used at a high traffic area or high pedestrian way where
the walking energy can also be utilized using piezoelectric
technology to generate more energy with sunlight this
integrated approach can be used in futuristic road.

PV and
energy

solar
optimal

1. Hybrid Roads: Combining
piezoelectric  elements for
harvesting.

2. Smart Traffic Management: LEDs and sensors
for real-time traffic updates.

3. EV Charging Integration: Using roadway-
generated electricity for electric vehicle charging
stations.

4. Smart Cities: Implementation in urban areas to
power  streetlights, signals, and public
infrastructure.

CONCLUSION

It is common for people to focus on the limitations first.
However, we can start with smaller changes that will lead
to the dawn of new era. Therefore its time to upgrade our
infrastructure, especially roads and power grids with 21
century technology. "Solar Glass Roadways". Solar glass
roads present a revolutionary approach to infrastructure
development in India. Compared to conventional asphalt
roads, they offer clean energy generation, improved
safety, and potential cost savings in the long run. Despite
high initial investment costs, hybrid integration with

piezoelectric technology can optimize energy output and
enhance economic feasibility. With proper policy
implementation and funding, India can become a leader in
sustainable road infrastructure, paving the way for a
cleaner, greener future.
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The present study will employ standard WQI calculation techniques to analyze physicochemical and microbial
parameters of raw water at JDCOEM campus. By comparing the obtained WQI values with national and international
standards, the study will assess the suitability of water for human consumption and recommend appropriate treatment
measures. The findings of this research will contribute to sustainable water resource management by identifying key
contamination sources and proposing effective mitigation strategies. Furthermore, the study will serve as a foundation
for establishing a long-term water quality monitoring framework for the JDCOEM campus and similar institutional
settings.

KEYWORDS: Water quality index, remote sensing, Artificial intelligence, Physicochemical & biological

parameters.

INTRODUCTION

" Water is one of the most critical natural resources for
human survival, economic development, and ecological
balance. The quality of water directly affects human
health, agricultural productivity, industrial processes,
and aquatic life. In its raw form, water from sources
such as rivers, lakes, reservoirs, and groundwater is
often subjected to contamination due to both natural
processes and anthropogenic activities. Monitoring and
assessing water quality is crucial for ensuring its
suitability for drinking, irrigation, and industrial use.
However, water quality is determined by multiple
parameters, including physical, chemical, and
biological factors, making its assessment complex. To

simplify the interpretation of water quality data, the
Water Quality Index (WQI) has been developed as a
numerical representation of the overall status of a water
body. WQI aggregates multiple water quality parameters
into a single score, making it easier for policymakers,
scientists, and the general public to understand and
compare water quality across different locations and
time periods. Various WQI models have been developed
worldwide, with differences in parameter selection,
weightage assignment, and calculation methods. This
paper aims to review these methodologies and explore
advancements in WQI computation, emphasizing its
importance in sustainable water resource management.
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LITERATURE REVIEW

Abdulazeez, A.M., Agada, J., Mohammed, S.A., Saidu,
A., Amira, M.K,, Idujagi, O.S., Adamu, S.U., Winner,
L.Ransom, U.J., Joseph, I.B., Jamila, M.M.,(2025).
This study examines the bacteriological quality of both
raw and treated water at the Malali Water Works in
Kaduna State, Nigeria. The primary objective was to
assess the presence of harmful bacteria in the water
samples and to compare the findings against standards
established by the World Health Organization (WHO)
and the Nigerian Standard for Drinking Water Quality
(NSDWQ).

The analysis revealed that raw water sourced from the
Kaduna River contained elevated levels of coliform
bacteria, E. coli, Salmonella, and Pseudomonas. These
bacteria serve as indicators of fecal contamination,
stemming from human and animal waste entering the
waterway, with higher concentrations noted particularly
during the rainy season due to increased surface runoff.

In contrast, treated water from the Malali Water Works
was found to be free of E. coli, Salmonella, and
Pseudomonas, with only minimal levels of coliform
bacteria detected, all of which fell well within the
acceptable limits. This demonstrates the effectiveness
of the treatment process at Malali Water Works in
eliminating harmful pathogens, rendering the water safe
for human consumption.

While the chemical parameters such as pH,
temperature, and dissolved oxygen levels in the raw
water were within safe ranges for aquatic life, the high
bacterial content indicated it was unsafe for drinking
without adequate treatment. The study highlights that
the bacterial counts in raw water tend to be higher
during the rainy season, emphasizing the ongoing risk
for individuals relying on untreated water sources.
Overall, the findings underscore the significant
improvement in water quality achieved through the
treatment processes at Malali Water Works.This study
examines the bacteriological quality of both raw and
treated water at the Malali Water Works in Kaduna
State, Nigeria. The primary objective was to assess the
presence of harmful bacteria in the water samples and
to compare the findings against standards established by
the World Health Organization (WHO) and the
Nigerian Standard for Drinking Water Quality
(NSDWQ).

The analysis revealed that raw water sourced from the
Kaduna River contained elevated levels of coliform
bacteria, E. coli, Salmonella, and Pseudomonas. These
bacteria serve as indicators of fecal contamination,
stemming from human and animal waste entering the
waterway, with higher concentrations noted particularly
during the rainy season due to increased surface runoff.

In contrast, treated water from the Malali Water Works
was found to be free of E. coli, Salmonella, and
Pseudomonas, with only minimal levels of coliform
bacteria detected, all of which fell well within the
acceptable limits. This demonstrates the effectiveness of
the treatment process at Malali Water Works in
eliminating harmful pathogens, rendering the water safe
for human consumption.

While the chemical parameters such as pH, temperature,
and dissolved oxygen levels in the raw water were within
safe ranges for aquatic life, the high bacterial content
indicated it was unsafe for drinking without adequate
treatment. The study highlights that the bacterial counts
in raw water tend to be higher during the rainy season,
emphasizing the ongoing risk for individuals relying on
untreated water sources. Overall, the findings
underscore the significant improvement in water quality
achieved through the treatment processes at Malali
Water Works.

Dr. Zainab Bahaa Mohammed ( June 2015 ) : The study
evaluates the quality of raw and treated water from four
water treatment plants in Baghdad (AlKarkh, Shark
Dijla, Al-Wahhab, and Alkramh) using the Canadian
Water Quality Index (CCME-WQI). The research,
conducted from 2005 to 2013, analyzed various physical
and chemical properties of water, including temperature,
turbidity, pH, total hardness, magnesium, calcium,
sulfate, iron, fluoride, nitrate, chloride, color, and
conductivity. : The water quality index for raw water
ranged from 51 to 57, classified as "bad" (Category 1V),
indicating the need for advanced treatment. Treated
Water Quality: The water quality index for treated water
was 86 for AlKarkh, 81 for Shark Dijla, and 80 for both
AlWathba and Alkramh, classified as "good" (Category
I1). This shows significant improvement in water quality
after treatment. Physical and Chemical Properties:
Temperature and Color: Both raw and treated water met
Iragi specifications. Turbidity: Raw water turbidity
ranged from 23 to 243 NTU, while treated water
turbidity was between 1 and 4 NTU, within acceptable
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limits.pH: Raw water was slightly alkaline (7.8 to 8.2),
while treated water pH ranged from 7.4 to 7.8, within
Iragi standards. Electrical Conductivity: Ranged from
604 to 946 us/cm for raw water and 601 to 998 ps/cm
for treated water, within acceptable limits. Total
Hardness: Ranged from 242 to 362 mg/l for raw water
and 243 to 359 mg/l for treated water, within Iraqi
standards. Calcium and Magnesium: Calcium levels in
treated water sometimes exceeded lIraqi standards,
while magnesium levels were within limits. Chloride
and Sulfate: Chloride levels in treated water were
slightly higher due to chlorine addition. Sulfate levels
in treated water were higher due to alum addition,
exceeding lraqi standards in some plants. Iron,
Fluoride, and Nitrate: lron and nitrate levels were
within acceptable limits, while fluoride levels were
below the recommended range. The study concluded
that the treated water from all four plants met the Iraqi
standards for drinking water, with significant
improvement in water quality after treatment. The water
quality index improved from "bad" for raw water to
"good" for treated water, indicating effective treatment
processes. However, some parameters like calcium and
sulfate levels in treated water occasionally exceeded the
standards, suggesting areas for further improvement.

Goran Volf 1, Ivana Susanj Cule 1, Elvis Zic 1 and
Sonja Zorko (13 September 2022) : The article "Water
Quality Index Prediction for Improvement of Treatment
Processes at Drinking Water Treatment Plant" by Goran
Volf et al. focuses on predicting the Water Quality
Index (WQI) to enhance treatment processes at a
drinking water plant near the Butoniga Reservaoir,
Croatia. The study uses machine learning (ML) models
to forecast WQI based on parameters like temperature,
pH, and turbidity, utilizing data collected from 2011 to
2020. Four ML models, validated by 10-fold cross-
validation, predict WQI one to fifteen days in advance,
with the one-day model achieving the highest
correlation coefficient (R = 0.93).

Additionally, the study by Sri U. Sudiarti et al. develops
a performance index model for raw water infrastructure
in Lombok and Sumbawa Islands, Indonesia, evaluating
technical, non-technical, and environmental factors.
Data were collected from 21 locations and through 160
questionnaires. The model includes a Technical
Performance Index influenced by water source quantity
and infrastructure condition, a Non-Technical Index

considering  socio-economic factors and policy
compliance, and an Environmental Index focusing on
ecological impacts. Model validation showed high
accuracy (95.25%), providing a valuable tool for
policymakers in maintaining sustainable water
resources.

Rachmawati Sugihhartati Dj1 , Gina Salsabilal (2024) :
The present study examines the water quality of six
rivers in West Java, namely Citarum, Cimanggu,
Cibogo, Citonjong, Ciwayang, and Cigugur, with
particular attention to their potential as sources of raw
water for drinking. Amid escalating pollution levels in
Indonesian rivers, the research evaluates critical water
quality parameters including Dissolved Oxygen (DO),
Total Suspended Solids (TSS), and total coliform
bacteria. The findings are juxtaposed with the
Indonesian Government Regulation No. 22 of 2021
(Class 1 standard).

Analysis Tools: The Water Quality Index (WQI) was
computed using a Weighted Mathematical Model, and
subsequent statistical analysis was conducted using
SPSS software. The Kirkuk water treatment plant
effectively processes water, rendering it suitable for
consumption. The treated water consistently meets Iraqi
drinking water standards and exhibits commendable
WQI values across distribution sites. However, ongoing
monitoring is essential to ensure sustained safety and to
mitigate potential contamination risks.

RESEARCH OBJECTIVES

1. To evaluate the physicochemical and biological
properties of raw water available at the JDCOEM
campus by examining essential water quality

parameters.

2. To calculate the Water Quality Index (WQI) using
suitable mathematical models and standard methods

for index calculation.

3. To compare the calculated WQI values with both
national and international water quality standards
(such as BIS and WHO) to assess the water's

suitability for drinking and other applications.

1. To identify the origins of contamination and the
potential factors that could influence water quality

on the campus.
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2. To offer suggestions for water treatment and
management strategies to enhance raw water
quality if required.

3. To establish a framework for water quality
monitoring to ensure ongoing evaluation and
sustainability of water resources at JDCOEM.

REFERENCES

[1] Damo R, Icka P (2013) Evaluation of water quality
index for drinking water. Pol J Environ Stud 22(4):1045—
1051. https://www.Researchga3Te.Net/ Accessed 6 Nov
2021.

[2] Kazaure S.Z. et al. (2015) Comparative analysis of
physicochemical parameters and heavy metals in public
water supply in Kaduna Metropolis. IOSR Journal of
Applied Chemistry 8(11): 21-26.

[3] Hanoon MS et al. (2021) Artificial intelligence
models for groundwater water quality modeling: a
review. Water Air Soil Pollut 232(10):1-41.
https://doi.org/10.1007/S11270-0205311-277.

[4] Chanapathi T, Thatikonda S (2019) Fuzzy-based
regional water quality index for surface water assessment.
J Hazard Toxic Radioact Waste 23(4). https://doi.Org10.

[5] Zic, E., Zorko, S. (2022) Water Quality Index
Prediction for improving treatment processes at drinking
water treatment plants. Sustainability 14,
https://doi.org/10.3390/su141811481Academic.

89



Study and Analysis Geotechnical Site Characterization using Artificial
Intelligence (Al) and Computing Devices

Dr. Sandeep C. Hanuwate Mrs. Guneshwari S. Hanuwate
Assistant Professor & Head of Assistant Lecturer
Department of Civil Engineering Department of Chemistry
Govindrao Wanjari College of Manoharbhai Patel Military Junior College,
Engineering &  Technology, Kudwa, Gondia
Nagpur >4 goldee.aadhya@gmail.com™*

D4 drsandeep.gwcet@gmail.com*

ABSTRACT

The present study investigates A key component of efficient civil engineering project planning, design, and
execution is geotechnical site characterization. Integrating cutting-edge technology like artificial intelligence (Al)
and the computing device has become a game-changing idea in the rapidly changing infrastructure construction
scene, helping to increase the accuracy and productivity of geotechnical site characterization procedures. Using a
wide variety of technologies, models, tools, and frameworks, this paper explores the joint use of Al and computing
device in geotechnical site characterization. With the help of its machine learning algorithms, artificial intelligence
(Al) can analyze large amounts of geological and geographical data, making it possible to identify subsurface
conditions more precisely. Examining geological characteristics, forecasting soil behavior, and assessing possible
dangers related to building projects are all made possible by neural networks and deep learning algorithms. Real-
time monitoring and data collection at geotechnical sites are made possible by the integration of computing device
technologies with Al. Geophysical data, such as soil moisture, temperature, and pressure, are collected by ground-
embedded sensor networks, which provide a dynamic and ongoing knowledge of subsurface conditions. By
feeding Al models with real-time data, a feedback loop is created that improves site characterization accuracy and
forecast accuracy. The paper also presents a number of frameworks and technologies that make it easier to
integrate Al and computing device in geotechnical engineering. Complex geological data is visualized and
interpreted with the use of Geographic Information Systems (GIS) for spatial analysis. In order to promote a
comprehensive approach to construction planning, Building Information Modelling (BIM) is being investigated as
a way to include geotechnical data with the overall project design. Addressing the difficulties of contemporary
infrastructure development and guaranteeing the sustainability and resilience of civil engineering projects in the
future require embracing this technological activity.

KEYWORDS: artificial intelligence, computing device, soil mechanics, geotechnical engineering, site

characterization, soils and soil testing
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1. INTRODUCTION

N civil engineering, geotechnical site
characterization is essential because it provides vital
information about the subsurface characteristics of
building sites. The combination of artificial intelligence
(Al) and the computing device has resulted in a
revolutionary change as a result of the continuous
advancement  of  technology. The  precision,
effectiveness, and breadth of geotechnical site studies
are improved by this paradigm change. In order to
provide a more sophisticated knowledge of subsurface
conditions, this study explores a variety of models, tools,
and frameworks at the cutting edge of these
technologies. A new age in geotechnical engineering is
being ushered in by the confluence of artificial
intelligence (Al) and the computing device, which offers
previously  unheard-of  capabilities  for  site
characterization. Geotechnical studies are essential to
building projects because they impact long-term
structural integrity, construction techniques, and design.
The combination of Al and computing device
technology is already surpassing labor-intensive and
time-consuming  traditional  techniques of site
characterization, with the potential to revolutionize our
understanding and engagement with the soil underneath
structures[1].

The increasing need for more precise and effective
geotechnical site characterization techniques is
projected in this study. Conventional methods are useful,
but managing the enormous volume of data produced
during site studies presents difficulties. By offering
intelligent data analysis, real-time monitoring, and
predictive modeling, the combination of Al and
computing device technologies aims to address these
issues. This reduces the hazards connected with building
projects by speeding up the site characterization process
and improving the accuracy of the information gathered
. The goal of this study is to provide a thorough analysis
of how advanced Al and computing device technologies
are revolutionizing the assessment of geotechnical sites.
A wide variety of technologies, including sensor
networks, data analytics tools, machine learning models,
and integrated frameworks, are included in the scope.
The study emphasizes each of these elements' unique
contributions and synergies in improving the precision
and effectiveness of geotechnical investigations by
methodically examining them[2].
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Figure 1: Keyword co-occurrence analysis in the
Artificial Intelligent and Computing devices

Acrtificial intelligence is strong tools for data analysis,
pattern recognition, and predictive modeling, has
advanced significant . Al technologies are essential for
processing and analyzing complicated subsurface data
in the context of geotechnical site assessment. Neural
networks, support vector machines, and decision trees
are just a few examples of machine learning
techniques that are excellent at identifying complex
patterns in geotechnical data. By learning from past
site data, these models make it possible to create
prediction models that improve our comprehension of
geological conditions and soil behavior. Subsurface
imaging has potential for deep learning methods,
especially convolutional neural networks (CNNSs).
Deep learning algorithms generate high-resolution,
detailed pictures of subsurface structures by evaluating
geophysical data from several sensors. This promotes
safer building methods by enabling a more
sophisticated knowledge of soil composition and
possible risks. Potential geotechnical hazards may be
identified and evaluated with the use of predictive
analytics. To forecast difficulties during construction,
Al systems examine past data, present circumstances,
and other contributing variables. By taking a proactive
stance, engineers may take preventative action and
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reduce the possibility of unanticipated issues. The co-
occurrence analysis of the terms in the literature ofin
the artificial intelligent and computing devices is
shown in Figure 1. Real-time monitoring has been
transformed by the computing device, which gives
engineers previously unheard-of access to data from
distant sites [3]. computing device technology provide
continuous monitoring capabilities that improve our
comprehension of dynamic subsurface conditions in
geotechnical site characterization. Real-time data
collection from the site is mostly dependent on
computing device-enabled sensor networks. From
strain gauges to accelerometers, sensors provide
information on things like ambient conditions,
deformation, and ground movement. A more dynamic
and flexible approach to site characterization is made
possible by the constant flow of data. The smooth
transfer of data from sensors to central monitoring
systems is ensured by the inclusion of wireless
communication technology. Engineers can make rapid
decisions and wuse flexible building techniques
because to this real-time connection, which provides
them with instant data on subsurface conditions. In
order to deal with data overload and latency issues,
edge computing has become a practical solution. Edge
computing eliminates the need to send massive
amounts of data to central servers by processing data
locally at the sensor level. This reduces the effect of
transmission delays and improves the effectiveness of
real-time monitoring. Integrated frameworks that
incorporate the advantages of both paradigms are the
most effective way to achieve the synergy between Al
and computing device technologies [4]. These
frameworks use computing device devices for
continuous data gathering and real-time feedback, and
they rely on machine learning algorithms for data
analysis and interpretation. In  geotechnical
engineering, digital twins virtual copies of real assets
have become more popular. Before building begins,
engineers may evaluate hazards, create a digital
duplicate of the site, and simulate scenarios to
improve construction ideas. This improves the
project's efficiency and helps create designs that are
more durable and sustainable. Because cloud-based
technologies provide a centralized repository for
geotechnical data, they make collaborative analysis
easier. In order to promote multidisciplinary
cooperation and guarantee that site characterization
benefits from a variety of skills, engineers, geologists,
and stakeholders may access and contribute to the

data pool. Al algorithms are used by adaptive decision
support systems to evaluate real-time data from
computing device sensors and provide insights that
may be put to use. By constantly modifying building
plans in response to shifting subsurface conditions,
these technologies guarantee that the project stays
under budget and on time.

