I. Energy Days Symposium

September 26-27, 2023, / Sivas Cumhuriyet University, TUrkiye

PROCEE

Assist. Prof.

DINGS BOOK

EDITORS
Dr. Derya Betul UNSAL

Atabek MOVLYANOV

ISBN: 978-625-367-369-7
by IKSAD Publishing House



I. Energy Days Symposium

September 26-27, 2023, / Sivas Cumhuriyet University, Turkiye

PROCEEDINGS BOOK

EDITORS

Assist. Prof. Dr. Derya Betul UNSAL
Atabek MOVLYANOV

by
IKSAD PUBLISHING HOUSE®

All rights of this book belong IKSAD Publishing House
Authors are responsible both ethically and jurisdically
IKSAD Publications — 2023©
Issued: 23.10.2023

ISBN: 978-625-367-369-7



SYMPOSIUM ID

SYMPOSIUM TITLE
IIl. Energy Days Symposium

DATE and PLACE
September 26-27, 2023 / Sivas Cumhuriyet University, TUrkiye

PARTICIPATION
Keynote & Invited

ORGANIZATION

Renewable Energy Research Center Sivas Cumhuriyet University, TUrkiye
Sustainability Office, Sivas Cumhuriyet University, TUrkiye
IKSAD-Institute of Economic Development and Social Research, Turkiye

PARTICIPANTS COUNTRY
TUrkiye, Azerbaijan, Algeria, Iran, Libya, Palestine, India, Vietham, Pakistan, Nigeria,
Romania, Bangladesh, Austria, Morocco, Indonesia

Number Of Accepted Papers-78
Number Of Rejected Papers-14
The number of abstracts from foreign countries-40
The number of abstracts from TUrkiye-38

Symposium ID



SYMPOSIUM HONORARY CHAIR

Prof. Dr. Alim YILDIZ
Sivas Cumhuriyet University Rector

SYMPOSIUM GENERAL CHAIR

Prof. Dr. Hilmi ATASEVEN, Vice Rector of Sivas Cumhuriyet University
Prof. Dr. Hakan YEKBAS, Vice Rector of Sivas Cumhuriyet University

SYMPOSIUM LOCAL COMMITTEE CHAIR

Prof. Dr. Nevcihan GURSOY, Sivas Cumhuriyet University, Turkey

TECHNICAL PROGRAM COMMITTEE CHAIRS

Prof. Dr. Taha Selim USTUN, Fukushima Renewable Energy Institute, Japan
Prof. Dr. Ahmet ONEN, Sultan Qaboos University, Oman
Prof. Dr. Tilay YILDIRIM, Yildiz Technical University, Turkey
Prof. Dr. S. M. MUYEEN, Curtin University, Australia
Assist. Prof. Dr. Arman JALALI, Tabriz University, Iran

SYMPOSIUM ADVISORY CHAIR

Prof. Dr. Meltem SARIOGLU CEBECI, Sivas Cumhuriyet University, Turkey

SYMPOSIUM ORGANIZING COMMITTEE CHAIR

Assist. Prof. Dr. Derya Betul UNSAL
Director of Renewable Energy Research Center and Coordinator of Sustainability Office in Sivas
Cumhuriyet University, Turkey

SYMPOSIUM ORGANIZING COMMITTEE

Assoc. Prof. Dr. Sultan ERKAN, Vice Director of Renewable Energy Research Center, Sivas
Cumbhuriyet University, Turkey
Assist. Prof. Dr. Ahmet AKSOZ, Sivas Cumhuriyet University, Turkey
Assist. Prof. Dr. Yeliz YOLDAS, Kayseri University, Turkey

VIRTUAL PLATFORM CHAIR

Ayhan OZDEMIR, Sivas Cumhuriyet University, Turkey

SYMPOSIUM COORDINATORS

M.Sc. Atabek MOVLYANOV
M.Sc. Zeynep CERAN CAMAYAZ

Committee Il



SCIENTIFIC BOARD MEMBERS

Prof. Dr. Adel MERABET, Saint Mary's University, Halifax, NS, Canada
Prof. Dr. Abdulkerim YORUKOGLU, Sivas Cumhuriyet University, Turkey
Prof. Dr. Ahnmet ONEN, Sultan Qaboos University, Oman
Prof. Dr. Anmet Afsin KULAKSIZ, Konya Technical University, Turkey
Prof. Dr. Bernie L.DAHL, Purdue University, U.S.A.
Prof. Dr. Beliz OZORHON, Bogazici University, Turkey
Prof. Dr. Claudia JUROWSKI, Northern Arizona University, U.S.A.
Prof. Dr. Dani SARSEKOVA, Wildlife and the Environment of S.Seifullin Kazakh Agrotechnical
University, Kazakhistan
Prof. Dr. Fuat OZYONAR, Sivas Cumhuriyet University, Turkey
Prof. Dr. Harpreet KAUR, Mata Sundri College for Women, University of Delhi, India
Prof. Dr. HUseyin CANBOLAT, Yildinm Beyazit University, Turkey
Prof. Dr. Meltem SARIOGLU CEBECI, Sivas Cumhuriyet University, Turkey
Prof. Dr. Nevcihan GURSQY, Sivas Cumhuriyet University, Turkey
Prof. Dr. Nuri AZBAR, Ege University, Turkey
Prof. Dr. Rashmi GUJRATI, CT University, India
Prof. Dr. Serkan AKKOYUN, Sivas Cumhuriyet University, Turkey
Prof. Dr. S. M. Muyeen, Curtin University, Australia
Prof. Dr. Tuncay BAYRAM, Karadeniz Teknik University, Turkey
Prof. Dr. TGlay YILDIRIM, Yildiz Technical University, Turkey
Prof. Dr. Umit ERDEM, Aegean University, Greece
Prof. Dr. Umit YILMAZ, University of Georgia, Georgia
Assoc. Prof. Dr. Ahmet GUrkan YUKSEK, Sivas Cumhuriyet University, Turkey
Assoc. Prof. Dr. BUlent UNVER, Sivas Cumhuriyet University, Turkey
Assoc. Prof. Dr. Enis Baha BICER, Sivas Cumhuriyet University, Turkey
Assoc. Prof. Dr. Guguli DUMBADZE, Batumi Shota Rustaveli State University, Georgia
Assoc. Prof. Dr. Koray SAYIN, Sivas Cumhuriyet University, Turkey
Assoc. Prof. Dr. Maira KUSSAINOVA, Kazakh National Agrarian Research University, Kazakhistan
Assoc. Prof. Dr. Meryem SEFERINOGLU, Sinop University, Turkey
Assoc. Prof. Dr. Murat FAHRIOGLU, Middle East Technical University, Turkey
Assoc. Prof. Dr. Murat ORAL, Konya Technical University, Turkey
Assoc. Prof. Dr. Sultan ERKAN, Sivas Cumhuriyet University, Turkey
Assist. Prof. Dr. Arman JALALI, Tabriz University, Iran
Assist. Prof. Dr. Ahmet AKSOZ, Sivas Cumhuriyet University, Turkey
Assist. Prof. Dr. HUseyin SAHINER, Sinop University, Turkey
Assist. Prof. Dr. Mustafa SEKER, Sivas Cumhuriyet University, Turkey
Assist. Prof. Dr. Nurperihan TOSUN, Sivas Cumhuriyet University, Turkey
Assist. Prof. Dr. Seyma TASTEMUR, Sivas Cumhuriyet University, Turkey
Assist. Prof. Uzma NADEEM, Mata Sundri College for Women, University Of Delhi
Assist. Prof. Dr. Yeliz YOLDAS, Kayseri University, Turkey
Assist. Prof. Dr. Yunis TORUN, Sivas Cumhuriyet University, Turkey
Assist. Prof. Dr. Dr. Zeynep HASIRCI TUGCU, Karadeniz Technical University, Turkey
Dr. Barnis SANLI, Bilkent University, Turkey
Dr. Nermin KIBRISLIOGLU UYSAL, Boston, Massachusetts, U.S.A.
Dr. Mariana GOLUMBEANU, National Institute for Marine Research "Grigore Antipa", Romania
Dr .Sheyda MAHARRAMOVA, Azerbaijan Food Safety Institute, Azerbaijan
Dr. Seyma KIBRISLIOGLU BAYKAN, izmir Research Hospital, Turkey

Scientific & Review Committee I



OTO GALLERY

Arman Jalali

.y >
.,ig\

Hall-2, liknur £

Arman celali (un...

ity of Tabriz, Iran

Hall-3, Session-... Hall 5 Observer

® R
L] Resim Araglan Energy Days ARITMA CAMURLARI VE EVSEL key note msc eylol 2023 - PowerPoint <} - - X

Dosya - Ekle  Tasanm  Gegigler  Animasyonlar  Slayt Gosterisi  Gozden Gegit  GorunGm Bigim Q Ne yapmak istediginizi soyleyin_ Oturum Ag 2, Paylag

ENERGY GENERATION FROM THE ANAEROBIC STABILIZATION OF
SEWAGE SLUDGE AND DOMESTIC WASTES (METHANE
PRODUCTION)

Meltem SARIOGLU-CEBECI

. Not eklemek icin tiklatir

Photo Gallery Il



o] ]

Hall-1 Sener ilter Hall-1 Umut Ercan ¥ Or Ogretim Uyesi Piba.
@ Onizleme Dosya Dizen Gorintd Git Araglar Pencere  Yardim

° Sunul.pdf

GUNES ENERJISI TAHMINI VE
DEGERLENDIRILMES]
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Il. INTERNATIONAL ENERGY DAYS

Sivas Cumhuriyet University
Wednesday, September 27, 2023

Symposium Programme

Meeting ID: 871 0713 9228
Passcode: 272727

Important, Please Read Carefully

To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or Personal Link
Name" and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

The participant must be connected to the session 5 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session.

Points to Take into Consideration TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Requests such as change of place and fime will not be taken into consideration in the congress program.

*kk

Before you login to Zoom please indicate your hall number, name and surname
exp. Hall-1, Ethem KILIC



-Welcome Greetings -
Date- 27.09.2023

All schedule is according to GMT +3 time zone (Istanbul)

Assist. Prof. Dr. Derya Betul UNSAL- (12.00-12.10)
Director of Renewable Energy Research Center and
Coordinator of Sustainability Office in Sivas Cumhuriyet University, Turkiye

Prof. Dr. Meltem SARIOGLU CEBECI- (12.10-12.30)

Sivas Cumbhuriyet University, Turkiye
“Organik atiklar ve antma camurlarinin anaerobik parcalanmast ile Enerji (biyogaz) Uretimi”

Assist. Prof. Dr. Arman JALALI (12.30-12.50)

Tabriz University, Iran
“Biohydrogen: A Sustainable and Promising Energy Source (production, storage and fransportation)”
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Moderator: Assist. Prof. Dr. Halil Cecen

Authors

Affiliation

Assist. Prof. Dr. Halil Cecen

Nuh Naci Yazgan University,

TUrkiye

Presentation title
REVIEW OF THE CURRENT DEVELOPMENTS REGARDING
THE INVESTMENTS IN OFFSHORE WIND ENERGY IN TURKIYE
WITHIN THE FRAMEWORK OF THE RENEWABLE ENERGY
POLICY OF THE EUROPEAN UNIO

Assist. Prof. Dr. Halil Cecen

Nuh Naci Yazgan University,

TUrkiye

“COVENANT OF COMPANIES FOR CLIMATE AND
ENERGY"” AS A NEW PILOT INITIATIVE IN THE EUROPEAN
UNION REGARDING THE CONTRIBUTIONS OF COMPANIES
TO COMBATING CLIMATE CHANGE

Oussama MOUSS
Lallouani HELLALI
Riyadh ROUABH
Aboubaker Essadiq MAZOUZ
Ali BOUZIDI
Ali AKKA

University of M'sila, Algeria
University of Tiaret, Algeria
Higher Normal School of
Boussada, Algeria

ROBUST NONLINEAR CONTROL VIA FEEDBACK
LINEARIZATION AND LYAPUNOV THEORY FOR BRUSHLESS
DOUBLY FED INDUCTION GENERATOR BASED ON WIND

ENERGY CONVERSION SYSTEM

Halali Youcef
Ghaitaovi Touhami
Ouledali Omar
Ghaitaoui Ahmed Essama

Université d' Adrar, Algeria

SLIDING MODE BASED P&O MPPT FOR SOLAR PV SYSTEM
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Moderator: Assist. Prof. Arman Jalali
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Authors Affiliation Presentation title

THE IMPORTANCE OF RENEWABLE ENERGY STORAGE FOR
A SUSTAINABLE FUTURE

Assist. Prof. Arman Jalali University of Tabriz, Iran

Assist. Prof. Dr. Hiseyin Utku
HELVACI Dogus University, TUrkiye
Mehmet Siha i$i

ONE DIMENSIONAL AND THREE DIMENSIONAL THERMAL
ANALYSIS OF AN AIR-COOLED PEM FUEL CELL

Assist. Prof. Dr. Tuba ARTAN ONAT| Nigde Omer Halisdemir A NEW APPROACH TO WASTEWATER TREATMENT:
ilknur ERKILING University, Tarkiye MICROBIAL FUEL CELLS
Furkan BAS
&znur Begiim GOKCEK Nigde Omer Halisdemir

Hamdi MURATCOBANOGLU University, Torkiye SUSTAINABLE ALGAL BIOECONOMY FOR BIOFUEL

Sevgi DEMIREL
Assoc. Prof. Dr. Cafarov Fazil
Tatarxan oglu

Azerbaijan State

Assoc. Prof. Dr. Memmadov Sabir Pedong?ei;:t?éil.Jonri]versiTy, ALTERNATIVE ENERGY AND ITS USE IN AZERBAIJAN
RiUstoam oglu :
Prof. Dr. Meltem SARIOGLU Sivas Cumhuriyet University, BITKISEL YAGLARDAN BIYODIZEL ELDESI VE
CEBECI TOrkiye DEGERLENDIRILMESI
Bani Waleed University, Bani
Abdussalam Ali Ahmed Waleed, Libya
Abdulgader Alsharif College of Civil Aviation,

Misrata, Libya

Mohammed Khaleel wadi Alshatti University,

Yassar F. Nassar Brack-Libya
Mohamed Alamen Sharif Sebha University, Libya
Hala Jarallah El-Khozondar Islamic University of Gaza,

Gaza, Palestine

SMART HOMES PROGRAMMING FOR IMPROVING
SUSTAINABILITY IN RESIDENTIAL AREAS

EFFICIENT AC LOAD MANAGEMENT THROUGH MULTI-
University of Tiaret, Algeria SOURCE ENERGY INTEGRATION: PV, FUEL CELL, AND
BATTERY IN MULTI-LEVEL INVERTERS

Sami Melik Mohamed Khider Biskra ETHICAL DIMENSIONS OF ENERGY-EFFICIENT
Sara Khelil University. Algeria ARCHITECTURE IN ECOSYSTEM CONSERVATION

Mostefa KOULALI
Abdelkader BOUAZZA
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Moderator: Assoc. Prof. Dr. Mustafa OZCAN
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Authors Affiliation Presentation title
st. John's College, India Dr.| AN INVESTIGATION INTO THE PHYSICAL PARAMETERS
Shalomin Gardner Bhimrao Ambedkar AFFECTING THE EXERGY EFFICIENCY OF PVT AIR
University. India COLLECTORS
Assoc PT:fsrB:'nﬁgc\?EI;?\s vesmia | University of M'sila, Algeria REALIZATION OF A DEVICE FOR MEASURING SOLAR
: Ai'ssa'Chouderg 4 -9 IRRADIATION USING ARDUINO UNO
Ass°ﬁé:;‘;Z:“UZ‘:'T"?OB“"" University of M. Alaeria | APPLCATION OF NEURAL NETWORKS SOLAR RADIATION
Ziengris 4 A9 PREDICTION (REGION OF M'SILA}
br. Neslihan AYDIN Bursa Uludag University, | SOLAR ENERGY POTENTIAL OF THE EASTERN ANATOLIA
: Turkiye REGION AND THE CASE OF KARS PROVINCE
Enes MAVI Dum'Up}f‘.okr.U”iverS”Vf INVESTIGATION OF SOLAR ENERGY IN SUPPORTING THE
Res. Assist. Halit ARAT Bk o e HEATING AND ELECTRICITY NEEDS OF A FACULTY
Prof. Dr. O§uz ARSLAN lecik eyh Edebal BUILDING
- br. Og University, TUrkiye
Enes MAVI Dum'“p}f‘.okr.un'vers'*y' STUDY ON THE USAGE OF SOLAR ENERGY IN SUPPORTING
Res. Assist. Halit ARAT Biocik sgygi debal THE ELECTRICITY NEEDS OF THE ENGINEERING FACULTY
Prof. Dr. O§uz ARSLAN University, Torklye BUILDING OF KUTAHYA DUMLUPINAR UNIVERSITY
Abdullah ZORLU cocael University Torve | EVALUATION OF UNLICENSED ROOFTOP AND FACADE
Assoc. Prof. Dr. Mustafa ®ZCAN Y IUKIYE 1551 AR POWER PLANT PROJECT APPLICATIONS IN TURKIYE
ASSOCM‘::Q;’“'; %g{;ﬁt%ﬁkmﬁ Osmaniye Korkut Ata DETERMINATION OF DESIGN PARAMETERS FOR A
nasict. Prof. Dr. Osman KARA University, TGrkiye THROUGH-TYPE PARABOLIC SOLAR COLLECTOR
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Moderator: Assoc. Prof. Dr. Harminder Singh

Authors

Affiliation

Presentation title

Dr. Minh Le Thi

Thu Dau Mot University,
Vietham

VIETNAM'S POLICY ON CO2 EMISSIONS IN THE CONTEXT
OF ACCESSING INTERNATIONAL AGREEMENTS

Assist. Prof. Dr. Rozina Khattak

Shaheed Benazir Bhutto
Women University, Pakistan

VICTORIA GREEN B PHOTOCATALYTIC DEGRARDATION IN
WATER

Assist. Prof. Dr. Rozina Khattak

Shaheed Benazir Bhutto
Women University, Pakistan

ENVIRONMENTAL REMEDIATION BY USING WASTE BASED
BIOSORPTION OF BASIC GREEN 4 FROM WATER

Toumi Meriem
Abdelli Islem Safia
Abdelmalek Fatiha

Addou Ahmed

Abdelhamid lbn-Badis
University, Algeria

ESTIMATING THE METHANE EMISSION AND ENERGY
POTENTIAL FROM BLIDA DUMPSITE BY LANDGEM MODEL

Dr. Ishaq Ali Shah
Haroon Khan
Zahir Muhammad
Rehman Ulla

University of Peshawar,
Pakistan

Pakistan

The University of Agriculture,

CLIMATE CHANGE IMPACT IN PAKISTAN- A REVIEW

Assist. Prof. Dr. Saltuk Bugra
SELCUKLU
Atabek MOVLYANOV

Erciyes University, TUrkiye

ENERGY PLANNING AND OPTIMIZATION MODELING FOR
CAMPUS BUILDINGS AND TRANSPORTATION

Iftikhar Yasin

The University of Lahore,
Pakistan

A COMPARATIVE ANALYSIS OF CARBON EMISSIONS AND
ECOLOGICAL FOOTPRINTS: THE MODERATING ROLE OF
ICT IN THE NATURAL RESOURCE RENT AND
ENVIRONMENTAL DAMAGE NEXUS IN BRICS

Assoc. Prof. Dr. Harminder Singh

Guru Nanak Dev University,
India

WASTE-TO-ENERGY PLANTS: SOURCE OF ENERGY
UTILIZING WASTE PRODUCTS
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Moderator: Prof. Dr. Cemil ALKAN

Authors

Affiliation

Presentation title

Douara Ben ouadeh
Kouzou Abdellah
Chovuiha Youcef
Karboua Djaloul

Mebkhouta Toufik

Zain Achour University of
Djelfa, Algeria
Mohamed Khider University
of Biskra, Algeria

A ROBUST CONTROL FOR WIND ENERGY CONVERSION
SYSTEM BASED ON FIVE PHASES PERMANENT MAGNET
SYNCHRONOUS GENERATOR

Chovuiha Youcef
Beladel Abdelkader
Kouzou Abdellah
Douara Ben ouadeh
Karboua Djaloul

Zain Achour University of
Djelfa, Algeria
Mohamed Khider University
of Biskra, Algeria

SOLAR PUMPING SYSTEM BASED ON AN INDUCTION
MOTOR

Mebkhouta Toufik
Assist. Prof. Dr. Bahadir Erman [~ TCONVENTIONAL AND ADVANCED EXERGY ANALYSIS OF
YicE Y TUrKy A RANKINE CYCLE

Dr. Miyesser Selda TOZUM
Dr. Sena DEMIRBAG GENC
Prof. Dr. Sennur ALAY AKSOY

Usak University, TUrkiye

PRODUCTION OF GELATIN/ARABIC GUM WALLED
THERMOCHROMIC AND THERMAL ENERGY STORING
MICROCAPSULES CONTAINING FLUORAN DYE

Prof. Dr. Sennur ALAY AKSOY
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BIOHYDROGEN: A SUSTAINABLE AND PROMISING ENERGY SOURCE (PRODUCTION,
STORAGE AND TRANSPORTATION

Arman Jalali*", Fereshteh Garebaghi Maleki?
1. Assistant professor, biosystem Engineering Department University of Tabriz, Tabriz, Iran

2. PhD candidate, Chemical Engineering Department, Sahand University of Technology, Tabriz, Iran

ABSTRACT

The global demand for clean and sustainable energy sources has led to increased interest in biohydrogen
production as an innovative solution. Biohydrogen is an eco-friendly and sustainable fuel that has the potential
to revolutionize the energy industry. It can be used as an energy carrier, a feedstock for chemical production,
and as a reactant in various industrial applications. Biohydrogen offers numerous advantages, such as being
cost-effective, non-polluting, and efficient in energy conversion. This article provides an overview of
biohydrogen production methods, constraints, economic analysis, and future prospects. We explore the
utilization of biological methods, specifically through the application of microorganisms, to overcome the
drawbacks of conventional hydrogen production methods. The article also highlights the importance of
optimizing biohydrogen productivity and the challenges faced during its production. With advancements in
genetic and metabolic engineering, as well as the integration of various bioreactor designs, biohydrogen
production can be significantly enhanced. The production, storage, and transport of biohydrogen present
unique challenges that need to be addressed for its widespread adoption. In this comprehensive guide, we will
explore the different strategies and technologies for storing and transporting biohydrogen, while
highlighting their environmental impact and limitations.
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REVIEW OF THE CURRENT DEVELOPMENTS REGARDING THE INVESTMENTS IN
OFFSHORE WIND ENERGY IN TURKIYE WITHIN THE FRAMEWORK OF THE
RENEWABLE ENERGY POLICY OF THE EUROPEAN UNION

Dr. Halil Cecen

Assistant Professor at the Department of the European Union Law under the Private Law Division of the Law Faculty at the Nuh
Naci Yazgan University, Kayseri, Tlrkiye, ORCID ID: 0000-0001-5569-4511

ABSTRACT

In this research, current developments in offshore wind energy in Tirkiye are discussed within the framework
of the renewable energy policy of the European Union and the scope of Turkish renewable energy policy.

As the research on offshore wind energy of the European Union is examined, it is emphasized that the North
Sea, the Baltic Sea, the Black Sea and the Mediterranean regions had a significant potential in offshore wind
energy. While the total installed renewable energy in Tirkiye is 55,943 MW by 2022, there has been no
progress for offshore wind energy installations. However, locations in Bandirma, Bozcaada, Gelibolu and
Karabiga were declared as candidate Renewable Energy Resource Areas for installing offshore wind
powerplants in the announcement dated 4" August 2023 by the Ministry of Energy and Natural Resources
(Ministry). It should also be noted here that the application price and local content price per kWh as incentives
applied for offshore wind energy within the framework of the Turkish Renewable Energy Sources Support
Scheme (YEKDEM) are higher than the same incentives applied to most of other renewable energy sources.

Tirkiye announced an offshore wind energy auction in 2018, but the auction was postponed. The auction was
criticized for some reasons. One of these criticisms was that the simplified administrative process was not
implemented. The conditions of the locations, the rate of local content requirements and the absence of offshore
supply chain in Turkish market were other criticisms related to the competitiveness of the auction.

For the auctions in the future, which will be held for the offshore wind energy installations upon the
announcement of the Ministry, taking these criticisms for the previous auction into consideration will be
important in order to add offshore wind energy power into the renewable energy mix in Turkiye.