2. LITRATURE REVIEW

2.1 Artificial Intelligence in
Engineering

Every day,we come into contact with and view
consists of rocks and dirt. In the context of research,
construction, and design, geotechnical engineering a
subfield of civil engineering examines the
characteristics and behavior of earth materials (soil,
rock, and their derivatives). Two most often used
geotechnical engineering materials, soil and rock,
show a great range of behavior and properties . Apart
from their homogeneity and isotropy of their
fundamental structure, these materials also possess
Diversity is linked to a great range of intricate and
surprising transformations that lead to its birth.
Popular engineering and construction materials with
great homogeneity and isotropy include steel, bricks,
stones, lime, and asphalt. This helps one to forecast
and model their behavior. Geotechnical material
design and  serviceability  investigations are
complicated by this unpredictability and unexpected
behavior. Moreover, certain difficult technical issues
lack analytical theories, empirical equations, or models
that could provide a solution. Lack of knowledge,
inadequate quality, and a dearth of easily accessible
information make many conventional treatments
ineffective. The complexity of these design solutions,
which transcends conventional methodologies, is being
managed by computer-based modeling tools more and
more. A computer-aided method of physics and
mechanics is used in mathematics to replicate,
examine, and graphically depict system performance
and behavior. Recently, the "Artificial Intelligence
(A" approach has been very well-known as a creative
and original answer for geotechnical engineering
design difficulties [5]. Artificial intelligence (Al)
might therefore be expected to provide algorithms
based on present empirical facts, hence guiding soil
behavior. Al approaches may be used even in cases
where the physical meaning or underlying correlations
between variables are unclear, unlike most
conventional statistical and empirical approaches

Geotechnical
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depending on physical traits. Given a sample of data
similar to the data they are trying to anticipate,
artificial intelligence systems may foresee future
behaviors, structures, and patterns. This suggests that,
instead of relying on underlying assumptions,
artificial intelligence systems produce outputs
based on maps produced only from the data  they
receive . Artificial intelligence systems do not have to
understand basic presumptions or links in the data
they come across. Given enough information, they
can work it out on their own. An artificial intelligence
system generates models by gathering data from many
sources. These model outputs are produced until a
function is developed that lessens the discrepancy
between artificial intelligence model predictions and
actual data. Unlike regression models, which can only
address one answer at a time, Al methods have
become very popular because of their great predictive
strength and capacity to manage numerous replies at
once (Park, 2011)[3]. Artificial intelligence models
may use non-linear regression data even while the
datasets themselves are not aware of their
nonlinearity. Only if the kind of the nonlinearity is
understood can one investigate non-linear statistical
regression data. Using universal functions, neural
networks (NNs) depict intricate mechanical behavior
including resistance to missing data, generalization,
approximation, and handling of many nonlinear
variables for unknown interactions. This is why
artificial intelligence (Al) technologies are not only a
better choice than conventional methods, but also
essential in cases where traditional approaches are
unable or unable to handle the task.

2.2 Enharanced Geotechnical Engineering Using
Avrtificial Intelligence

"Acrtificial intelligence™ (Al) is the intelligence shown
by other technological devices including computers.
Many people worried about computers either "ruling
the planet” or invading personal life. True, artificial
intelligence is changing the planet; yet, nobody is
complaining about. Many individuals now ask their
"smart" phones for directions or instructions to a
coffee shop, therefore using artificial intelligence in
their daily life. Still, it wasn't until the early 2000s
when everybody agreed that artificial intelligence
(Al) had advancedments. One may find uses for
artificial intelligence in many different fields.
Artificial intelligence (Al) in computer science
learns from its surroundings and acts to help it attain a

certain  objective. In  geological engineering,
knowledge and a command of automated systems and
neural network technologies are very crucial for issue
solving. Long-term pavement performance may be
predicted by artificial intelligence systems, which also
examine rock fall or slope stability . Rock slope
instability may cause both financial and functional
losses as well as unsafe circumstances in  various
kinds of transportation. One must map the probability
of rock slope collapse for both public and private use.
Slope failure potential maps might be quickly and
inexpensively produced using artificial intelligence
(Al) technologies. The danger of gradient collapse
may be found using the competency of professional
specialists as well as their uncertainty of assessments.
Artificial intelligence (Al) is evaluated using GIS data
as a framework in order to predict slope instability.
Geological and topographic data into a GIS database
starts the process. To represent the complicated
situation,  the artificial intelligence  system
subsequently creates slope failure potential maps
depending on the known correlations between the
model variables. By giving follow-up operations top
priority to reduce the issue, such as more thorough
study and choosing suitable monitoring and early-
warning systems, Al-generated maps displaying
slope collapse potential also help in slope
maintenance.

Acrtificial intelligence so greatly helps the subject of
geotechnical engineering. Is it on its route to global
domination? There is no chance! Still, geotechnical
engineering gains much from artificial intelligence.
More engineers will be needed as artificial intelligence
develops to research, design, and test Al systems[9].
Engaging in the development of artificial intelligence
is a great chance for the technological community to
show its creativity and support its long-term viability
simultaneously.

3. PROBLEM OF STATEMENT

This work aims to investigate the uses of artificial
intelligence and internet computing devices used in
geotechnical engineering, therefore addressing the
major challenge. Every geotechnical engineering
project starts with extensive study and classification of
the characteristics of the subsurface. Geotechnical
design nowadays mostly depends on methods for rock
mass classification. Conversely, categories based on
subjective or semi-quantitative assessments are more
and more sought for doing the necessary lab analysis
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and soil tests might be time-consuming and costly.
The latest study examines subsurface conditions using
many supervised machine learning models. Rising
machine processing capability over the last several
decades has made advanced analytics like Al feasible.
Given the inherent uncertainty in geotechnical
engineering, artificial intelligence might be a useful
technique for creating consistent predictive models of
many soil and foundation engineering traits.
Geotechnical design parameters are often computed
utilizing correlations determined by means of
regression fitting of a dataset rather than depending
on direct measurements from lab and in-situ testing.

4. METHODOLOGY

The study uses a rigorous approach, focusing mostly
on bibliometric analysis and a review of the literature.
Finding important databases for literature retrieval
was the first step. In order to guarantee thorough
coverage of papers covering engineering, computer
science, and geotechnical investigations, databases
such as IEEE Xplore, ScienceDirect, PubMed, and
Google Scholar were used. Using relevant terms like
"geotechnical site  characterization,” ™artificial
intelligence,” "computing device," and its variants, a
methodical search approach was developed. To weed
out research that weren't relevant, criteria were
developed. Only papers presented at respectable
conferences or published in  peer-reviewed
publications were taken into account. The literature
up to the research's current date was included in the
temporal scope. For further analysis, pertinent
information was methodically gathered from selected
papers, such as the author or authors, the year of
publication, the methodology, the main conclusions,
and the technical interventions covered. Utilizing
specialist tools like VOSviewer, bibliometric analysis
was carried out. These programs visualized and
analyzed citation networks by importing selected
bibliographic datasets. The structure of the academic
environment was shown via the visualization of co-
authorship and citation networks. To comprehend
patterns of collaboration and information flow,
clusters and influential nodes were found. By
combining these approaches, the study seeks to
identify research gaps, provide a thorough picture of
the status of Al and computing device technologies in
geotechnical site characterization, and suggest ideas
for further studies. The computing device and
artificial intelligence (Al) technologies for improved

geotechnical site characterization are shown in Figure
2.

Geo Technical Engineering

Data Collection &
Processina

Artificial Intelligence(Al)

Modelling Analysis

Result & Analysis

Computing Devices

Conclusions

Figure 2: Methodology for Geo tech engineering
using computing device and artificial intelligence

5. RESULT & ANALYSIS

The results of this extensive study show how artificial
intelligence (Al) has a big impact on geotechnical
engineering. In several applications, Al models have
shown remarkable accuracy and efficiency in a variety
of applications and computing devices are prediction,
and predictive modeling. By providing more reliable
and data-driven solutions, these results have the
potential to revolutionize the field. The use of
artificial intelligence (Al) to geotechnical site
characterization has revolutionized the field by
bringing advanced models and technologies that
improve the accuracy, effectiveness, and security of
site assessments & geotechnical site characterization.

e Reinforcement optimization using Al
Geotechnical site studies are optimized by
reinforcement learning. Given variables like cost and
uncertainty, Al models may be trained to suggest the
most informative sites for soil sample. This adaptive
method maximizes the quality of the information while
reducing the number of samples needed [6].
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e Using Deep Learning to Characterize
Geotechnical Sites
Multiple-layer neural networks (deep neural

networks) are used in deep learning, a branch of
machine learning. These networks are appropriate for
geotechnical applications because of their exceptional
ability to handle intricate, non-linear interactions
within data.

e CNNs for Geotechnical Sites
CNNs are excellent at understanding spatial data,
which makes them useful for processing pictures
such as geophysical surveys and drill logs. They help
evaluate soil characteristics and  subsurface
structures by spotting patterns in these photos.

o RNNSs, or recurrent neural networks:

When it comes to evaluating time-series data, such
sensor readings over time, RNNs are very good [58—
63]. RNNs provide a dynamic knowledge of
subsurface conditions by modeling the temporal
fluctuations of soil parameters in geotechnical site
characterization.

e GANSs, or Generative Adversarial Networks:
GANSs help enhance datasets by producing synthetic
samples that closely resemble actual soil data [7]. This
improves the generalization and resilience of
geotechnical Al models, which is particularly useful in
situations when gathering vast quantities of labeled data
is difficult.

e Technologies related to geography:
Artificial intelligence (Al) expanding their capabilities,
geospatial technologies—such as  Geographic
Information Systems (GIS) and remote sensing—have
become essential to geotechnical site characterization

[8].

e Integration of GIS and Al
Al-powered integrated GIS solutions provide thorough
geospatial studies of a location. When geological and
geophysical data layers are analyzed by Al algorithms,
patterns and correlations that are not visible using
conventional techniques are revealed.

e Al and Remote Sensing
In order to help detect surface characteristics, land use
patterns, and possible geohazards, artificial intelligence
(Al) algorithms—particularly image recognition and

classification models—extract useful information from
satellite data and aerial surveys.

e Quantification of Uncertainty and Probabilistic
Models
subsurface conditions vary, classification of geotechnical
sites is necessarily ambiguous. Probabilistic models
driven by Al quantify this uncertainty and provide more
accurate and trustworthy evaluations.

e Simulations using Monte Carlo
Al-powered Monte Carlo simulations evaluate the range
of potential outcomes for geotechnical parameters,
helping to clarify underlying uncertainty and direct risk-
reduction tactics.

e Bayesian Networks

For a more accurate depiction of subsurface conditions,
Bayesian networks capture dependencies and
uncertainties by modeling probabilistic interactions
between geotechnical variables.

e Combining data and integrating many sensors &
Al-like technologies enable the merging of data from
many sources and sensors to improve accuracy and
completeness. The following formulas illustrate basic
ideas and commonly used methods in artificial
intelligence: Linear Regression Equation

y=mx+b

Where,

y Dependent variable

mx Independent variable Slope of the regression line
b Y-intercept of the regression line

e Computing Devices to characterize geotechnical
sites

Geotechnical engineers may improve monitoring
capabilities, get real-time data, and gain a deeper
knowledge of the entire dynamics of a site by
integrating computing device technology. This section
examines the state-of-the-art uses of computing device
in geotechnical site characterization, exploring a range
of tools, models, technologies, and frameworks that are
essential to determining the direction of this subject.

Using  computing  device
Characterize Geotechnical Sites:

Technologies  to
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e Technologies for Sensors

In order to collect data from the real world,
computing device mostly relies on sensor technologie.
Sensors keep an eye on variables including soil
moisture, temperature, pressure, and seismic activity
while characterizing geotechnical sites. Sophisticated
sensors that provide comprehensive information about
site conditions include strain gauges, tilt meters, and
accelerometers.

e Protocols for Wireless Communication

In  computing device applications, effective
communication is essential. Data communication
between sensors and central monitoring systems is
made easy by wireless protocols such as NB-
computing device, LoRa, and Zigbee [9]. Real-time
data collecting is made possible by such methods,
which minimize human involvement and guarantee
prompt reaction to site condition changes.

e Computing at the Edge

By processing data closer to the source, edge
computing lowers latency and speeds up reaction
times. Edge computing may locally evaluate sensor
data in geotechnical site characterization, transmitting
only pertinent information to central servers. This
guarantees speedier decision-making and reduces
bandwidth use.

e Cloud computing

For the massive amounts of data produced by
computing device devices, cloud systems provide
scalable processing and storage capabilities. Cloud
computing enables geotechnical engineers to store,
process, and display data, enabling thorough site
monitoring at the same time. For computing device
applications, platforms such as AWS, Azure, and
Google Cloud provide reliable solutions.

e Combining computing device and Al to improve
geotechnical site characterisation

In the end, the integration of Al and computing device
has improved the overall performance and safety of
infrastructure projects by introducing more accurate,
effective, and economical techniques for site
characterization.

e Integration and Fusion of Data: When Al and
computing device are combined, data from several
sources is combined to get a complete picture of
site conditions. This includes information from
geological  surveys, satellite  photography,
historical data, and ground sensor data. Al
systems are excellent at combining various
information to provide a comprehensive picture of
geotechnical conditions.

e Analytics for Prediction: By examining data
trends, Al programs forecast possible problems.
For example, using historical data and real-time
sensor inputs, machine learning models may
predict geotechnical factors such as slope stability
and soil settlement. By proactively addressing
possible issues, engineers may improve overall
safety and efficiency thanks to this predictive
capabilities.

e Risk Evaluation and Reduction: Al is able to
evaluate and quantify the dangers related to
geotechnical conditions by processing data from
computing device sensors. Finding regions
vulnerable to landslides, soil erosion, or other
dangers is part of this. To lower hazards and
improve overall safety on building sites, engineers
may then put specific mitigation measures into
practice.

e Automated Alerts and Monitoring: Systems with
Al capabilities can automate monitoring,
continually analyze incoming data, and provide
warnings in real time. This expedites the reaction
to important occurrences and lessens the need for
human monitoring. Construction crews may take
immediate action by using automated notifications
to notify them of possible problems like unstable
ground.

e Construction Process Optimization: Using real-
time data, Al systems may enhance building
operations. Al can suggest the best times for
certain building tasks by examining weather
patterns and soil conditions, lessening the effect
of unfavorable circumstances on project
schedules. Cost reductions and more effective use
of resources are the results of this optimization.

e Astute Foundations: computing device sensors
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buried in the ground continually check soil
conditions in a project where foundation stability
is essential. In order to anticipate any settling
problems, Al systems evaluate the data and
automatically notify construction management to
take preventative action.

e Evaluation of Slope Stability: computing device
sensors are positioned strategically to monitor
variables like temperature, seismic activity, and
soil moisture in  projects that include
mountainous terrain. In order to enable prompt
evacuation and stabilization efforts, Al
algorithms evaluate this data to forecast slope
stability and possible landslides.

e Optimization of Tunnel Construction: computing
device sensors installed within the tunnel track
ground conditions, such as rock stress and
deformation,  throughout tunnel  building
operations. Al-like systems minimize risk by
optimizing the timetable based on this data [10].

6. CONCLUSIONS

At present era of accuracy, efficiency, and
dependability in site characterization has been
brought about in the area of geotechnical engineering
by the merging of state-of-the-art Atrtificial
Intelligence (Al) and computing device technology.
Traditional methods for characterizing geotechnical
sites have been redefined by the combination of Al
and computing device. Sensor-equipped computing
device devices make it easier to gather data in real
time from the field. These instruments, which include
seismometers, inclinometers, moisture sensors, and
geophysical sensors, provide a wealth of data on the
stability, composition, and environmental conditions
of soil. Al systems analyze this huge data, exposing
important patterns, connections, and insights that
were previously elusive. The use of machine learning
models is essential to Al in geotechnical site
characterization. These models, which range from
basic regression models to complex neural networks,
use past data to forecast the behavior of soil in the
future. Support vector machines and random forest
algorithms, for instance, forecast settlement and
deformation patterns based on prior site activity. This
predictive capacity helps decision-making processes,
enabling engineers to proactively address future
difficulties and reduce risks. Deep learning methods

are very effective in subsurface imaging in the field of
geophysics. To produce precise and in-depth
subsurface pictures, convolutional neural networks
(CNNs) and recurrent neural networks (RNNS)
evaluate geophysical data, including seismic profiles
and ground-penetrating radar scans. These pictures
help engineers accurately characterize a location by
giving them a thorough grasp of fault lines, soil layers,
and other risks. In geotechnical engineering, the idea
of digital twins—which replicate real infrastructure in
a virtual setting—has grown in popularity. Digital
twins provide a dynamic depiction of a site's current
condition by fusing Al analytics with computing
device data. This makes it possible to simulate and
continuously monitor geotechnical conditions, which
promotes proactive decision-making and improves
maintenance plans. By serving as a link between the
actual and virtual worlds, digital twins provide a
comprehensive  method  for  managing  and
characterizing sites. By giving gathered data a
geographical context, Geographic Information Systems
(GIS) are essential to the characterisation of
geotechnical sites. Engineers may find geographical
patterns, correlations, and anomalies in geotechnical
data by using spatial analysis made possible by Al
algorithms connected with GIS frameworks. The
accuracy of site characterization is improved by this
spatial intelligence, especially in large-scale
infrastructure projects where engineering choices may
be greatly impacted by geographical differences. The
combination of Al and computing device is a
lighthouse in this age of rapid technological
development, pointing the way toward a day when
geotechnical engineering will be associated with
accuracy, flexibility, and creativity.
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ABSTRACT

A study was conducted to evaluate the treatment efficiency of septic tanks (STs) for wastewater treatment. Poorly
designed septic tanks can contaminate groundwater, overflow, and cause serious environmental, health, and
structural problems. If the system is not properly constructed, it may fail to treat wastewater, resulting in pollution,
health risks, and costly repairs. The aim to investigate the possibility of increasing removal efficiency at the
household level, thereby reduce costs and minimizing environmental risks. In this study accurate data collection
is required to design an efficient septic tank system for the Govindrao Wanjari College of Engineering and
Technology (GWCET). The research entails gathering wastewater generation rates, soil permeability data, and
material analysis to ensure that the system runs efficiently and meets environmental standards.The goal of this case
study is to compare the theoretical design parameters of a septic tank to actual installations at the GWCET facility.
This analysis find to identify gaps between theoretical models and real-world performance by evaluating structural
integrity, treatment efficiency, and compliance with relevant standards.The findings suggest that a well-engineered
septic tank system can significantly enhance wastewater treatment efficiency and sustainability, thereby reducing
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pollution and protecting groundwater resources.

KEYWORDS:Septic Tank System (ST), Wastewater Treatment, Environmental Risks, Designing Parameters,

Sewage Disposal Tank, Cost Analysis

INTRODUCTION

The disposal of domestic wastewater through
conventional septic tank systems often leads to
environmental contamination, primarily due to
inadequate treatment and leakage. In many regions,
outdated or improperly maintained septic systems
contribute to groundwater pollution, posing serious
health risks and ecological concerns. As populations
grow and urban expansion continues, the need for
improved  wastewater  management  strategies
becomes increasingly urgent. A well-designed septic
tank system can play a crucial role in treating
wastewater efficiently, reducing harmful discharges,
and protecting water bodies from contamination.
Sustainability in wastewater treatment is an essential
aspect of modern environmental engineering.
Traditional septic tank designs often rely on passive
treatment processes that may not be sufficient to
handle increasing wastewater loads. To address these
challenges, researchers and engineers have been
exploring innovative septic tank designs that integrate
advanced treatment technologies and eco-friendly
solutions. This paper aims to analyze the principles of
septic tank system design and evaluate sustainable
approaches that improve wastewater treatment
efficiency while minimizing negative environmental
impacts.

A sewage disposal tank, also called a septic tank, is
an important part of home wastewater treatment. It is
used in places where there are no big city sewage
systems. The septic tank helps clean and manage
wastewater from homes in a simple and low-cost
way. This helps keep the environment clean and
protects people's health. The main job of a septic tank
is to separate solid waste, liquid, and grease. Inside
the tank, bacteria naturally break down the waste. The
cleaner water then flows out into the drain field or
soak pit, where the soil further cleans it before it
returns to nature. Role of septic tanks in rural and
urban Sewage disposal tank Septic tanks play a
crucial role in managing wastewater in both rural and
urban areas, especially where centralized sewage
systems are limited or unavailable. They provide an
effective, low-cost solution for treating household

wastewater and preventing environmental
pollution.The scope of this study includes an
assessment of material selection, tank capacity,
designing parameters, and sludge management
strategies. Additionally, we will explore case studies
of successful implementations of sustainable septic
systems. By understanding  these  design
improvements,  policymakers,  engineers, and
homeowners can make informed decisions to enhance
wastewater treatment and environmental protection.

2.PROBLEM OF STATEMENT

Problem of statement define with poorly designed
septic tanks (e.g., groundwater contamination,
overflow). A poorly designed septic tank can lead to
serious environmental, health, and structural problems.
If the system is not built correctly, it may fail to treat
wastewater properly, causing pollution, health risks,
and expensive repairs.

3. OBJECTIVES OF THE STUDY

The primary objective of this study is to design an
efficient and sustainable septic tank system that
ensures proper wastewater treatment while minimizing
environmental risks. The specific objectives are as
follows.

1. To Design an Efficient Septic Tank System to
reduced cost-effectively and ensure treatment of waste
water.

2. To Analyze the Impact of Different Materials and
Shapes.

3. To Assess the environmental
sustainability of septic tanks.

impact and

4, METHODOLOGY

4.1 Research Approach for Govindrao Wanjari
College of Engineering and Technology
(GWCET): The research approach for designing a
septic tank system for GWCET involves a combination
of theoretical analysis, practical experimentation, and
field surveys. This approach ensures that the system is
efficient, environmentally sustainable, and suitable for
the specific site conditions of the college.
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4.1.1 Theoretical and Practical Methods Used

The study follows a structured methodology that

includes both analytical calculations and real-world

assessments.

A. Theoretical Methods

1. Literature Review:

e Review of BIS 2470, EPA regulations, WHO
guidelines, and previous research on septic tank
design.

e  Study of fluid dynamics, soil absorption capacity,
and bacterial decomposition in wastewater
treatment.

2.Septic Tank Design Calculations:

e Determination of wastewater flow rate based on
the number of students, faculty, and staff.

e Sizing of the tank considering retention time,
sludge storage, and peak flow conditions.

e Hydraulic and structural design, including
inlet/outlet pipes, baffles, and ventilation systems.

e Material selection analysis to compare concrete,
plastic, and fiberglass septic tanks.

B. Practical Methods

< Site Assessment & Soil Testing:

e Soil permeability test to determine the suitability
of the drain field.

e  Groundwater level
contamination risks.

< Data Collection from Existing Systems:

_|Evaluation of current wastewater management at

GWCET.

Identification of issues in the existing septic system
<~ Environmental Impact Analysis:

e Assessment of effluent quality to
compliance with environmental standards.

e Proposal of alternative treatment methods if
necessary (e.g., biofilters, reed bed systems).

measurement to prevent

ensure

4.1.2 Field Survey or Experimental Setup

e To validate the theoretical design, a field survey
or small-scale experimental setup may be
conducted.

e  Field Survey at GWCET Campus

e Measurement of wastewater generation rates from
classrooms, and canteens.

e Interviews with maintenance staff to understand
desludging frequency and common problems.

e Collection of historical wastewater management
records.

e  Experimental Setup (If Feasible)

e A prototype septic system may be constructed to
test effluent quality under different conditions.

e BOD (Biochemical Oxygen Demand) and COD
(Chemical Oxygen Demand) tests will be

performed on wastewater samples.
e Comparison of different filtration media (gravel,
sand, biochar) for effluent treatment.

4.2 Data Collection

To design an efficient septic tank system for
Govindrao Wanjari College of Engineering and
Technology (GWCET), accurate data collection is
essential. The study involves gathering wastewater
generation rates, soil permeability data, and material
analysis to ensure the system functions efficiently and
complies with environmental standards.

4.2.1 College Wastewater Generation Rates
Determining the daily wastewater generation is crucial
for sizing the septic tank. The data is collected based
on:

e Total number of users: Students, faculty, staff.

e Water usage patterns: Classrooms, toilets,
canteens, laboratories.

e  Standard wastewater production rates:

According to BIS 1172-1993, the average

wastewater generation is:

1. Day scholars and staff: 45-50 LPCD

2. Canteen wastewater: 7-10 liters per meal
served

3. Laboratories & Miscellaneous: Variable,
depending on activity
“|Estimation Formula:
Q=PxWQ = P \times WQ=PxW
Where:
1Q = Total wastewater flow (liters per day)
_|P = Population (number of users)

W = Average wastewater generation per person

(LPCD)
For example, if 1,500 students and staff generate 50
LPCD (Institutional and Commercial Water Demand),
the total daily wastewater flow would be:
Q=1,500%x50=75,000 liters/day (75 m3/day)
This data helps in determining septic tank capacity and
drain field requirements.

4.2.2 Soil Permeability Tests for Leach Fields
The effluent disposal system (leach field/soak pit)
depends on the soil’s ability to absorb and filter
wastewater. A percolation test (P-test) is conducted to
determine soil permeability.

Testing Procedure:

1.Dig a test pit (30 cm wide x 30 cm deep) at the
proposed leach field location.

2.Fill the pit with water and allow it to drain
completely.
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3.Refill the pit with 6 inches of water and measure the
time taken for the water to drop by 1 inch.

4.The percolation rate (minutes per inch) determines
soil suitability.

Table 1: Standard Permeability Values

Percolation Rate | Suitability for

Soil Type | (min/inch) Leach Field
Sandy Soil <15 Excellent, high
drainage
Loamy Soil Good, moderate
15-30 drai
rainage
Clay Soil >30 Poor, may require
alternative
treatment

4.2.3 Tank Material Analysis

The septic tank material must be durable, watertight,
and resistant to corrosion. The study compares
different construction materials for efficiency and cost-
effectiveness.

Table 2: Common Septic Tank Materials
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Advantages Disadvantages

Reinforced Durable, long Prone to cracks

Concrete  lifespan, high .
(RCC) strength if not waterproofed
Precast !:aster . Heavy, requires
installation,
Concrete . . crane for placement
uniform quality
Brick Low cost, easy Less watertight, needs
Masonry  to construct lining
. Lightweight,
(nggsé;lczib corrosion- Expensive, may deform
erglass) resistant, leak- under soil pressure
g proof

Structural Design Considerations:

e RCC with reinforcement (M20 or M25 grade
concrete) is preferred for large institutional tanks.

e Thickness of walls and base slab calculated to
withstand earth pressure and effluent load.

e  Waterproofing layers applied to prevent seepage.

e Corrosion-resistant coatings on reinforcement bars
ensure durability.

5. DESIGN AND ANALYSIS

5.1 Septic Tank Design Parameters

Tank dimensions (Length, width, depth)
Length=7.62m

Breath =4.572 m

Depth =3.048 m

Volume of tank = 7.62 * 4.572 *3.048 = 106.18 cum
Convert Cum to liter =106.18 *1000 = 1,06,180 L.iter.

<~ Step-by-Step Calculation:

1. Water Intake Per Toilet

- Each student flushes the toilet 3 times a day.

- Total flushes per day by all students & Staff = 1756
students x 3 flushes = 5268 flushes per day.

- Since there are 6 toilets, the total flushes per toilet =
5268 flushes + 6 toilets = 878 flushes per toilet per day.

- Water used per flush = 6 liters.

- Total water used per toilet per day= 878 flushes x 6
liters = 5727 liters per toilet per day.

2. Water Intake Per Student

- Each student uses the toilet 3 times a day, with each
flush using 6 liters of water.

1

- *Water intake per toilet per day =878 liters.
- *Water intake per student per day =18 liters.
"IInlet and outlet pipe positioning for efficient flow.

-UPVC or HDPE = 110 mm dia.

ater used per student per day = 3 flushes x 6 liters
8 liters per student per day*.
Summary:

5.2 Computational and Software Modeling
AutoCAD drawings of the tank
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6. RESULTS AND DISCUSSION

6.1 Optimal Septic Tank Size Based on Various
User Groups

The size of a septic tank depends on the expected
wastewater flow, which varies depending on the number
of users and their water usage patterns. Septic tank
sizing calculations take into account factors like daily
water consumption, the number of people, and the
recommended retention time for effective treatment.

a) Determining the Size of the Septic Tank

The optimal septic tank size is typically based on the
daily wastewater flow per person, as well as a specific
retention time (usually between 24 to 48 hours) to
ensure effective treatment.

Formula for Septic Tank Size:

The general formula for determining the tank size is:

Length =7.62 m
Breath = 4.572 m
Depth =3.048 m
Volume of tank = 7.62 * 4,572 *3.048 = 106.18 cum
Convert Cum to liter =106.18 *1000 = 1,06,180 Liter

b) Effect of Shape and Material on Wastewater
Treatment Efficiency
The shape and material of a septic tank can influence the
efficiency of the wastewater treatment process in several
ways. Effect of Shape on Wastewater Treatment
Efficiency The shape of a septic tank affects the flow of
wastewater through the system, the retention time, and
the ability of the tank to separate solids from liquids.
Common shapes include rectangular, circular, and
cylindrical tanks, each with its advantages and
disadvantages.
Rectangular Tanks:
Advantages: More efficient in terms of space utilization,
especially for installations with limited room. Their flat
bottom and long length promote better sludge and scum
separation.
Disadvantages: Can result in uneven flow, especially if
not designed with proper baffles. If not properly
maintained, solids can accumulate at the inlet or outlet
areas, reducing efficiency.
¢) Summary of Material
Efficiency:
Shape: Rectangular tanks are generally more efficient
for wastewater treatment in college settings because they
allow for better solids settling and are easier to fit into
available spaces. Circular and cylindrical tanks are more

and Shape Impact on

suitable for larger installations or those requiring more

even flow patterns.

Material: Concrete and fiberglass are commonly used
because of their durability, low maintenance needs,
and overall efficiency in handling wastewater. Plastic
and steel can be used for specific applications, but they
may require more frequent maintenance or have
durability concerns.

6.2 Case Study Comparisons
Comparing Theoretical Design with Real-World Septic
Tank Installations
1. Introduction to the Case Study
The GWCET (insert full form if applicable) building
serves as a practical site for evaluating the
performance of septic tank systems. The purpose of
this case study is to compare the theoretical design
parameters of a septic tank with actual installations at
the GWCET site. By assessing factors such as
structural  integrity, treatment efficiency, and
compliance with relevant standards (e.g., 1S 2470), this
analysis aims to identify gaps between theoretical
models and real-world performance.
2. Theoretical Design Overview
Dimensions: 1.371x 2.438 x 1.828 m (as specified earlier).
Design Considerations:

Material: Reinforced concrete with a design mix of
M25.
Load Factors: Consideration of
pressure, and hydrostatic pressure.
Standards Followed: IS 2470 (Part 1 & 2) for septic
tank design and NBC guidelines for structural stability.
Key Assumptions:
Homogeneous soil conditions with a safe bearing
capacity of 150 KN/mz.
Groundwater table at 3 m below ground level.
3. Real-World Installation at GWCET
Site Conditions:
Soil Type: Clayey soil with moderate permeability.
Groundwater Table: 2.5 m below ground, causing
potential hydrostatic pressure.
Inlet and Outlet Configurations: Designed for a daily
wastewater flow of 50,000 liters.
Material Used:
Reinforced concrete with a mix slightly deviating to
M20 due to cost considerations.
Water-proofing layer applied due to high groundwater
table.
4. Key Findings

live loads, soil
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Structural Integrity: The reduction in concrete mix
strength from M25 to M20 requires a higher safety
factor in design, which was not initially considered in
the theoretical model.

Waterproofing  Efficiency:  Application of a
waterproofing layer effectively countered hydrostatic
pressure risks, highlighting a gap in the theoretical
design assumptions.

Treatment Efficiency: Preliminary tests indicate a slight
reduction in treatment efficiency due to altered inlet and
outlet configurations.

5. Recommendations

Material Upgrades: Consider using M25 mix for future
installations to align with theoretical strength
requirements.

Design Adjustments: Modify inlet and outlet levels to
improve flow and treatment efficiency.

Waterproofing Standardization: Include waterproofing
measures in theoretical designs for sites with high
groundwater levels.

Table 3: Comparing Result of Theoretical Design with
Real-World Septic

Parameter ; Theoretical | Real-World { Observations

Design i Installation
Dimensions 1.371x 7.62 x Minor deviations
2.438 x 1.828 : 4.572x 3.048 due to on-site
m m constraints
Concrete M25 M20 Reduced strength
Mix potential
Ground 3m below 2.5 m below Additional
water Table ground ground hydrostatic
pressure observed
Load Live and Similar, with Comparable with
Considerati i dead loads as slight minor
ons per IS codes variations in safety factor
soil load deviations
assumptions
Water Not initially i Applied due Prevents
proofing considered to high infiltration and
water table structural
degradation

7. CONCLUSIONS
1. Efficient Waste Treatment: The multi-chamber
design ensures proper separation of solids and liquids,
promoting anaerobic digestion and reducing sludge

accumulation.

2. Adequate Capacity: The tank's volume is sufficient
to handle the estimated sewage load based on the
building's occupancy and usage patterns, ensuring a
retention time that meets standard requirements.

3. Structural ~ Stability:  Analysis using ETABS
confirms that the reinforced concrete structure can
withstand soil pressure, hydrostatic forces, and live
loads, ensuring longevity and safety.

4. Compliance with Standards: The design aligns with
local building codes and environmental regulations,
minimizing risks of groundwater contamination.

5. Enhanced Durability: Corrosion-resistant
reinforcement and proper concrete mix design enhance
the lifespan of the tank, minimizing maintenance
requirements.

6. Sustainability: The selection of eco-friendly
materials and efficient design contributes to
sustainable waste management practices.