Keywords: offshore wind energy, renewable energy, Turkiye, competitive auction, local content requirement,
RES Support Scheme, European Union.
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“COVENANT OF COMPANIES FOR CLIMATE AND ENERGY” AS A NEW PILOT INITIATIVE
IN THE EUROPEAN UNION REGARDING THE CONTRIBUTIONS OF COMPANIES TO
COMBATING CLIMATE CHANGE

Dr. Halil Cecen

Assistant Professor at the Department of the European Union Law under the Private Law Division of the Law Faculty at the Nuh
Naci Yazgan University, Kayseri, Tlrkiye, ORCID ID: 0000-0001-5569-4511

ABSTRACT

Covenant of Companies for Climate and Energy (CCCE) is a new pilot initiative led by the European
Commission to step up the contribution of European companies to a clean energy transformation and climate
action. The required conditions to become signatory in the CCCE are to be based in a Member State of the
European Union (EU) and to commit to taking action on decarbonisation under the CCCE.

Four levels were determined in the Covenant of Companies initiative. The first of these levels is the Entry
Level. At this initial stage, companies commit to taking reasonable efforts to reduce company’s greenhouse
gas emissions. Guidance materials and expert courses are also provided to the companies. At the Bronze Level,
companies have to carry out reporting by submitting evidence of having implemented a measure to reduce
company’s greenhouse gas emissions with the help of national and/or European support programme within 12
months after pledging. Companies take several measures to reduce company’s greenhouse gas emissions
within 24 months after pledging at the Silver Level.

The Gold Level requires companies to take all possible measures that are available to reduce the company's
greenhouse gas emissions by more than 40% of combined emissions and to have implemented them within 36
months. Net zero companies, on the other hand, receive a platinum seal or a NET ZERO BUSINESS seal.

The Covenant of Mayors, which supported by the European Commission in Europe, provided the basis for the
establishment of the Global Covenant of Mayors. It is foreseen that the Covenant of Companies, which led by
the European Commission, shall also provide a basis for the establishment of a Global Covenant of Companies
in accelerating the contributions of the private sector to combating climate change following an experience
gained in the EU.

Keywords: Covenant of Companies for Climate and Energy, Combating Climate Change, Greenhouse Gas
Emissions, Net Zero Business, European Union, Covenant of Mayors.

www.iensci.org 3



ll. International Energy Days September 27, 2023

ROBUST NONLINEAR CONTROL VIA FEEDBACK LINEARIZATION AND LYAPUNOV
THEORYNFOR BRUSHLESS DOUBLY FED INDUCTION GENERATOR BASED ON WIND
ENERGY CONVERSION SYSTEM

Oussama MOUSSA?, Lallouani HELLALI®, Riyadh ROUABHI¢, Aboubaker Essadig MAZOUZ4, Ali
BOUZIDI®, Ali AKKAT

aDepartment of Automatics and Electromechanical, Faculty of Science and Technology,Ghardaia,Algeria
b¢eLGE Laboratory, Department of Electrical Engineering, Faculty of Technology, University of M’sila, Algeria.
dDepartment of Electrical Engineering L2GEGI Laboratory, Faculty of applied science, University of Tiaret, Algeria

Department of physics sciences, Higher Normal School of Boussada, Boussada, 28001, Algeria

ABSTRACT

In this study, we present a nonlinear control method for a wind energy conversion system (WECS) employing a
Brushless Doubly Fed Induction Generator (BDFIG). The aim is to enhance robustness against disturbances and
maximize power extraction from a stochastic wind environment. Our proposed algorithm leverages decoupling
control, implemented through oriented grid flux vector control. To improve performance, we strive to achieve
linear and decoupled control of the generated stator active and reactive powers, ensuring global asymptotic
stability. This approach effectively addresses nonlinearity and parameter uncertainties, surpassing conventional
control techniques. Our method combines the principles of the Differential Geometric Feedback Linearization
Technigque (DGT) and Lyapunov theory. The obtained results demonstrate the effectiveness and superior
performance of our proposed approach.

Keywords: feedback linearization, brushless doubly fed induction generator, vector control, active and reactive
power, back-to-back converter.
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SLIDING MODE BASED P&O MPPT FOR SOLAR PV SYSTEM

Halali Youcef, Ghaitaoui Touhami, Ouledali Omar, Ghaitaoui Ahmed Essama

Laboratoire de Développement Durable et Informatique (LDDI) ,Faculté des Sciences et de la Technologie, Université d’ Adrar,
Adrar, Algeria

ABSTRACT

In this work nonlinear sliding mode control (SMC) techniques formulated for extracting maximum power from
a solar photovoltaic (PV) system under variable environmental conditions employing the perturb and observe
(P and O) maximum power point tracking (MPPT) technique are discussed. The PV system is connected with
load through the boost converter. the proposed algorithm shows superior robustness against variations in solar
radiation and temperature, making it suitable for real-world applications. The presented control scheme along
with the solar PV system is simulated in MATLAB.

Keywords: Maximum Power Point Tracking (MPPT), Sliding Mode Control, Pertube observe Optimization
(P&O0), Solar Photovoltaic (PV) System
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THE IMPORTANCE OF RENEWABLE ENERGY STORAGE FOR A SUSTAINABLE FUTURE

Arman Jalali

Assistant professor, Biosystem Engineering Department, university of Tabriz, Tabriz, Iran

ABSTRACT

Renewable energy sources, such as solar and wind power, play a crucial role in our transition toward a
sustainable and carbon-neutral future. These clean sources of energy are rapidly gaining popularity due to their
environmental benefits and potential for reducing our reliance on fossil fuels. However, one significant
challenge that arises with renewable energy generation is its intermittent nature, which necessitates the
development of effective energy storage solutions. In this article, we will explore the importance of renewable
energy storage in achieving a sustainable future and discuss various technologies that can capture and store
excess renewable energy. The development and implementation of effective renewable energy storage
technologies are essential for achieving a sustainable future. These storage solutions allow us to maximize the
utilization of renewable energy sources, reduce reliance on fossil fuels, and mitigate the environmental impact
of energy generation. By capturing and storing excess renewable energy, we can ensure a consistent and
reliable energy supply, even during periods of low renewable energy generation or high demand. As the
demand for renewable energy continues to grow, further advancements in energy storage technologies are
crucial. This requires ongoing research, development, and investment to improve the efficiency, scalability,
and cost-effectiveness of storage systems. Governments, industry leaders, and researchers must collaborate to
drive innovation in renewable energy storage and accelerate the transition to a clean energy future. In
conclusion, renewable energy storage plays a vital role in our journey towards a sustainable and carbon-neutral
future. By effectively capturing and storing excess renewable energy, we can reduce reliance on fossil fuels,
mitigate climate change, and ensure a reliable energy supply. The various energy storage technologies
discussed in this article offer promising solutions to overcome the intermittent nature of renewable energy
generation. Continued investment and research in renewable energy storage will enable us to achieve our goal
of a cleaner and more sustainable energy system.
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ONE DIMENSIONAL AND THREE DIMENSIONAL THERMAL ANALYSIS OF AN AIR-
COOLED PEM FUEL CELL

Huseyin Utku HELVACI

Assist. Prof., Dogus University, Faculty of Engineering, Department of Mechanical Engineering, Istanbul-Tiirkiye
ORCID: 0000-0003-0091-7807

Mehmet Siiha ISI

Dogus University, Faculty of Engineering, Department of Mechanical Engineering, Istanbul-Tiirkiye
ORCID: 0009-0001-4041-9610

ABSTRACT

Hydrogen is a clean, renewable energy source and it can be used instead of conventional fossil fuels in order
to address environmental problems such as climate change and global warming. Fuel cells that can utilise
hydrogen are known as environmentally friendly systems as they generate electricity by releasing water
without any carbon emissions. Proton Exchange Membrane (PEM) fuel cells have significant potential thanks
to their low operating temperatures, high power densities, and compactness. Although the efficiency of a PEM
fuel cell system depends on the type and operating temperature, it is generally higher than other hydrocarbon
fuel based systems. The efficiency of a PEM fuel cell is related to the cell temperature and therefore, thermal
management is crucial to maintain high system efficiency. Mathematical modelling of the thermal behaviour
of PEM fuel cells is essential for the management of the system efficiency. In this study, one and three
dimensional models were developed to analyse the thermal behaviour of an air cooled PEM type fuel cell under
different operating conditions. MATLAB/Simulink program was used to generate one dimensional thermal
model. A single PEM fuel cell was designed using SpaceClaim and ANSYS was utilised to create the three-
dimensional thermal model. Furthermore, an experimental test rig was designed and commissioned to compare
the model results against with the experimental results. Horizon H-500XP PEM fuel cell was used in the
experiments. The results showed that in the ohmic loss region, the deviation for the maximum cell temperature
between the model and the experimental results ranged from 1.5% to 4% for the one dimensional model and
from 3% to 11% for the three dimensional model.

Keywords: PEM fuel cell, mathematical modelling, thermal analysis.

Introduction

Fossil fuels supply the majority of the world's energy demand yet they have several drawbacks. The primary
disadvantages are their scarcity, the harm their emissions do to the environment, their availability in certain
areas, and the ease with which their pricing may be manipulated. (Dresselhaus & Thomas,
2001).Decarbonizing the energy supply with clean and sustainable energy is essential for future energy security
and global prosperity (Dawood et al., 2020).

The scarcity of natural hydrocarbon resources has generated great interest in the use of hydrogen as an energy
carrier in stationary and mobile applications. This is due to the high energy efficiency of hydrogen,
technological flexibility and ecological safety of energy conversion processes using hydrogen. (Yarts &
Lototsky, 2004).

Fuel cells can efficiently convert chemical energy directly into electricity. If fuel and oxidant are supplied to
fuel cells, the cells continuously produce electrical energy. Most fuel cells have an anode on negative side, a
cathode on the positive side, and electrolyte that allows charge to flow between the positive and negative sides
of the fuel cell. Fuel cells do not have any combustion mechanism, they produce energy with minimum
emissions (Saxena & Verma, 2015). One of the most important considerations in improving fuel cell
performance is thermal management. The system must operate within a safe and effective temperature range.

www.iensci.org 8
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The purpose of thermal management is to maintain the cell temperature within a safe range and to reduce
temperature differences between cells (Hmad & Dukhan, 2021).

Several studies, including numerical and experimental modeling that examine heat and mass transfer in PEM
fuel cells have been conducted by various researchers. For instance, an experimental study was completed by
Jian et al. to investigate thermal response (Jian et al, 2018). Thermal behaviour of PEM fuel cell was
investigated with experimental study and the maximum prediction error was calculated between 1.4 K and 2.3
K (Miiller & Stefanopoulou, 2006). In addition to the electrochemical reaction models, 1D and 3D models that
take into account the effects of coupled heat and mass transfer were generated (Falcao et al, 2011).

In this study, one dimensional and three dimensional thermal models for modelling the thermal behaviour of
a cell (an air-cooled Horizon H-500XP), verified by experimental test results, were created by calculating the
total heat generation of the stack. The error margins of the models were compared with the experimental test
results.

Materials and Methods

The thermal models and experimental tests were investigated at stack currents of 10, 15, 20 A and ambient
temperature of 10 °C. Determining the heat generated by a single cell of the Horizon H-500XP is the first step
in modelling the thermal behavior. The calculated heat generation was used as an input parameter in one and
three dimensional thermal analysis. Horizon H-500XP has different air flow rates at different stack currents
through its two different fans. Therefore, the calculation of different heat transfer coefficients under different
stack currents is required. Due to the cell geometry, the equations applied to the flat plates were used. Reynolds
and Nusselt numbers were calculated according to air flow rates at each flow rate condition.

Re, = 1)
In the given equation, p is the density, v is the velocity, x is the characteristic lenght, and p is the dynamic
viscosity. In case of laminar or turbulent flow, the appropriate flow equation for the Nusselt humber is
represented as follows:

1

Laminar Nu = 0.664 * Rel> + pri/3 @)
Turbulent Nu = 0.037 + Re2® + pri/3 3)

The heat transfer coefficient was calculated under the given conditions.
Nu = == (4)

In the given equation, k is the thermal conductivity.

Heat Generation

Two different approaches were used in this study to calculate the heat generation of a single cell. The
approaches are the thermodynamic heat generation equation based on energy balance and the power loss
obtained from experimental test results.

Qgenerati’on = (E— V) -1 (5)

In the given equation, V,.;; is cell voltage, I is current, and E is the maximum voltage that can be obtained if
the enthalpy of hydrogen in a cell is converted into electrical energy. The low temperature value of E is

included in the equation as 1.25 V. Current and voltage can be obtained from the datasheet of the product used
and the power supply during the tests.

The heat generation calculated using the power loss is determined using the energy content of hydrogen. H,

generates 178.2 W energy at 1 L/min. In the experimental tests, the flow rate of hydrogen consumed in each
stack current was measured. The total output energy obtained from the power supply is subtracted from the
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total energy released by the consumed hydrogen. The difference is the energy that can be converted into heat.
It is assumed that all cells generate equal amounts of heat and the heat generation per cell was calculated

accordingly.

Table 1. Model parameters

Parameters Values
Density 2240 kg/m?®
Spesific heat 710 J/kg.K
Thermal conductivity 20 W/m.K
Stack currents 10A,15A,20A
Ambient temperature 10°C

One Dimensional Thermal Model

One dimensional thermal model was developed using the thermodynamic heat generation equation. The model
uses the model parameters, the thermal and geometric parameters of the cell and the environmental parameters
to calculate the result of the maximum cell temperature and heat flux. In the model, one cell is modeled as a
thermal mass and is prepared using block body assumption instead of complex cell geometry (Figure 1).

3.5mm
—

« ~

Thermal mass Air volume

Figure 1. One dimensional model cell illustration

The heat generation, thermal mass and forced convection heat transfer were modeled in one dimensional
thermal model represented in Figure 2.
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Figure 2. One dimensional thermal model
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Three Dimensional Thermal Model

Three dimensional modelling was developed using ANSYS in order to model the complex features of cell
geometry, cell components seperately, and increase sensitivity. For heat generation, the power loss obtained
from the test results and the thermodynamic heat generation were calculated separately and three dimensional
analyses were compared. The model uses the cell’s thermal, geometric and material parameters to calculate
the maximum cell temperature and surface temperature distributions as a result. Steady state approach was
used in the model. Figure 3 demostrates the 3D cell model.

3.5mm

P

Bipolar plate Air ducts

Figure 3. Cell geometry

Experimental Study

Horizon H-500XP is an air-cooled product with peak power of 600 W and has two fans that feed air to the
cells. Air flow rates are 0.008, 0.009 and 0.01 m¥s under 10, 15 and 20 A stack current conditions respectively.
The experimental study was carried out at 10 °C ambient temperature under 10, 15, 20 A stack currents
respectively. The pressure of hydrogen was 0.5 bar. Under each current demand, cell surface temperatures
were detected using thermal cameras (Figure 4) and maximum cell temperatures were detected using a
temperature sensor. The current and voltage outputs were obtained using a power supply. The hydrogen flow
rate was detected by using a flowmeter.

Figure 4. Measurement made with a thermal camera
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Findings and Discussion

Initially, the amount of the fuel consumed by the fuel cell under different stack currents is known. The
difference between the total power obtained from fuel consumption and the output power detected by the power
supply can provide information about the estimated amount of energy that can be converted into heat.

Independently, heat generation can be calculated under three different stack currents using the thermodynamic
heat generation equation.

350
< 300
250 235 288.3
200 174.3 16
150
100 5
50

0

5 10 15 20 25
Current (A)

06

Heat generation (W

—@— Numerical Calculation (W)
—@— The energy of consumed hydrogen (W) - The fuel cell output power (W)

Figure 5. Comparison of heat generation calculations

Heat generation calculation results were used in one and three dimensional analyses. One dimensional thermal
model results are given (Table 3). The results are compared with the experimental test results (Figure 6).

Table 2. Experimental test results

Current | Hydrogen consumption (L) Total power Maximum cell
(A) output (W) temperature (°C)
10 1.96 175 24
15 2.67 240 33
20 3.29 298 42

Table 3. One dimensional thermal model results

Current Maximum cell temperature

(A) (°C)
10 24.8
15 32.48
20 40.42
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Figure 6. Comparison of one dimensional thermal model and experimental test results

Three dimensional thermal results were calculated according to two different heat generation approaches. The
analysis results according to the power loss and thermodynamic heat generation equation of the system are
given (Table 4). The three dimensional thermal analysis results at 15 A stack current, for which numerical and
experimental studies were completed were given in Figure 7.

Table 4. Three dimensional thermal model results

Current | Results of 3D thermal model with heat Results of 3D thermal model
(A) generation calculation approach based with heat generation
on experimental tests (°C) calculation approach based on
thermodynamic analysis (°C)
10 18.62 16.67
15 34.99 34.07
20 45.79 46.58
34,072 Max

34,048
34,039
34,031
34,023
34,015
34,007
33,999 Min

Figure 7. Three dimensional analysis results at 15 A stack current
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Conclusion and Recommendations

In this study, one and three dimensional thermal analysis approaches were developed to analyse the thermal
behaviour of an air-cooled PEM fuel cell. The thermal models were generated with the same input parameters.
The one dimensional thermal model calculated the cell as a thermal mass, the detailed geometric features were
not included in the model. The geometric features of the cell are modeled in detail in three dimensional
analyses. In order to model thermal behaviour, heat generation must be detected. In the study, two different
methods were investigated to detect the heat generation. Heat generation was assumed to be equal in all cells.
Three dimensional thermal analyses were carried out using two different heat generation calculation
approaches, the results showed that in the ohmic loss region, the deviation for the maximum cell temperature
between the model and the experimental results ranged from 1.5% to 4% for the one dimensional model and
from 3% to 11% for the three dimensional model.
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ABSTRACT

Fossil fuels have been crucial to industrialization up until this point. Due to the rise in energy consumption,
there is a worldwide catastrophe with climate change and environmental harm as a result of the increased usage
of fossil fuels. Aquatic ecosystems have suffered significant damage as a consequence. Energy sources which
are environmentally friendly and sustainable are now starting to be performed in the aim to reduce the energy
crisis. Alternative energy sources are being studied for minimizing the complexity of wastewater treatment and
the utilization of non-renewable energy sources. Microbial fuel cells (MFCs) are a technology that uses
microorganisms to directly convert chemical energy found in organic wastes into electrical energy. MFC, a
technology that can simultaneously produce energy and reduce wastewater problems, is still being researched.
Due to its low energy requirements, self-sufficiency, and ability to remove more than 90% of chemical oxygen
demand (COD) and biological oxygen demand (BOD), microbial fuel cells are gaining attention in the
wastewater treatment industry. The performance of the MFCs power generation can be improved by using
mixed cultures and reducing the electron transfer resistance. The biofilms are described as microbial
communities embedded in their own extracellular matrix (ECM), which is made up of extracellular
polysaccharides, extracellular DNA, proteins, and lipids. These communities are associated with material
surfaces. Numerous bacteria in the biofilm have improved metabolic processes that enable them to produce
electricity more effectively. Complex microbial structures can be observed among the sediment biofilms of
lakes. As a result, sedimental biofilms are being used more often in MFCs. Metagenomic techniques are used
to determine the microbial structure in biofilms. Environmental DNA (eDNA), enzymes, and associated gene
areas that are engaged in metabolic processes are the main topics of metagenomic study. The identification of
both uncultured and unknown bacteria can be achieved via eDNA. Therefore, it is feasible to determine the
effectiveness of the biofilm utilized in MYH and find out how the microbial metabolism affects the production
of electrical energy. The intention of this research is to make it easier to understand the microbial species that
are found while analyzing biofilms for MYH using metagenomic techniques.

Keywords: Microbial fuel cells, Biofilm, Metaganomic analysis, Wastewater treatment
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ABSTRACT

The increase in energy consumption with rapid population growth and industrialization is insufficient to meet
the demand for existing energy resources. In addition to the damage, it causes to the environment in fossil
fuels, there is a need for an alternative and sustainable energy source due to the rapid depletion. In line with
this need, sustainable ecology and sustainable green economy have become one of the most important issues
on the global agenda. One of the alternative renewable energy sources is biofuels and is obtained from plants.
It can be disadvantageous due to the need for large areas for the production of plants to be used in biofuel
production and the time it takes to obtain the product. For this, the use of different resources can turn biofuel
production into an advantage. Algae that can be found in various aquatic environments can be used in this area.
Algae convert CO; and sunlight into energy through photosynthesis and produce oil in the process. In this way,
algae can store about 20-30 times more fat compared to plants, since they can increase their weight by 3-4
times in a day. These oils obtained can be used directly in the fuel or can be purified and used as biofuel. By
increasing the oil production amounts of algae under different conditions, higher yields can be obtained in
biofuel production. This study will reveal the importance of the use of algae, which types of algae are
appropriate to use as biofuels and what to do about increasing biofuel production.

Keywords: Algae, Alternative energy, Biofuel, Sustainable economy and energy.
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XULASO

Mogalodo Azsrbaycanda alternativ enerji vo ondan somorali istifads yollar1 gosterilir. Kiilok enerjisindon
istifado olunmasi tiglin biitiin orazilorde kiilokli giinlerin saymin, kiiloklorin istigamatinin miisyyon
edilmasindan, Boyiik Qafqaz, Ki¢ik Qafqaz vo Talis daglarinda axan kigik dag caylar1 tizorinda su elektrik
stansiyalar1 (SES-dan), Giinas enerjisi sistemlarinin alverisli xtisusiyyatlori qeyd olunur.

Miixtolif nov biokiitlolorin kdmoayi ilo alinan qazalara iso bioqaz deyilir. Biokiitlo enerjisi biokiitlonin
yandirilmasi zamani alinan enerjidir.

Qarabag “Yasil enerji” zonasi kimi elan edilmisdir. Qarabag va otraf regionlarin hidroenerji, giinas, kiilak,
enerji kimi borpa olunan enerji monbalarinin istifads olunmasi nazords tutulur.

Keg¢misdo istifads edilon enerji monbalarinin tadricen tilkonmasi, onlardan istifade zamani otraf alomoa doyon
boylik ziyan hazirda biitiin diinyada oldugu kimi, Azorbaycanda da alternativ enerjiden istifade olunmasina
sorait yaradilir.

Acar sozlar: Alternativ enerji, Giinas enerjisi, Kiilok enerjisi, Biok(tlo enerjisi, Otraf miihitin qorunmasi

ALTERNATIVE ENERGY AND ITS USE IN AZERBAIJAN

SUMMARY

The article shows alternative energy in Azerbaijan and ways to use it effectively. For the use of wind energy,
the number of windy days in all areas, the direction of winds, hydroelectric power stations (SES) on small
mountain rivers flowing in the Greater Caucasus, Lesser Caucasus and Talysh mountains, favorable features
of solar energy systems are mentioned.

Gases obtained with the help of different types of biomass are called biogas. Biomass energy is the energy
obtained during the burning of biomass.

Karabakh has been declared as a "Green Energy" zone. It is planned to use renewable energy sources such as
hydropower, sun, wind, energy of Karabakh and surrounding regions.

The gradual exhaustion of the energy sources used in the past, the great damage caused to the environment
during their use, as is the case all over the world, creates conditions for the use of alternative energy in
Azerbaijan.

Keywords: Alternative energy, Solar energy, Wind energy, Biomass energy, Environmental protection

Giris
Ta godim zamanlardan, insanlarin enerjiya olan tolobatlari, yaranmigdir. Od istilik, isiq monbayi,
diismonlorden gorumagq, miialico manbayi va s. kimi vasito olmusdur. Bu baximdan insanlar {i¢iin od homiso

miigoddes olmusdur. Insan comiyyati inkisaf etdikco sonaye vo kond tosorriifati sahslori siiratlo artmis vo
enerjiya ehtiyac yliksalmisdir. Bu giin basariyyotdo qlobal problemlordon biri yanacaq echtiyatlarindan
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dayanmadan istifado olunmasidir. Hatta XXI asrds diinyanin bazi 6lkalorinds kand yerlorinde maskunlasan
ohalinin oksariyyati holo do miiasir enerjidon istifade etmok imkanina malik deyil. Diinyanin demak olar ki,
biitiin 6lkalori 6z enerji ehtiyaclarini neft, tobii qaz vo kémiir kimi onanovi enerji monbalari hesabina 6dayir.
Bu resurslar iso titkkonandir, straf miihiti ¢irklondirandir, giymatlori bahadir. Bunun oksi olaraq alternativ enerji
manbolari ekoloji cohatdon tomiz vo tiikonmazdir. Prognozlara géro yaxin 15-20 il arzinds barpa olunan enerji
monbalari diinya energetika balansinda gorkemli yer tutmali, tiikonmokds olan iizvi yanacaq ehtiyatlarinin
ovazlanmasini va otraf miihitin ekoloji saglamlasdirilmasini tamin etmalidir. Alternativ energetika tokco otraf
muhitin miihafizasi tigiin vacib deyil. Eyni zamanda omum somarali olmasidir.

Tahlil va mizakira

Azarbaycanda kiilok enerji monbalorindan istifads. Kiilok enerjisi kiiloyi meydana gotiron hava axininin sahib
oldugu horakot enerjisidir. Alternativ enerji (barpa olunan) monbalorindon biri hesab olunur. Bu enerjinin bir
hissosi faydali olan mexaniki vo ya elektrik enerjisino g¢evrilo bilor.Kiilok enerjisi digor alternativ enerji
monbalari olan giinas, hidroenergetika, geotermal vo biokiitlo enerjisindon 6ziinliin maya doyarins, ekoloji
tomizliyino vo tiilkonmozliyino goro on sorfalisidir. Kiilok giiciindon ilk faydalanma yelkonli gomilor vo yel
doyirmanlart gostorilo bilor. Daha sonra taxil {iylidmoa, su nasosla vurma, agac kasma islori tiglin do kiilok
giiciindon faydalamlmisdir. Indiki vaxtda daha ¢ox elektrik ¢ixarmaq mogsadiylo istifado
edilmokdadir.Elektrik enerjisi istehsali iiclin daha somaerali texnologiyalardan biridir. Kiilok enerjisindon
istifado olunmasi energetikanin daha tez inkisaf edon saholorindon biridir. Kiilok enerjisinin enerjiya
cevrilmasi 9sason 2 mithiim tadbirin hayata kegirilmasini tolab edir:

v' Miivafiq maliyys, material sorfi vasitasilo daimi olmayan kiilok enerjisinin toplanmast;
v" Miixtalif orazilords enerji almaq tigiin kiilok mitharriklorindon istifads edilmasi.

Azorbaycan Respublikasi bu cohatdon olduqca alverisli soraito malikdir[1:2].. Kiilok enerjisindon istifado
edilmosinin togkilati mosololori istehsal proseslorinin biitiin saholorini ohato edir. Enerji istifadonin
tokmillosdirilmasi vo kompleks inkisafi bazi masalalorin hoyata kegirilmasini tolob edir:

v" Enerji potensialinin igtisadi somarasinin artirilmast;

v" Enerji istehlakinda elektrik enerjisi paymin fasilasiz artirilmast;

v' Elektriklosdirmonin rolunun vo amoak mohsuldarliginin yiiksaldilmasi;
v Miitoraqqi texnaloji tadbirlorin hayata kegirilmasi;

v' Keyfiyyatin vo ohalinin rifah halinin yaxsilagdirilmasi.

Alternativ enerji kKimi SES-lordon istifada. Azorbaycan ¢aylarinin imumi hidroenerji potensialinin 40 mvt/saat,
kicik su elektrik stansiyalari(SES-lorin) nozari enerji potensialinin isa 28 nlrd.kvt./saat oldugu miioyyon
edilmisdir. Ilkin hesablamalara gora, ¢aylarm {izorindo tikilmosi miimkiin olan 280-o yaximn kigik SES-in
iimumi istehsal giicii 700 MVT, illik enerji istehsali iso 3,2—3,5 mlrd.kvt/saat toskil edir. Respublika orazisindo
140-dan ¢ox su anbari var va bu su anbarlarindan yalmz 61-nin hocmi 1 mIn. m3-don ¢oxdur. Su anbarlarmin
timiimi tam hocmi 21,5 km® togkil edir. Kiir, Araz vo Tortor ¢aylarinda yaradilmig su anbarlar1 vo SES-lor —
Somkir, Mingagevir, Yenikond, Varvara, Araz va Sarsoang kompleks toyinath su tesarriifati obyektlaridir vo
energetika, suvarma, su tochizati va s. ligiin istifado olunurlar. Respublikanin on iri Mingagevir su anbar1 1953-
cii ildo istismara verilib, ¢oxillik tonzimloms rejiminds isgloyir, Kiir ¢aymin aximi onun asagi axininda
tamamils tonzimlanib va subasma hallarinin garsisi alinib. Boyiik su anbarlari ("Mingagevir", "Samkir", "Araz
su qovsagl", "Sorsong") kompleks ohomiyyoto malik oldugu halda, digor su anbarlarinin
oksariyyati irrigasiya mogsadi ils tikilmisdir.

Sarsang su anbari — Azarbaycana moaxsus 1976-c1 ildo Tortor¢ayin tizerindo, ke¢cmis Agders, indiki Tartor
rayonu arazisinda, inga edilmis su anbari Onun timumi su tutumu 560 mln m?, bandinin hiindiirliiyii iss 125 m-
dir. Sarsang su anbari respublikanin 6 rayonunun (Tartor, Agdam, Bards, Goranboy, Yevlax vo Agcabadi) 100
min hektara yaxin torpaq sahasini suvarma suyu ila tomin edirdi. Yalniz Sorsang su anbarinin isgali naticasinda
100 min hektar sahads kond tasorriifat1 bitkilorine suvarma suyunun verilmomaosi respublikanin bu regionuna
avaz olunmaz zarar vurmusdur.
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Tiikonmayan Giinag enerji monbarindon istifada. Giinas - otraf miihita tesirsiz davranan diinyanin tiikonmoayan
on giiclii vo tomiz enerji manbayidir. Miiasir dovriimiizda giinas enerjisi an mithiim enerji monbalarindon biri
hesab olunur. Giinos enerjisi sistemlorinin alverisli xiisusiyyatlori: - Otraf miihito zorar vermir; - Istifadesindo
cox asag1 xarc tolob edir; - Asanliqla totbiq edils bilir; Giinas enerjisi sistemlorinden - isti su tamini, binalarin
isidib soyudulmasinda, buxar oldo edilmasindo, elektrik istehsalinda, saf su vo duz istehsalinda va s. istifado
edilir. Onanovi enerji monbalarinin tadricon tiikkonmasi, homginin, onlardan istifado zamani otraf miihito
vurulan kiilli miqdarda ziyan hazirda biitiin diinyada oldugu kimi, Azerbaycanda da alternativ enerji
novlarindan istifads zaruratini yaradir.

Yer sothino diigon giinos enerjisinin miqdart biitiin neft, qaz, komiir vo digor yanacaq ehtiyatlarindan ¢oxdur.
Giinas enerjisinin istifadasinin listiinliiyli ondadir ki, Giinas qurgular1 isloyon zaman parnik effekti yaranmur,
havanin ¢irklonmosi bas vermir, istilik asag1 atmosfer gatlarina yayilmir. Giinas enerjisindon passiv vo aktiv
qurgularin vasitosi ilo istifado etmok miimkiindiir. Passiv sistemlordo giinos enerjisi slialanmanin,
istilikkegirmanin va tabii ventilyasiyanin komayi ilo otiiriiliir. Aktiv sistemlords iso, giines siialar ilo qizan
sathin istiliyi istilikdastyicisinin vasitasils digar qurguya naql edilir. Bu zaman istiliyi qobul etmak ii¢iin glinos
kollektorlarindan istifads edilir. Giinos panelindon maksimun elektrik enerjisi almaq tigiin giinosli hava daha
yaxsidir. Amma bu o demak deyil ki, buludlu, yagisli havada enerji istehsal edilmoayacok[3:4].. Giinas panellori
on buludlu havada belo 50 faiz giiclo isloyir. Azarbaycanin tabii iqlim goraiti giinas enerjisindon istifado
etmoklos elektrik va istilik enerjisinin istehsalini artirmaga genis imkanlar agir.

Isgaldan azad olunmus arazilorda “Yeni Enerji” lahiyalori. Qarabagda yenidonqurma vo barpa islori sirasinda
on miihiim yeri orazilorin elektrik enerjisi ilo tomin edilmasi, barpa olunan va yeni enerji monbolarinin
yaradilmas1 tutur. Biitovliikdo, Qarabag “Yasil enerji” zonas1 kimi elan edilmisdir. ilkin olaraq Kolbacar,
Lagin, Qubadli, Zongilan, Cabrayil, Fiizuli rayonlarinin orazisindo yiiksok giinas enerjisi potensialina malik
iimumi sahasi 14 427 ha olan 8 potensial orazi se¢ilmisdir. Bu orazilords timumilikds 7214 MVt giiciindo
giinos elektrik stansiyalarinin yerlogdirilmosi miimkiin goriinse do, conub orazilorin bir hissasinin kond
tosorriifat1 toyinatli ola bilocoyi nozoro alinaraq, burada timumi potensial 4000 MVt-dan yiiksok
qiymatlondirilir. Kalbacor vo Lagin rayonlarinin kiilok enerjisi resurslart nazorden kegirilib. Qarabagin dagliq
orazilorinda kiilok enerjisinin potensiali 500 meqavatdan yiiksok qiymatlondirilir vo bu potensialin bdyiik
hissasi adig¢okilon rayonlarin Ermonistanla sorhod zonalarina diisiir. Belo boyiik potensiala baxmayaraq,
olverisli infrastrukturun olmamasi sobobindon bu sahslords kiilok enerjisindon elektrik enerjisinin hasil
edilmasi masalasinin yerinds aragdirma va tadqiqat iglari talob edir. Azarbaycanda 25% yerli su ehtiyatlarinin
Qarabagda formalasdig1 nozors alinmagqla, Tertor, Bazargay, Hokori kimi asas ¢aylar vo onlarin qollarindan
elektrik enerjisi istehsali moagsadi ils istifads perspektivlari vardir. Su elektrik stansiyalar1 asason Tartor, Lacin
va Kalbacar rayonlarinin arazisinds yerlasir. Zangilan rayonunda ilk “Agilli kend”in ingasi basa ¢atmisdir. Bu
kond azad olunmus orazilore Qayidisin ilk montagasi olacaq. Kondin insasinda ¢oxsayli innovativ yanagmalar
totbiq olunub. Kondds enerjiyo tolabat “Yasil enerji” sistemi ilo tomin edilib. Dayaniqli enerji tominat1 Hokari
cay1 lzorinda insa olunan su elektrik stansiyalar1 vasitasilo hayata kecirilacok. “Agilli kand”’ds evlarin dam
hissasindo yerlosdirilon vaakum Giines  kollektorlar1 vasitasilo enerji toplanaraq evlerin va suyun
qizdirlmasinda istifads edilacok.

Biokiitlo enerjisi. Biokiitls - bir enerji monbayi olub, giinas enerjisini fotosintez olaraq toplayan bitki mangali
orqanizmlardir. Senaye moenasinda biokiitlo dedikdo bioloji maddslordon yanacaq slds edilmasi vo ya
sonayenin digar saholorinds istifadssi basa diisiiliir. Belo ki, yanacaq slds etmok moaqsadils yetisdirilon bitkilor
ila lif, istilik va kimyavi maddsler almaq iigiin ise heyvani va bitki mongsli mshsullar istifads olunur. Biokiitle
enerjisindan alian istilik miqdar1 odunun yanmasindan alinan istilik miqdarindan yiiksokdir. Umumiyyatlo bu
enerjidon gadim zamanlardan istifads edilir. Miixtalif ndv biokiitlalorin kdmayi ilo alinan gazalara iss bioqaz
deyilir. Biokiitls enerjisi biokiitlonin yandirilmasi ilo alinan enerjidir[5:6]. Bu xiisusiyyat biokiitlodon enerji
almmasinda an 6namli istiinliyiidiir. Biokiitloden miixtolif tisullarla biodizel, biogaz, etanol, metan, {izvi
giibro vo bu kimi diger maddoalor vo mohsullar slds edilmokdadir. Biokiitladen alinan maddoalori miixtalif
hazirliq va ¢evrilma proseslorindon kegirarak bioyanacaglar olds edirlar.

Natico

Mogqalado osason elektrik vo istilik enerjisi istehsalna, enerjidon somorali istifadoys, enerji tachizatinin
effektivliyini artirilmasi va istehlakg¢ilarin dayanigli enerji tominatini olds olunmasi barads strafli melumatlatin
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verilmasindn ibaratdir. Bunun {i¢iin, enerji manbalorinin diversifikasiyasi, istilik effekti yaradan qaz
tullantilarinin azaldilmasi, zoruri todbirlor hoyata kecirilocokdir. Olkonin enerji tohliikasizliyinde vo timumi
elektrik enerjisi istehsalinda alternativ vo barpa olunan enerji monbalarinin rolunun artirilmast;

Alternativ enerji monbalorindon (AEM-dan) istifado etmakls enerji istehsali va istehlakinin artirilmasi, bu
hesaba digor enerji resurslarindan somaorali istifads vo enerji istehsali prosesi zamani yaranan texnogen
tasirlarin otraf miihite vurdugu ziyanin soviyyasinin azaldilmasinin tomin olunmast;

v' AEM-dan istifads olunmasi neft vo gaz xammallarinin neft — kimya sonayesino yonaldilmasi;

v" AEM-nin totbiqi sahosindo innovativ texnalogiyalardan istifadonin genis totbiq edilmasi vo beynalxalq
tacriibalorin monimsanilmasi;

v" Biogaz enerjisinin heyvandarliq inkisaf etmis arazilords alinmasi va istifadosi;

v" AEM-nin istifadasi neft vo qaz kimi ananavi enerji resurslarindan istifadods enerji tohliikasizliyinin tomin
olunmasini;

v’ Azarbaycan soraitindo AEM-don genis istifado olunmasi ononavi yanacaglardan asililigin xeyli azalmasina
sabab olmast; (enerji diverfikasiyasi)
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ABSTRACT

The applications of smart homes received attention due to their popularity and accessibility of using modern
technology such as the Internet of Things (1oT). Reducing greenhouse gas (GHG) emissions and addressing
climate change depend heavily on residential buildings' increased energy efficiency and sustainability.
Programming smart homes, which use cutting-edge technologies and automation systems to optimize energy
use and improve occupant comfort, is one way to accomplish sustainability. Smart meters, sensors, actuators,
and communication networks are just a few of the systems and components that must be integrated into a smart
home's programming. The aforementioned elements work together to gather information on energy use,
occupancy patterns, and environmental factors. The studied data is then used to guide the programming choices
for the home's heating, cooling, lighting, and other energy-consuming equipment. Utilizing the proper
programming software is also a significant component. This study presents various programming languages
that enable smart devices to work efficiently.

Keywords: Internet of Things, Sustainability, Programming smart homes, Cutting-edge technologies,
Programming languages.

1. Introduction

Energy efficiency and sustainability can be improved with smart home programming. Writing code to manage
and automate various home systems and gadgets is a component of programming for smart homes [1]. This
could include controlling lights, thermostats, security systems, appliances, entertainment systems, and more
[2]. Programming a smart home involves designing and writing software code that controls and automates
various devices and systems within the home [3]. This can include smart lights, thermostats, security cameras,
door locks, appliances, and entertainment systems [4]. The area of smart programming and intelligent devices
in smart homes is interesting due to the need for gaining a more sustainable life and the comfort that people
looking for [5]. Based on the aforementioned statement, several steps can be followed in order to program
smart home devices intelligently.

In the literature, various conducted studies have been taken into consideration smart home programming. To
program a smart home application, the programmer needs to familiarize with different languages, platforms,
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and protocols. Besides, understanding the specific Application Programming Interfaces (APIs) and Software
Development Kits (SDKSs) provided by device manufacturers or Internet of Things (1oT) platforms [6]. It is
also important to know about networking, security, and data management principles as smart homes involve
the exchange of sensitive data and must be secure from cyber threats [7]. By considering programming
strategies for smart homes, energy efficiency can be significantly improved. For instance, occupancy sensors
can detect when occupants are present or absent in a particular room and adjust the heating or cooling
accordingly.

Lighting systems can be programmed to automatically turn off when no one is in the room or adjust the
intensity based on natural lighting conditions [3]. Similarly, smart home appliances can be programmed to
operate during off-peak hours when electricity demand is lower, reducing the strain on the grid and potentially
lowering energy costs [8]. In addition to energy efficiency, sustainability can also be enhanced through smart
home programming [9]. Integration with renewable energy sources such as solar panels or small wind turbines
can be optimized to maximize energy generation and consumption within the home [10], [11]. This can include
programming the charging of Electric Vehicles (EVSs) during periods of peak solar generation or diverting
excess energy to the grid for others to use [12].

Furthermore, the programming of smart homes can enable demand response capabilities, allowing
homeowners to participate in energy management programs offered by utilities [3]. This means that during
times of high electricity demand, the home's energy consumption can be automatically adjusted, reducing strain
on the grid and supporting grid stability. In conclusion, programming smart homes offers significant
opportunities for improving energy efficiency and sustainability [13]. By utilizing advanced technologies, data
analysis, and automation, energy use can be optimized, and renewable energy integration can be maximized
[14]. The aforesaid benefit is not only can reduce environmental impacts but also provides economic benefits
to homeowners.

The main contribution of this article is comprehensively discussing the programming languages for smart
homes along with the challenges and future direction for future researchers. The rest of the article is classified
into four sections as follows: Section 2 discusses the methods and materials of programming a smart home
considering the steps for programming of smart home. Features of programming languages and software for
smart homes are placed in Section 3. The challenges along with future research direction are tabulated in
Section 4. Eventually, the article closed with a conclusion and a list of recent references published in high-
impact journals and conferences.

2. Methods and materials

There are many approaches that have been deployed in the state-of-the-art for the purposes of programming
smart home applications. The different ways of increasing the efficiency and sustainability of smart homes
through various forms as figured out in Figure 1 along with further explanation for each application as listed

below.
Lighting Control ome Energy Managemen Smart Thermostats
Systems

Programming for
Renewable Energy v ici : Water Efficiency
Integration Energy Efficiency and

Sustainability

Energy Monitoring and
Feedback

Appliance Automation

Figure 1. Programming for improving energy efficiency and sustainability [3], [16].
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o Lighting Control: Programming smart lighting systems can automate the turning on and off of lights based
on occupancy or time of day, ensuring they are only used when needed. It can also adjust the intensity of
lights based on natural light availability, reducing unnecessary energy usage.

¢ Home Energy Management Systems: These systems can monitor energy usage in real time and provide
insights on where energy is being wasted. By analyzing this data and making adjustments, homeowners can
reduce unnecessary energy consumption.

o Smart Thermostats: Programmed thermostats can learn the homeowners' preferences and adjust the
temperature, accordingly, optimizing energy consumption. They can also detect when the house is empty
and automatically adjust the temperature to save energy.

e Renewable Energy Integration: Programming can enable smart homes to dynamically adjust energy
consumption based on the availability of renewable energy sources, such as solar power. This helps
maximize the utilization of renewable sources and reduces reliance on fossil fuels.

o Water Efficiency: Smart home programming can optimize water usage by monitoring and controlling
irrigation systems, detecting leaks, and providing real-time feedback on water usage. This helps to conserve
water resources and reduce excess water consumption.

e Appliance Automation: Through programming, smart appliances can be scheduled to operate during off-
peak hours when electricity rates are lower. This reduces the load on the electrical grid during peak times
and promotes efficient energy use.

e Energy Monitoring and Feedback: Smart home systems can provide real-time energy consumption data,
giving homeowners insights into their energy usage patterns. This feedback can help raise awareness and
encourage energy-saving habits. By combining these features and leveraging automation through
programming, smart homes can significantly reduce energy waste, increase energy efficiency, and promote
sustainability.

Some steps to consider when programming a smart home as listed for specific clarification and demonstrated
in Figure 2 for further explanation and understanding.

Assess the needs and

requirements

v

Choose a platform or framework
v

Set up the necessary hardware
v

Develop or use existing APIs
v
Write scripts or programs

v

Implement scheduling and rules
{

Test and iterate

v

Deploy and maintain

End

Figure 2. Steps for programming smart homes [17].
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1. Assess the needs and requirements: Determine what devices and systems you want to include in your
smart home and what functionalities you want to achieve. This will help guide your programming efforts.

2. Choose a platform or framework: Select a platform or framework that supports the devices you want to
integrate. Some popular choices include Apple HomeKit, Google Home, Amazon Alexa, or open-source
frameworks like Home Assistant.

3. Set up the necessary hardware: Install and configure the required hardware devices that will enable
communication and control between your smart home devices, such as smart hubs, gateways, or
communication protocols like Z-Wave or Zigbee [15].

4. Develop or use existing APIs: Use the APIs provided by the devices you intend to integrate to
communicate with them if they offer them. If they do, read their documentation. If not, think about utilizing
pre-existing software libraries or Software Development Kits (SDKSs) that give a unified APl and abstract
device-specific functionality.

5. Write scripts or programs: Use your preferred programming language to write scripts or programs that
control and automate the devices in your smart home. These scripts or programs will listen for events, such
as user interactions or predefined triggers, and send commands to the devices accordingly.

6. Implement scheduling and rules: Use your programming skills to create scheduling logic and rules that
automate tasks based on specific conditions or time-based events. For example, you can create rules to turn
off the lights when the last person leaves the house or adjust the thermostat based on outdoor weather
conditions.

7. Test and iterate: Test the functionality of your programs extensively to ensure that they work as intended.
Debug any issues and make necessary improvements or adjustments based on user feedback or new
requirements.

8. Deploy and maintain: Once you are satisfied with the functionality and stability of your smart home
programming, deploy it to your home environment. Regularly update and maintain your code as you add
or change devices, or when software updates become available for your smart home platform.

3. Programming languages and Software

The construction of smart homes frequently makes use of the following programming languages and
frameworks. Figure 4 shows several examples of Software Development Kits (SDKs) and frameworks in
addition to programming languages, such as the Google Assistant SDK, Apple HomeKit, Amazon Alexa Skills
Kit, and Samsung SmartThings SDK. Figure 5 shows the many residential uses. Several application
programming interfaces are also shown in Figure 5. The programming languages and frameworks for smart
home development along with their symbols are tabulated in Table 1.

Software Development Kits
(SDKs)

I I i !
. @ ‘ SAMSUNG |
.. =N\, A | |
I ' @ I ! I
| |

. @ e | R chakbdiiiag - | ‘
o 7A;7)pﬂe HomeKit Samsung SmartThings SDK

Figure 4. Software Development Kits [3].
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Figure 5. Smart home applications.

Table 1. Programming languages and frameworks for smart home development [3], [18], [19].

Program languages Features Symbols
¢ Popular language for smart home programming
¢ Simple and has an extensive library.

Python o Interface with various hardware devices easily
e Support 10T protocols such as MQTT.

o Widely used for web-based smart home
applications

JavaScript e |t can run in web browsers.

e integrate with APIs and cloud services.

o Utilized for low-level programming.
o Accessing embedded systems (microcontrollers
CIC++ or hardware interfaces).

e |t is a dynamic and expressive language.
o used with frameworks like Ruby on Rails to
Ruby build smart home applications.

o Used for iOS app development.
o Making it ideal for creating smart home control

Swift interfaces and apps for Apple devices.
e It is a runtime environment for executing
_ JavaScript code on the server-side, n ‘ d e
Node.js o making it suitable for building backend services
and APIs for smart home systems. @

4. Open research issues and Challenges

There are several potential and difficulties for future work related to enhancing sustainability in smart home
programming as tabulated in Table 2. These difficulties and potential future directions are only a few.
Additionally, in order to guarantee the long-term success and broad adoption of environmentally friendly
behaviors, future work in smart home programming for improving sustainability needs to address these issues
as future directions of study for future researchers as tabulated in Table 3.
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Table 2. Challenges and future direction of smart home programming.

Challenges Remarks
Data Privacy and Effective programming for sustainability requires gathering and analyzing vast amounts
Security of data from various sensors and devices in a smart home. However, this raises concerns
about data privacy and security.
Interoperability and Smart homes often consist of multiple interconnected devices and systems from different
Standardization manufacturers, which may not be compatible or interoperable. The lack of

standardization poses a challenge for efficient programming.
User Engagement and Sustainable practices heavily rely on user behavior, and programming should support and

Behavior Change encourage environmentally friendly actions.
Scalability and Ubiquity | As the adoption of smart homes continues to grow, scalability becomes a significant
challenge.

Lifecycle Assessment Smart home programming should consider the entire lifecycle of devices, including
and Circular Economy | manufacturing, use, and disposal.
Integration with Energy | Smart homes can play a vital role in supporting the stability and resiliency of the energy

Grids grid.
Table 3 Future direction.
Challenges Future direction
Data Privacy and Developing robust security protocols and privacy frameworks to ensure
Security safe and ethical handling of data.
Interoperability and To establish industry-wide standards to ensure seamless interoperability
Standardization between different devices and systems.
User Engagement and Developing personalized and persuasive interfaces, gamification
Behavior Change techniques, and behavioral nudges to enhance user engagement and

motivate sustainable actions.

Scalability and Ubiquity | How to program and manage large-scale deployments of smart homes to

ensure sustainability benefits are not limited to individual households but

can be extended to communities and cities.

Lifecycle Assessment Incorporate lifecycle assessment methodologies to optimize resource

and Circular Economy | consumption and encourage the adoption of circular economy principles

within smart home programming

Integration with Energy | Improving the coordination between smart homes and energy grids,
Grids enabling bidirectional energy flow, and facilitating dynamic demand

response programs.