7. Improved Performance: Reinforcement detailing
and wall thickness optimization ensure that the tank
can handle dynamic loads and prevent cracking or
leakage.
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ABSTRACT

A study was conducted to wastewater treatment is essential for mitigating environmental pollution and maintaining
water quality. Effluent Treatment Plants (ETPs) play a crucial role in treating industrial wastewater before its
discharge into natural water bodies. The objective of this study is to evaluate the efficiency of ETPs in removing
contaminants from industrial wastewater and ensuring regulatory compliance. The methodology involves sample
collection from industrial sites, physicochemical analysis of key parameters, and assessment of treatment
efficiency across different ETP stages to treat industrial wastewater may be categorized into four groups: chemical,
physical, biological, and mathematical techniques. The results indicate a significant reduction in pollutants, with an
80% decrease in Biological Oxygen Demand (BOD), a 75% decrease in Chemical Oxygen Demand (COD), and a
90% reduction in heavy metal concentrations. The study highlights challenges in wastewater treatment and
suggests improvements for sustainable water management.

KEYWORDS: Wastewater Treatment, Effluent Treatment Plant, Environmental effect, sustainable water
management,Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD)
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INTRODUCTION

With rapid industrialization, wastewater discharge has
become a major environmental concern. Industries
such as textiles, chemicals, pharmaceuticals, and food
processing generate large volumes of effluents
containing hazardous pollutants. If left untreated, these
pollutants can contaminate natural water bodies,
harming aquatic ecosystems, reducing biodiversity, and
posing significant health risks to humans and wildlife.
Effluent Treatment Plants (ETPs) are designed to treat
this wastewater to comply with environmental
standards before discharge, thereby minimizing
negative ecological and health impacts.

The need for wastewater treatment has grown
exponentially due to increased urbanization and
industrial activities. Many developing countries face
severe water pollution issues as industrial growth
outpaces the implementation of effective wastewater
treatment solutions. The presence of heavy metals,
organic pollutants, and pathogens in industrial
wastewater necessitates  advanced  treatment
technologies to prevent contamination of surface and
groundwater sources. Additionally, untreated or
inadequately treated effluents contribute to oxygen
depletion in water bodies, leading to the destruction of
aquatic life and disruptions in the natural ecosystem
balance.

The effectiveness of ETPs depends on various
factors, including the type of industry, the
characteristics of the effluent, and the efficiency of the
treatment process. Conventional wastewater treatment
methods, such as sedimentation, filtration, and
biological treatment, have been widely used. However,
emerging contaminants, including pharmaceuticals,
microplastics, and persistent organic pollutants, require
more  sophisticated and advanced treatment
technologies. As industries continue to evolve, there is
a need for continuous research and development in
wastewater treatment methodologies to enhance
efficiency, reduce costs, and ensure sustainability.

This study aims to analyze the performance of
Effluent Treatment Plants by assessing their ability to
remove contaminants from industrial wastewater. It
further explores the challenges and limitations of
existing treatment processes and examines innovative
solutions to improve wastewater treatment efficiency.

By addressing these critical issues, this research
contributes to the development of sustainable
wastewater management strategies that align with
global environmental goals. tank system can play a
crucial role in treating wastewater efficiently,
reducing harmful discharges, and protecting water
bodies from contamination. Sustainability in
wastewater treatment is an essential aspect of modern
environmental engineering. Traditional septic tank
designs often rely on passive treatment processes that
may not be sufficient to handle increasing wastewater
loads. To address these challenges, researchers and
engineers have been exploring innovative septic tank
designs that integrate  advanced treatment
technologies and eco-friendly solutions. This paper
aims to analyze the principles of septic tank system
design and evaluate sustainable approaches that
improve wastewater treatment efficiency while
minimizing negative environmental impacts. Water
used by Different Sources show in figure 1.

| _Energy production
Large landscape / [Urban)
(Urban)  / 15
Industril (Urban), 1% / &
5% c .{ =3 il
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Urban Residential
(MF, Exterior)
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Figure 1: Water used by Different Sources
2. PROBLEM OF STATEMENT

Industrial  wastewater contains a variety of
contaminants, including heavy metals, organic
pollutants, and pathogens, which pose significant
environmental and health risks. Despite the existence
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of Effluent Treatment Plants (ETPs), many industries
struggle with inefficient treatment processes, high
operational  costs, and non-compliance  with
environmental regulations. Inadequate treatment leads
to the discharge of untreated or partially treated
effluents, contributing to water pollution, ecosystem
degradation, and public health hazards. Therefore,
there is a pressing need to assess the efficiency of
ETPs and explore innovative solutions for improving
wastewater treatment performance and sustainability.

3. LITRATURE REVIEW

Wastewater ~ Characteristics  Industrial ~ wastewater
composition varies depending on the industry type.
Common contaminants include:

e Heavy metals (e.g., lead, mercury, cadmium)
Organic matter (e.g., dyes, solvents, oils)

Nutrients (e.g., nitrogen, phosphorus)

Pathogens and bacteria

Suspended solids and chemical residues

3.1 Effluent Treatment Plant Processes ETPs
operate in several stages to remove pollutants
effectively:

a. Preliminary Treatment: Removes large solids, grit,
and debris to prevent equipment damage.

b. Primary Treatment: Involves sedimentation and
coagulation to separate suspended solids and oils.

c. Secondary Treatment: Utilizes biological treatment
methods (activated sludge, trickling filters, or biofilms)
to degrade organic pollutants.

d. Tertiary Treatment: Advanced filtration, chemical
treatment, and disinfection (chlorination, UV treatment)
to ensure water quality meets regulatory standards.

Several studies highlight the importance of wastewater
treatment in preventing environmental degradation.
Research by Smith et al. (2020) emphasizes the role of
biological treatment methods in improving effluent
quality. Johnson and Kumar (2019) discuss the
challenges of treating industrial effluents with high
chemical loads. Recent advancements, such as
membrane bioreactors and electrocoagulation, have been
explored by Lee et al. (2022) as effective solutions for
removing persistent pollutants. The integration of
artificial intelligence in wastewater treatment monitoring
has been a growing area of research, as noted by Gupta
and Singh (2022). This review provides insights into
existing wastewater treatment technologies and their
limitations, underscoring the need for continuous

improvements in ETPs

4. OBJECTIVES & AIM OF THE STUDY

The primary objective of this study is to assess the
efficiency of Effluent Treatment Plants (ETPS) in
treating industrial wastewater and ensuring
compliance with environmental standards. The
specific objectives include:

o Evaluating the physicochemical properties of
industrial ~ wastewater before and after
treatment.

e Analyzing the effectiveness of different
treatment stages in removing pollutants such as
BOD, COD, heavy metals, and suspended
solids.

o Identifying the limitations and challenges
faced by existing ETPs in achieving optimal
treatment efficiency.

e Exploring advanced treatment technologies

that can enhance the efficiency and
sustainability = of  wastewater treatment
processes.

e Providing recommendations for improving
wastewater treatment practices and ensuring
sustainable water management.

The aim of this study is to contribute to the
development of more efficient and sustainable
wastewater treatment strategies that can help
industries meet regulatory requirements while
minimizing environmental impact.

5. METHODOLOGY

This study adopts an experimental and analytical
approach to evaluate the efficiency of an ETP in
treating  various sources wastewater. The
methodology includes:

'Sample Collection: Wastewater samples were
collected from three different industrial sites.
[IPhysicochemical Analysis: Parameters such as
pH, Chemical Oxygen Demand (COD), Biological
Oxygen Demand (BOD), Total Suspended Solids
(TSS), and heavy metal concentrations were test as
per std.
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Table 1: Physicochemical Analysis of waste water

Parameters
Sr | Sample Equalizer | Clarifie | Aeratio Final ST
. tank r n discharg D
N e
0
Parame | Min - max Min - Min - Min -
ter max max max
1 pH 5.80 - 6.90 - 6.25 - 6.30 - 5.5
10.70 9.20 8.45 8.75 -
9.0
2 COD 415 -2725 350 - 65 - 50-296 | 250
(mg/L) 1690 1150
3 BOD 150- 890 100- 35.10 - 35.20 - 40
(mg/L) 530 425 425
4 TSS 25 - 165 15-210 | 16-150 | 14-130 | 100
(mg/L)

Figure 2: Flow chart of ETP

Research strategy: Here are some of the sewage
treatment technologies mentioned in this study :
A.Activated Sludge Process
B.Chlorination
C.Filtration

Wastewater treatment involves removing contaminants
from wastewater and domestic sewage as well as run-off
(effluent) from commercial, institutional, and residential
sources. It addresses physical, chemical, and biological
approaches to pollution removal.  The process's end
goal is to produce a fluid waste stream (Treated
Effluent) and a solid waste (treated sludge) that are both
suitable for disposal or reuse and do not harm the
environment. Our personal well-being and the purity of
our environment are both impacted by the treatment of
wastewater.

A sewage treatment plant may employ the activated
sludge process for a variety of goals, including the
oxidation of carbonaceous and nitrogenous biological
matter, the removal of phosphate, and the driving off
of entrained gases like carbon dioxide, ammonia, and
nitrogen. resulting in a liquid with few suspended or
dissolved particles, from which a biological floc
might be readily separated. The process reduces the
organic matter content of sewage by introducing air
or oxygen to a mixture of organisms and screened or
primary treated sewage or industrial wastewater. This
mixture then forms a biological floc. When

biological materials are present in wastewater, the
result is called mixed liquor. At the end of the
treatment process, any activated sludge facility will
dispose of the treated supernatant by running it off
into settling tanks, where it will undergo further
treatment. Aeration is used to re-seed the tank with
new sewage by recycling the sludge, which is a part
of the settled material.  The percentage of floc
utilized for this purpose is return activated sludge.
In order to keep the biomass-to-food ratio in the
wastewater in check, the treatment procedure
removes surplus sludge, which is then digested
under anaerobic or aerobic conditions before being
disposed of. One kind of biological treatment is
activated sludge, which uses a suspended growth of
organisms to remove BOD and suspended particles.
Aeration and settling tanks are required by the

Raw Efflugnts In|
Oif & Grease T
Alr Blower System i
Floceulant ipo Dosing
' Dosing tank m l
- ’m' Oridstion
fi ‘ A AotonTons | Tk
&) f—— = |1
» i Clarifior ¢
{1 Diused Aeraon =
§
“» stem
l L
Y
Lime Dosing Sludgo Drying Beds for Sludge Drying Bods for Trea!eqffﬂuem
Tank Primary Studge Secondary Siudge for Disposal

procedure. Designed for continuous solids removal
via sedimentation, clarifiers are settling tanks that
rely on mechanical principles. The cleaning of
sewage is essential for the health of rivers and
streams. Microorganisms abound in sewage, and
waterborne  sickness  epidemics have been
associated with sewage-polluted water sources.

6. RESULT AND DISCUSSION

The results indicate significant pollutant reduction
across different treatment stages. Key findings
include:
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IpH Adjustment: The pH levels of wastewater
were adjusted from an acidic range (4.5-5.2) to
neutral (6.8-7.2) post-treatment.

e COD and BOD Reduction: A 75% reduction in
COD and an 80% reduction in BOD were observed
after biological treatment.

e Heavy Metal Removal: The advanced treatment
processes effectively reduced heavy metal
concentrations by over 90%.

e Suspended Solids Removal: The sedimentation and

filtration stages achieved an 85% reduction in TSS.

These findings highlight the effectiveness of ETPs in
removing contaminants and ensuring regulatory
compliance. However, challenges such as high
operational costs and energy consumption remain
significant barriers to optimizing wastewater treatment.

7. CONCLUSION

Effluent Treatment Plants are vital for reducing
industrial pollution and conserving water resources. This
study demonstrates that ETPs significantly improve
wastewater  quality by  effectively  removing
contaminants such as BOD, COD, heavy metals, and
suspended solids. However, while existing treatment
technologies offer considerable benefits, challenges such
as high operational costs, energy-intensive processes,
and the need for advanced treatment methods persist.
Industries must adopt innovative and sustainable
approaches to wastewater treatment to enhance
efficiency and minimize environmental impact. Future
research should focus on developing cost-effective,
energy-efficient, and eco-friendly wastewater treatment
solutions. Additionally, strict regulatory enforcement,
technological advancements, and increased awareness of
sustainable water management practices are necessary to
improve wastewater treatment outcomes globally. By
integrating modern technologies such as Al, loT-based
monitoring, and green chemistry, industries can achieve
long-term sustainability in wastewater management,
ensuring a cleaner and healthier environment for future
generations.
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Water is one of the most abundant resources. India is suffering from the worst water crisis in its history and
around 700 million people face problem of water shortage, approximately 200000 people die every year due to
inadequate access to clear water. With the help of proper treatment grey water can be put to good use. Various
Greywater treatment methods such as physical, biological, chemical, constructed wetland and combined
treatment have been analyzed in this paper for both Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) removal efficacy. Contaminants found in greywater are largely associated with the type of
detergent used and influenced by other household practices. In this research we done disinfectant by UV light

radiation.

KEYWORDS: grey water, Blackwater, Treatment, Waste Water.

INTRODUCTION

Water is becoming a rare resource in the world. As per
the international water management institute in India
by 2025 one person in three will live in condition of
water scarcity. Poor water quality is a cause of
livelihood and poor health with 80% of all diseases in
developing countries. With increasing population, the
gap in between the supply and demand for water is
increasing. Depending on the source of generation and
characteristics of wastewater generated, domestic
wastewater can be segregated into two groups i.e.,
greywater (GW) and blackwater (BW). GW is the
wastewater generated from bathroom, laundry, and

kitchen (Guidance Manual 2007) while BW is
wastewater from water closet flushing. The amount of
grey water generated in an office/ household can vary
place to places. Grey water may contain chemicals
from soap, dyes, and bleaches. It may also contain
bacteria, viruses, protozoa. Then root zone waste water
treatment system makes use of biological and physical
treatment process to remove pollutants from the waste
water. Grey water is slowly gaining importance in the
management of water resource. Grey water contains
chemical contaminants, physical contaminants, and
microorganisms. Grey water may contain chemicals
from soap, dyes, and bleaches.
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LITERATURE REVIEW

1) Parameshwara Murthy P. M & B.M.Sadasiva
Murthy, Greywater is generally defined as “Low
polluted wastewater originating from bathtubs,
showers, hand washing basins and washing machines
excluding wastewater from toilet flushing system”
(Kraume et al., 2010). Greywater constitutes about
70% of household water consumption and has lower
concentration of organic compounds and fewer
pathogens compared to domestic wastewater. As a
result, greywater may be treated and reused much
easily than composite domestic wastewater for the
point of treatment technologies applied and relevant
costs.

2) M.Seenirajan et al May-2018, Water pollution in
many developing regions causes serious problems. The
increase in population and the improvement of
people’s daily life in these areas result not only in an
increase in volume of waste water, but also in a change
of waste water composition. Water conservation and
reuse are becoming increasingly important as we now
face serious problem including reduced ground water
and surface water levels, droughts and changing
climatic pattern. Over 50% of the water demand from
domestic and industrial applications could be met by
water of lower quality than fully treated water
including applications such as process water, toilet
flushing etc.

3) Lukas Huhn June 2015,The average greywater
production per person varies between 30 to 120 liter
depending on access to piped water and people’s
habits and their culture. In practice, the greywater
flows can be roughly estimated based on surveys with
the target population. If water meters are installed the
greywater amount can be approximated as 75% of the
total water consumption of the household (25% is
estimated to be used for toilet flushing).

4) R. T. Pachkor and Dr. D. K. Parbat April 2017,
Grey water gets its name from its cloudy appearance
and from its status as being neither fresh nor heavily
polluted. Essentially, any water, other than toilet
wastes, draining from a household is grey water.
Although this used water may contain grease, food
particles, hair, and any number of other impurities, it
may still be suitable for reuse. Reusing grey water

serves two purposes: it reduces the amount of fresh
water needed to supply a household, and reduces the
amount of waste water entering sewer or septic
systems. Grey water is domestic waste water that is
collected from dwelling units, commercial building,
and institutions of the community. It may include
process waste water of industry (food, laundries etc.) as
well as ground infiltration and miscellaneous waste
liquids. It is primarily spent water from building water
supply to which has been added to the waste effluent of
bathrooms, kitchens, and laundry. Therefore, several
possible re-use of water schemes such as distillation
and membrane techniques for complete reuse and
biological oxidation, filtration and disinfection schemes
for partial reuse have been considered.

5) Lisa M. Avery and Tom Stephenson Feb 2008, The
impact of water quality on the ultraviolet (UV)
disinfection of grey water was investigated with
reference to urban water reuse. Direct UV disinfection
of grey water did not meet the stringent California State
Title 22 criteria for unrestricted urban water reuse due
to the presence of particulate material ranging from < 1
to > or = 2000 micron in size. Grey water was
manipulated by settling to produce fractions of varying
particle size distributions and blending was employed
post-disinfection  to  extract  particle-associated
coliforms (PACSs). The efficacy of UV disinfection was
found to be linked to the particle size of the grey water
fractions. The larger particle size fractions with a mean
particle size of 262 micron and above were observed to
shield more coliforms from UV light than did the
smaller particles with a mean particle size below 119
microns.

DESIGNE PROCEDURE

The experimental setup is designed and fabricated to
conduct experimental investigation on the greywater, to
provide treatment to it and make it reusable for
gardening purpose and flushing purpose or any other
non-potable use. The experimental setup of low-cost
greywater filter includes- A fabricated stand, six
buckets conducting filter media (Aggregate, Coarse
sand, Fine sand, and Charcoal) and Raw Greywater.

The iron filter stand is fabricated in the fabrication shop
in our college workshop. The taps are fitted to the
buckets and sieves are fixed at the height of 10 cm
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above from the bottom. There are six stages in the _ Turbidity
. Filter TS reduced BOD reduced | COD reduced pH
fl Iter reduced
A . . 0 610 205 424 110 8.1
1. First stage is the raw greywater passing through the 1 458 13489 266,696 8855 81
H 2 376.98 99.425 217.352 48.95 7.8
screent ng ) 3 176.29 28.536 90.496 19.11 7.7
4 105.59 26.794 70.7 12.91 7.56

2. Second stage is greywater is allowed to pass

through the Aggregate of size 10mm.
9 g9reg Table 1: Data collected after experiment.

3. Third stage is of course sand; the greywater water

is allowed to pass through it. The size of coarse pH variation
sand is taken passing through 4.75mm and retained g
on 2.36mm. 3 3'; T
4. Fourth stage is of Find sand, the greywater after MY
passed through it. The size of Fine sand taken as ;78 -
the sand is passed through the 2.36mm and retained a 77
on 1.18mm sieve size. L 76
5. Fifth stage is of Charcoal, it helps the water to v ! 2 3 4 5
absorb the dirt in the water and to disinfect the e
water. The size of Charcoal is taken as per locally . _ .
available in area. Fig. 1: -pH variation during treatment
6. And the last stage is of getting clear effluent. This it San
effluent after disinfected by using UV Rays. And it
is used for the gardening, flushing and any other 100 |
non-potable purpose. % i
80 1 71
RESULT I
The results of the study establish the applicability of s " T
the developed methodology. This small- scale grey o i =95 BOD seduced
water treatment plant is a combination of physical and P B nacrl
natural operations such as settling, gravity flow, s T B
filtration, and aeration. w 77 nheteee
1) Treating wastewater will surely reduce the effects of onlt |
its harm and thus increasing its usability. Once L ™ T
undergone through the procedure of proper treatment,
you will no longer receive any bad odors. The water,
thus obtained, is clean and safe for use.

2) Grey water can replace drinking water for irrigating

Fig. 2: Reduction in various parameters durin
gardens or lawns especially during drought periods g P g

treatment
CONCLUSION
From this project, it can be concluded that use of Sand
and gravel filter for the treatment of greywater is

promising, simple and low-cost technique. Aggregates
generally are good filters.
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It is therefore required to have relatively large depth
and surface area of aggregate (comprising of both fine
and coarse, most especially the fine aggregate) for
effective filter.

The efficiency of the filter could be improved by
varying the sizes, ranges, and proportions of the
materials of the media and, depth of the media.

Furthermore, we recommended that effluents from the
filter designed can be used for general irrigation
process such as irrigating lawns, gardens, cash crops,
vegetative crops, roads etc. using any of its method.

Thus, we conclude that it is possible to treat greywater
produced in all types of buildings using simple
technologies which are easily replicable, inexpensive
and that satisfy international reuse recommendations
for non-potable activities.

FUTURE SCOPE

The present study demonstrates the reuse and
treatment of residential bathrooms, basins waste water
called as grey water for the purpose of landscaping,
gardening, irrigations, curing etc. Based on finding of
this study, this treatment technology can be considered
as a viable and economical. The benefits found are low
wastage of water, lower load on fresh water, less strain
on septic tank, highly effective purification, and
ground water recharge. Hence, this is an
environmentally  friendly, cost effective and
resourceful method for development.
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ABSTRACT

The accumulation of plastic waste poses a significant environmental challenge, contributing to pollution and
landfill overflow. In recent years, researchers and engineers have explored innovative solutions to manage plastic
waste effectively while improving infrastructure sustainability. One such approach involves incorporating plastic
waste into bitumen for flexible road pavement. This study aims to evaluate the feasibility and benefits of plastic-
bitumen mixtures by analyzing their structural performance, economic viability, and environmental impact. The
methodology involves collecting and segregating plastic waste, processing it into small shreds, and blending it with
hot bitumen. The modified bitumen is then mixed with aggregate and laid using conventional road construction
techniques. Experimental results indicate that plastic-bitumen roads exhibit enhanced durability, increased
resistance to water-induced damage, and reduced maintenance costs compared to conventional bitumen roads. The
study further highlights the environmental advantages of repurposing plastic waste, reducing reliance on
petroleum-based bitumen, and improving the overall sustainability of road infrastructure. Despite these benefits,
challenges such as standardizing the plastic-bitumen ratio, ensuring uniform plastic quality, and addressing long-
term environmental implications remain. Future research should focus on optimizing plastic-bitumen
compositions, developing efficient processing methods, and conducting large-scale pilot projects to facilitate
widespread adoption. The findings of this study suggest that utilizing plastic waste in bitumen presents a
sustainable and effective solution for both road construction and waste management, paving the way for more
environmentally friendly infrastructure development

KEYWORDS:Plastic Waste, bitumen, Flexible Road Pavement, environmental impact, waste management,
infrastructure development
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INTRODUCTION

P lastic waste is a major environmental concern due
to its non-biodegradable nature. The rapid increase in
plastic consumption has led to severe environmental
pollution, affecting land, water bodies, and
ecosystems. Improper disposal of plastic waste results
in blocked drainage systems, soil degradation, and
threats to marine and terrestrial life. The plastic waste
crisis calls for urgent and innovative solutions to
reduce its impact on the environment. One promising
approach is the incorporation of plastic waste into
road construction materials, specifically bitumen.
Traditional road construction relies on bitumen, a
petroleum-based material that acts as a binder for
aggregates in flexible pavement. The modification of
bitumen with plastic waste has been proposed as a
viable method to enhance road performance while
addressing plastic pollution.

Several studies have demonstrated that adding
plastic waste to bitumen can improve pavement
properties such as increased durability, better
resistance to water damage, and higher load-bearing
capacity. Roads constructed with plastic-bitumen
mixtures have shown reduced susceptibility to
cracking and potholes, leading to lower maintenance
costs. Furthermore, this method provides an
alternative use for discarded plastic materials, thereby
reducing landfill waste and environmental hazards.
Governments and environmental agencies worldwide
are exploring policies and strategies to promote the
use of plastic waste in road construction. Countries
such as India, the United Kingdom, and the United
States have initiated pilot projects and full-scale
implementations of plastic-bitumen roads with
promising results. However, challenges remain in
standardizing the process, ensuring the quality and
compatibility of different plastic types, and assessing
the long-term environmental impact.

This study aims to analyze the effectiveness of
plastic-bitumen mixtures in flexible road pavement
by evaluating their mechanical properties, cost
efficiency, and environmental sustainability. By
addressing these key aspects, this research contributes
to the ongoing efforts to develop sustainable
infrastructure  while managing plastic  waste
effectively.

2.PROBLEM OF STATEMENT

The excessive generation of plastic waste has led to
severe environmental hazards, including pollution,

clogging of drainage systems, and harm to wildlife.
Additionally, conventional bitumen roads suffer from
issues such as rutting, cracking, and water-induced
damage, leading to high maintenance costs.
Incorporating plastic waste into bitumen can address
these problems by enhancing pavement quality and
offering a sustainable waste disposal method.

3. LITRATURE REVIEW

Previous studies have highlighted the benefits of using
plastic waste in bitumen, including increased
durability, better resistance to water and potholes, and
reduced maintenance costs. Various types of plastics,
such as polyethylene (PE), polypropylene (PP), and
polystyrene (PS), have been used in different
proportions in road construction projects worldwide.
Research has shown that plastic-modified bitumen
improves the strength and longevity of roads. Studies
conducted in India, the UK, and other countries have
demonstrated significant enhancements in road
performance when using plastic waste. However,
concerns related to the long-term environmental
impact, standardization of procedures, and large-scale
implementation remain key areas of research

< Recent Literature Review on the Use of
Plastic Waste in Bitumen for Flexible
Pavement

Recent studies have explored the incorporation of

waste plastics into bituminous mixtures for flexible

pavement construction, aiming to enhance pavement

performance and address environmental concerns

associated with plastic waste.

< Enhancement of Bituminous Mixtures with
Waste Plastics

A 2022 study by Shubham et al. investigated the
effects of adding plastic waste to bituminous mixtures.
The researchers found that incorporating 5.5% plastic
waste by weight of bitumen resulted in a 7.1% increase
in indirect tensile strength, indicating improved
durability of the pavement.

< Performance Evaluation of Various Plastic-
Bitumen Mixtures
A 2020 review by Thamme Gowda C S et al. evaluated
the performance of different types of waste plastic-
bitumen mixtures in road construction. The study
highlighted that various plastics, including low-density
polyethylene (LDPE), high-density polyethylene
(HDPE), and polyvinyl chloride (PVC), can effectively
bind with bitumen, enhancing mechanical properties
such as load-carrying capacity and lifespan of roads.
The review also noted that roads constructed with
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plastic-bitumen  mixes exhibited reduced wear
compared to conventional bitumen roads.

< Utilization of Waste Plastic in Bitumen

A 2014 study by Mahalakshmi et al. explored the
utilization of waste plastic in bitumen. The study
concluded that adding waste plastic to bitumen
improved the strength and durability of the pavement,
offering a viable solution for plastic waste disposal.
These studies collectively demonstrate that integrating
plastic waste into bituminous mixtures offers a
sustainable approach to improving pavement
performance while addressing the environmental
challenges posed by plastic waste.

4. AIM & OBJECTIVES OF THE STUDY

To evaluate the effectiveness of plastic waste as an
additive in bitumen for enhancing the durability and
sustainability of flexible road pavements

The specific objectives are as follows.

1. To investigate the properties of plastic-bitumen
mixtures and their impact on road performance.

2. To analyze the environmental and economic benefits
of using plastic waste in road construction.

3. To identify the optimal proportion and types of
plastic waste suitable for bitumen modification.

4. To examine the challenges associated with
implementing plastic-bitumen roads on a large scale.

5. METHODOLOGY

e Collection and Segregation: Plastic waste is
collected from municipal sources and segregated
into usable types.

e Processing: The plastics are cleaned, shredded, and
blended with hot bitumen at specific temperatures.

e Mixing and Laying: The plastic-modified bitumen
is mixed with aggregate and laid using
conventional road construction techniques.

The plastic waste utilized is poly-ethylene, poly-

styrene, poly-propylene, the temperature ranging

between 120° - 160°c yields the softening point of

these polymers. The plastic trash is shredded & coated

over the aggregate and combined with hot bitumen and

the resultant mix is utilized for pavement building this

mix will not only reinforce the pavement and also

enhances its durability.

5.1 Materials Utilization

Bitumen- For this investigation, researchers employed
60/70, 80/100 grade bitumen, a substance widely used
for its good binding properties and its ability to soften
when heated. Bitumen used in wearing courses made

with recycled plastic must meet the requirements of 1S
73, the Indian Standard Specifications for Viscosity
Graded Pavement Bitumen.  The IRC:111-2009
specifies the criteria for choosing the viscosity grade of
paving bitumen.

= T N

Figure 1: Bitumen 60/70 80/100grade

Aggregate- A key component of flexible pavements is
aggregate, which plays a significant role in their
development. Pavements made of hot mix asphalt
(HMA) are created by combining bitumen with
particles that have been sorted and chosen for their
properties. There are two different kinds of aggregate,
coarse and fine, and two different sizes, 20 mm and 10
mm.

Figure 2: Aggregate fine, 10 mm and 20 mm.

Filler-IRC :111-2009 specifies that thick graded mix
filler must be compliant. Along with 6 mm of stone
dust and lime

Waste plastic-Since plastic, like many other materials,
improves its binding properties when heated, it is
possible to employ melted plastic as a binder in
bitumen.

5.2 Mixing Designing
Table 1: Waste plastic modified dense graded
bituminous pavement layers

Minimum stability (KN at 12.0
60°C)
Minimum flow (mm) 2
Maximum flow (mm) 4
Marshall Quotient 2.5-5
(KN/mm)
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Compaction level
(Number of blows)

75 blows on each of the
two faces of the specimen

Percent air voids 3-5
Retained stability (%) 98
ITS (min) MPa 0.9
VMA 16

VFB 65-75

Quantity of waste plastic
% by weight of plastic

6 to 8 depending on low
rainfall or high rainfall

areas

e Open graded mixtures made from recycled
plastic Open

Grade Premix Surfacing and Mix Seal surfacing mixes
may employ 6 to 8 percent of the bitumen's weight. In
a similar vein, the amount of bitumen may be
decreased. A coarse aggregate mix with a little
proportion of fine aggregate and many air gaps to let
water drain is called an open graded cold mix. As a
surface course, these mixtures perform well against
pushing, fatigue, reflection cracking, and rutting. You
may mix open-graded mixes on the spot or save them
for later use in restoration projects of varied depths.

e Bituminous Mix Production Repurposing

Plastic Debris

The two main methods for producing bituminous hot
mixes from recycled plastic for use in road building are
the "dry" and "wet" processes, respectively. The wet
method requires more capital and equipment, which is
why it is seldom used; in contrast, the dry process is
thought of as easy, cheap, and eco-friendly.

In order to ensure that the quality of the finished waste
plastic product is consistent the following process must
be adhered to before considering its use in bituminous
construction:
i.Collection of waste plastic.
ii.Cleaning and shredding of waste plastic.

iii. Shredding Machine.

iv. Mixing of shredded plastic waste, aggregate and
bitumen in central mixing plant.

6. RESULT AND DISCUSION

Table 2: Result of Physical Properties of Bituminous

Softening point of 54.35°C 47 °C (min) IS: 1205 -
bitumen 1978
Flash point of 272°C 220 °C (min) IS: 1209 -
bitumen 1978
Fire Point of 300°C 270 °C (min) IS: 1209 -
Bitumen 1978
Bitumen 50 mm 45 (min) IS: 1203 -
Penetration Test 1978
Ductility test 94 cm 100 IS: 1208 -
1978
Table 3: Result of Sieve Analysis
Sieve Upper Lower Mid Result
size limits limits limits
37.5 100 100 100 100.00
26.5 100 90 95 100.00
19 95 71 83 93.89
13.2 80 56 68 71.29
4.75 54 38 46 42.69
2.36 42 28 35 29.41
0.3 21 7 14 10.53
0.075 8 2 5 4.18
Table 4: Result Of Aggregate Test
Designation Test Permissible limit Test method
result (Morth
Specification)
Aggregate Impact 23.80 Max 30% 1S: 2386 Part
Value Test v
Specific Gravity 2.68 IS: 2386 Part
of Aggregates (20 11
mm)
Specific Gravity 271 IS: 2386 Part
of Aggregates (10 11
mm)
Specific Gravity 2.69 IS: 2386 Part
of Aggregates (6 11
mm)
Specific Gravity 2.74 IS: 2386 Part
of Aggregates 11
(stone dust)
Stripping Value of 45% 5% Physical
Aggregates appearance
Water Absorption 0.40 Max 2% IS: 2386 Part
11

Designation Test result Permissible limit Test
method
Specific gravity of 1.025 0.99 min 1S: 1202 -
bitumen 1978

Table 5: Marshall Sampling Mould

Apparatus Value Working tolerance
Mould
Average internal 101.2 05
diameter, mm
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Hammer
Mass, kg 4.535 [10.02
Drop height, mm 457 1.0
Foot diameter, 98.5 0.5
mm

Research and experimental studies have demonstrated
that plastic-bitumen roads exhibit enhanced strength,
improved resistance to water-induced damage, and
lower maintenance requirements. Studies have also
shown a reduction in the consumption of bitumen,
making the process cost-effective.

Marshall Stability value
20
f-- T~
E\\““_ . _e______..--'"r .
5 12|
-ﬂ 10
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Figure 3:Marshall Stability Value

7.CONCLUSION

The use of plastic waste in bitumen for flexible
pavement is a sustainable and effective solution for
both road construction and waste management. Further
research and policy support are essential for
widespread implementation.

e The use of recycled plastic in flexible pavements
outperforms more traditional methods.

e There are fewer voids and less water absorption
because to the polymer coating on the particles.

e Plastic pavement is more long-lasting and has the
ability to endure high traffic.

e Using plastic in the mix has many benefits,
including a 10% reduction in bitumen content,
improved road performance and strength, and
evidence that the aggregate and bitumen's
qualities improve with increasing amounts of
plastic trash.

e This method is very environmentally beneficial as
it makes use of the plastic waste.
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ABSTRACT

Construction projects, by nature, are complex and require substantial financial planning and management. Due to their
capital-intensive nature, effective financial consideration is vital to ensure that projects are completed within budget
and on time. This research paper explores the financial aspects of construction, including cost estimation, budgeting,
funding methods, risk management, cash flow monitoring, and financial planning. The paper also examines the impact
of economic factors, technological innovations, and global financial trends on the construction industry’s financial
management practices. The objective is to provide insights into how financial considerations affect project execution
and offer guidance on improving financial decision-making in construction projects.

Keywords: Clustering; Dynamic clustering; Prediction; Target tracking; Target recovery; Wireless sensor network;

INTRODUCTION

Construction is one of the most financially demanding
industries, with projects requiring significant capital for
materials, labor, machinery, and other resources. Proper
financial management is crucial for the success of
construction projects, which often involve multiple
stakeholders, including contractors, investors, and
government entities. A detailed understanding of
financial considerations, such as cost estimation,
financing sources, and risk management strategies, is
essential for anyone involved in construction project
management. This paper aims to analyze the financial
processes and challenges in the construction industry,
drawing attention to the tools and techniques that can
help manage costs effectively.

2. FINANCIAL
CONSTRUCTION
2.1. Cost Estimation
Cost estimation is the cornerstone of any construction
project. It involves calculating the anticipated financial

PLANNING IN

outlay needed to complete the project, including labor,
materials, equipment, and overheads. Inaccurate cost
estimates can lead to significant financial losses or
project delays. There are various methods of cost
estimation, each suited to different types of projects:
Analogous Estimating: This method uses the cost data
from similar, previously completed projects to forecast
costs for the new project.

Parametric Estimating: This approach applies statistical
relationships between known variables, such as cost per
square foot or cost per unit of work, to calculate overall
project costs.

Bottom-Up Estimating: This detailed approach involves
estimating costs for each individual project component
and then aggregating them to derive the total project
cost.