Conclusion

In conclusion, the programming of smart homes is a significant factor in improving energy efficiency and
sustainability. By integrating advanced technologies and systems, smart homes can effectively optimize energy
usage, reduce waste, and promote sustainable practices. The programming of smart homes enables automation,
real-time monitoring, and adaptive controls, which contribute to better energy management and conservation.
The main purpose of writing this article is to present the programming languages for smart homes in order to
accomplish sustainability development in residential sectors. Furthermore, the intelligent programming of
smart homes can facilitate the integration of renewable energy sources and smart grid systems, further
enhancing energy efficiency and sustainability. Investing in the programming of smart homes is a crucial step
towards achieving a more environmentally friendly and sustainable future.
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ABSTRACT

The system under consideration has been implemented using Matlab/Simulink. The results demonstrate the
effectiveness of the proposed approach, which can be practically executed in an experimental setup. This
research focuses on examining an electrical energy production system comprising three energy sources:
photovoltaic energy, a fuel cell, and a battery. The optimization of this hybrid production system involves the
precise control of each component. Additionally, the hybrid system incorporates a multilevel inverter to
enhance the quality of energy injected into the alternating load, thereby reducing harmonic distortion. To
enhance power flow management across the various components of the production line, an energy management
algorithm has been devised to mitigate load fluctuations. To assess our methodology, a prototype has been
created, simulated using Matlab/Simulink, and can be implemented in an experimental test setup..

Keywords: Fuel Cell, Photovoltaic PV, Battery, Hybrid System, MPPT tracking, Three Level Inverter, Fuzzy
Logic Control (FLC).
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ABSTRACT

The article, "Ethical Dimensions of Energy-Efficient Architecture in Ecosystem Conservation," provides a
comprehensive exploration of the multifaceted relationships between modern architectural methodologies
focused on energy efficiency and their inherent ethical consequences relating to ecosystem conservation. Given
the impending peril of worldwide environmental crises, the necessity for architectural remedies that
concurrently preserve energy resources and coexist congruously with nature's rhythms has become
increasingly imperative like never before. This paper systematically evaluates the integration of sustainable
design principles with the moral imperatives of conservation. The passage thoroughly elaborates on the far-
reaching advantages facilitated by energy-efficient practices, ranging from considerable diminutions in the
emissions of greenhouse gases down to the preservation of indispensable natural endowments. Through an in-
depth examination of various global case studies, the article showcases the tangible successes that have been
achieved when architectural innovation intersects with environmental stewardship. Through these case studies,
one gains insight into the diverse methods by which local populations participate, underscoring the vital
function they serve in attaining the long-lasting objectives of sustainability. However, the article also presents
a critical perspective, emphasizing that while energy-efficient architectural practices are foundational, they are
just one piece of a larger conservation puzzle. Broader strategies encompassing urban planning, transportation
models, and waste management are highlighted as equally significant components that need holistic
integration. Ultimately, the article contends that architectural planning ought to adopt a perspective
appreciating both humanity's convenience alongside nature's welfare, one wherein the infrastructure
amalgamates sensitively with the ecosystem, cultivating a prospective where all parties may prosper jointly.

Keywords: Energy-efficient architecture, Ethical considerations, Ecosystem conservation, Sustainable
design principles, Renewable energy sources.

I. INTRODUCTION:

In light of intensifying worries over environmental protection, the critical role played by energy-efficient
building designs has been emphasized more so as one approach toward safeguarding fragile ecosystems. This
article delves deeply into the ethical aspects that accompany these energy-saving architectural practices. These
designs, which prioritize both reduced energy consumption and occupant comfort, incorporate techniques
ranging from passive design to the use of sustainable materials and the integration of renewable energy sources.
Despite the acknowledged upsides concerning reduced carbon and helping the climate crisis, carefully
considering additional matters is urgently needed, especially resource sharing fairness, social justice, and
protecting customary beliefs. Through this thorough analysis, the article aspires to both enrich the broader
discourse on sustainability and provide a guiding light for decision-making in the realms of architecture and
ecosystem conservation.

Energy-efficient architecture has emerged as a pivotal approach, emphasizing the minimization of energy
consumption while ensuring comfortable and conducive living spaces. Sparked by growing concerns over
natural resource depletion, climate change, and the dire need for sustainable constructions, the movement
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gained momentum post the 1970s oil crisis. This crisis starkly highlighted the shortcomings of conventional
building methods, prompting architects to reevaluate and innovate, minimizing energy waste. Without
guestion, the incorporation of computer-aided design tools served a vital role in refining the design process,
granting architects the opportunity to repeatedly refine and augment their perspectives with improved deftness.
As the years progressed, this architectural philosophy broadened, imbibing a myriad of strategies such as
passive solar design, efficient insulation, natural ventilation, and daylighting, coupled with the harnessing of
renewable energy sources. While upholding these virtuous guidelines allows architects the means to erect
structures capable of restricting voracious energy usage alongside championing ecosystem preservation and
bettering the wellbeing of inhabitants.

Ecosystem conservation holds unparalleled significance, given its plethora of advantages. These ecosystems,
acting as life's bedrock, offer indispensable services such as clean air, potable water, and rich soil, ensuring a
sustainable future for all generations. Beyond their direct contributions, they actively combat climate change
by regulating the climate and sequestering greenhouse gases. Their role in maintaining biodiversity as a
linchpin for a resilient planet cannot be ignored. This rich biodiversity equips ecosystems with the resilience
to face challenges, from disease outbreaks to extreme weather events. Adding to their intrinsic value,
ecosystems carry a recreational and aesthetic allure, bolstering tourism and thus driving economic growth and
job creation. While ecosystem conservation is crucial for human prosperity, safeguarding the intricate balance
of our world ensures the wellness of Earth itself for generations to come.

The transition to renewable energy, which lessens our dependency on ecosystem-degrading fossil fuels, is a
crucial ethical factor in energy-efficient building. Extraction of these fossil fuels and their polluting processes
not only contribute to climate change but also have direct negative ramifications on delicate ecosystems
through harmful impacts. Through innovative designs that prioritize renewable sources such as solar and wind,
architects have considerable potential to meaningfully lessen environmental impacts and decrease greenhouse
gas outputs. By taking a proactive approach to sustainability that judiciously manages our natural assets and
communicates a deep commitment to the world that future generations will know, we demonstrate our duty to
safeguard the earth for those coming behind us and empowered by the repercussions of present-day decisions
about how we energize society. Beyond being simple architectural achievements, energy-efficient architecture
solutions are essential for reducing carbon emissions, addressing climate change, and promoting ecosystem
preservation. Through the vigilant application of resource-sparing practices, minimization of excess, and
faithful observance of our duties as caretakers of the natural world, we advance in fulfilling our ethical
responsibility of safeguarding environments and fostering the growth of interdependent living systems. This
will ensure a sustainable coexistence between our built environments and the natural world.

1. Problematic Statement:

As global concerns about climate change and environmental degradation escalate, the architecture sector faces
mounting pressure to adapt and innovate. Energy-efficient architectural practices have been championed as a
beacon of sustainable development, promising reduced energy consumption and a minimized carbon footprint.
However, as these practices gain traction, there's a burgeoning need to assess their broader implications
specifically, the ethical dimensions tethered to them. Questions arise about the true sustainability of some
energy-efficient materials, the socio-cultural impacts of certain designs, and the potential marginalization of
local communities or traditional practices in the quest for modernity and efficiency. Furthermore, while
energy-efficient buildings might reduce direct energy consumption, the sourcing, manufacturing, and disposal
of their novel materials might pose fresh challenges to ecosystem conservation. This article seeks to probe the
intricate ethical landscape that underpins energy-efficient architecture. How do these designs navigate the
delicate balance between modern sustainability demands and the time-tested rhythms of local ecosystems and
cultures? Are there unintended consequences to ecosystems even as we stride towards architectural efficiency?
In addressing these queries, this research underscores the need for a holistic, ethically-conscious approach to
sustainable architectural practices.
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Il. METHOD:

The methodology of this research, titled "Ethical Dimensions of Energy-Efficient Architecture in Ecosystem
Conservation," intertwines a comprehensive literature review with a comparative study of diverse case studies.
Our research journey begins by plumbing the depths of esteemed academic databases like JSTOR, Google
Scholar, Scopus, and the Web of Science. The focus is on literature from post-1970 that directly broaches the
ethical implications and impacts of energy-efficient architecture on ecosystem conservation, whether through
theoretical discussions or empirical insights. With a rich backdrop of literature in place, the research then shifts
gears towards a comparative study, harnessing a purposive sampling approach. This ensures the selection of
architecturally significant projects from various corners of the world, each epitomizing energy efficiency but
rooted in differing climatic, socio-economic, and cultural milieus. Data is meticulously gathered from a blend
of primary sources interviews with architects and stakeholders and secondary ones, including project dossiers
and environmental impact studies. The analysis seeks to juxtapose design principles, ecological repercussions,
and ethical quandaries from each case. Employing thematic analysis, the research aims to distill patterns and
recurring themes from the amassed data. Lastly, to ensure the robustness of our findings, there's a rigorous
cross-validation phase, juxtaposing insights from the comparative study against the vast literary canvas we
initially explored.

I1l. RESULT AND DiSCUSSIiON:

The study underscores the profound ethical ramifications tied to energy-efficient architecture within the scope
of ecosystem conservation. By curtailing greenhouse gas emissions through their central function, these
architectures serve as indispensable weapons in the critical fight against climate change. Such contributions
emphasize our enduring ethical commitment to safeguard future generations from the repercussions of today's
environmental decisions. Beyond the broader environmental impact, energy-efficient designs stand out for
their positive influence on occupant well-being, evident through enhanced air quality and optimal thermal
comfort. This not only reaffirms the ethical imperative to place human health at the heart of architectural
innovations but also accentuates the broader ethos of holistic design. Additionally, by fostering resource
conservation and curbing dependence on non-renewable energy sources, these architectures resonate deeply
with stewardship principles. In essence, the insights gleaned highlight the indispensable nature of ethical
deliberation in the journey towards energy-efficient architectural solutions.

1. Energy-efficient architecture and its impact on ecosystems:

Energy-efficient construction becomes a ray of hope in the struggle against ecological disruptions brought on
by humans. This architectural strategy lessens our dependency on fossil fuels, reducing the ensuing air and
water pollution and preventing climate change by carefully restricting energy use and stressing the adoption
of renewable sources. For fragile species like migratory birds, such initiatives are especially important since
they give them a break with more stable habitats. A distinguishing feature of these sustainable buildings is the
presence of lush areas that promote urban biodiversity.This design concept thoughtfully integrates the built
environment into nature itself, carrying forward not only the present but also the inherent value of the services
our ecosystems provide in a way that links the natural and the artificial while securing such benefits for those
who will come after.

1.1. Definition and principles of energy-efficient architecture:

Energy-efficient architecture emerges as a paradigm that seamlessly marries maximum efficiency with
minimal environmental detriment. Deeply anchored in the ethos of sustainability and conservation, this design
philosophy champions the optimization of natural light and ventilation, thereby curbing the dependence on
artificial sources. Key to its essence is the focus on insulation and adept thermal management, ensuring
regulated heat interactions between a building's inner and outer realms. A salient feature of such architectures
is the integration of renewable energy avenues, like solar panels, effectively reducing carbon emissions and
diminishing reliance on conventional energy sources. What's truly commendable about this architectural
approach is its holistic vision; it contemplates the entire lifecycle of a building from its inception to its eventual
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demolition striving at every juncture to attenuate waste and energy expenditure. Through such practices,
energy-efficient designs can both guide us towards significant financial benefits as well as make a considerable
contribution towards shielding and upholding our irreplaceable natural environments.

1.2. Benefits of energy-efficient architecture in reducing environmental impact:

Energy-efficient architecture stands as a beacon of hope in the drive to diminish the environmental
repercussions on our fragile ecosystems. At the heart of this conceptual framework lies a multifaceted
methodology aspiring not strictly to curb consumption of energy alone, but moreover seeking decidedly to
reduce the quantity of heat-trapping emissions discharged into the surrounding environment. By integrating
sustainable materials, fortifying insulation, employing efficient HVAC systems, and harnessing renewable
energy sources complemented by an adept use of natural lighting these buildings set a gold standard in
architectural design. The numerous affirmative outcomes encompass a major diminishment in their carbon
impact on the environment, a considerable decrease in both aerial and aquatic contamination, and a reduced
dependence on non-replenishable sources. Such a concerted move towards energy efficiency not only ensures
the preservation of diverse habitats and the rich biodiversity they house but also propels us closer to the
overarching vision of sustainable development, underlining the interconnectedness of human actions and the
health of our ecosystems.

1.3. Case studies showcasing successful energy-efficient architectural designs and their positive effects on
ecosystems:

Energy-efficient designs stand as more than just symbols of sustainability; they have tangibly demonstrated
their prowess in fostering positive impacts on ecosystems, as evident in various case studies. The Bullitt Center
in Seattle, a paragon of such designs, masterfully amalgamated passive cooling, solar panels, and rainwater
systems to realize the dream of net-zero energy consumption. Across the Atlantic, the Beddington Zero Energy
Development in the UK has carved a niche for itself by achieving a remarkable feat of zero carbon emissions,
thereby setting the stage for future sustainable housing blueprints. These architectural marvels underline the
profound synergy possible between energy-efficient designs and overarching ecosystem conservation goals.
Woven into the fabric of these designs is a tripartite foundation comprising the maximization of renewable
resources, the reinforcement of insulating barriers, and the optimal utilization of ambient luminances. Beyond
the tangible benefits, there's an undeniable ethical dimension. Architects, as the custodians of our built
environment, carry a profound responsibility, one that goes beyond aesthetics. Their mandate encompasses
crafting edifices that honor the environment, respect future generations, and harmonize with the surrounding
ecosystem. When executed with this ethical compass, energy-efficient architecture emerges as a formidable
ally in the quest for ecosystem conservation, sketching a blueprint for a sustainable tomorrow.

2. Ethical considerations in energy-efficient architecture:

In the realm of architectural endeavors, the underpinning of ethics has become indispensable, especially when
navigating the complexities of energy-efficient designs. Central to this ethical compass is the ethos of
responsible resource consumption, which encompasses not just the energy utilized during a building's
operation but also the embodied energy invested during construction. By championing this conservation-
centric approach, architects pave the way for a more sustainable blueprint, deeply cognizant of their role in
safeguarding the planet. This responsibility extends beyond the present, echoing the needs and aspirations of
future generations. Through optimized designs and materials, we can mitigate more than just carbon footprints
but also take tangible action against the impending shadow of a warming world, depicting a greener outlook
for those after us. Additionally, the social ramifications of these designs are profound. They don't merely offer
structures but deliver an enhanced quality of life, ensuring equitable access to comfortable and health-
conscious spaces for all. In essence, the intertwined relationship between ethical considerations and energy-
efficient architectural practices profoundly steers both the design trajectory and its overarching impact on
society and the environment.
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2.1. Responsibility towards future generations:

At the intersection of energy-efficient architecture and ecosystem preservation lies a profound responsibility:
prioritizing the well-being of future generations. This task carries with it undeniable ethical weight. As
architects and stewards of the environment, our role transcends mere efficiency in buildings. It's about ensuring
that ecosystems thrive sustainably in the long run. Through meticulously planned and executed energy-
efficient designs, we have the power to offset the environmental detriments wrought by human actions,
sketching a blueprint for a more sustainable horizon. Through incorporating renewable energies and
advocating earth-centered ways, we establish not just the framework for today's sustainability yet kindle too a
spark of insight and motivation for those who will inherit our world. This journey, however, mandates a deep
reflection on the ethical dimensions of our design choices, given their enduring impact on the life quality of
future inhabitants. Wholeheartedly accepting this mantle of responsibility, we inch closer to the dream of a
preserved and cherished planet.

2.1.1. Sustainable development and long-term environmental impact:

Sustainable development, in its essence, casts a wide net, meticulously addressing the enduring environmental
reverberations of myriad activities, architecture being a prime focal point. As the clarion call for energy-
efficient architecture amplifies, it brings to the fore the indispensable need to intertwine ethical and sustainable
design principles within the tapestry of ecosystem conservation. The architectural realm, with its significant
footprint in terms of resource utilization and pollution creation, holds transformative potential. By
championing energy-efficient methodologies like passive design and harnessing renewable energies, architects
have the tools to attenuate the environmental impact of their creations, becoming stewards of ecosystem
conservation. Further enriching this design palette, the embrace of biophilic principles not only augments the
well-being of those within these spaces but also fosters a profound, intrinsic bond with nature. This all-
encompassing ethos in architectural design crafts a delicate dance of synergy between our built environments
and the natural world, ensuring that the legacy we bequeath to future generations is one of preserved and
flourishing ecosystems.

2.1.2. Ethical obligations to mitigate climate change and preserve ecosystems:

There exists a profound ethical imperative to address climate change and ecosystem preservation, with energy-
efficient architecture emerging as a powerful tool in this quest. As the planet grapples with escalating
ecological challenges and the grim specter of climate change manifesting itself in extreme weather events and
other adversities it becomes undeniably crucial to embed sustainability within our architectural blueprints. The
detrimental impacts of climate change cascade widely, their effects echoing throughout both human and non-
human communities alike.We can drastically reduce greenhouse gas emissions, wisely conserve energy, and
promote the use of renewable resources by upholding the principles of energy-efficient design. These buildings
not only benefit the planet but provide refuge for their inhabitants, greatly boosting the solace and prosperity
experienced by those living inside their hospitable walls. However, this voyage goes beyond merely
technological advances. A fundamental change in society's ethos is necessitated, one recognizing our intricate
bond to life and shared destiny within its tangled web. We appreciate the present while simultaneously
cultivating a fair and sustainable legacy for future generations when we base our architectural choices on
ethical considerations.

2.2. Equity and social justice:

Equity and social justice stand as foundational pillars in the realm of energy-efficient architectural endeavors
and conservation strategies. In numerous societies, there's a palpable disparity in access to green technologies
and resources, which breeds both environmental and socio-economic imbalances. Addressing these challenges
necessitates an architectural approach that firmly plants equity and social justice at its core. By weaving the
perspectives and needs of marginalized demographics, such as low-income segments and communities of
color, into the very fabric of the planning phase, architects can curate more inclusive landscapes. Infusing
energy-efficient designs with principles of social justice not only paves the way for community spaces that
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radiate inclusivity and safety but also underlines the broader societal and ecological impacts of such endeavors.
In this confluence of architectural design and social equity, lies the promise of not just a conserved ecosystem,
but a harmonized and just society for all.

2.2.1. Access to energy-efficient buildings for all socio-economic groups:

Ensuring equitable access to energy-efficient buildings across all socio-economic strata stands as a cornerstone
for genuine sustainability and robust ecosystem conservation. By championing the universal availability and
affordability of such structures, we can start bridging the yawning gap that exists in accessing eco-friendly
infrastructure. Beyond their evident environmental merit of curbing carbon emissions, these buildings also
present a compelling economic argument, offering savings through diminished energy consumption and
consequently lower utility bills. However, the path to democratizing access to these green edifices is layered,
necessitating a confluence of technological evolution, astute policy formulations, enticing financial incentives,
and deeply rooted community engagement. Here, the role of governmental bodies becomes paramount, not
only in crafting standards but also in actively propelling the green building movement. Financial mechanisms
like tax incentives, coupled with community-driven education campaigns, can catalyze both investment in
energy-efficient projects and the adoption of sustainable lifestyles. In essence, forging a future where energy-
efficient buildings are accessible to all, irrespective of their socio-economic standing, is intrinsically tied to
realizing our sustainable development aspirations and preserving the intricate tapestry of our ecosystem.

2.2.2. Addressing environmental justice issues in architectural design and implementation:

Addressing environmental justice within the realm of architectural design isn't just a lofty ideal but an essential
cornerstone for nurturing both sustainability and equity within our communities. This principle underscores
the essence of ensuring fairness and inclusive participation in environmental decisions, touching everyone,
irrespective of race, income, or societal standing. The role of architecture in this narrative is powerful; it stands
at the crossroads, with the potential to either deepen environmental divides or bridge them. By conscientiously
infusing the tenets of environmental justice into our design ethos, we can sculpt urban landscapes that are not
just aesthetically pleasing but also inclusive and accessible to all. Achieving this vision demands meticulous
choices from selecting the right location and harnessing renewable energy to opting for resource-efficient
materials all while deeply engaging with the community's voice. It's a clarion call for architects, designers, and
policymakers to converge, weaving together their diverse expertise in an interdisciplinary tapestry, always
centering on ethical imperatives and an unwavering commitment to environmental justice in every architectural
endeavor.

2.3. Respect for biodiversity and natural resources:

In the evolving narrative of energy-efficient architectural practices, an unwavering respect for biodiversity
stands as a cardinal pillar. As our planet grapples with a crescendo of environmental challenges, it beckons
architects to weave ecological principles and sustainability seamlessly into their blueprints. By casting the
spotlight on and cherishing existing biodiversity, architects can etch significant strides in the realm of
ecosystem conservation. An intrinsic part of this journey involves judicious decisions about a building's
location and orientation, ensuring that they resonate harmoniously with the surrounding natural habitat.
However, the commitment continues beyond that point alone. Infusing the urban tapestry with green alcoves,
be it gardens or innovative rooftop greenery, can breathe life and biodiversity into our concrete jungles. By
resolutely embracing sustainable materials and renewable energy sources we create fortification against the
constant depletion of our natural resources, in turn facilitating the restoration of vulnerable habitats. Embracing
such a holistic architectural ethos, grounded in biodiversity and natural resources, isn't merely an ethical
choice. It's a clarion call for ensuring the enduring health and vitality of both humanity and the larger ecosystem
we inhabit.
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2.3.1. Minimizing habitat destruction and preserving biodiversity:

Addressing habitat degradation and championing biodiversity stand at the forefront of pressing concerns for
ecosystem conservation. The construction domain, often notorious for altering natural terrains, poses
significant challenges to habitats by reshaping vast landscapes. However, by adopting energy-efficient
architectural frameworks, there's an opportunity to curtail such extensive land disruptions and thereby reduce
ecological adversities. This mission extends further by integrating sustainable construction materials and
practices, directly mitigating the potential for habitat destruction. Beyond physical spaces, the intrinsic value
of biodiversity cannot be overstated. By ensuring the diverse mosaic of species, we anchor the very stability
of ecosystems. Architects, with their unique design capabilities, have the potential to craft spaces imbued with
green pockets and refuges for urban wildlife. By ardently embracing and executing these considerations, the
architectural and urban planning community can forge a pathway that not only respects but actively nurtures
habitats and biodiversity, laying the foundation for a truly sustainable future.

2.3.2. Ethical use of natural resources in construction and operation of energy-efficient buildings:

The cornerstone of ecosystem conservation lies in the ethical utilization of resources, especially when
constructing energy-efficient buildings. The essence of sustainable architecture is deeply rooted in diminishing
the environmental footprint, primarily achieved by curbing energy consumption and harnessing renewable
energy sources. Obtaining materials in an eco-friendly manner is of the utmost significance, regardless if
comprised of wood, alloys, or hardened cement, it is imperative their procurement maintains an steadfast
dedication to safeguarding our natural environment. In the operational phase, the scales should tilt heavily
towards renewable solutions such as solar and wind, sidelining traditional fossil fuel dependencies. Beyond
construction and operation, even in the realm of building maintenance, a strong emphasis must be placed on
ethical practices from judicious waste management to conscious water usage. Architects, the visionaries behind
these structures, shoulder a profound responsibility. Their designs, infused with environmentally responsive
elements, not only reflect a commitment to the planet but also bridge the divide between humanity and nature.
To truly embed these ethical and environmental paradigms, architects must continually innovate, foster
stakeholder collaboration, and champion policies that seamlessly blend energy efficiency with the sacred goal
of ecosystem preservation.

3. Stakeholder involvement and collaboration:

Central to the success of integrating energy-efficient architecture with ecosystem conservation is the active
collaboration of all stakeholders. This diverse group, comprising architects, engineers, policymakers, and
notably, local communities, is pivotal in both the decision-making process and in driving effective energy-
efficient strategies. The invaluable technical expertise of architects and engineers’ shapes designs that tread
lightly on our environment, while policymakers act as the regulatory backbone, instilling energy-efficient
norms and offering motivating incentives. Crucially, by weaving local communities into this fabric, their
unique concerns are addressed, creating a sense of genuine ownership and commitment. This harmonized
collaboration fosters an environment ripe for innovative solutions, enabling us to navigate the complex ethical
maze of energy consumption and ecosystem conservation. Ultimately, by embracing a holistic and inclusive
approach in decision-making, we edge closer to a future that promises enduring sustainability and the cherished
preservation of ecosystems for generations to come.

3.1. Role of architects, engineers, and designers in promoting energy-efficient architecture:

At the intersection of advancing energy-efficient architecture stand architects, engineers, and designers. Their
unparalleled expertise has the transformative power to harmonize the built environment with the needs of both
humanity and our surrounding ecosystems. By weaving in design principles, such as passive solar design, they
hold the key to significantly curbing a building's energy demands. Yet, their role doesn't stop at mere design.
Through the conscientious selection of sustainable construction materials, they can drastically mitigate the
detrimental impacts of construction on our planet. Beyond tangible designs, they are also torchbearers,
advocating for stringent regulations and building codes that champion energy efficiency as a standard. By
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immersing themselves in the creation of such energy-efficient realms, these professionals don't just serve the
ecological cause but also curate spaces that are sustainable and comfortable for people to inhabit and work
within.