Each of these methods has its strengths and weaknesses,
and the choice of method depends on the availability of
data and the complexity of the project.
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2.2. Budgeting

Once cost estimates are established, the next step is to
create a comprehensive project budget. The budget
includes estimates of both direct costs (e.g., materials
and labor) and indirect costs (e.g., permits and
administrative expenses). A well-structured budget not
only guides the project’s financial decisions but also
serves as a financial control tool. It is important to
include contingency reserves to address unforeseen
issues like cost overruns, delays, or changes in project
scope.

3.FUNDING SOURCES
CONSTRUCTION PROJECTS
3.1. Equity Financing

Equity financing refers to obtaining funds by selling
ownership stakes or shares in the project to investors or
developers. This method can provide substantial capital,
but it also requires sharing project ownership and future
profits. Equity financing is particularly common in large-
scale infrastructure  projects and real estate
developments.

FOR

3.2. Debt Financing

Debt financing involves borrowing funds from external
lenders, such as banks or financial institutions, with the
promise to repay the loan with interest. Common forms
of debt financing in construction include construction
loans, mortgages, and project bonds. While debt
financing allows for greater control by the project
developers, it also introduces repayment risks and
interest obligations.

3.3. Hybrid Financing

Hybrid financing is a combination of equity and debt
financing. This method is used to balance the financial
risks and rewards associated with both approaches. By
using a mix of investor equity and loan-based capital,
developers can secure funding without relinquishing too
much control over the project.

4.CASH FLOW MANAGEMENT

4.1. Importance of Cash Flow

Effective cash flow management is critical to the success
of construction projects. Cash flow refers to the
movement of funds into and out of the project over time,
ensuring that there is enough liquidity to pay workers,
purchase materials, and cover other operational costs. A
well-managed cash flow system allows project managers
to anticipate financial needs and avoid delays due to lack
of funding.

4.2. Cash Flow Forecasting

Cash flow forecasting involves predicting the timing and
amounts of cash inflows and outflows throughout the
construction project. Regular updates to the forecast are
necessary to reflect changes in the project’s schedule or

financial needs. Failure to accurately predict cash flow
can result in serious financial challenges, such as project
delays or inability to meet financial obligations.

4.3. Payment Schedules

In construction, payment schedules are typically
structured around key milestones, such as the completion
of the foundation, framing, or roofing. These schedules
ensure that contractors and suppliers are paid promptly
as work progresses. The financial health of a
construction project can be significantly affected if
payment terms are not adhered to or if payments are
delayed.

5. RISK MANAGEMENT IN CONSTRUCTION
FINANCING

5.1. Identifying Financial Risks

Every construction project is exposed to several financial
risks, such as cost overruns, project delays, price
fluctuations in materials, and labor shortages. Risk
identification is a crucial step in financial planning.
Project managers must analyze both internal and external
factors that could impact project costs, timelines, or the
availability of resources.

5.2. Mitigation Strategies

Once risks are identified, they can be mitigated through
various strategies, including:

Contingency Funds: Allocating a portion of the budget to
cover unforeseen expenses.

Insurance:Purchasing  construction-related  insurance
policies, such as builder’s risk insurance, to cover
damage, delays, or accidents.

Fixed-Price Contracts: These contracts set a specific
price for the entire project, thereby protecting the project
owner from potential cost overruns caused by unforeseen
issues.

5.3. Risk Transfer

Transferring risk to another party is another common
strategy. For example, subcontractors may assume
responsibility for certain risks, such as labor cost
increases or material price fluctuations. This can be
formalized through contractual agreements or insurance.

6.IMPACT OF ECONOMIC AND MARKET
CONDITIONS ON CONSTRUCTION
FINANCING

The financial success of construction projects is greatly
influenced by the broader economic environment.
Changes in interest rates, inflation, labor costs, and
material prices can substantially alter the financial
landscape of a project.

6.1. Interest Rates and Financing Costs

123



Interest rates have a direct impact on the cost of
borrowing for construction projects. In times of high
interest rates, the cost of debt financing increases,
potentially leading to higher overall project costs.
Conversely, lower interest rates can make debt financing
more attractive, reducing the burden on the project’s
finances.

6.2. Inflation and Material Costs

Rising inflation can drive up the cost of materials and
labor, leading to unforeseen cost increases during
construction. To mitigate these risks, contracts may
include escalation clauses, which allow for price
adjustments if certain materials or labor rates increase
beyond a specified threshold.

7. TECHNOLOGICAL INNOVATION
CONSTRUCTION FINANCE

7.1. Building Information Modeling (BIM)
BIM is a digital representation of the physical and
functional characteristics of a construction project. It is
increasingly being used to improve cost estimation
accuracy, manage resources, and simulate construction
processes. BIM allows stakeholders to visualize the
project and its financial components, leading to better
financial planning and management.

IN

7.2. Automation and Al

Acrtificial intelligence (Al) and automation technologies
are being used in construction project management to
enhance financial forecasting, resource allocation, and
schedule optimization. These tools can analyze vast
amounts of data to predict project costs, manage risks,
and ensure efficient financial management.

7.3. Drones for Monitoring and Financial Reporting
Drones are being used to monitor construction sites and
provide real-time data on progress, material usage, and
site conditions. This data can be used to make financial
decisions, such as adjusting cash flow forecasts and
ensuring that the project is staying within budget.

8.CASE STUDY: FINANCIAL
MANAGEMENT IN A LARGE-SCALE
INFRASTRUCTURE PROJECT

A case study of a large infrastructure project is presented
to analyze how financial management techniques were
applied to ensure successful completion within budget.
The case study evaluates the role of accurate cost
estimation, funding choices, cash flow management, and
risk mitigation strategies in the overall financial success
of the project.

9. CONCLUSION

Effective financial management is essential for the
success of construction projects. From accurate cost
estimation and budgeting to managing cash flow and

mitigating risks, construction professionals must
integrate sound financial practices at every stage of the
project lifecycle. With the increasing impact of
technological advancements, the ability to predict costs
and manage financial resources efficiently has become
more achievable. Moving forward, the construction
industry must continue to embrace innovation and adapt
to economic changes to ensure financial sustainability
and project success.
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The management of solid waste is a critical challenge in modern urban environments, necessitating sustainable solutions.
This report delves into recycling and composting as effective methods for reducing the environmental footprint of waste.
Recycling involves converting waste materials into reusable resources, thereby conserving natural resources and energy.
Composting transforms organic waste into nutrient-rich compost, fostering soil health and reducing landfill dependency.
The paper discusses the processes, benefits, and limitations of both approaches, emphasizing their roles in mitigating
greenhouse gas emissions. Case studies from successful waste management programs are highlighted to demonstrate
practical applications. Technological innovations and community participation emerge as pivotal factors in enhancing
recycling and composting systems. Economic and policy implications are explored, identifying barriers and enablers for
widespread adoption. The report concludes by underscoring the importance of integrating these methods into circular
economy strategies. Through this study, we aim to inspire holistic and efficient waste management practices for a

sustainable future.

INTRODUCTION

Nowadays, not only India but the whole world is
grappling with the complex and escalating problem of
solid waste disposal. Rapid urbanization and
industrialization have significantly contributed to the
generation of diverse and voluminous waste,
necessitating sustainable and efficient management
solutions. Recycling and composting emerge as the most
effective approaches to addressing this issue, offering an
environmentally-friendly alternative to mere disposal.
City refuse, being highly heterogeneous, is typically
managed by municipal authorities. However, current
practices like indiscriminate dumping on open land,
filling low-lying areas, incineration, or composting into
organic manure are not always efficient or sustainable.

To tackle this growing concern, municipalities should
adopt laws or ordinances mandating the segregation of
solid waste. Solid waste left for collection or delivered

to a solid waste management facility must be separated
into recyclable, reusable, and other components with
existing economic markets for alternative uses. For
recycling and composting purposes, the term "economic
markets" refers to cases where the full avoided costs of
proper collection, transportation, and disposal equal or
exceed the cost of handling and selling the source-
separated materials, minus the revenue generated from
their sale.

The process of recycling should encompass critical
components such as paper, glass, metals, plastics,
garden, and yard waste, while encouraging the inclusion
of additional recyclable materials. Municipalities can
establish recycling and composting centers or depots on
public or private lands, with written consent from private
owners. Such initiatives can foster local participation,
reduce reliance on landfills, and promote resource
conservation. Furthermore, technological advancements
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and community-driven programs can make waste
management more efficient and economically viable.
Recycling and composting are not just solutions but
pivotal strategies for creating a sustainable and eco-
friendly future.

SOLID WASTE

Solid waste is the waste which mainly arises from the
human and animal activities that are normally solid and
mentioned as useless or unwanted. Such a solid waste is
heterogeneous Among all the categories of the waste
(i.e. liquid & gaseous waste) the ratio of solid waste
production is more. It is mainly related to human and
also human beings are the cause of producing the solid
waste in large quantities.

While discussing the solid waste, generally and
traditionally certain categories of waste are recognized.
The solid waste are classified from the source of
generation such as domestic, commercial, industrial.
Agricultural, institutional, etc.

There is little agreement even in the definition of some
rather common terms which are applied to solid waste.
"Refuse”, which consists of all putrescible and
putrescible solid waste except for body wastes, is often
confused with ‘garbage’ and "'rubbish™. "Garbage" simply
refers to the wasted or rejected food constituents which
have been produced during the preparation, cooking or
storage of meat, fruit, vegetables etc. "Rubbish™ on the
other hand, refers to the non-Putrescible solid waste
constituents and includes such items as paper, in cans
glass, wood etc.

CLASSIFICATION OF SOILD WASTE

Solid waste can be classified in several different ways.
According to the point of origin, it is classified as
municipal  (including  residential, institutional,
commercial, street), agricultural, industrial, sewage
treatment residue, demolition and construction.
According to the nature of material constituting the
refuse it can be classified as combustible or non-
combustible. One of the most useful classification is
based on the kinds of material, garbage, rubbish, ashes,
street refuse, dead animals, abandoned vehicles,
industrial wastes, demolition and construction waste,
sewage solids and hazardous wastes.

TYPES OF SOLID WASTE
Solid waste can be categorized by its origin and
composition. Some types of solid waste include:

Municipal solid waste: This includes household and
commercial waste like paper, plastic, glass, and food
scraps.

Industrial waste: This includes waste from factories
like metals, chemicals, and hazardous substances.

Agricultural waste: This includes organic waste like
crop residues, manure, and pesticides.

Biomedical waste: This includes waste from hospitals
like syringes, bandages, and expired medicines.

Construction and demolition waste: This includes
debris from building sites like bricks, cement, and
wood.

Electronic waste: This includes discarded electronic
items like batteries, computers, and mobile phones.

Hazardous waste: This is a type of solid waste that
includes discarded chemicals.

Commercial waste: This includes waste generated by
commercial businesses and industries like office paper,
packaging materials, food scraps, and yard.

Source Typical Facilities | Types of Waste
Activities or
Location  Where
Waste are
Generated

Residential Single family and | Food Waste
multifamily rubbish, ashes,
Dwellings low | special wastes.
medium high
apartments rise etc.
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Commercial | Stores, restaurants, | Food waste
markets, office | rubbish,  ashes
buildings, hotels, | demolition and
motels, auto repair | construction
demolition' and | wastes, Special
shop, cinema hall, | wastes,
theatre, occasionally
construction hazardous waste.
wastes, commercial
shopping complex
etc.

Municipal As above | As above
residential and | residential and
commercial commercial

Industrial Construction, Food wastes,
fabrication, rubbish,  ashes,
manufacturing, demolition and
refineries, light and | construction
chemical heavy | wastes,
plants, lumbering. | hazardous
mining, power | wastes.
plants, demolition
etc.

Institutional | School, college, | Rubbish,  food
hospital, library | wastes, special
etc. wastes,

hazardous wastes
etc.

Agriculture Field and raw | Spoiled food

Wastes crops, orchards, | wastes, rubbish,
vineyards, gardens, | garbage,
dairies,  feedlots, | hazardous
farms etc. wastes.

RECYCLING

Recycling is the reprocessing of old materials into new
products, with the aims of preventing the waste of
potentially useful materials, reducing the consumption of
fresh raw materials and reducing energy usage and
thereby lowering greenhouse gas emissions compared to
virgin production. Recycling means to use something
again. Newspapers can be used to make new
newspapers. Aluminum cans can be used to make new
aluminum cans. Glass jars can be used to make new
glass jars

Recycling is a key concept of modern waste
management and is the third component of the "Reduce,
Reuse, Recycle" waste hierarchy, though colloquial
usage of "recycling" can also include "reuse".
"Recyclable materials" or "recyclables”, may originate
from home, business or industry. They include glass,
paper, metal, textiles and plastics. Though analogous,
the composting of biodegradable waste-such as food or
garden waste is not typically considered recycling.
These materials are either brought to a collection center
or picked-up from the curbside, sorted, cleaned and
reprocessed into new products bound for manufacturing

TYPES OF RECYCLING

1) Paper recycling

Paper can be recycled by reducing it to pulp, and
combining it with pulp from newly harvested wood. As
the recycling process causes the paper fibers to
breakdown, each time paper is recycled its quality
decreases. This means that either a higher percentage of
new fibers must be added, of the paper down cycled into
lower quality products. Any writing or coloration of the
paper must first be removed by deinking, which also
removes fillers, clays, and fiber fragments

2) Plastic Recycling

Plastic recycling is the process of recovering scrap or
waste plastics and reprocessing the material into useful
products. Compared to glass or metallic materials,
plastic poses unique challenges-because of the massive
number of types of plastic, they each carry a resin
identification code, and must be sorted before they can
be recycled. This can be costly-while metals can be
sorted using electromagnets, no such 'easy sorting'
capability exists for plastics. In addition to this, while
labels do not need to be removed from bottles for
recycling lids are often made, from a different kind of
non-recyclable plastic.

3) Ferrous Metal Recycling:

Iron and steel are the world's most recycled materials,
and among the easiest materials to reprocess, as they can
be separated magnetically from the waste stream
Recycling is via a steelwork: scrap is either remitted in
an Electric Are Furnace (90-100% scrap), or used as part
of the charge in a Basic Oxygen Furnace (around 25%
scrap). 114-1 Any grade of steel can be recycled to top
quality new metal, with no ‘downgrading from prime to
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lower quality materials as steel is recycled repeatedly.
42% of crude steel produced is recycled material

4) Glass Recycling:

Glass bottles and jars are gathered via curbside
collection schemes and bottle banks, where the glass
may be sorted into color categories: The collected glass
cullet is taken to a glass recycling plant where it is
monitored for purity and contaminant are removed. The
cullet is crushed and added to a raw material mix in a
melting furnace. It is then mechanically blown or
molded into new jars or bottles.

5) Concrete Recycling:

The most common materials of construction are
concrete, wood, drywall, asphalt, shingles, asphalt
pavement construction demolition can make you a vital
asked to a green building project. Concrete aggregate
collected from demolition sites is put through a crushing
machine, often along with asphalt, bricks, dirt, and
rocks. Smaller pieces of concrete are used as gravel for
new construction projects. Crushed recycled concrete
can also be used as the dry aggregate for brand new
concrete if it is free of contaminants. This reduces the
need for other rocks to be dug up. Which in turn saves
trees and habitat.

Benefits of recycling concrete:

(There are a variety of benefits in recycling concrete
rather than dumping it or burying it in a landfill.

» Keeping concrete debris out of landfills saves space
there.

* Using recycled material as gravel reduces the need for
gravel mining.

» Using recycled concrete as the base material for
roadways reduces the pollution involved in trucking
material.

Advantages of Recycling

 Recycling Saves Landfill Space.

* Recycling Can Reduce the Cost of Waste
Disposal.

* Recycling Can Save Energy.

* Recycling Saves Natural Resources.

* Recycling Can Reduce Air and Water Pollution.

* Cling Creates Jobs.

RESULT AND DISCUSSIONS

Recycling and composting of solid waste have proven to
be effective and sustainable methods for addressing the
global waste management crisis. The successful
implementation of these strategies has led to a noticeable
reduction in waste sent to landfills, contributing
significantly to environmental conservation. Recycling
has allowed for the recovery of valuable materials like
paper, glass, metals, and plastics, which are reprocessed
into new products, reducing the demand for virgin
resources. This has also resulted in considerable energy
savings and a reduction in greenhouse gas emissions.

Composting has showcased its potential as an eco-
friendly solution for organic waste. Through the
decomposition of garden and food waste, nutrient-rich
organic compost is generated, which enriches soil health
and supports sustainable agricultural practices. Case
studies from urban areas have demonstrated that
comprehensive recycling and composting programs can
divert up to 60-70% of solid waste from traditional
disposal methods.

However, challenges persist. A lack of public awareness
and inadequate segregation at the source remain critical
barriers to achieving higher efficiency. Furthermore,
inconsistent market demand for recycled materials and
limited funding for composting infrastructure are
ongoing hurdles. These challenges highlight the need for
community engagement, stronger policies, and financial
incentives to encourage active participation and
investments in advanced technologies.

Overall, recycling and composting hold immense
potential as key pillars of sustainable waste management
systems. Addressing existing challenges through
education, innovation, and collaboration can transform
solid waste into valuable resources, promoting a circular
economy and reducing environmental degradation.

CONCLUSION

Solid waste, particularly industrial waste, presents
significant disposal challenges, especially in rapidly
urbanizing and suburbanizing areas. This report has
thoroughly examined recycling processes, including
practical methods for recycling materials such as paper,
while also highlighting the effectiveness of composting
as a sustainable waste management solution. Both
approaches are key to addressing the growing waste
crisis.
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By recycling and composting, the volume of waste sent
to landfills can be significantly reduced, mitigating
environmental pollution and minimizing the spread of
diseases caused by improper waste disposal.