3.2. Collaboration between government, private sector, and communities in implementing energy-efficient
architectural projects:

Through unified cooperation between regulatory bodies, private industry, and grassroots constituencies, the
achievement of energy-conscious construction ventures is dependent. Governments hold a vital function not
solely in determining benchmarks for energy proficiency yet further in furnishing motivations so persuasive,
like tax breaks, as to energize the private area's participation. By spearheading dialogues, they can foster an
environment where multifaceted stakeholders converge to strategize and plan projects. Meanwhile, the private
sector, armed with specialized expertise and resources, emerges as the catalyst for pioneering designs that
underscore energy conservation. However, the linchpin for these projects' success remains the communities
they serve. By weaving them into the planning tapestry, a holistic understanding of their needs and preferences
is gleaned, ensuring projects are both sustainable and community-aligned. Consequently, this tripartite
collaboration emerges as the bedrock for realizing truly energy-efficient architectural milestones.

3.3. Ethical considerations in decision-making processes and stakeholder engagement:

In the realm of energy-efficient architecture, both ethical considerations and robust stakeholder engagement
stand as cornerstones of impactful decision-making. These architectural determinations ripple out, touching a
broad spectrum of stakeholders, from our natural environment to the generations that will inherit our planet.
While the embrace of energy-efficient technologies promises benefits like reduced emissions, it's imperative
that their implementation steers clear of inadvertently disadvantaging vulnerable communities. To ensure this
balance, actively engaging stakeholders becomes crucial, as it weaves in diverse perspectives and fosters a
culture of transparency and inclusivity. Going beyond mere design, holistic sustainability encompasses green
initiatives such as the integration of green roofs, ensuring both ecological protection and broader accessibility
in socio-economic terms. By championing energy-efficient practices, advocating for green building
certifications, and prioritizing education on ecological stewardship, we inch closer to a sustainably constructed
environment that not only houses us but also acts as a guardian of our planet's biodiversity and invaluable
resources.

4. Challenges and potential solutions:

A predominant challenge in weaving energy-efficient architecture into ecosystem conservation is the financial
hurdle. The significant upfront costs linked with introducing such technologies can serve as a deterrent for a
multitude of stakeholders. Exacerbating problems in this domain is a pervasive obliviousness to the long-
lasting advantages these design selections are able to bestow, such as mitigating the releasing of greenhouse
gases into the atmosphere and safeguarding indispensable natural assets. A potential pathway to overcome
these obstacles encompasses a mix of strategies: the provision of incentives and subsidies to bolster energy-
efficient implementations, coupled with robust educational and awareness campaigns. To magnify the impact,
fostering collaborations becomes essential, especially among governmental entities, architects, engineers, and
environmental organizations. By pooling their expertise and resources, these partnerships can play an
instrumental role in seamlessly embedding energy efficiency within broader ecosystem conservation
endeavors.

4.1. Economic considerations and cost-effectiveness of energy-efficient architecture:

When contemplating the intersection of energy-efficient architecture and ecosystem conservation, it's
indispensable to weigh the economic ramifications alongside the environmental ones. Even though such
energy-efficient initiatives might be accompanied by a steeper initial financial outlay, the prospective long-
term savings, manifesting themselves as reduced utility expenses, often render these ventures economically
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prudent over extended periods. Moreover, by championing energy-efficient methodologies, we inadvertently
catalyze job generation within the construction and energy sectors, further bolstering economic progress. It's
pivotal to recognize that the merits of energy-efficient architecture extend beyond the ecological sphere,
presenting themselves as not just environmentally, but also economically astute choices. Through the lens of
such architectural practices, we're forging a path that balances both environmental stewardship and economic
stability, creating a robust legacy for the generations that follow.

4.2. Overcoming resistance and barriers to change in architectural practices:

Transitioning to energy-efficient methods in architectural practices often encounters resistance, largely due to
a pervasive lack of understanding about the pivotal role of sustainable architecture. This knowledge gap
presents among professionals, clients, and the broader public, necessitates comprehensive educational
campaigns to elucidate the ethical and environmental significance of energy-efficient approaches. On the
economic front, the initial costs linked to sustainable initiatives pose a significant challenge. However, offering
financial incentives, such as tax reliefs, can incentivize both architects and clients to shift toward more
sustainable practices. Beyond these, the inertia of entrenched architectural traditions can also stifle innovation.
To combat this, cultivating a culture of collaboration and propagating cutting-edge, sustainable designs will
be instrumental in steering the industry towards a more energy-efficient paradigm.

4.3. Policy and regulatory frameworks to incentivize energy-efficient architectural designs:

Governments play a pivotal role in promoting energy-efficient architectural designs through policy and
regulatory frameworks. By setting standards, offering financial incentives, and implementing building codes,
they drive sustainable practices in architecture. These incentives can take the form of tax breaks for investments
in energy-efficient designs. This regulatory environment fosters sustainable development and ecosystem
conservation. However, while energy-efficient structures reduce consumption, their construction impacts
ecosystems. Additionally, there's an ethical challenge in ensuring everyone's access to such buildings due to
the high costs. Balancing environmental sustainability with social equity is imperative in adopting an ethical
approach to energy-efficient architecture.

5. Case Study 1: The Bullitt Center in Seattle, Washington:

The Bullitt Center stands as a testament to sustainable architectural design, proudly holding the title as the
world's greenest commercial building. A myriad of innovative features underscores its commitment to energy
efficiency and sustainability. Among its notable attributes lies an incorporated rainwater collection
arrangement, which does not simply assemble but in addition cleans rainwater for application inside the
boundaries. The building's fagade has been meticulously designed to capture maximum daylight while
shielding its interiors from excessive solar heat, aided by the incorporation of triple-glazed windows and
adjustable external shades. Adding to its sustainability credentials, the Center boasts over 575 solar panels.
These panels not only fulfill the building's energy requirements but produce a surplus, enabling it to operate
as a net-zero energy establishment. In essence, the Bullitt Center serves as a living exemplar of how energy-
efficient architecture can seamlessly meld with ecosystem conservation.

5.1. Description of the Bullitt Center's design and features:

The Bullitt Center in Seattle is a prime example of how ecosystem preservation and energy efficiency can
coexist harmoniously. Through implementing various tactics including rooftop solar panels, natural air flow,
and heat recycling machines, the Center has significantly diminished their dependence on fossil fuels and
curtailed greenhouse gas emissions. By strategically incorporating natural ventilation techniques into its
design, this buildings approach simultaneously decreases energy consumption, lessens dependence on
nonrenewable sources, and spares fragile local ecologies from the environmental impacts of conventional
cooling systems, making thoughtful use of ambient breezes to fulfill its air conditioning needs. Furthermore,
through concentrating on enduring water administration, the Center safeguards the environing water utilities
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from harm or taint, maintaining that aquatic natural environments stay unimpaired and unpolluted. Together,
these initiatives establish the Bullitt Center as a model building that exemplifies how energy efficiency,
sustainability, and ecological preservation can coexist.

5.2. Discussion of how the Bullitt Center promotes ecosystem conservation through energy efficiency:

The Bullitt Center stands as a beacon of sustainability and environmental conservation. Prioritizing a holistic
approach, it incorporates renewable energy sources like solar panels and geothermal heating to significantly
diminish its environmental impact. This commitment to energy efficiency permeates not just its infrastructure
but also its operational aspects. By forging partnerships exclusively with tenants who resonate with their
sustainable ethos, the Bullitt Center ensures a shared commitment to green practices. This synergistic
collaboration fosters a unique community environment, promoting knowledge sharing around sustainability.
Through these dedicated efforts, the center champions the integration of ethical considerations into energy-
efficient architecture, setting a compelling precedent for others. The Bullitt Center's approach serves as an
inspiring example of how ethical deliberations can seamlessly merge with sustainable building designs, all
while emphasizing the paramount importance of ecological conservation.

5.3. Analysis of the ethical dimensions of the Bullitt Center's approach to energy-efficient architecture:

Case studies consistently underscore the transformative role of energy-efficient architecture in championing
ecosystem conservation. Remarkably, through incorporating eco-friendly designs like passive strategies and
sustainable components extensively, one can achieve massive decreases in vitality usage, carbon outputs, and
sgquander made during construction and long-term occupation. Beyond the direct environmental benefits, these
energy-efficient edifices also enhance the conservation of crucial natural resources, encompassing both water
and biodiversity. A notable manifestation of this balance between architectural design and ecological well-
being is the improved quality of life for building occupants, especially when green spaces are seamlessly
integrated into designs. However, the journey towards universally embracing such architectural designs is not
without its hurdles. Factors such as cost constraints, a prevailing lack of public awareness, and gaps in policy
support remain persistent challenges. The Edge Building in Amsterdam stands out as a beacon in this context.
This landmark headquarters for Deloitte has situated itself as the benchmark for sustainability through its
efforts to exemplify environmental stewardship. It not only harnesses advanced features like solar panels,
rainwater systems, and adaptive lighting but also champions biodiversity through its green roof and terraces.
Through its design and operations, the Edge Building eloquently demonstrates that energy-efficient
architecture can strike a harmonious balance between human-centric needs and broader environmental
conservation objectives.

6. Case Study 2: The Edge Building in Amsterdam, Netherlands:

This landmark structure, situated in Amsterdam, serves as a shining beacon of what modern, eco-friendly
design can achieve, having rightfully earned its global distinction as the planet's most environmentally-
conscious workplace. Its intelligently designed structure allows for maximum daylight penetration, enhancing
not only aesthetic appeal but also the overall workspace environment. Beyond its architectural prowess, the
building boasts a smart lighting system that adjusts in response to both natural light and occupancy levels,
optimizing energy use. Remarkably, the Edge is entirely energy-neutral. By systematically situating
photovoltaic panels and aerogenerators across its facilities, this coordinated vitality framework is competent
to bring forth a superior sum of vitality than what is fundamental to energize its own undertakings.
Furthermore, its dedication to sustainability shines through in water preservation initiatives like rainwater
capture and an advanced water administration framework. Notably, the building doesn't compromise on indoor
comfort; it uses cutting-edge ventilation techniques combined with sensors to monitor and maintain optimal
indoor air quality. Collectively, the Edge Building serves as a compelling illustration of how innovation in
energy-efficient design can have a profound impact on ecosystem conservation.
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6.1. Overview of the Edge Building's innovative design and sustainable features:

The Edge Building in Amsterdam stands as a beacon of how energy-efficient architecture can greatly aid
ecosystem conservation. Its innovative design and sustainable principles, particularly the intelligent lighting
system, not only optimize the use of natural light but also adapt artificial illumination based on how occupied
the building is. While conserving energy, this approach importantly diminishes intrusive lighting into dark
hours, which numerous studies demonstrate as required for proper thriving of night-traveling animals. Beyond
lighting, the building’s state-of-the-art heating and cooling systems significantly minimize energy demands,
thereby cutting down reliance on fossil fuels a primary contributor to climate change. In essence, The Edge
Building is a testament to the powerful role architecture can play in reducing environmental impacts,
showcasing a tangible path forward for sustainability in the construction sector.

6.2. Examination of how the Edge Building contributes to ecosystem conservation through energy efficiency:

When evaluating the Edge Building's energy-efficient design, it's paramount to weigh the ethical
considerations involved. While the building inherently promotes sustainability, certain construction aspects
might inadvertently harm the ecosystem. This potential damage might arise from the utilization of specific
materials or technologies that lead to habitat destruction or environmental pollution. A paradoxical concern is
that the building's heightened energy efficiency might spur a greater demand for energy resources, posing
further environmental challenges. On the social front, while the design's benefits such as reduced energy
consumption can be advantageous to occupants and the broader community, there's a risk it could inadvertently
contribute to gentrification or displace lower-income groups. Thus, it's crucial to ensure the Edge Building's
architectural approach is consistent with both environmental and social justice principles.

6.3. Evaluation of the ethical considerations involved in the Edge Building's energy-efficient architecture:

In the realm of ethically-driven, energy-efficient architecture, there are standout projects that illuminate the
path forward. The BedZED (Beddington Zero Energy Development) project in the UK is a prime example.
Located within London, the architects of this eco-village diligently designed it with the goal of achieving total
environmental responsibility through sustainability in all aspects from construction to community living. It
embodies the principles of passive solar design, meticulous insulation, and a commitment to renewable energy.
But beyond its green credentials, BedZED intricately weaves the fabric of community into its design, offering
shared spaces such as community centers, gardens, and childcare facilities. Soaring above the cityscape in
Guangzhou, China rises the Pearl River Tower, notable not merely for its 71 stories of architectural wonder
but furthermore as a shining symbol of energy conservation. Its design intricacies, from a double-skin facade
for optimal insulation to rooftop vertical-axis wind turbines capitalizing on regional winds, showcase
innovation at its finest. The tower's incorporation of cutting-edge solar panels and lighting comes to represent
how architectural feats can successfully wed appealing visuals with pragmatic usefulness and ecological
mindfulness.

7. Case Study 3: The Pearl River Tower in Guangzhou, China:

The Pearl River Tower, situated prominently as a beacon of energy-efficient architectural excellence, employs
a variety of advanced design and technological elements to stand at the forefront of sustainable construction.
A cornerstone of its design is the integration of wind turbines at various strategic levels, designed to capture
the wind's power and significantly supplement the building's electricity needs. In complement to this, the tower
boasts photovoltaic panels on its southern facade, deliberately placed to optimize the capture of solar energy.
One of its most distinct features is a double-skin curtain wall system which expertly minimizes heat exchange,
consequently reducing the energy consumed for both heating and cooling. The building's intelligence further
extends to smart lighting and ventilation systems, guided by sensors to ensure optimal energy use. With a keen
focus on maximizing energy generation and conservation, the Pearl River Tower emerges as a pioneering
model of sustainable and innovative architectural practices.
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7.1. Explanation of the Pearl River Tower's unique design and energy-saving technologies:

The Pearl River Tower in Guangzhou stands as a leading exemplar of how energy-efficient architecture can
actively support ecosystem conservation. Situated as a beacon of sustainability, the skyscraper extensively
harnesses renewable energy, leading to a significant reduction in its carbon emissions. Situated at the pinnacle
of its engineering are the unified vertical wind turbines and photovoltaic panels, that respectively seize and
transform gusts as well as daylight into vital resources. This ingenious use of renewable sources ensures that
the building significantly lessens its dependence on non-renewable resources. Adding to its environmental
prowess is its double-layered facade which acts as a natural insulator, blocking unwanted solar heat yet
allowing ample natural light. Within its core, an advanced energy management system continuously monitors
and regulates energy usage, ensuring optimal efficiency. By weaving together these elements, the Pearl River
Tower not only champions sustainable architectural practices but also underscores the potential for such
designs to make meaningful contributions to ecosystem conservation. This building serves as a valuable
paradigm for future architectural endeavors, showcasing the synergy between innovation and sustainability.

7.2. Exploration of how the Pearl River Tower supports ecosystem conservation through energy efficiency:

The Pearl River Tower serves as an example of the advantages of energy-efficient architecture by significantly
lowering its energy usage and environmental effect. However, a broader lens reveals the need to delve into the
ethical implications of such pioneering architecture. Its commendable reliance on renewable energy, for
instance, mirrors the overarching ethical principle of environmental stewardship. By both decreasing reliance
on diminishing carbon reserves and assisting worldwide with curbing climate alteration, this pledge is
invaluable on dual fronts in the international endeavor to secure our shared natural home. Moreover, the tower's
design, which thoughtfully integrates green spaces, embodies the principles of biophilia. Such design choices
don't just elevate the aesthetics; they reconnect occupants with nature, enhancing their overall well-being. Yet,
one cannot overlook potential ethical concerns, such as the displacement of local communities or
environmental disturbances during the construction phase. Thus, for a truly holistic understanding of the socio-
environmental impact of projects like the Pearl River Tower, it's imperative to mesh architectural innovation
with deep ethical introspection, guiding the future of sustainable architecture.

7.3. Assessment of the ethical implications of the Pearl River Tower's energy-efficient architecture:

The Phipps Conservatory and Botanical Gardens in Pittsburgh stands as a testament to the potential of
sustainable and ethically-driven energy-efficient architecture. As a beacon of modern design, it has seamlessly
integrated renewable energy sources and state-of-the-art technologies, most prominently showcased in its
Center for Sustainable Landscapes a facility that boasts net-zero energy and water consumption. Beyond its
technological achievements, the conservatory, with its LEED certification, places a strong emphasis on
environmental education, urging the community towards sustainable practices and resource use. Their
conservation ethos is epitomized by a comprehensive methodology that amalgamates diverse technigques such
as green roofs, vertical gardens and habitats committed to wildlife—all judiciously implemented with the intent
of revitalizing indigenous ecosystems and proliferating biodiversity throughout the local landscape. Across
various case studies in this realm, some common threads emerge: a commitment to green building practices
and a focus on meaningful community engagement. However, these initiatives also exhibit contrasts,
particularly in geographical settings, the scale of projects, specific strategies adopted, and the extent of
governmental backing. These varied case studies underline the multifaceted ways regions and organizations
worldwide are harnessing ethical considerations in energy-efficient architecture to champion ecosystem
conservation.
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8. Comparative study:
Table 1. comparative study

Considerations

transparency, and
community engagement

stewardship and well-being
while addressing potential
concerns

Aspect Bullitt Center (Seattle, Edge Building Pearl River Tower
WA) (Amsterdam, Netherlands) | (Guangzhou, China)
Location Seattle, Washington Amsterdam, Netherlands Guangzhou, China
Sustainable Rainwater harvesting, solar | Smart lighting, solar panels, | Wind turbines, photovoltaic
Features panels, natural ventilation, | wind turbines, rainwater panels, double-skin curtain
sustainable materials harvesting, advanced wall, smart lighting,
ventilation ventilation
Energy Efficiency Net-zero energy building Energy-neutral building Energy-efficient building
Impact on Reduced environmental Minimizes light pollution, Reduces environmental
Ecosystems impact through energy maximizes energy impact through renewable
efficiency and sustainable | efficiency, and promotes energy and innovative design
materials biodiversity
Ethical Emphasizes sustainability, | Promotes environmental Prioritizes environmental

stewardship but raises ethical
concerns like community
displacement

Integration of
Green Spaces

Incorporates green roofs,
vertical gardens, wildlife

Features green spaces and
biophilic design elements

Incorporates green spaces and
biophilic design principles

habitats

Community Engages with local Encourages community Focuses on green building
Engagement community and participation and practices and community

stakeholders sustainability education involvement
Governmental Benefits from supportive Benefits from supportive Varies by region and project
Support policies and incentives policies and incentives scale

Prioritizes environmental
stewardship, requiring
comprehensive ethical
evaluation

Contributes to conservation
with potential ethical
considerations

Balances environmental
stewardship and potential
ethical concerns

Demonstrates a holistic
approach to sustainability
and environmental
preservation

Significantly contributes to
conservation through
sustainable practices

Ethical Assessment

Promotes conservation
while addressing potential
ethical dilemmas

Overall Impact on
Ecosystem
Conservation

Geographical Context: The three buildings, though located in different parts of the world, all emphasize
energy efficiency and sustainability. This highlights a universal shift towards more sustainable building
practices regardless of cultural or regional differences.

Comprehensive Sustainable Features: Each building integrates a mix of sustainable technologies tailored to
its specific environment and challenges. From rainwater harvesting to advanced ventilation, the case studies
show that a combination of multiple sustainable strategies is often needed to achieve significant energy
efficiency.

Emphasis on Energy Efficiency: All three buildings prioritize energy efficiency, but they define their
achievements differently, from net-zero energy to energy-neutral, showcasing varied benchmarks in
sustainable architecture.

Diverse Ethical Considerations: The comparative study illustrates that while all three buildings strive for
sustainability, their ethical considerations and potential impacts vary. The Bullitt Center emphasizes
community engagement and transparency, while the Edge Building and Pearl River Tower highlight potential
concerns like light pollution and community displacement.

Green Spaces: An interesting commonality among the buildings is their incorporation of green spaces and
biophilic designs, suggesting a growing recognition of the importance of nature in urban environments for both
ecological and human well-being.
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Community Centric: All three case studies underline the importance of community engagement in their
initiatives, indicating that sustainable architecture is not only about building design but also about fostering a
sense of community and encouraging collective responsibility.

Governmental Support: The mention of governmental support for the Bullitt Center and Edge Building (and
its variability for the Pearl River Tower) highlights the critical role of policy and regulatory frameworks in
promoting and facilitating sustainable construction.

Holistic Ethical Assessments: While all buildings prioritize environmental stewardship, the comparative
study emphasizes the need for comprehensive ethical evaluations, considering potential challenges and trade-
offs in each project.

Impact on Ecosystem Conservation: Each building's approach results in conservation benefits, but the
nuances in their strategies and potential ethical dilemmas (like displacement concerns in the Pearl River Tower)
underscore the importance of thorough assessments when aiming for genuine sustainability.

In essence, the table showcases three distinct approaches to sustainable architecture, each with its unique
strengths and challenges. By exploring a variety of projects demonstrating environmentally-conscious design
that enhances social welfare, these case studies reveal both the promising opportunities as well as the intricate
challenges inherent in crafting sustainable buildings to benefit communities through considered innovation.

9. Comparative Analysis of the Case Studies:

In the examination of success stories around "Ethical Dimensions of Energy-Efficient Architecture in
Ecosystem Conservation,” a few pivotal themes and methodologies stand out. Central to these is the need for
a holistic approach that intertwines various facets of building projects ranging from site conditions and design
to material choices and the integration of renewable energy sources. Such an approach not only amplifies
energy efficiency but also underpins the overarching goals of ecosystem conservation. A recurrent theme
across these case studies is the invaluable role of community engagement. By actively involving local
communities in the decision-making process, projects effectively tailor their strategies to resonate with the
genuine needs and values of the populace they serve. Furthermore, these projects are hallmarked by a relentless
drive for research and innovation, harnessing cutting-edge technologies to enhance their sustainability
benchmarks. A notable commonality is the prioritization of renewable energy sources and the adoption of
passive design strategies. These approaches aim to reduce the ecological impact of these structures, offering a
blueprint for the trajectory of future sustainable architectural initiatives.

9.1. Identification of common themes and strategies among the case studies:

Energy-efficient architecture is inherently tied to the deeply ethical principle of sustainability by emphasizing
that present needs are met without risking the capacity of forthcoming generations to sufficiently tend to their
own needs. At the core of this ethos lies an emphasis on harnessing sustainable forms of energy coupled with
efforts to curb reliance on dwindling sources of fuel. By adopting such sustainable designs, the ecological
footprint of buildings is reduced, thereby aiding in the preservation of ecosystems. Additionally, the principle
of justice is vital, highlighting the transformative role of energy-efficient architecture in addressing societal
inequalities. This viewpoint transforms energy-efficient designs into more than just environmentally beneficial
options; they also offer inexpensive housing options, which are especially advantageous to low-income
households. In essence, the guiding lights of sustainability and justice together shape decision-making
processes in the realm of energy-efficient architectural practices.

9.2. Discussion of the ethical principles underlying energy-efficient architecture in ecosystem conservation:

When evaluating the approaches taken in the "Ethical Dimensions of Energy-Efficient Architecture in
Ecosystem Conservation" case studies, several factors emerge as critical. Firstly, it's paramount to delve into
the ecological impact of the adopted architectural strategies. Effective energy-efficient methods should
consistently demonstrate a reduction in carbon emissions, minimize waste production, and emphasize the
conservation of natural resources. Additionally, while the economic aspect might present higher initial
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expenses for energy-efficient architectural implementations, the long-term benefits in savings from decreased
energy consumption and operational costs can offer a compelling justification for these upfront investments.
Beyond the environmental and economic dimensions, the social and cultural ramifications of such architectural
endeavors cannot be overlooked. For these energy-efficient practices to be embraced and sustained over time,
they need to resonate with and respect local customs, values, and preferences. By meticulously weighing all
these elements, we can forge a path towards crafting truly ethical and energy-efficient architectural solutions
that champion ecosystem conservation.

9.3. Evaluation of the effectiveness and sustainability of the case studies' approaches:

The article underscores several exemplary initiatives that demonstrate the intricate balance between energy-
efficient architecture and its ethical considerations in ecosystem conservation. The city of Portland, Oregon
stands out as a beacon of environmental commitment, adopting green building practices that emphasize
renewable materials and optimization of natural lighting. In a comparable fashion, the noteworthy restoration
of the Reichstag Building situated in Berlin has ingeniously incorporated several energy-efficient apparatuses
including photovoltaic panels and cutting-edge ventilation systems, culminating in laudable decreases in both
energy utilization and emissions. Such initiatives are not just about environmental preservation; they also
prioritize human well-being and comfort, as evidenced by the Morrison Residence which exemplifies
sustainable design practices. Moreover, projects like China's Dongtan Eco-City and Vancouver's Olympic
Village further underline the powerful impact of sustainable urban planning, where the nexus between ethical
conservation and community-centric designs becomes evident. These exemplars highlight that while
architecture plays a critical role in ecosystem conservation, a holistic approach, deeply rooted in ethical
considerations, is indispensable for achieving lasting environmental, social, and economic advantages.

IV. CONCLUSION:

Energy-efficient architecture serves as a pivotal bridge between human comfort and environmental
preservation. By prioritizing reduced energy consumption and the use of renewable sources, such architectural
designs significantly mitigate the adverse effects of greenhouse gas emissions and reduce the depletion of vital
natural resources. A notable ripple effect is that individuals residing in these energy-efficient spaces often
develop a heightened sense of environmental stewardship, emphasizing the importance of their daily actions
in the broader environmental context. Though advances in energy-efficient design are worthy of praise, solely
relying on such progress risks overlooking other environmentally crucial dilemmas pressing us today. It's
imperative to complement these architectural innovations with holistic conservation strategies that encompass
aspects like urban planning, transportation, and waste management. Ultimately, for a future where the built
environment not only ensures comfort but also champions the well-being of our planet, integrating ethical
principles into architectural practices becomes an indispensable endeavor.
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ABSTRACT

In recent times PVT collectors have gained considerable importance due to their versatile use as electrical and
thermal energy providers. The PVT collectors have practically zero carbon footprint as they totally operate on
solar energy and remain in operation for a period of about 20-25 years. To ensure the optimal performance of
such systems, the method of exergy analysis is employed to determine the various target areas where energy
is being lost and suggest methods to overcome them. PVT collectors broadly use three kinds of coolants namely
air, water or nanofluids to extract excess heat from the system. Air mass flow rate (MFR), type of glazing
cover and different absorber configurations are a few of the many parameters on which the exergy efficiency
of PVT air collector depends. In the given study, the effect of these parameters on the exergy efficiency of
PVT air collectors has been discussed. It has been deduced that the performance of the system improved on
increasing MFR, by adding glazing over the PV layer and by using various configurations in the absorber layer
that increased the surface area of the absorber in contact with the coolant. The present study also suggests
potential areas of research for improvement in the exergy efficiency of PVT air collectors.

Keywords: PVT air collectors, solar energy, exergy analysis, mass flow rate, absorber configurations.
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REALIZATION OF A DEVICE FOR MEASURING SOLAR IRRADIATION USING ARDUINO
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ABSTRACT

Solar energy is widely used source of renewable energy in Algeria. sOur work aims to produce a device for
measuring global solar radiation based on a reference photovoltaic cell and an Arduino Uno board to set up a
system that can provide a precise, reliable and less expensive method for measuring the quantity solar radiation
reaching the Earth's surface. The principle of this device based on the proportional relationship between solar
radiation and short circuit current, the latter is measured by a shunt resistor and a component based on an
operational amplifier scales the potential difference across this resistance, which is then brought to possible
processing by an analog-to-digital converter. The processing is carried out on an Arduino Uno platform, which
also displays in real time the solar radiation received by the surface of the reference cell. The component is an
inexpensive device that can be used for a variety of tasks, such as measuring solar radiation in stand-alone or
grid-connected photovoltaic installations. The Proteus environment was chosen to implement the device and
was successfully tested.

Keywords: Photovoltaic cell, PV model, Proteus, Arduino Uno, Solar radiation, Reference cell.
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ABSTRACT

The spectrum irradiance must be measured because different sunlight wavelengths (or colors) are absorbed in
various regions of our atmosphere. Calculating different sun-related system performance, such as the size and
performance of renewable energy systems, requires knowledge on solar irradiance. The goal of this work is to
create a forecast model based on artificial neural networks in the M'sila area using actual meteorological data.
The outcomes made it possible to choose this strategy due to its benefits that were tailored to the issue at hand.

Keywords: Renewable energies; artificial neural networks (RNN); prediction.
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SOLAR ENERGY POTENTIAL OF THE EASTERN ANATOLIA REGION AND THE CASE OF
KARS PROVINCE
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ABSTRACT

In today's world where global warming is at an extreme, the production and use of renewable energy sources,
especially the use of solar energy systems, instead of conventional energy types, has become very popular.
One of the most widely used areas of solar energy today is solar hot water systems. Approximately 3-4% of
the energy used in residences is spent on hot water needs. Approximately 6-9% of the energy used in Turkey
is used for hot water. Although the operating costs of solar hot water heating systems are almost non-existent,
the biggest cost is the initial investment cost. As the initial investment cost pays off in a short time, hot water
can be supplied from these systems for years. Many different methods are used in the design calculations of
solar hot water systems. The basic principle in project planning is to determine the required collector area and
to calculate the collector to be used. When more collectors are used than necessary, the initial investment cost
will increase and the payback period of the system will increase. If fewer collectors are used than necessary,
the desired amount of solar energy will not be utilized and the annual utilization rate of the system will be low.

In this study, the most preferred renewable energy sources, solar hot water systems, and the solar energy
potential in the Eastern Anatolia Region were investigated. In addition, a solar hot water system project will
be made for the solar hot water supply of a house in Kars in the Eastern Anatolia Region, which has solar
energy potential, and monthly and annual solar thermal loads will be given.

Keywords: Solar Energy Potential, Eastern Anatolia Region, Solar Hot Water Systems, Annual Solar Thermal
Load.

DOGU ANADOLU BOLGESININ GUNES ENERJiSi POTANSIYELI VE KARS iLi ORNEGI

OZET

Kiiresel 1sinmanin had safhada oldugu giiniimiiz diinyasinda konvansiyonel enerji tiirleri yerine, yenilenebilir
enerji kaynaklar iiretimi ve kullanimi 6zellikle bu tiirlerden giines enerjisi sistemlerinin kullanimi oldukga
popiiler olmustur. Giines enerjisinin giiniimiizde en yaygin kullanilan alanlarindan biri de Giines enerjili sicak
su sistemleridir. Konutlarda kullanilan enerjinin yaklasik olarak 9%3-4’ i sicak su ihtiyaglar igin
harcanmaktadir. Tiirkiye’ de kullanilan enerjinin yaklasik %6-9’ u sicak su i¢in kullanilmaktadir. Giines
enerjili sicak su 1sitma sistemlerinin isletme masraflarinin neredeyse yok denecek seviyede olmasina ragmen,
bunun yaninda en biiyiik maliyet masraf ise ilk yatinm maliyetidir. ilk yatirrm maliyetinin ise kisa siirede
kendini amorti etmesi ile yillar boyunca bu sistemlerden sicak su temin edilebilmektedir. Giines enerjili sicak
su sistemlerinin projelendirme hesaplarinda pek ¢ok farkli metot kullanilmaktadir. Projelendirmedeki temel
prensip gerekli kolektor alaninin belirlenmesi ve kullanilacak kolektdr hesabinin yapilabilmesidir. Gereginden
fazla kolektor kullanildiginda ilk yatirim maliyeti artacak ve sistemin kendini amorti etme siiresi artacaktir.
Gereginden az kolektor kullanilmasi durumunda ise giines enerjisinden istenilen miktarda faydalanilamayacak
ve yillik faydalanma orani sistemin diisiik olacaktir.

Bu ¢aligmada, yenilenebilir enerji kaynaklarindan en c¢ok tercih edilen Giines enerjili sicak su sistemleri
projelendirilmesine ve Dogu Anadolu Bolgesi’nde Giines enerji potansiyeli arastirilmistir. Ayrica Giines enerji
potansiyeli bulunan Dogu Anadolu Bolgesi’nde Kars igin bir evin giines enerji ile sicak su temini i¢in Giines
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enerjili sicak su sistemi projelendirmesi yapilip aylik ve yillik elde edilebilecek giines enerjisi 1s1l yiikleri de
verilecektir.

Anahtar kelimeler: Giines Enerjisi Potansiyeli, Dogu Anadolu Bolgesi, Giines Enerjili Sicak Su Sistemleri,
Yillik Giines Enerjisi Isil Yiikii.

Giris

Diinyamizda oldugu gibi iilkemizde de Giines enerjisi olduk¢a yaygin kullanilan yenilebilir enerji tiirlerinden
birisidir. Enerji ihtiyaglarin1 karsilama ydniinden insanoglu daha ¢ok yenilemeyen fosil yakitlar1 tercih eder
olmustur. Diinya ¢apinda enerji tiiketimine bakildiginda, kiiresel enerjinin yarisina yakin kismi %45’
endustride tlketilmekte, %30’u ulasimda, %22.5’ u mesken ve konutlarda, diger kalan kismi da ticaret
sektoriinde kullanilmaktadir.
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Sekil 1.2022 Son kullanilan enerji tiikketimlerine gore sektorlerin dagilimi (EIA, 2023).

Giines bizim temel enerji kaynagimizdir. Diinyada yilda yaklasik 13.27 milyar ton petrol esdegeri (TEP) enerji
kullanilmaktadir. (Ceylan & Giirel Etem A. 2018) Diinyada yillik enerji tiiketiminin %33.3’0
petrolden,%28.1’1 kdmiirden, %24.1°1 dogalgazdan, %4.4’{i niikleerden,%6.9’u hidrolikten ve geriye kalan
%3.2’si yenilenebilir enerji kaynaklarindan karsilanmaktadir (Yigit & Atmaca, 2018). Tiirkiye Enerji Isleri
Genel Midiirliigii'niin yaymladig1 Gilines Enerjisi Potansiyeli Atlas1 (GEPA) incelendiginde, 6zellikle Dogu
Anadolu Bolgesi’nin énemli bir Giines Enerjisi Potansiyeline sahip oldugunu séylemek miimkiindiir. Ayrica
Kars ili i¢in harita incelendiginde ortalamal600-1650 kWh/m?-y1l Giines enerjisi potansiyelinin oldugu
anlasiimaktadir.
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GUNES ENERJiSi POTANSIYEL ATLASI (GEPA)

Aciklamalar

Toplam Giines
Radyasyonu

KWhim%yil

I 1400 - 1450
[ 1450 - 1500
[] 1500 - 1550
[ 1550 - 1600
[ 1600 - 1650
1650 - 1700
I 1700 - 1750
Il 1750 - 1300

I 1300 - 2000

Sekil 2. Tiirkiye’nin Giines Enerjisi Potansiyeli (GEPA, 2023) GEPA. 2023.

ARPAGAY

Sekil 3. Kars ili Giines Enerjisi Potansiyeli (GEPA, 2023)

Bir yiizeye diisen gilines 151im1 miktari, yiizeyin yoniine, bulundugu yerin enlem ve yliksekligine, havanin
nemine, gokyliziiniin agikligina ve giiniin saatine baghdir (Kanoglu, Cimbala & Cengel, 2022). Kars ili Dogu
Anadolu Bélgesinin kuzey-dogu kesiminde, 42° 10" ve 44° 49" dogu boylamlariyla, 39° 22" ve 41° 37" kuzey
enlemleri arasinda yer almaktadir. 10.127 km?2 yiizol¢iimiine sahip olan il, lilke topraklarimin %1,3’{int
kaplamaktadir (Kars Stratejik Gelisme Raporu, 2008) .

Proceedings Book 53



ll. International Energy Days September 27, 2023

KARS Global Radyasyven Degerleri (KWh/m2 giin) KARS Giineslenme Siireleri (Saat)
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Sekil 4. Kars ili aylik Global Radyasyon degerleri (kWh/m2-giin) ve Glineslenme siireleri (saat)
(GEPA,2023).

Materyal ve Yontem

Giines enerjili sistemlerin uygun olarak boyutlandirilmasi, hem kolektor ve diger ekipmanlarin performans
karakteristikleri gibi tahmin edilebilir, hem de dis ortam sartlar1 gibi kolay tahmin edilemeyen parametreleri
icermesinden dolayr olduk¢ca karmagik bir problemdir. Giines enerjili sicak su sistemlerinin
projelendirilmesinde uygun bir hesaplama teknigi olan f-chart metodu kullanilacaktir.

f-Chart Metodu

Bu metot, uzun siireler boyunca yapilan 1s1l performanslarin simiilasyonlarin sonuglarinin korelasyonuyla elde
edilmistir (Duffie &Beckman 2013). Duffie, J.A. and Beckman, W.A. Solar Engineering of Thermal
Processes, 4th edition, 2013. Hoboken New Jersey: John Wiley & Sons, Inc. Birincil dizayn parametresi
kolektor alan1 iken, ikincil degiskenler kolektor tipi, depolama kapasitesi ve gerekli 1s1l yiik olarak belirlenir.
Kurulacak alana bagli olarak, uygun kolektor yiizey alani ve tipi segilmemesi durumunda, giines enerjisinden
faydalanma orani diigsecek istenen su sicakligi tam olarak saglanamayacak, gereginden fazla kolektor yiizey
alanin kullanilmasi durumunda ise fazladan enerji birikimi olacak ve sistem ekonomik olmayacaktir.

Aylik 1s1 ihtiyacinin giines enerjisinden karsilanma orani f-chart yontemiyle iki bagimsiz degisken olan X ve
Y ye bagli olarak tanimlanmaktadir (Beckman et al. 1977).

f=1.029Y-0.065X-0.245Y?+0.018X?+0.0215Y?
Iki boyutsuz degisken X ve Y su sekilde tanimlanmaktadir:
¥ = AcFy UL(Tref — T)AT
L
_ Ackg (ra)HN
L

Y

veya
L

F} Ac
X =FpUpx E X(Trer —Ta)x.'}.rxT

‘F}; (a) C
Y =F R =% xHpxNx—=
r(Ta), x F x( a)nx rxNx—

Proceedings Book 54



ll. International Energy Days September 27, 2023

Bu ifadelerdeki degiskenler su sekilde siralanabilir;

Fr U, =Sistemde kullanilacak olan kolektoriin verim egrisinin egimi

Fr (ta),, = Sistemde kullanilacak olan kolektdriin verim egrisinin y eksenini kestigi nokta

[

i_i —Kolektor ile depolama tanki arasindaki cesitli sicaklik diisiisleri i¢in diizeltme faktorii. Degeri 0.97 dir.
R

(Te)
(TaIn
giines kolektorleri i¢in 0.96 olarak alinabilir.

— Aylik yutma gecirme katsayisidir. Tim aylar i¢in yapilacak hesaplamalarda bu deger tek cam ortiilii

Ty = Ampirik referans sicaklik ve degeri 100 °C dir.

T, = Aylik ortalama ¢evre sicakligi(°C)

At = Bir aydaki toplam saniye cinsinden zaman (saniye)

A = Kolektdr alani (m?)

L = Aylik toplam su 1sitma yiikii (J)

H; = Kolektoriin birim alanina diisen aylik ortalama giinliik giines 1s1nmmui (J/m?) (Yigit& Atmaca2018)
N= Aydaki giin sayis1

KARS Ocak Subat Mart Nisan Mayis  Haziran Temmuz Agustos Eylal Ekim Kasim Aralik Yillik

Olgtim Periyodu ( 1931 - 2022)

Ortalama Sicaklik (°C) 108 -89 29 52 103 140 176 178 137 74 05 6.9 48
Ortalama En Yuksek Sicaklik (°C) 4.9 27 28 M4 169 212 256 264 223 151 6.8 1.4 16
Ortalama En Dilsiik Sicaklik (°C) 163 147 82 06 39 6.7 9.9 98 54 05 48 18 7
Ortalama Guneslenme Suresi (saat) 3.2 4.3 5.1 6.0 7.3 9.3 10.3 10.0 8.4 6.2 4.6 3.1 6.5
Ortalama Yagish Giin Sayisi 1060 1007 1164 1328 1819 1472 1042 861 710 962 848 1013 1329
Aylik Toplam Yagis Miktan 229 232 300 488 827 767 563 439 294 419 273 229 5060

Ortalamasi (mm;

Olgtim Periyodu ( 1931 - 2022)

En Yiksek Sicaklik (°C) 9.1 12.0 19.1 25.0 283 33.9 356 37. 33.0 26.8 219 15.9 371

En Dustik Sicaklik (°C) -36.7 -37.0 -315 -226 -7.0 -4.0 0.1 -1.9 -4.4 -17.5 -30.0 -35.0

Sekil 5. Kars ili aylik ve yillik ortalama ¢evre sicakligi ve giineslenme siiresi degerleri (MGM, 2023).

Aylik su 1sitma yiikii iki kisimda incelenebilir. Birincisi sebeke suyu sicakligini istenen su sicakligina ¢ikarmak
icin gerekli enerji, ikincisi ise depolama tankindan olan kayiplardir. Sebeke suyu sicakligini istenen su
sicakligina ¢ikarmak i¢in gerekli enerji miktari igin;

Q = m. Cp(TW - Tm)N U)

Burada m (kg) su kutlesi, ¢, (J/kg°C) suyun 6zgiil 1s1s1, Ty, (°C) istenen su sicakligy, T;,,(°C) aylik ortalama

sebeke suyu sicakligi ve N ise aylik giin sayisidir. Aylhik ortalama sebeke suyu sicakligi Kars Sarikamus ilgesi
aylik ortalama sebeke suyu sicakligi alinacaktir (Irdemez et al 2021).
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Sekil 6. Kars Sarikamus ilgesi sebeke igme suyu tesisi giris ve ¢ikis sicakliklar ortalamalart Temmuz 2017/
Haziran 2018 (Irdemez et al. 2021)

Glines enerjili sicak su sistemlerinin projelendirilmesinde, boyutsuz degisken X i¢in bir diizeltme katsayisi
kullanilir. Sebeke suyu sicakligi T, ve istenen minimum su sicakligi Ty, gilines enerjili su 1sitma sisteminin
performasimi etkileyeyn parametrelerdir. Hem sebeke suyu sicakligi hem de istenen minimum su sicakligi
sistemin ortalama isletme sicaklig1i seviyesini ve boylece kolektorden olan enerji kayiplarimi etkiler.
Kolektorden olan enerji kayiplari ile iligkili olan X boyutsuz sayist bu etkileri de icerecek sekilde
diizeltilmelidir. Diizeltme faktoru:

Xc (11.6 + 1.18Ty, + 3.86T,, — 2.32T,)
X (100 — T,)

Seklinde tanimlanabilir. Aylik faydalanma orami f; ve aylik su isitma yiikii L; her ay igin ayri ayri
belirlendikten sonra yillik faydalanma orani F su sekilde belirlenir:

g Zic1fils
21121 Li

Bu yontemde genellikle kolektér m? si basina 1sitilabilecek su kiitlesi i¢in bir deger kabul edilir.
Hesaplamalarda genellikle 751t/m? ile baslanir. Sonuglara gére bu deger arttirilabilir veya azaltilabilir.
Kolektor sayisi tespit edilirken sistemde enerji fazlaligina izin verilmemelidir.

Bulgular ve Tartisma

TRA2 Bolgesi(Agri, Ardahan, Igdir, Kars) cografi konumu nedeniyle sahip oldugu giines enerjisi potansiyeli
acisindan sansh bir durumdadir. Serhat Kalkinma Ajansinin raporuna gére Dogu Anadolu Bolgesi tilkemizde
giines enerjisi potansiyeline gore en yiiksek bolgelerden olan Giineydogu Anadolu Bolgesi ve Akdeniz
Bolgesi’'nden sonra 3. sirada gelmektedir. Bolgede giines enerjisi potansiyelleri sirasiyla Agri, 1gdir, Kars ve
Ardahan olarak goziikmektedir. Illerin rakimlarmin yiiksek olmasi havadaki su buharinin yagmur ve kar
seklinde yogunlagmasini saglarken, atmosferdeki 1sinim perdelenmesini daha az seviyede tuttugu
soylenmektedir (Uslu & Erkan 2015).
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Bu ¢alismada Dogu Anadolu Boélgesi’nde Kars’ta bulunan bir konut i¢in sicak su ihtiyaci giines enerjili sicak
su sistemi tasarlanacaktir. Sistemin tasarimi f-chart metodu ile yapilacaktir.

Karsicin @ = 40.61° enleminde yer alan 500 It sicak su ihtiyaci olan bir ev igin giines enerjili sicak su sistemi
tasarlanacaktir. Sistemden istenen su sicakligt Ty, = 50°C, depolama tanki i¢in toplam 1s1 transfer katsayisi
U=0.62W/m?K, tasarimda kullanilacak olan tek cam ortiilii ve egimi konumun enlem agisma esit olan
kolektorlerin verim parametreleri ise; Fg (tar),, = 0,84 ve FRU; = 4.5 %K icin Ocak ay1 igin;

Kolektdriin 90 It su 1sitma kapasitesi oldugunu varsayarak;
A 500
€7 90

Kars i¢in Ocak ay1 sebeke suyu sicakligi ortalama Sekil 6 dan; T,,, = 5°C bu suyu istenilen sicakliga ¢ikarmak
icin gerekli olan aylik enerji hesaplanirsa;

=5.5m? = 6m?

GJ

Q = m.c,(Tyy — T, )N = 500 = 4190 = (50 — 5) = 31 “10%

— 2.9225G]J

Depo tankindan olan kayiplarin tespiti i¢in 6nce depo tankinin boyutlarmin tespiti gerekir. 5001t yani 0.5 m®
lik bir depo gereklidir. Depo ¢apini 0.7 m olarak kabul edersek, gerekli depo boyu;

mr?l = 0.5m3, r=0.35m, [ = 1.3 m ve depo yiizey alani Agepo = 2nr? + 2mrl = 3.6 m? olarak

bulunur. Kars icin Ocak ay1 i¢cin ortalama hava ¢evre sicakligi Sekil 5.” e bakildiginda T, = —10.8°C
olduguna gore depodan olan 1s1 kaybi;

Qrayp = UA(Ty — Tp) = 0.62 = 3.6 = (50 — (—10.8)) = 135.705 W

Bu kayb1 kargilamak i¢in gerekli aylik enerji;135'?05*13;:24*3600 = 0.363 ] olarak bulunur. Aylik toplam

i1l yiik ise; L; = Lyeq = 2.9225 + 0.363 = 3.285525 ] olarak hesaplanir.

Aylik faydalanma oranin tespitinde kullanilan boyutsuz degiskenlerden X;
X=4.5*0.97*(100—(—10.8))*(31*24*3600)*;q =2.36
3.285525+10

Xc  (11.6+1.18+50+3.86+5—2.32+(—10)
x (100—(—10)

2103 X; = X + £ = 236 » 1.05 = 2.484

Diger boyutsuz degisken Y=0.84*0.97*0.96*7.897*10° *31*;9 =0.35
3.285525+10

X boyutsuz sayis1 yerine X, yazilarak aylik yararlanma orani;

Focar=1.029%0.35-0.065*2.484-0.245*0.352+0.018*2.4842+0.0215*0.35°=0.281 elde edilir.

Diger aylar i¢inde hesaplamalar yapilmig tabloda sonuglar verilmistir.
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Tablo 1. Kars igin Giines enerjisi ile 1sitma sistemi konut tasarimi i¢in f-chart metodundan elde edilen sonuclar

Aylar To(°C) | Tn(°C) g'[}ng'\"” m- 1 L(G]) | Xc v f fili(G))
OCAK -10.8 5 7.897 3.28 2.48 0.35 0.281 0.92
SUBAT -8.9 7.5 10.929 2.84 2.67 0.474 0.389 1.11
MART -2.9 8 14.400 3.03 2.38 0.684 0.536 1.63
NISAN 5.2 12 16.080 2.64 2.99 0.857 0.682 1.80
MAYIS 10.3 12 18.000 2.65 2.46 0.988 0.747 1.98
HAZIRAN 14 13 20.400 2.53 2.58 1.238 0.927 2.34
TEMMUZ 17.6 14 21.135 2.53 2.33 1.215 0.873 2.21
AGUSTOS 17.8 17 19.277 2.33 2.85 1.204 0.882 2.05
EYLUL 13.7 15 16.080 241 2.73 0.939 0.725 1.75
EKIM 74 8 11.265 2.98 1.93 0.549 0.436 1.30
KASIM 0.5 6 7.680 3.05 2.06 0.354 0.307 0.94
ARALIK -6.9 3 6.619 3.39 2.03 0.280 0.213 0.72
TOPLAM 33.66 18.75
18.75
=——= 0.557
6 m?lik kolektor yiizeyi ile elde edilen yillik yararlanma orant; 33.66

%355 olarak tespit edilmistir.

Sonug ve Oneriler

Kars ili, yiksek ve engebeli arazileriyle, sert karasal iklimin etkisindedir. Bu ylzden iklim sartlarindan dolay1
beseri ve ekonomik faaliyetler oldukca kisitlanmistir. Buna ragmen il ekonomisi, biiyiik 6l¢iide hayvancilik
faaliyetleri ve kamusal istihdam ile idame edilmektedir. Enerji ve Tabii Kaynaklar Bakanliginca Tiirkiye giines
enerjisi Uiretimine veri kaynagi olusturmasi amaciyla hazirlanan, Giines Enerjisi Potansiyeli Atlasi (GEPA)
verilerine gore, Kars ili genelinin ortalama y1llik toplam 1sinim degeri 1,472 kWh/m2 olup Tiirkiye genelindeki
1527,46 kWh/m? ortalama degerin altindadir (YEGM 2022). Buna ragmen Kars ilinde Selim ve Sarikamig
ilceleri smirlar1 dahilinde toplam 5,74 MWe giice sahip ii¢ GES santrali iiretim faaliyetlerine devam
etmektedir. Giines enerjisi potansiyeline ve enerji nakline bakildiginda, Kars ilinde mevcut 8 ilge merkezi 383
kdy yerlesimi bulunmasi ve bu yerlesimlerin homojen bir dagilimi gostermesi nedeniyle enerji nakil hatlar1 da
bu dagilima uygun olarak olduk¢a homojen ve sik bir dagilim gostermektedir. Bu durum nedeniyle Kars ilinde
yapilacak gilines enerjisi santrallerinin yer se¢iminde enerji nakil hatlarinin dagilimi bir kisitlama
olusturmamaktadir ( Demir 2023).