Moreover, these practices help conserve valuable natural
resources, reduce greenhouse gas emissions, and foster a
circular economy. Recycling encourages the recovery of
materials like plastics, metals, and glass, reducing the
dependency on virgin resources and promoting energy
efficiency. Composting, on the other hand, offers a cost-
effective solution for managing organic waste, turning it
into a valuable resource for farmers and gardeners.

The integration of recycling and composting into
municipal and industrial waste management systems is
crucial for achieving sustainable development goals.
Public awareness campaigns, policy support, and
investments in  advanced waste  management
technologies are essential to maximize the potential of
these methods. By adopting these practices on a wider
scale, communities can transform waste into resources,
reduce their ecological footprint, and pave the way for a
cleaner, greener future.

In conclusion, recycling and composting are not just
waste management strategies but essential components
of a holistic approach to environmental sustainability.
Their widespread implementation can address the global
waste crisis effectively and ensure a healthier planet for
future generations.
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ABSTRACT

Smart Goggles for visually impaired individuals present a novel solution to enhance navigation and
interaction in daily life. This device integrates YOLO-based object detection, text-to-speech (TTS)
conversion, OCR capabilities, and ultrasonic distance measurement to provide real-time auditory
feedback. By combining these features into a single wearable system, the Smart Goggles enable object
recognition, obstacle detection, and text reading, offering significant assistance for the visually impaired.
This paper details the design, methodology, hardware, and software implementation, as well as the

challenges and future improvements for the project.

Shrutika Sambarkar

Students of Electronics and Communication
Engineering Tulsiramji Gaikawad-Patil College of
Engineering & Technology, Nagpur
shambhrkarshruti6@gmail.com

Ankit Kakade

Students of Electronics and Communication
Engineering Tulsiramji Gaikawad-Patil College of
Engineering & Technology, Nagpur
ankitkakade47@gmail.com

Ekramul Haque

Students of Electronics and Communication
Engineering Tulsiramji Gaikawad-Patil College of
Engineering & Technology, Nagpur
ekram.haquel2@gmail.com

130


http://www.isteonline.in/

INTRODUCTION

| Textd y
' Recogriation

Raspberrr

(O)

Raapherry
Retuction

5

Olstacle
Detecticis

Okstacle
Detection
|

Obstacle

Visually impaired individuals often face numerous

challenges in their day-to-day lives, ranging from
mobility issues to difficulties in accessing written
information. These challenges significantly impact
their independence, confidence, and quality of life.
According to the World Health Organization
(WHO), approximately 2.2 billion people globally
experience some form of visual impairment, with
millions relying on traditional assistive tools like
canes or guide dogs for navigation. While these
tools are effective to some extent, they have inherent
limitations, such as the inability to provide detailed
contextual about the

awareness surrounding

environment or to read text.

The rapid advancement of technology in fields
like computer vision, machine learning, and
embedded

possibilities for assistive devices. Wearable

systems has opened up new

technologies have gained prominence as
potential solutions due to their portability and
ability to integrate multiple functionalities into a
single platform. Among these innovations, smart
wearables stand out as transformative tools that
can bridge the gap between the visually

impaired and the visual world.

The Smart Goggles project represents a step
forward in the development of such assistive
technologies. By integrating a combination of
state-of-the-art technologies, including YOLO
(You Only Look Once) for real-time object
detection, Optical Character Recognition (OCR)
for text extraction, ultrasonic sensors for
obstacle detection, and text-to-speech (TTS) for
auditory feedback, the Smart Goggles aim to
provide visually impaired users with enhanced
situational — awareness.  Unlike traditional
mobility aids, these goggles offer detailed object
recognition, real-time obstacle detection, and the
ability to read multilingual text, all delivered in

an intuitive and user-friendly manner.

This  research  explores  the  design,

implementation, and testing of the Smart

Goggles system. The device leverages the power
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of affordable and compact hardware, such as the
Raspberry Pi 4, alongside efficient software
frameworks like YOLOv3 and Tesseract OCR. The
focus is on achieving high functionality while
ensuring the system remains lightweight, portable,

and cost-effective.

In this paper, we delve into the objectives,
methodology, and outcomes of the project. We
discuss the challenges faced during development,
including computational limitations, low-light
detection issues, and the need for a stable power
supply. Finally, we outline the future scope of the
Smart Goggles, which includes potential upgrades to
enhance accuracy, usability, and accessibility for

visually impaired users in real-world scenarios.

Through this work, we aim to contribute to the
growing body of research in assistive technology,
highlighting the potential of integrating artificial
intelligence and embedded systems to create
impactful solutions for individuals with disabilities.
The Smart Goggles

project exemplifies the

possibility of empowering visually impaired
individuals with tools that not only aid navigation
and interaction but also promote independence and

inclusivity in society.

LITERATURE REVIEW
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e YOLO Object Detection Framework:
Redmon and Farhadi (2018) introduced
YOLOvV3, which provides real-time
object detection with high accuracy.

e Tesseract OCR: Smith (2007)
highlighted the versatility of Tesseract in
multilingual text recognition.

o Assistive Devices for the Visually
Impaired: Studies emphasize the
importance of integrating audio feedback
systems to enhance usability.

o Raspberry Pi in Embedded Systems:
The Raspberry Pi has been widely
adopted for cost-effective and scalable

solutions in wearable technologies.
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These studies informed the design and development
of the Smart Goggles, focusing on real-time
usability and affordability.

BLOCK DIAGRAM
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The smart goggles consist of:

o Raspberry Pi 4 — Acts as the main processing
unit.

e Camera Module (Pi Camera) — Captures
images for object and face recognition.

o Ultrasonic Sensor — Detects obstacles and
measures distances.

e Bluetooth Headphones — Provides real-time
audio feedback to the user.

e Text-to-Speech Module (TTS) — Converts
detected objects, faces, and text into voice
instructions.

e Power Source — A rechargeable battery for

portable use.

RESULT ANALYSIS

The Smart Goggles prototype was tested under
various conditions, and the results are

summarized below:

e Object Detection: Achieved 85%
accuracy in recognizing common objects
in a well-1it environment using
YOLOVvS.

o Obstacle Detection: Detected obstacles
within 3 cm to 4 m range, with an error
margin of £0.5 cm.

e OCR Performance: Successfully
extracted multilingual text from printed
documents with 90% accuracy for Hindi
and Marathi.

o Auditory Feedback: Delivered clear
real-time speech output within 1-2

seconds of detection.

Key Challenges

o Poor object detection accuracy in low-
light conditions.

o Slower processing speeds when multiple
features run simultaneously.

o Difficulty in detecting transparent

obstacles like glass.
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CONCLUSION

The Smart Goggles project demonstrates the
potential of integrating modern technologies to
assist visually impaired individuals effectively. By
offering real-time assistance for navigation, object
detection, and text reading, this device represents a
promising step toward independent living for the

visually impaired.

FUTURE SCOPE

The following improvements are proposed for future

iterations of the Smart Goggles:

e Integration of advanced object detection
models (e.g., YOLOvV5) for improved
accuracy.

e Addition of GPS-based navigation for
outdoor mobility assistance.

e Expansion of OCR to support more
languages.

e Incorporation of vibration feedback for
tactile alerts.

e Implementation of sustainable power

solutions, such as solar panels.
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The increasing rate of urbanization and population has created major waste management challenges,
particularly in developing nations like India, which produces around 1.5 lakh metric tons of solid
waste generates per day, posing serious environmental and health risks. To tackle these challenges,
the system is driven by the Internet of Things (IoT). The system incorporates sensors, camera
modules, and a GPS tracker into smart bins. The sensors collect real-time data, while the cameras
detect overflowing bins, and the GPS tracker monitors the location of each smart bin. The system
allows users to report incidents of overflowing waste or illegal dumping on application. This IOT
framework not only reduces pollution but also promotes cleaner and healthier urban environments. By
combining technology with sustainability, this method is more habitable and eco-friendlier for urban

communities.

KEYWORDS: Smart bins, Internet of Things, Sensors, Sustainabilityenvironment.

INTRODUCTION

The Internet of Things (IoT) has become one of the

most  ground-breaking and  forward-thinking
technological advancements of modern times. By
seamlessly connecting everyday devices to the
internet, 10T has enabled more efficient operations
across various sectors such as healthcare,
transportation, manufacturing, and smart homes. It
enables seamless connectivity between physical
devices through wireless networks without human
intervention, contributing significantly to societal
development. One promising application of loT is
smartbins, which offer an effective solution to
pollution and disease-related health risks caused by
improper waste management. Smart garbage
monitoring and tracking systems powered by loT can
reduce the reliance on human labour for waste
collection across cities. In this study, we present the

design of an loT-based intelligent bin system aimed at
improving waste management efficiency. This system
integrates a microcontroller with sensors and a GPS

module to monitor and track smart bins in real-time.
Currently, waste management personnel collect
garbage two to three times a week based on a fixed
schedule. However, delays due to holidays or irregular
collection often led to overflowing bins, creating
breeding grounds for mosquitoes and contributing to
environmental pollution. To mitigate this issue,
implementing a smart bin system that provides real-
time data and facilitates efficient waste disposal is
essential. An intelligent approach to waste monitoring
and tracking is highly recommended to enhance urban
sanitation and public health.

For instance, specialized sensors are deployed to track
various parameters such as temperature, gas emissions,
humidity, and weight of waste inside the smart bin. In
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addition, a camera module captures live images to
monitor the bin condition. Consequently, these sensors

facilitate collection of real-time data, enabling
continuous  monitoring  and  efficient  waste
management.

The sensors and camera modules are integrated with a
Raspberry Pi 5, an open-source 10T platform. An open-
source loT platform, with a wealth of tools created by
software communities, has been developed to offer
accessible resources for all users. This system operates
on a wireless sensor network and utilizes low-cost Wi-
Fi technology. The smart bins, embedded with sensors
to monitor fill levels, temperature, gas emissions, and
humidity, along with cameras for live image capture,
transmit data using HTTP or MQTT protocols to a
Node.js backend API. This APl processes and stores
the data in a PostgreSQL database while also providing
access to an Androidmobileapplication built with
Kotlin. The Internet of Things (loT) serves as a
platform for interconnected smart networks that use
shared protocols to link both physical and virtual
entities.

The current system has drawbacks, such as employees
needing to check bins daily, leading to high costs.
Delayed emptying of bins creates unhygienic
conditions and spreads illnesses. The proposed system
addresses these issues by providing real-time updates
on bin levels. Employees will only need to empty bins
when full, reducing costs and optimizing resources.
Timely waste disposal will keep the environment
clean, reduce unhygienic, and create healthier, safer
cities.

LITERATURE REVIEW

With urban expansion, the amount of waste produced
also rises, increasing the demand for effective waste
management strategies. Many rapidly growing cities
worldwide continue to struggle with garbage
collection, leading to waste accumulation in many
areas. This build-upcauses serious health risks to
society and deteriorates living conditions.To tackle
these challenges, a smart garbage monitoring system is
introduced. This system is designed to improve waste
collection efficiency by helping city authorities
allocate resources more effectively. By optimizing
trash collection processes, the proposed solution
promotes a cleaner and more sustainable urban
environment [1].

An loT-enabled smart garbage alert system has been
developed using Arduino UNO. This system utilizes an
ultrasonic sensor to detect the distance to nearby
obstacles, allowing it to assess the fill level of a
dustbin. The Arduino UNO R3 microcontroller
handles the sensor data and is programmed to trigger
an alert to the ThingSpeak web server once the waste

level exceeds a predefined threshold. Furthermore, an
RFID reader is integrated to provide authentication
functionality. When an RFID tag, such as a cleaner's
identification card, is scanned, the ultrasonic sensor
verifies the bin’s status and updates the server
accordingly.  However, this system requires
considerable manual intervention and does not offer
complete automation. Moreover, its implementation is
not cost-effective, posing a limitation [2].

The device integrates ultrasonic sensors into smart bins
to measure waste levels by comparing them to the bin's
depth. When the garbage reaches a predefined
threshold set by authorities, bin status is uploaded to
the cloud. This allows for real-time data monitoring of
waste bins throughout the city, enabling prompt action
to prevent overflow and ensure timely waste
collection. However, the proposed system relies on
both Arduino and a Wi-Fi module for its operation [3].

In the modern technological era, advancements
continue to simplify various aspects of daily life, with
automation playing a crucial role. Despite this
progress, many cities still struggle with waste
management, particularly due to overflowing garbage
bins in public spaces caused by inadequate monitoring.
This leads to unsanitary conditions, unpleasant odours,
and an increased risk of disease transmission. To
mitigate this issue, a smart garbage monitoring system
is proposed. The system integrateslow-cost 10T-based
devices into multiple dustbins across urban and
designated areas. These devices continuously track
waste levels and incorporate a GPS module to
determine the precise location of each bin. When a bin
reaches its full capacity, the system automatically
sends an SMS alert containing the bin’s fill level and
GPS coordinates to the relevant authorities, ensuring
timely waste collection and maintenance [4].

A smart garbage monitoring and clearance system
utilizing ultrasonic and force sensors has been
proposed in [5]. This system transmits bin-related data,
including GPS coordinates, to an Androiddevice using
a GSMmodule. The Android device then identifies the
dustbin’s location by comparing the received
coordinates and relays the information to the
designated waste collection vehicle. A microcontroller
integrates the sensor system with the GSMnetwork,
optimizing the waste management process. However,
the system has some limitations, such as reduced
durability due to its non-compact structure and higher
implementation costs, making it less economical.

PROBLEM STATEMENT

In urban areas, waste management remains a
significant challenge due to rapid population growth,
urbanization, and inefficient waste disposal practices.
A large number of cities face issues such as
overflowing garbage bins, improper waste disposal,
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and illegal dumping, which contribute to
environmental pollution, public health risks, and poor
sanitation. These issues are further exacerbated by the
lack of a systematic approach to monitoring and
managing waste collection, making it difficult to
respond promptly to the growing demand for efficient
waste management services.

In many cities, waste management systems rely on
manual tracking and collection methods, which are
often outdated and prone to errors. Overflowing bins
are a common sight, and waste collection vehicles
sometimes miss scheduled pickups, resulting in
unsanitary conditions and increased health hazards.
Additionally, residents lack a convenient way to report
issues such as overflowing bins, illegal dumping, or
missed collections, leading to delayed responses from
authorities.

Furthermore, there is a lack of transparency and
accountability in the waste management process, with
residents being unaware of the status of their
complaints or the timeline for waste collection. This
hampers the overall efficiency of waste disposal and
diminishes public satisfaction with waste management
services.

To address these challenges, there is a need for a smart
waste management system that allows residents to
easily report waste-related issues, track waste
collection schedules, and improve overall waste
management efficiency. Such a system should
incorporate real-time data collection, location-based
services, and photo uploads for accurate reporting,
while also ensuring transparency and accountability in
the waste collection process.

The goal is to develop an application that enables
residents to:

1. File complaints regarding waste management
issues, including overflowing bins, illegal
dumping, or missing collections.

2. Add location data (via GPS or manually) to
ensure precise identification of the problem
areas.

3. Upload photos to provide visual evidence of
the waste management issue.

4. Track the status of their complaints in real
time, receiving updates when the issue is being
addressed or resolved.

5. Enable waste management authorities to
optimize waste collection processes through
data analysis and route optimization.

By providing an easy-to-use platform for reporting and
tracking waste management issues, this system will
enhance urban sanitation, improve public health, and
contribute to building cleaner, smarter cities.

MATERIAL AND METHOD

The proposed Smart Bin Monitoring and Tracking
System utilizes a Raspberry Pi 5 micro-controller
board. The smart bin is equipped with sensors that
measure key parameters such as fill level, temperature,
and humidity, along with a camera that captures live
images around smart bin.

MAIN DEVICES USED:
A. Raspberry Pi -5:

The Raspberry Pi is an open-source micro- controller
board with GP1O pins for connecting input and output
devices, support for battery power, and versatile
connectivity options like Wi-Fi, Bluetooth, and
Ethernet.

B. Ultrasonic sensor (JSN-SR04T):

The JSN-SRO4T is an ultrasonic sensor designed for
distance measurement. It uses sound waves to detect
the distance between the sensor and an object. This
waterproof sensor is widely used in 10T projects for
applications like obstacle detection and distance
monitoring, offering reliable performance in various
environmental conditions. It operates with a 40 kHz
frequency and provides accurate readings for a range
of up to 4-5 meters.

C. Humidity sensor -(Dht-11):

The DHT11 sensor is an affordable digital sensor
designed for measuring humidity and temperature. The
sensor operates within a humidity range of 20% to
80% relative humidity (RH), with an accuracy of 5%
RH. It outputs digital signals, simplifying its
integration with microcontrollers such as Arduino and
Raspberry Pi. With a supply voltage range of 3.3V to
5V, it is suitable for a wide array of electronic
applications. Due to its simplicity and low cost, the
DHT11 is widely used in weather monitoring systems,
home automation, and environmental
sensing applications.

D.Temperature sensor - (DS18B20):

The DS18B20 is a widely used digital temperature
sensor, ideal for projects that require monitoring
multiple temperature points. It functions within a
temperature range of -55°C to +125°C and provides an
accuracy of +0.5°C between -10°C and +85°C. With a
supply voltage range of 3.0V to 5.5V, it is compatible
with a variety of systems. The sensor offers a 12-bit
resolution for temperature readings, making it an
excellent  choice  for  accurate  temperature
measurements in numerous electronic applications.
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E. Gas sensor (MQ-135):

The MQ-135 is a versatile gas sensor for detecting
various gases like ammonia, benzene, smoke, alcohol,
and CO, commonly present in environment. It
provides an analog output proportional to gas
concentration with Operating at 2.5V-5V at detection
range of 10 ppm to 1000 ppm.

F. USB Camera Module and GPS module
(NEO- 6M):

A USB camera imaging device that connects via USB
to capture video or images. It’s commonly used for
capturing live image.

The NEO-6M is a GPS module used for location
tracking and navigation. It provides accurate
positioning data with support for satellite
communication It operates at 3V-5V and is widely
used in loT.