Sonug olarak Dogu Anadolu Bolgesinin Giines enerjisi potansiyeli oldukca yiiksek, elverislidir. Sert karasal
iklimin aksine GEPA ve devlet meterolojinin verilerine dayanarak, Kars ili i¢in yiizde %55 faydalanma orani
ile oldukca yiiksek bir oran ile giines enerjisinden faydalanilip sicak su eldesi saglanabilmektedir.
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INVESTIGATION OF SOLAR ENERGY IN SUPPORTING THE HEATING AND ELECTRICITY
NEEDS OF A FACULTY BUILDING
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ABSTRACT

Central heating is a heating method used to keep a building or multiple independent parts of buildings at the
desired ambient temperature depending on the outdoor temperature by using a single heat source. Central
heating systems are a more suitable and more economical option, especially for large buildings. In these
systems, which are generally operated by using fossil fuels, renewable energy sources are also used as a
supplement. Renewable energy sources have the potential to make a significant contribution to support both
electricity and heating needs. One of the renewable energy sources with developing and widespread use is
solar energy. In this study, the use of solar energy to support the heating and electricity needs of a faculty
building with a central heating system was investigated. It is aimed to provide heat and power generation by
placing plate solar collectors and photovoltaic panels on the empty spaces next to the faculty buildings. In the
study, an empty area in front of the faculty; the design of three different scenarios, including plate collector or
photovoltaic panel in the whole and a photovoltaic panel in the half with a plate collector in the half, are
discussed. According to the results, the monthly consumption ratios of the heat and electrical energies obtained
in three different scenarios were calculated and the best scenario was determined.

Keywords: Flat-plate collector, Photovoltaic, Solar energy, Central heating.
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STUDY ON THE USAGE OF SOLAR ENERGY IN SUPPORTING THE ELECTRICITY NEEDS
OF THE ENGINEERING FACULTY BUILDING OF KUTAHYA DUMLUPINAR UNIVERSITY

Enes MAVI

Dumlupinar University, Institute of Graduate Education, Department of Mechanical Engineering ,Kiitahya-Turkiye
ORCID: 0009-0002-0616-2943

Halit ARAT

Asst. Prof. Dr., Dumlupmar University, Faculty of Engineering, Department of Mechanical Engineering, Kiitahya-Turkiye
ORCID: 0000-0002-6634-2535

Oguz ARSLAN

Prof .Dr., Bilecik Seyh Edebali University, Faculty of Engineering, Department of Mechanical Engineering, Bilecik-Turkiye
ORCID: 0000-0001-8233-831X

ABSTRACT

Renewable energy is a type of energy that can be produced continuously using natural resources and is not
extinct. These energy resources are that exist indefinitely or that can be rapidly renewed. Renewable energy
sources are generally considered environmentally friendly because there are less or no negative stress effects
such as greenhouse emissions. One of the renewable energy sources with developing and widespread use is
solar energy. In this study, the use of solar energy to support the electricity needs of Kiitahya Dumlupinar
University Engineering Faculty buildings was investigated. It is aimed to provide power generation by placing
photovoltaic panels on the parking area next to the faculty buildings. Moreover, the parking area of B-D Block,
which is 2205 m2 in total; photovoltaic panels were applied to all of them. According to the results, the net
present value calculation, which expresses the difference between the present value of the project's return and
the investment amount, was made. Also, the payback period of the photovoltaic solar panel investment was
calculated and the feasibility of the investment was revealed.

Keywords: Electricity supporting, Photovoltaic, Solar energy, Net present value.
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LISANSSIZ CATI VE CEPHE GUNES ENERJISI SANTRALI PROJE BASVURULARININ
DEGERLENDIRILMESI
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OZET

Elektrik enerjisi tiretiminde fosil yakit kullanilmasi1 sera gazi emisyonlarina sebep olurken, iklim degisikligi
ve cevre kirliligi meydana getirmektedir. Fosil yakat tiiketimi ile olusacak yikici etkilerinin dnlenmesi igin;
yenilenebilir enerji kaynaklar1 (YEK) kullanarak elektrik enerjisi iiretimi tercih edilmektedir. Elektrik Piyasasi
Kanunu kapsaminda yapilan mevzuat diizenlemeleri ile elektrik tiretimi faaliyetinde bulunmak isteyen kisilere
lisanssiz elektrik iiretim tesisi kurma imkani sunulmustur. Bu kapsamda, meskenlerdeki elektrik tiiketimini
karsilamak amaciyla, cati ve cephelere 25 kW ve alti kurulu giic degerinde giines enerji santrali (GES)
kurulabilmektedir. Gorevli elektrik dagitim sirketi (EDAS)’lara yapilan ¢ati ve cephe GES basvurular
incelendiginde reddedilen proje sayilarimin fazla oldugu goriilmiistiir. Tiirkiye’nin GES kurulu giiciiniin
artirtlmasi i¢in bagvuru red oranlarinin azaltilmasi gereklidir. Bu calismada; 2018-2022 yillar1 arasinda
Marmara Bolgesi igerisinde yer alan EDAS’lara yapilan, 25 kW ve alt1 kurulu gii¢ degerindeki cat1 ve cephe
GES bagvurularinin sonuglar1 degerlendirilmistir. Marmara Bolgesi’nde 2018 yilinda toplam 101 adet bagvuru
yapilmustir. Yapilan bagvurularin %67,33’i kabul edilirken, %32,67’si reddedilmistir. 2022 yilinda toplam
850 adet basvuru yapilmistir. 2022 yilinda en fazla bagvuru 265 proje ile Uludag EDAS’a yapilmigtir. 2022
yilinda Marmara Bolgesi’nde yapilan tiim bagvurularin %76,59’u kabul edilirken, %23,41°1 reddedilmistir.
2022 yilinda en fazla proje kabulii 211 proje ile Sakarya EDAS’a yapilan basvurularda elde edilmistir. 2022
yilinda yapilan bagvurularda en fazla ret Anadolu Yakasi EDAS ve Uludag EDAS’ta olmustur. Yapilan
bagvuru sayisi ve kabul oranlari artis gostermektedir. 2022 yilinda yapilan bagvuru sayilar 8,4 kat artarken
kabul oran1 %9,26 artmistir. 2018-2022 yillar1 arasinda yapilan bagvurularda en fazla ret, proje ile faaliyet
yasagina iliskin beyanin hatali ve formun farkli bigcimde hazirlanmasi sonucu gergeklesmistir. EDAS’larda
proje degerlendirmesi ve inceleme siireglerini hizlandirmak i¢in, proje bagvurulart online sisteme taginmali,
On bagvuru sistemi olusturularak aboneligin uygunlugu degerlendirilmelidir.

Keywords: Lisanssiz Elektrik Uretimi, Cati ve Cephe, Elektrik Dagitim Sirketi, Giines Enerjisi Santrali,
Siirdiiriilebilir Kalkinma Hedefi

ABSTRACT

The use of fossil fuels in electrical energy generation causes greenhouse gas emissions, climate change and
environmental pollution. In order to prevent the destructive effects of fossil fuel consumption, electricity
generation using renewable energy sources (RES) is preferred. With the legislative arrangements made within
the scope of the Electricity Market Law, the opportunity to establish unlicensed electricity generation facilities
has been offered to those who wish to engage in electricity generation activities. In this context, solar power
plants (SPPs) with an installed capacity of 25 kW or less can be installed on rooftop and facades to meet the
electricity consumption of households. When the applications for rooftop and facade SPPs made to the
incumbent electricity distribution companies (EDCs) are analysed, it is seen that the number of rejected
projects is high. In order to increase Turkey's SPP installed capacity, application rejection rates should be
reduced. In this study, the results of rooftop and facade SPP applications with an installed capacity of 25 kW
and below made to EDCs in the Marmara Region between 2018 and 2022 were evaluated.
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A total of 101 applications were made in the Marmara Region in 2018. While 67.33% of the applications were
accepted, 32.67% were rejected. A total of 850 applications were made in 2022. In 2022, the highest number
of applications was made to Uludag EDC with 265 projects. In 2022, 76.59% of all applications made in the
Marmara Region were accepted, while 23.41% were rejected. In 2022, the highest project acceptance was
obtained in applications made to Sakarya EDC with 211 projects. In 2022, the highest number of rejections
was in Anadolu Yakas1 EDC and Uludag EDC. The number of applications and acceptance rates are increasing.
While the number of applications made in 2022 increased 8.4 times, the acceptance rate increased by 9.26%.
In the applications made between 2018 and 2022, the highest number of rejections occurred as a result of
incorrect declaration regarding the prohibition of activity with the project and preparation of the form in a
different format. In order to speed up the project evaluation and review processes in EDCs project applications
should be moved to the online system and the eligibility of the subscription should be evaluated by creating a
pre-application system.

Keywords: Unlicensed Electricity Generation, Rooftop and Facade, Electricity Distribution Company, Solar
Energy Plant, Sustainable Development Goal

1.Giris

Diinya genelinde sanayilesme, niifus artisi, teknolojik gelisimler ve yiiksek yasam standartlart gibi etkenler
enerji talebini artirmaktadir. Enerji talebindeki artis, dogal kaynaklarin tiikenmesi, ¢evre kirliligi ve yiiksek
enerji maliyetlerini beraberinde getirmektedir (Sagbas & Basbug, 2018). Fosil yakit kaynaklarinin sinirli
olmas1 yenilenebilir enerji kaynaklari (YEK)’lere ydnelimi beraberinde getirmektedir (Ozyakisir & Unver,
2020).

Diinya genelinde 1990 yilinda 8.774 milyon ton esdeger petrol (Mtep) birincil enerji tiikketimi gerceklesmistir
(Enerdata, 2023). 2021 yilinda diinyada birincil enerji titkketim miktar1 1990 yilina gore %62,01 artis gostererek
14.214,91 Mtep olmustur. 2021 yilinda bir Onceki yilara gore %5,52°lik bir tiiketim artis1 oldugu
gbzlemlenmistir. 2021 yilinda gergeklesen birincil enerji tiikketiminde, ham petrol %30,92 ile ilk sirada yer
almistir. Bu kaynagi sirasiyla, komiir %26,92, dogalgaz %24,42, hidroelektrik %6,77, yenilenebilir kaynaklar
%6,72 ve niikleer enerji %4,25 oran ile izlemistir. (REN21, 2023).

Avrupa Birligi (AB) elektrik enerjisi tiikketiminin toplam kiiresel enerji tiiketimi i¢indeki oran1 %10,10°dur.
AB’de elektrik enerji tiiketiminin kaynaklara gore dagiliminda; %35,07°si petrol, %23,76’u dogalgaz,
%13,17’si yenilenebilir enerji, %11,21°1 kdmiir, %11,01’1 niikkleer enerji ve %5,39’u hidroelektrik enerji
kaynaklidir.

Tiirkiye’deki elektrik enerjisi tiiketiminin, 2021 yili kiiresel elektrik tiiketimi ig¢indeki orami %l,15tir.
Tiirkiye’de tiikketimlerin kaynaklara gore dagiliminda; %30°u dogalgaz, %27,71°1 petrol, %25,51’1 komiir,
%8,94’1 diger YEK ve %7,64’1 hidroelektrik enerji kaynaklidir (REN21, 2023).

Diinya genelinde her yil gerceklesen tiiketim artislarini karsilamak icin elektrik enerjisi santral yatirimlari
yapilmaktadir. Kurulmasi planlanan elektrik enerjisi santrallerinin YEK’ler ile iiretim yapmasi, fosil yakit
titketimi ile olusan sera gazi emisyonlarinin azaltimina katki saglayacaktir (BP, 2023).

Diinya genelinde bir onceki yila gore 2021 yilinda %5,86’lik bir elektrik iiretim artis1 olmustur. 2021 yilinda
diinya genelinde lretilen elektrik enerjisi miktar1 28.466,3 TWh’dir. Elektrik tiretiminde, kdmiir %35,99’luk
oran ile ilk sirada, dogalgaz %22.,90 ise ikinci sirada yer almaktadir. Hidroelektrik santral (HES)’ler ile elde
edilen elektrik liretiminin oran1 %15,01 olup, diger YEK lerin toplam elektrik iiretimindeki oran1 %11,53 tiir
(BP, 2023).

AB, kiiresel elektrik iiretimin %10,17’sini olusturmustur. Elektrik {iretiminin kaynaklara goére dagiliminda en
yliksek pay1 %25,29’luk oran ile niikleer enerji olusturmustur. AB elektrik {iretiminin %25,22’si YEK’ler,
%18,93’1 dogalgaz, %15,17°si komiir, %2,02’si diger kaynaklar ve %1,48°1 petrol kullanilarak
gergeklestirilmistir (BP, 2023).

2014 yilia gore diinyada, YEK kurulu giiciinde artis yasanmistir. 2021 yilinda elektrik kurulu giiciinde 2014
yilina gore %83,76 artis olmustur 2014 yilinda; HES’ler dahil kurulu gii¢ degeri 1.712 GW iken, 2021 yil
sonunda kurulu gii¢ degeri 3.146 GW seviyesine yiikselmistir (REN21, 2023). 2021 yilinda; 175 GW giines
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enerjisi santrali (GES), 100 GW riizgar enerjisi santrali (RES), 10 GW biyokiitle enerji santrali (BES), 27 GW
HES, 0,3 GW jeotermal enerji santrali (JES) devreye alinmistir. (REN21,2023).

2021 yilinda enerji yatirimlari igin 365,9 milyar Amerika Birlesik Devletleri (ABD) dolar biitge kullanilmistir.
Enerji yatinmlarina ait biitgenin %69’unu YEK yatirimlart i¢in kullanilmistir. YEK lere yapilan yatirimlar
icerisinde GES ve RES yatirimlari en fazla yatirim yapilan yatirimlaridir. Toplam yatirimin %56’ st GES’ler,
%40°1m RES’ler olusturmaktadir. GES yatirimlari i¢in 205 milyar ABD dolari, RES yatirimlari i¢in 147 milyar
ABD dolar1 harcanmigtir (REN21, 2023).

Diinyada, 2027 yilina goére hazirlanan senaryoda kurulu gii¢ kapasitenin %53’tintin YEK’e dayal1 olacag:
beklenmektedir. 2027 yili i¢in olusturulan senaryoda YEK’e dayali kurulu giiciin %22,2’si GES, %14,4’1
RES, %14,1°1 HES ve %2’si BES kaynakl1 olacaktir. Hazirlanan senaryoda GES mevcut kapasitesinin ti¢ kati
kadar artacagi belirtilmistir. Elektrikli araclarin (EA) kullanim artigina bagl olarak 2027 yilina kadar enerji
talebinin %16’sinin YEK’lerden karsilanacagi ongoriilmektedir (IEA, 2022; IEA, 2023). AB Komisyonu,
2030 yilina kadar fosil yakit tiiketimi kaynakli olusan sera gazi emisyonu azaltimi i¢in hedef belirlemistir.
2030 yilina kadar fosil yakit tiiketimi kaynakli olusacak emisyon miktarini 1990 yilindaki sera gazi emisyon
seviyesinde tutabilmek icin emisyon artisindan %40 sera gazi emisyon azaltimi i¢in politika olusturmustur.
Belirtilen hedef kapsaminda, YEK paymnin %32 olmasi, enerji verimliliginde ise %32,5 iyilestirme
hedeflenmistir (EEA, 2023; EUC, 2023).

2022 yilinda Tirkiye’de elektrik tiretimi incelendiginde 2021 yilina gore %?2,5 azalarak 326,2 TWh olmustur.
Uretilen enerjinin %34,6’s1 komiir, %22,2 dogalgaz, %20,6’s1 hidrolik enerji, %10,8 riizgar, %4,7’si gilines
enerjisi, %3,3’1 jeotermal ve %3,7’si diger kaynaklardan saglanmistir (ELDER, 2023).

Tiirkiye’de yillik ortalama giineslenme siiresi 2.737 saat, toplam yillik 1s1nim siddeti ise 1.527 kWh/m? olarak
hesaplanmistir. Belirtilen 1s1nim ve gilineslenme siiresine gore toplam giines enerji potansiyeli 380 milyar
kWh/y1l olarak belirlenmistir (Aksungur ve dig., 2013; EIGM, 2023). Tiirkiye’nin ortalama 1sinim siddeti ve
gilineslenme siiresi degerlendirildiginde GES’lerden yararlanilarak enerji ithalatinin Oniine gecilebilme
potansiyeli oldugu goriilmektedir.

Tiirkiye’nin enerji politika belgelerinde, Tiirkiye’nin sahip oldugu zengin giines enerjisi potansiyelinin
degerlendirilmesi ile ilgili belirlenmis politikalar ve politikalara uygun olarak belirlenmis hedefler yer
almaktadir. T.C. Enerji ve Tabii Kaynaklar Bakanlig1 (ETKB) tarafindan hazirlanan 2019-2023 Stratejik Plam
kapsaminda, 2023 yilina kadar YEK’lere dayali elektrik kurulu giiciinin %59°dan %65 seviyesine
ylikseltilmesi ile enerji arz giivenligi saglanacagi belirtilmistir. 2023 yili igin GES kurulu giiciiniin 10 GW
kapasiteye ulasacagi hedefler arasinda yer almaktadir. Yenilenebilir Enerji Kaynak Alanlar1 (YEKA)
olusturulmasi ile 2018 yilinda %32,5 olan YEK’lerden elektrik iiretimi paymin 2023 yilinda %38,8’¢e
yukseltilmesi ve kurulacak olan yenilenebilir enerji santralleri ile 18 milyon ton emisyon azaltimi
hedeflenmistir (ETKB, 2018; SBB, 2019a).

T.C. Baskanlig1 Strateji ve Biitge Bagkanligi On Birinci Kalkinma Plant’n1 hazirlamistir. Hazirlanan planda
kendi ihtiyacin1 karsilamak i¢in YEK’e dayali lisanssiz GES uygulamalarinin yayginlastirilmasi
hedeflenmistir. Yerli ekipman kullanimi desteklenerek, AR-GE, teknoloji transferi desteklenerek yeni yatirim
modellerinin olusturulmasi, YEK’lerin sebeke entegrasyonu ve YEK'’lerin elektrik iiretimindeki payinin
%32,5 seviyesinden 2023 yilinda %38,8 seviyesine yiikseltilecegi belirtilmistir (SBB, 2019b).

Tiirkiye Ulusal Enerji Planinda 2022-2035 yillar1 arasinda GES kapasitesinin 52,9 GW olacagi belirtilmis ve
2035 yil elektrik kurulu giiciiniin %64,7’sinin YEK ile saglanmasi hedeflenmistir (ETKB, 2023c).

Tiirkiye’de YEKA modeli 2016 yilinda yatirim modeli olarak olusturulmustur. 2017 yilinda YEKA-1 GES
yarigmasi yapilmistir. YEKA-1 GES yarigsmasit sonucunda; minimum 500 MWp/y1l iiretim kapasitesine sahip
entegre fotovoltaik (FV) panel iiretim fabrikasi, 250 MWp/y1l hiicre {iretim kapasitesi ve 1.000 MWe kapasiteli
Karapinar GES tesis kurulumu yapilacaktir. (Ozcan, 2021). 2018 yilinda YEKA-2 GES ihalesi ilan1 agilmasina
karsin iptal edilmistir (EPDK, 2019b). YEKA-3 GES yarismasi 36 sehirde 74 projeden 1.000 MW kapasite
olacak sekilde planlanmis ve yarisma sonuglanmistir. YEKA-4 GES 32 ilde 59 projeden 1.000 MW yarigsma
ilan1 acilmistir. YEKA-5 GES igin 1.500 MW yarisma Resmi Gazete’de yayimlanmasina karsin Bakanlik
tarafindan ileri bir tarihe ertelenmistir (EPDK, 2019b; ETKB, 2021; ETKB, 2022; ETKB, 2023b).
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Tiirkiye’de 25.329.833 adet konut bulunmaktadir (TUIK, 2023). Tiirkiye’de konut sayilariin her gecen giin
artmasi elektrik tiiketiminin artisin1 da beraberinde getirmektedir. Meskenlerin elektrik ihtiyacini karsilamada
GES’ler 6n plana ¢ikmaktadir. Atil durumda bulunan gati ve cephelerde GES uygulamalarn elektrik liretimini
karsilayacak potansiyele sahiptir. Cati ve cephelerde GES kurulumu meskenlerin enerji tiiketimini ayni
noktadan karsilamak acisindan énemlidir. Tiirkiye’de LEU kapsaminda, meskenlerin ¢at1 ve cephelerinde 25
kW ve alt1 kurulu gii¢ biiyiikliikklerinde GES uygulamalarinin yapilmast miimkiindiir. Cat1 ve cephe GES
uygulamalarinin sayisinin artirilmasi ve farkindalik yaratilmasi gereklidir.

Bu ¢aligmada Marmara Bolgesindeki Elektrik Dagitim Sirketleri (EDAS)’1ara 2018-2022 yillar1 i¢inde yapilan
25 kW ve alt1 cati ve cephe GES proje basvurularinin kabul ve ret durumlari incelenmistir. Bu ¢aligmanin
yapilmasindaki amag, 25 kW ve alt1 cat1 ve cephe GES proje bagvurularinin ret gerekgelerini belirlemek ve bu
ret gerekcelerini azaltacak Oneriler sunmaktir. Bu bagvurularin kabul sayisinin artmasi, Tiirkiye’nin GES
kurulu giiciinii artiracak, YEK’lerin yayginlasmasini saglayacaktir.

Calismanin ilk boliimii giris boliimiidiir. Calismanin ikinci béliimiinde, Tiirkiye’de LEU, lisanssiz elektrik
kurulu giiciiniin yillara gore gelisimi ve cati ve cephe GES basvurular1 incelenmistir. Calismanin {i¢iincii
boliminde, Marmara Bolgesi igerisinde yer alan EDAS’lara yapilan 25 kW ve alt1 ¢at1 ve cephe GES
uygulamalari i¢in bagvurulan proje sayisi, kabul ve ret gerekgeleri degerlendirilmistir. Caligmanin dérdiincii
bolimi Sonug boliimiidiir. Bu bdliimde ¢alismanin genel sonuglari verilmis. Caligmanin son bolimii olan
Tartisma ve Oneriler béliimiinde, EDAS’lara yapilan basvurularin ret sayilarmin azaltilmasina yonelik oneriler
sunulmustur.

2. Lisanssiz Elektrik Uretimi

Elektrik Piyasas1 Kanunu (EPK) kapsaminda iiretim faaliyeti gerceklestirebilmek icin lisans alma kosuluyla
elektrik piyasalarinda faaliyet yiirlitebilmektedir (4628 sayili Kanun, 2023). 4628 sayili EPK’nin {igiincii
maddesine dayanilarak LEU yénetmeligi (LEUY) 03.12.2010 tarihli 27774 sayilh Resmi Gazete’de
yaymmlanarak yiiriirliige girmistir (LEUY, 2010). Yiiriirliige giren yonetmelik, azami 500 kW kurulu giice
sahip YEK’e dayali iiretim tesisleri ve mikro kojenerasyon tesislerini kapsamistir (4628 sayili EPK, 2001).

5346 sayili Yenilenebilir Enerji Kanunu iceriginde yapilan degisiklikler ile LEUY tekrardan hazirlanarak
21.07.2011 tarihli 28001 sayili Resmi Gazete’de yayimlanmigtir (EPDK, 2011). Gergeklestirilen bu diizenleme
ile YEK’e dayal1 iiretim tesisleri i¢in azami kurulu gii¢ sinirt 500 kW’tan 1 MW’a yiikseltilmistir (EPDK,
2013). 4628 sayil1 EPK 14.03.2013 tarihinde yiiriirliige giren 6446 sayili EPK ile degistirilmistir. 6446 sayili
EPK, tiizel kisilerin piyasa faaliyetlerinde bulunan faaliyet izinleri ve kapsamlar1 Sekil 1°de verilmistir.

Lisans Faaliyet Kapsamlar1

Toptan
Satig

[ Uretim ] I [letim } ‘ Dagitim ] [ ithalat ] { ihracat ] Ferakene Piyasa

Satig [sletme

Sekil 1. Lisansh olarak yapilabilecek faaliyetler (6446 sayili Kanun, 2023)

6446 sayili EPK, on dordiincii madde kapsaminda elektrik piyasalarinda lisans alma ve sirket kurma
ylikiimliiligiine ihtiyag duymadan faaliyet yapilabilmektedir (6446 sayili Kanun, 2023).