The hardware setup for this project involves
integrating sensors, a camera module, and a GPS
tracker with a microcontroller board placed on top of a
garbage bin container. The system consists of three
garbage bins, each equipped with the same
configuration and placed at different locations. Each
bin transmits its respective data to an application,
where they are identified with simple labels such as
Binl, Bin2, and Bin3. These bins perform specific
functions by providing sensor readings, real-time
images, and location details. Various sensors are
utilized to monitor key parameters, including distance,
temperature, weight, gas concentration, and humidity
within the bins. Ultrasonic sensors measure the
garbage level, indicating whether the bin is empty,
half-full, or full. Temperature, humidity, and gas
sensors assess environmental conditions inside the
bins, detecting factors like temperature variations,
moisture levels, and the presence of harmful gases. A
load cell sensor accurately measures the weight of the
waste by providing load capacity data. Additionally, a
USB camera captures live images to monitor the bin’s
status, while a GPS tracker determines the exact
location of each bin.

Furthermore, this research presents system with a
mobile application, utilizing a combination of open-
source technologies to enable real-time data collection
and monitoring. The mobile application, developed in
Kotlin for Android, interacts with a backend API built
using Node.js. The API facilitates communication
between the mobile app and the garbage bins,
retrieving and processing sensor data and live images,
that process data stores it in a PostgreSQL database,
and serves requests to the mobile application. In terms
of data flow, the garbage bins continuously send
sensor readings and images to the back-end API using

HTTP or MQTT protocols. This leads the
communication in between software application and
hardware.

BLOCK DIAGRAM

RESULTS AND DISCUSSIONS

The system will monitor and track the real- time data
on daily basis. It maintains the record of data to check
the accuracy of sensors. User can check the percentile
of real-time data of garbage on their application. In
case there is changed so they can easily raise the
complaint against waste management authorities
through application by capturing live image or by
mentioning location. Proper security was also given to
hardware system of smart bin so output cant affect and
show accurate result.

Date/ Time Humidity in % | Temperature in °C | Gas in %| Ultrasonic in %
16/01/2025 14:23 64.5 25.625°C 1.554 | 105274.72%
16/01/2025 15:23 64.5 25.625°C 1.566 | 105330.74%
16/01/2025 16:24 64.6 25.562°C 1.563 | 105197.03%
16/01/202517:24 64.6 25.562°C 2012 | 99661.10%
16/01/2025 18:24 64.6 25.555°C 2012 | 45698.13%

CONCLUSIONS

In this paper, we propose a smart bin management
method by utilizing the Internet of Things (loT). We
have used various sensors to measure level,
temperature, gases and humidity to analysis the real
time data. Also, this all sensors are connected with
Raspberry Pi-5 micro-controller board on top of smart
bin container. All the real time data get fetch and send
to application through wireless network or server. The
advantage of educating human resources towards
application-based skills is that it will lead to reduced
labour involvement. The smart bin can aim towards the
development of urbanization which can lead greener



and healthier environment. Presently, this system is
worked in specific area, in future it will expand in
larger sector. This system will eliminate the need for
manual labour in garbage collection, resulting in a
reduction in labour costs, effectively making the
process cost-free. As well as work on harmful
substances in garbage. The smart bin aims towards an
eco-friendly and sustainable environment.

FUTURE SCOPE

The future scope of an loT-based garbage monitoring
and tracking system lies in several key advancements.
Integrating Al and machine learning can enable
predictive analytics for optimized collection schedules
and route planning, reducing operational costs. The
addition of automated waste segregation using robotic
systems and Al-based vision can enhance recycling
efficiency. The system more energy-efficient and
sustainable. Future developments might also include
mobile app integration for real-time updates and public
engagement, along with blockchain technology for
secure waste tracking and accountability. Additionally,
the system could evolve to include air quality, noise
level, and water quality monitoring for a more
comprehensive approach to environmental health.
Connecting the system with broader smart city for
waste collection in hard-to-reach areas would further
improve efficiency. These innovations promise a more
sustainable, efficient, and responsive  waste
management system, contributing to cleaner, healthier,
and smarter urban environments.
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ABSTRACT: Solar panels have been a key source of renewable energy, but their productivity has been importantly
reduced by dust, dirt, and other debris that have gathered on their surfaces. The Solar Panel Cleaner Robot has dealt
with this issue by offering an autonomous, efficient, and sustainable solution for the cleanliness and optimal
performance of solar panels. Powered by solar energy itself, this robot has made use of advanced robotics and sensor
technology to navigate and clean solar panels without human intervention. Equipped with soft brushes, microfiber
cleaning pads, and water spray nozzles, the robot has been able to remove various contaminants without damaging
the delicate surfaces of the panels. The integrated sensors have enabled the robot to detect obstacles, measure panel
soiling levels, and optimize its cleaning path. The robot’s compact design has allowed it to operate in diverse
environments, including large solar farms and residential rooftop installations.

Keywords: Solar Panel Cleaning System, DC gear motor, Wiper, etc.

INTRODUCTION:

As climate change and global warming have some parts of the world, solar cell yield has been

sliced by more than 25% due to airborne particles. To

threatened the future of our planet, it has become maintain perfect efficiency, solar panels have needed
increasingly crucial to find sustainable ways to full-fill regular  cleaning to sweep away dust and debris on
our energy requirements. One of the most productive their surfaces. To actuate the cleaning system, it has
ways of moving towards renewable and non-polluting been built with power supplies that have been fed by a
energy sources has been to generate electricity using 12V battery to the motors, microcontrollers and the
solar panels to exploit the sun’s energy. Since they water pumping system. The ability of the glass cover
have had still parts, solar panels have remained one of of the solar system to cut through sun radiation across
the most affordable and simple ways of generating the collector surface has helped solved the efficiency
electricity. issues of solar systems. The solar system has used

. solar cells to generate electricity by converting solar
The Solar PV panel has been the device used to absorb energy radiation. The system has gathered four
sunlight and transform it into electricity. Solar panels components, namely: panels, battery, charge controller
have permitted photons to hit electrons, freeing them unit and load. Frequently fixed on rooftops and wired

from atoms and generating a flow of electricity. In 141
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by an inverter into a building, the solar PV board has
modified the direct current generated by solar cells
into electric current.

FEATURES OF SOLAR PANEL CLEANING
ROBOT:

e Has kept the productivity of solar panels by
keeping them clean.

e Has ensured far and wireless operation so
workers aren’t put in danger.

e Has used a roller brush to clean all dust, dirt,
grime, and debris.

e Has been equipped with a water sprayer
supplied with an onboard water tank.

e Has been compact, portable, and user-friendly
in design.

LITERATUREREVIEW

Many researchers have studied the impact of dust and
other contaminants on solar panels, and much tria Ihas
been carried out to resolve these problems. Below
have been a few theories and studies related to this
mission. The phenomenon of converting light directly
into electricity was discovered by Henri Becquerel in
1839. Then, Albert Einstein explained the principle of
photo voltaics in 1905 using quantum theory.
Important use of PV power systems has begun in
space applications in the 1950s, and its widespread
global application has continued since the 1960s.

Energy has remained one of the enormous challenges
in the world, particularly in India, where power
supplies have been one of the major concerns. Fuel
wood and crop remnants have reached about 60-70%
of the country's electricity demand. Solar energy has
been a large-scale green energy source. The usage of
electricity created by petroleum has been important in
replacing renewable energy sources. Solar power has
been a viable alternative fuel, and its usage has
progressed.

In sandy environments like Africa, tropical countries
have generally used solar photovoltaic panels. On the
front side of the module, dust has accumulated and has
covered the light falling on it. If the module has not
been cleaned, the power creation has dropped by 50%.
Through Arduino programming, a cleaning device has
been developed to clean the board. The dust in PV
modules has needed to be removed to increase energy
productivity.

METHODOLOGY

A 12V energy source has been sufficient for the
overall circuit. Firstly, four different types of sand
have beenutilized as dust. Then, a wiper made of
delicate cloth has been used to wipe. This feature has
maintained the solar panel’s safety from scratches.

The proposed solar panel cleaning system has been
produced with easily accessible components. The
prime units have included a solar panel,
microcontroller (Arduino Uno), metallic DC gear
motor, buck boost converter, and motor drive module.
The requirements and reasons for some significant
components used in the proposed cleaning method
have been presented in Table 3.1.

Name PurposeandRatings
DC gear | Metallic dc gear motor is
motor connectedtothecleaningshaft in

order to function it. The
functioning voltage, current
and

speedare6Vdc, 0.4Aand 100
rpm.

LDRsensor A light reliant resistor
(LDR) isusedheretotracethe
sunlight
Fourwheelsareusedinthis
Wheel system which travel the
cleaningshaftupwardand
downward.
Adc-dcbuckboostconverteris
used here to supply constant
voltage.

Buckboost
converter

Table:3.1 Properties of Components

A motor drive module has been used to drive
the motor, which has functioned using solar
DC power. A push button has been utilized to
set the barrier for the movement of the
cleaning shaft. A voltage regulator of 7805
has been used to supply the required voltage.
The input of 7805 has been 12V, and it has
provided 6V as output. Another motor has
been used to operate the wiper. Another

142



motor has been used to function the wiper,
and these have been shown at the bottom of
the diagram along with the relay switch. The
power requirement of the electrical
components included in the design has been
shown in Table 3.2

Components Power(W)
ArduinoUno 0.5
DCgearmotor 2.7
Wheels -
LDRsensor 0.25
Pushbutton -
78051C 5
BuckboostConverter 6-70

Table: 3.2 Power Requirement of
Electrical Components

After all the components and backup components
have been mounted and the project has been in
running condition, the complete block diagram of
the proposed solar panel cleaner has been shown
in Fig. 3.3.
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Fig.3.3BlockDiagramofSolarPanelCleaning System
RESULT

The Solar Panel Cleaner Robot has showcased
excellent performance in maintaining the cleanliness
of solar panels. After conducting multiple field tests
and operational evaluations, it has been found that the
robot has resulted in a tremendous decrease in dust
and debris accumulation on panel surfaces, leading to
an average efficiency increase of 20%.

The integration of advanced sensors and navigation
system has enabled the robot to operate autonomously,
minimizing the need for human intervention and

reducing labor costs. Moreover, the solar-powered
operation of the robot has contributed to its
sustainability and cost-effectiveness, aligning with the
principles of renewable energy.

Overall, the Solar Panel Cleaner Robot has
proven to be a valuable asset in optimizing
the performance and longevity of solar
panels, thereby increasing the overall
efficiency of solar energy system. After
completion of design project has
demonstrated as given in fig.4.1 & 4.2.

Fig. 4.2 Circuit Module of Proposed System

CONCLUSION
The analysis of the experimental setup has

been strictly dependent on the amount of
power produced on dusty panels versus
cleaned panels. The output power has
slowed down due to the enormous dust
collection on the panel. Dry cleaning has
removed the dust particles on the surface.

In comparison to  human-operated
cleaning, mechanized cleaning has proven
to be more cost-effective and significantly
less burdensome, especially for system
with a large number of solar panels. The
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power output has varied under different
climate conditions. A routine periodic
cleaning of solar panels has shown the
importance of cleaning technology. Here,
the power reduction caused by dust on the
panel has been mitigated by the cleaning
method, which has increased power output
by up to 35%.
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This research presents an innovative air pollution control technology designed to mitigate road pollution
by capturing vehicular emissions and repurpose them into ink. The system integrates renewable energy
sources, such as solar panels and wind turbines, installed on road dividers to power smoke absorbers
equipped with IR sensors. When vehicles pass, the absorbers activate, drawing in polluted air. Advanced
carbon filters process emissions, separating harmful pollutants from clean air, ensuring environmental
cleanup. Overall, this technology demonstrates a scalable, ecofriendly solution to urban air pollution
while raising awareness of sustainable practices. By converting pollutants into ink, it encourages
innovative uses of captured carbon and contributes to reducing the environmental and health impacts of
vehicular emissions. Captured carbon residues are further processed through a chemical transformation to
produce versatile ink suitable for artistic and commercial applications. This sustainable approach not only
reduces road pollution but also promotes the circular economy by repurposing waste into valuable
resources. Energy efficiency is a core design principle. The system activates only when necessary,
optimizing electricity usage. This automated mechanism highlights operational efficiency and
environmentalconsciousness.
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Air pollution is a critical global issue, significantly
affecting both human health and the environment.
Rapid industrialization, urbanization,  and
transportation have escalated levels of pollutants
like particulate matter (PM), sulfur dioxide (SO.),
nitrogen oxides (NOx), and carbon dioxide (COz),
leading to poor air quality and contributing to
climate change. According to the WHO, air
pollution causes approximately seven million
premature deaths annually, with severe impacts on
respiratory and cardiovascular health. Moreover,
pollutants like black carbon and methane act as
short-lived climate pollutants (SLCPs), amplifying
global warming and accelerating environmental
degradation. This research explores an automated air
pollution control technology powered by renewable
energy, such as solar and wind. Targeting high-
emission zones like roads and industrial areas, the
system captures carbon emissions, converts them
into a solid form, and processes it into ink
sustainable byproduct for various industries.This
technology offers a dual benefit: reducing reliance
on carbon-intensive energy sources and promoting a
circular economy by repurposing pollutants into
useful materials. Additionally, the system integrates
automation  for  real-time  monitoring and
optimization, ensuring.

3.1 Comparative Assessment of Carbon-Capturing
Methods This section reviews CO2 capture
methods, focusing on their maturity, CO2
adsorption capacities, yields, energy requirements,
costs, and environmental impacts. Carbon capture
and sequestration (CCS) technologies aim to reduce
CO2 emissions from industrial sources, including
electricity production. 3.2 Increasing Cleaner
Energy Usage In 2019, China's Non-ferrous Metals
Industry Association emphasized using a unified
grid emission factor for calculating carbon

emissions in primary aluminum production. This
shift was part of a broader effort to improve
energy efficiency and reduce carbon emissions
from power consumption, particularly in high
energy consuming sectors like aluminum
production. 3.3 Overall Emissions from 2013 to
2020 This study updated the emission inventory
of key pollutants (PM2.5, SO2, NOx, Hg, and
CO2) for the period from 2013 to 2020. Coal
consumption trends indicate a decrease,
although the overall coal usage still accounted
for a large share of national consumption by
2020, with significant reductions in air
pollutants observed during the same period. 3.4
Transportation Sector and Air Pollution in
Istanbul Istanbul, Turkey’s largest city, faces
significant air pollution due to its high
population and economic activity. Various
emission models, such as the International
Vehicle Emissions (IVE) Model, are used to
assess pollution levels from the transportation
sector, helping to design emission reduction
strategies and evaluate progress in emission
control efforts. 3.5 Theoretical Hypotheses and
Policy  Implementation  The  theoretical
framework explores carbon emissions and air
pollutants reduction through carbon trading. By
setting  emission  quotas  for  regions,
governments can align emissions  with
environmental capacity. Studies have utilized
the Difference-in-Differences (DID) model to
assess the effectiveness of policies like carbon
trading, although challenges arise due to policy
implementation dates and the associated
endogenous problems.

The proposed methodology focuses on creating
a sustainable, innovative solution to mitigate air
pollution by integrating CO2 capture and
pollution control technologies along roadsides,
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specifically in the road dividers. This system will
utilize renewable energy to power automated air
pollution control mechanisms that absorb road
smoke, capture CO2 emissions, convert it into solid
form, and process it into usable ink. 4.1 Strategic
Placement of Air Pollution Control Units: The first
step is to install specialized air pollution control
units along the road dividers of high-traffic areas.
These units will be designed to capture emissions
from wvehicles, including CO2, particulate matter
(PM2.5), and other harmful pollutants. 4.2 CO2
Capture and Conversion System: The central
component of this technology is the use of amine
scrubbing for CO2 capture. The CO2 captured from
vehicle emissions will be processed within the
pollution control units. Once captured, the CO2 will
be converted into solid form through a chemical
reaction, resulting in a stable, solid carbon product.
This captured carbon will then be transformed into
ink, offering a practical, environmentally friendly
byproduct for commercial use. 4.3 Renewable
Energy Integration: To ensure the system's
sustainability and minimize operational costs, the
pollution control units will be powered by
renewable energy sources such as solar panels or
wind turbines. These renewable energy systems will
provide the necessary power to run the CO2 capture
processes, ink production, and additional pollution
control mechanisms, making the entire process
energy-efficient and environmentally friendly. 4.4
Pollution Control Mechanisms: The units installed
along the road dividers will be equipped with high
efficiency particulate filters, similar to those used in
large industrial power plants. These filters will
capture fine particulate matter (PM2.5), which is
one of the most dangerous pollutants for human
health. In addition, the system will utilize selective
catalytic reduction (SCR) technology to reduce
nitrogen oxides (NOXx) in the air, ensuring that the
pollutants are thoroughly filtered before being
captured. 4.5 Ink Production from Captured Carbon:
The solidified CO2 captured from vehicle emissions
will undergo further processing to create ink. This
conversion process involves mixing the solid CO2
with other chemicals to produce a high-quality ink,

which can be wused in various industrial
applications such as printing and manufacturing.
4.6 Monitoring and Optimization: The system
will be equipped with sensors and real-time
monitoring tools that track pollution levels, CO2
capture efficiency, and the ink production
process. These sensors will continuously
monitor the air quality in the area and adjust the
system’s operations based on the real-time data.
Advanced data analytics and machine learning
models will be employed to optimize the
performance of the pollution control units,
ensuring maximum efficiency and minimal
maintenance. 4.7 Environmental and Health
Benefits: The integration of these systems along
road dividers will have significant benefits for
urban air quality. The reduction in CO2
emissions and the capture of fine particulate
matter (PM2.5) will directly improve public
health by decreasing respiratory diseases and
other pollution-related ailments. 4.8 Scalability
and Future Expansion: This roadside air
pollution control syste