LEU’niin temelini olusturan GES’lerde yd&netmelik olusturulurken arazi tipi kurulumlar agirlikli olarak
degerlendirilmistir.14.03.2013 tarihinde yiiriirliige giren 6446 sayili EPK on dordiincli maddesi kapsaminda
YEK’e dayali iiretim tesisi kurulabilecek alanlar belirlenmistir (6446 sayili EPK, 2013). 6446 sayili EPK
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olusturulduktan sonra, 03.12.2010 tarihli 27774 sayili LEUY kapsami degistirilmistir. 02.10.2013 tarihinde
28783 sayili Resmi Gazete’de kapsanmui degistirilen LEUY ile YEK’e dayal: iiretim tesislerinin sayis1 artig
gostermistir (EPDK, 2013). 12.05.2019 tarihli 30772 sayili Resmi Gazete’de LEUY yapilan degisiklikler
neticesinde arazi tipi GES’lerin kurulumu yerine ayni 6l¢iim noktasin {iretim ve tiikketim gergeklestirebilmek
icin cati tipi GES’ler yogun olarak kurulmaktadir. LEUY kapsaminda i¢ ihtiyaci karsilamak icin arazi
kurulumlar1 da yapilabilmektedir (EPDK, 2019a). Oz tiiketim modeli ile lisanssiz iiretim tesisleri kendi ic
tiiketimini ayn1 noktadan karsilayarak kayiplarin azalmasina ve sebeke yiiklemelerinin 6niine gec¢ilmektedir.

EPDK, 18.01.2018 tarihinde tiiketim tesisi ile ayn1 6l¢lim noktasindan bagl ve gilines enerjisine dayali ¢at1 ve
cephe uygulamalar kapsamindaki gilines enerjisi iiretim tesisleri i¢in lisanssiz iiretim basvurular1 duyurusu
yayimlamistir. 18.03.2018 tarihli 30305 sayili Resmi Gazetede yayimlanan duyuru, catt ve cephe GES
projelerinin azami kurulu giicti 10 kW kurulu giice sahip olacak sekilde sinirlar belirlenmistir. Yayimlanan
duyuru kapsaminda azami kurulu giici 10 kW olan cati ve cephe uygulamalari LEU igerisinde
degerlendirilecek ve uygun bulunan projeler i¢in ¢gagri mektubu verilecektir (7590 sayili Karar, 2018). EPDK
duyuru yayrmladiktan sonra ayni y1l igerisinde TEDAS, LEUY igeriginde belirtilen 10 kW ve alt1 cat1 ve cephe
uygulamalar1 i¢in tip proje ve bu kapsamdaki GES’lerde kullanilacak malzemenin kalite standartlari ile tesiste
mutlaka bulunmasi gereken tamamlayici donanimin neler olacagi belirtilmistir (TEDAS, 2018). Eyliil aymin
basinda 10 kW ve altindaki giigte kurularak ¢at1 ve cephe tipi GES’lerin kurulusunda TEDAS’1n proje onay1
ve kabul iglemlerindeki yetkisi, bolgelerdeki elektrik dagitim sirketlerine de verilmistir (7590 sayili Karar,
2018). EPDK’nin giines enerjisine dayali ¢at1 ve cephe uygulamalarinda aylik mahsuplasmayla ilgili dagitim
tarifeleri 26.06.2019 tarihli 30813 sayili Resmi Gazete’de yayimlanarak yiiriirliige girmistir (EPDK, 2019a).
Aylik mahsuplasmanin belirlenmesi ¢at1 ve cephe giines enerji sistemlerinin yatirimlarini artiracak potansiyele
sahiptir. Cat1 ve cephe uygulamalari i¢in 10 kW olan azami kurulu gii¢ degeri, 11.08.2022 tarihli 31920 sayili
Resmi Gazete’de yayimlanan EPDK karari ile 25 kW olacak sekilde degistirilmistir (EPDK, 2022).

LEU’de mevzuat gelisim siireci Sekil 2°de verilmistir (5346 sayili Kanun, 2005; EPDK, 2010; EPDK, 2011;
6446 sayili Kanun, 2013; 7590 sayili Karar, 2018; EPDK, 2019a; 1044 sayili Karar, 2019; EPDK, 2022).
Yenilenebilir enerji kullaniminin yayginlagmasi i¢in olusturulan 5346 sayili Kanun kaynak g¢esitliliginin
onemini belirlemistir. LEUY kapsaminda lisanssiz yapilabilecek faaliyetler ve kapsamlar belirtilmistir. Yillar
icerisinde yapilan degisiklikler gelisim siireclerine pozitif katki saglamistir.

2005 2010 2011 2013 2018 2019 2022
@ @ @ @ @ @ @
5346 sayih Lisanssiz Elektrik  Lisanssiz Elektrik 6446 sayih 10 kW azami giice Lisanssiz Elektrik Cat1 ve cephe
Yenilenebilir Uretim Uretim Elektrik sahip ¢at1 ve cephe Uretim Y 6netmeligi uygulamalarinda
Enerji Kanunu Y Onetmeligi Y 6netmeligi Piyasalan uygulamalari oz tiiketim modelinin 10 kW yerine
kapsaminda Kanunu duyurusu olusturulmast azami giig 25 kW

kurulu gii¢ tist suur olarak

1044 sayih
1 MW’a yiikseltildi

Cumhurbaskani degistirilmistir
Karan ile tiretim
tesislerinin kurulu gii¢
s 5 MW’a
yiikseltildi

Sekil 2. Tiirkiye’de lisanssiz elektrik {iretim mevzuatinin gelisim stireci

2.1. Lisanssiz Kurulu Gii¢ Gelisimi

Tiirkiye’nin 1990 yilindaki kurulu gii¢ degeri 16.318 MW’dir. Kurulu gii¢ degeri 2022 yili sonu itibariyle
103.809 MW olmustur. Tiirkiye’de elektrik kurulu giiciiniin yillara gére degisimi Sekil 3’te verilmistir.
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Sekil 3. Tiirkiye elektrik kurulu giiciiniin yillara gére degisimi (TEIAS, 2022)

Kurulu giig degeri 2000 yilinda 1990 yilina gore 1,67 kat artig gostererek 27.264 MW degerine ulagmistir
(EMO, 2021; TEIAS, 2022). 2000 yili ile 2010 yillar1 arasinda mevcut kapasitenin %81,65’i kadar artis
yasanmis kurulu giic degeri 49.524 MW seviyesine ulasmistir. 2010 ile 2020 yillar1 arasinda mevcut
kapasitenin %93,62’si kadar artig goriilmiis ve kurulu gii¢ degeri 95.890 MW olmustur. Tiirkiye’nin elektrik
kurulu giictinde 2020 y1l1 ile 2022 yillar1 arasinda mevcut kapasitenin %8,26°s1 kadar artis gériilmiis ve kurulu
giic degeri 103.809 MW olmustur (TEIAS, 2022). 1990 yilinda kisi bas1 briit elektrik enerjisi tiiketimi 1,006
kWh iken bu deger 2020 yilinda 3,61 kat artarak 3,661 kWh olmustur (CSIDB, 2023).

Tiirkiye’de LEUYde yapilan degisiklikler sonrasi lisanssiz santral bagvuru sayilari artis gostermistir. 2014
yili sonunda GES’ler i¢in ¢agri mektubu almaya hak kazanan 2000 proje mevcut iken TEDAS a proje kabulii
yaptiran tesis 400 adet olarak belirlenmistir. Gegici kabul kapsaminda igletmeye alinan tesislerin toplam giicii
50 MW Kkapasiteyi asmistir (EPDK, 2023a). 2015- 2022 yillar1 arasindaki LEU tesislerinin kaynak bazli
dagilimi Tablo 1’de verilmistir.

Tablo 1. Lisanssiz kurulu giiciin kaynaklara gore dagilimi1 (EPDK, 2023a)

Giines - A y AT Giines Toplam Kurulu
Yil (Fotovoltaik) Dogalgaz Biyokutle  Rizgar  Hidrolik (Tafsiraiagiitn) Giig (MW)
2015 292,91 36,47 21,44 6,02 0,5 1,7 359,04
Kaynaga Gore
Dagilim (%) 81,58 10,16 5,97 1,68 0,14 0,47
2016 939,19 51,85 36,42 13,75 5,78 1,22 1.048,21
Kaynaga Gore
Dagilm (%) 89,6 4,95 3,47 1,31 0,55 0,12
2017 2.978,84 85,88 66,72 32,2 8,69 1 3.173,32
Kaynaga Gore
Dagilm (%) 93,87 2,71 2,1 1,01 0,27 0,03
2018 5.016,99 153,04 79,18 51,95 8,91 0,5 5.310,57
Kaynaga Gore
Dagilim (%) 94,47 2,88 1,49 0,98 0,17 0,01
2019 5.825,46 328,66 75,67 70,83 8,65 - 6.309,27
Kaynaga Gore )
Dagilm (%) 92,33 5,21 1,2 1,12 0,14
2020 6.257,61 402,67 83,71 70,83 8,65 - 6.823,47
Kaynaga Gore )
Dagilm (%) 91,71 59 1,23 1,04 0,13
2021 6.907,78 463,05 89,11 73,08 13,98 - 7.546,99
Kaynaga Gore )
Dagilm (%) 91,53 6,14 1,18 0,97 0,19
2022 7.956,64 490,7 89,91 81,58 16,42 - 8.635,25
Kaynaga Gore )
Dagihm (%) 92,14 5,68 1,04 0,94 0,19
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2022 yil1 sonu itibariyle lisanssiz santrallerin kurulu gii¢ degeri, 2021 yili kurulu gii¢ degerine goére %14,42
oraninda artarak 8.635,25 MW degerine ulagmistir. Lisanssiz santraller igerinde en yiiksek kurulu gii¢ degeri
GES’lere aittir. GES’lerin toplam lisanssiz santraller igindeki oran1 %92,14’tiir. Dogalgaz santralleri %5,68 ve
BES’ler %1,04’liik orana sahiptirler (TEIAS, 2022). Toplam GES kurulu giiciiniin %84,42’lik kismini
lisanssiz santraller, %15,58’lik kismini lisansli santraller olusturmaktadir. Lisanshi ve lisanssiz GES kurulu
giicliniin yillara gore gelisimi Sekil 4’te verilmistir (EPDK, 2023a).
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Sekil 4. Glines enerji santrallerinin yillara gore gelisimi (EPDK, 2023a)

Giines enerjisi teknolojinin ilerlemesi ve ilk yatirim maliyetlerinin azalmasi ile GES yatirimlari biiyiik bir ivme
kazanmigtir. Glines enerjisine yapilacak yatirimlar 2010 yilinda en ucuz fosil yakith santrale gore %710 daha
pahaliyken, 2022 yilinda en ucuz fosil yakith santrale gore %29 daha ucuz olmustur. 2022 yilinda 2010 yilina
gore toplam kurulum maliyetleri %83 azalmistir (IRENA, 2022). Ekonomik ag¢idan maliyetlerin azalmasi
yatirrmlar1 hizlandiracak potansiyele sahip iken LEUY igerigi degistirilerek santral kurulumlarimi
desteklemistir (EPDK, 2023a). 2015-2022 yillar1 arasinda lisanssiz elektrik {iretiminin kaynaklara gore
dagilim1 Tablo 2’de verilmistir.

Tablo 2. Lisanssiz Elektrik Uretiminin Kaynaklara Gore Dagilimi (EPDK, 2023a)

Toplam Uretim

Yil Giines Dogalgaz  Biyokiitle Ruzgar Hidrolik Miktar1 (GWh)

2015 185,00 - 37,09 0,39 0,2014 222,69
Kaynak Dagilim (%) 83,07 - 16,66 0,18 0,09

2016 1.031 - 92,13 8,27 6,12 1.137,87
Kaynak Dagilim (%) 90,64 8,1 0,76 0,54

2017 2.836,55 0,11 138,66 36,80 19,43 3.031,56
Kaynak Dagilim (%) 93,57 0,01 4,57 1,21 0,64

2018 7.860,58 - 205,90 111,54 34,75 8.212,77
Kaynak Dagilim (%) 95,71 - 2,51 1,36 0,42

2019 9.425,97 - 255,49 113,56 34,44 9.829,45
Kaynak Dagilim (%) 95,90 - 2,6 1,16 0,34

2020 10.825,50 - 273,45 119,47 27,07 11.245,48
Kaynak Dagilim (%) 96,27 - 2,43 1,06 0,24

2021 11.741,52 44,28 147,30 244,88 38,89 12.216,87
Kaynak Dagilim (%) 96,11 0,36 2 1,21 0,32

2022 12.362,12 23,5 131,94 149,55 71,37 12.738,48
Kaynak Dagilim (%) 97,05 0,18 1,04 1,17 0,56

Proceedings Book 68



ll. International Energy Days September 27, 2023

LEU kapsaminda devreye alian santrallerden 2015 y1li sonunda 222,69 GWh elektrik iiretimi gerceklesmistir.
Elektrik {iretim miktar1 2015 yilina gore 57,20 kat artis gostererek, 2022 yilinda 12.738,48 GWh degerine
ulagsmistir (EPDK, 2023a). Tablo 2’deki verilere gore; 2015 yil1 sonunda toplam iiretimin %83,07°1lik kismim
GES’ler olustururken 2022 yili sonu toplam iiretimin %97,05°1ik kismi1 GES’ler ile gerceklestirilmistir.

2.2.Cat1 ve Cephe Giines Enerjisi Santral Basvurular:

Tirkiye genelinde faaliyet gosteren yirmi bir adet EDAS bulunmaktadir. EDAS’lar ve hizmet verdigi iller
Tablo 3’te verilmistir (TEDAS, 2023).

Tiirkiye geneli EDAS’larin toplam abone sayist bir dnceki yila gore %2,65 artarak 2022 yili sonunda
48.563.459 degerine ulagsmistir. Marmara Bolgesi toplam abone sayisinin %31,51’ine sahiptir. Tiirkiye’de
2022 yilinda toplam elektrik tiikketimi 253,62 TWh olarak hesaplanmistir. Marmara Bolgesinin tiiketim miktart
90,41 TWh’dir. Marmara Bdlgesi Tirkiye'nin toplam elektrik tiiketiminin %35,65’ini olusturmaktadir
(ELDER, 2023).

Tablo 3. Elektrik Dagitim Sirketleri ve Hizmet Sagladigi iller (TEDAS, 2023)

Efgg::: Sirketleri Hizmet Verilen iller

ARAS EDAS Agri1, Ardahan, Bayburt, Erzincan, Erzurum, Igdir, Kars
AKDENIZ EDAS Antalya, Burdur, Isparta

AKEDAS Adiyaman, Kahramanmarag

AYDEM EDAS Aydin, Denizli, Mugla

AYEDAS Istanbul Anadolu Yakasi

BASKENT EDAS Ankara, Bartin, Cankir1, Karabiik, Kastamonu, Kirikkale, Zonguldak
BEDAS Istanbul Avrupa Yakasi

CAMLIBEL EDAS Sivas, Tokat, Yozgat

CORUH EDAS Artvin, Giresun, Giimiishane, Rize, Trabzon

DICLE EDAS Batman, Diyarbakir, Mardin, Siirt, Sanlurfa, Sirnak
FIRAT EDAS Bingdl, Elazig, Malatya, Tunceli

GEDIZ EDAS Izmir, Manisa

KCETAS Kayseri

MERAM EDAS Aksaray, Karaman, Kirsehir, Konya, Nevsehir, Nigde
SAKARYA EDAS Bolu, Diizce, Kocaeli, Sakarya

TRAKYA EDAS Edirne, Kirklareli, Tekirdag

TOROSLAR EDAS Adana, Gaziantep, Hatay, Kilis, Mersin, Osmaniye
OSMANGAZI EDAS  Afyonkarahisar, Bilecik, Eskisehir, Kiitahya, Usak
ULUDAG EDAS Balikesir, Bursa, Canakkale, Yalova

VANGOLU EDAS Bitlis, Hakkari, Mus, Van

YESILIRMAK EDAS  Amasya, Corum, Samsun, Sinop, Ordu

EDAS’larin 2022 yilinda dagitim seviyesinden bagl tiiketicilere yapilan tahakkuk miktarlarinda; dagitim
192,62 TWh, iletim ile 61,00 TWh olarak l¢timlenmistir. Toplam iletim ve dagitim miktarinin tiiketici tiliriine
gore dagiliminda 108,37 TWh (%42,73) tiikketim ile en biiylik pay1 sanayi sektdrii olusturmaktadir. Kamu ve
6zel hizmetler sektdri 64,55 TWh (%25,45) tiiketim, mesken kullanimlarinda 61,87 TWh (%24,39), tarimsal
faaliyetlerde 13,33 TWh (%3,72) ve aydinlatmada 5,50 TWh (%2,17)’lik tiiketim gergeklesmistir (ETKB,
2023a).

Elektrik tiiketim miktarlarinin en fazla oldugu yer sanayidir. Elektrik tiiketiminin sanayiden sonraki en yiiksek
payi sirastyla; kamu, 6zel hizmetler sektorii ve meskenler olusturmaktadir (ETKB, 2023a). Geleneksel elektrik
iiretim teknolojileri disinda, binalarin enerji tiiketimini karsilamada cat1 ve cephe uygulamalar1 énemli bir
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potansiyele sahiptir. Cati iistii ve cephede kurulan GES’ler, ayni tiiketim noktasinda iiretim yaparak kayiplari
azaltirken, sebeke yliklemesinin 6niine gegmektedir.

25 kW ve alt1 cat1 ve cephe GES uygulamalarinda proje bagvuru siiregleri EPDK tarafindan belirlenmistir. 25
kW’a kadar cat1 ve cephe GES’ler icin proje basvuru siireci Sekil 6’da verilmistir.
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Sekil 6. 25 kW’a kadar cat1 ve cephe giines enerji santralleri i¢in proje bagvuru siireci

Basvuru siirecinde ilk asama sebeke isletmesine bagvuru yapilmasi asamasidir. Tiiketim degeri 25 kW iist
sinirina kadar olan ve 6z tiiketim modelinden yararlanmak igin baglanti bagvurusu yapacak kisiler ilk olarak
ilgili EDAS’a bagvurmalidir.

LEUY on birinci maddesinin birinci bendinde 25kW’a kadar ¢at1 ve cephe GES uygulamalari i¢in basvuruda
bulunulabilecegi belirtilmektedir. EPDK, 25 kW’a kadar ¢at1 ve cephe GES bagvurulari i¢in usul ve esaslarini
belirlemistir. Usul ve esaslar igerisinde gerekli bilgi ve belgelerin listesi (EK-1) verilmistir (EPDK, 2023b).
Bagvuru icin gerekli evrak listesi sOyledir:

1.
2.

© N o o

Lisanssiz tiretim baglanti bagvuru formu (EK-4),
Gergek kisiler icin; asliyla birlikte niifus ciizdan fotokopisi,

Tiizel kisiler igin; tiizel kisiyi temsil ve ilzama yetkili sahis veya sahislarin yetki belgelerinin asli ya da
noter onayl1 sureti ya da asli ile sunulacak fotokopisi,

Uretim tesisinin kurulacagi alana ait tapu kayds, kira sdzlesmesi veya kullanim hakkini gdsterir belge.
Apartman veya siteler i¢in iiretim tesislerinin bagvurusu i¢in karar defterinde bagvuru sahibine iligkin
giines enerji tesisi kurabilecegine dair noter onayli sureti,

Tuketim tesisinin tekil kodu,
Yapi ruhsati veya insaat ruhsati yerine gecen belge,
Faaliyet yasagina iligkin beyan (EK-2),

Yazilt ve CD sunumu seklinde teknik degerlendirme formlar1 (TDF). Kurulacak tesis i¢in uygunluk
belgeleri, gerekge raporu, vaziyet plani, tek hat semasi, kisa devre hesaplamalari, topraklama projeleri ve
proje statik raporu, cografi bilgi sistemi (CBS) uygunlugu, (Baglant1 goriisiinden kabul siirecine kadar
hazirlanmasi gereklidir),
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Proje bagvurularinda evraklar uygun hazirlandigi durumda baglanti goriisii verilerek iiretim tesisi i¢in ¢agri
mektubu olusturulmaktadir. Bagvuru esnasinda dikkat edilecek hususlardan ilki tiiketim ile tretim tesisleri
ayni noktadan baglanmasi zorunlulugudur. Farkli baglant1 noktalari i¢in yapilan bagvurular degerlendirmeye
alinmamaktadir. Uretim tesisi icin belirlenen kurulu giig, tiiketim tesisinin baglant1 anlasmasinda belirtilen
sozlesme giiciinden fazla olmamalidir. Sézlesme giiciinii astig1 durumda proje reddedilir. Uretim tesisi ile
tilketim tesisinde tiiketim birlestirme yapilamamaktadir. Her tiiketim tesisi igin tek basvuru yapilmasi
gereklidir. Farkli bir lisanssiz tiretim tesisi ile iliskilendirilen tiiketim aboneligi ile tekrardan bagvuru yapilamaz
(EPDK, 2023b).

EDAS’lara yapilan bagvurularda eksik evrak beyani oldugu durumda projeler degerlendirmeye alinmadan ret
verilir. EDAS’lara ait transformatore baglanmasi durumunda transformatdr giiciiniin %50’sine kadar bagvuru
yapilabilecegi belirtilmistir. Transformatdriin bagvuru sahibine ait olmast durumunda azami 25 kW’a kadar
bagvuruda bulunabilir. Ayn1 dagitim transformatdriine birden ¢ok bagvuru yapilmasi durumunda ise son 1 yil
icerisindeki tiiketim miktarlar1 degerlendirilerek tiikketimi fazla olan abonenin basvurusu kabul edilir. 1 yillik
kullanim1 olmayan aboneler i¢in mevcut aylik tiiketimin ortalamasi belirlenerek yillik tiiketim degeri
hesaplanir. insa halindeki tesisler icin yapilan basvurularda 1 aylik tiiketimi bulunmadigindan tiiketim
degerlendirmesi  yapilamamaktadir. Bagvuru esnasindaki sozlesme giici ve tiketim miktar
belirlenmediginden aym1 abone grubundaki benzer aboneliklerin tiiketim miktarina gore belirlenmektedir.
Abone tiiketim durumuna gore ayni kriterleri saglayan bagvurular iginde basvuru tarihi esas alinarak kabul
edilmektedir (EPDK, 2023b).

Proje bagvuru evraklarinin degerlendirme sonuglari, bagvuru tarihini takip eden ayin 20. giinii agiklanmaktadir.
Proje bagvurulart uygun goriilen abonelere olumlu baglanti goriisii olusturularak ¢agri mektubu
hazirlanmaktadir. Cagr1 mektubu istege baglh olarak kargo ile ya da miisteriye elden teslim edilebilmektedir.
Bagvurularin degerlendirme sonuglar1 bagli bulunan sebeke isletmecisinin internet adresi iizerinden paylasilir.
Basvuru degerlendirme sonuglar1 uygunsuz bulunan proje basvuru sahiplerine internet adresi Uzerinde
paylasilmasinin yaninda yazili bildirim yapilir. Basvuru siireci olumlu sonuclanan ve cagri mektubu
diizenlenen yatirimcilara projelerin onaylatilmasi ve sebeke isletmecisine sunulmasi, iiretim tesisinin
kurulumu i¢in 90 giin siire taninmaktadir. 90 giin igerisinde proje onay1 ve siireci tamamlanamayan projeler
icin talep edilmesi durumunda 90 glin ilave sire verilebilmektedir.

Proje onayina iliskin belge ve onayl projenin sunulmamasi halinde ¢agr1 mektubu gecersiz sayilmaktadir. 90
veya 180 giin verilen siire icerisinde elektrik tek hat semasi ve statik proje onaylar1 sebeke isletmecisine
sunulur ve 15 giin igerisinde baglanti1 anlagmas1 imzalanir. Baglant1 anlagmasi imzalandiktan sonra en gec 1
yil igerisinde projenin tamamlanmasi gereklidir. 1 yil igerisinde tamamlanmadigi durumda baglanti anlagmast
hiikiimsiiz olmaktadir. 1 yil igerisinde tamamlanan projelerin kabulii igin sebeke isletmecisine gegici kabul
icin bagvuruda bulunulmasi gereklidir. Devreye alma islemini ilgili EDAS tarafindan gergeklestirilmektedir.
Uretim tesisi devreye alindiktan sonra ii¢ giin igerisinde sebeke isletmecisi ile sistem kullanim anlagmasi
imzalanir.

Sistem kullanim anlagmasi imzalanan projelerde ihtiyag fazlasi enerji ¢ift yonlii sayag ile sebekeye aktarilir.
Uretim ve tiiketim miktar ¢ift yonlii sayag ile belirlenir. Uretim miktarimin fazla olmast durumunda YEKDEM
kapsaminda yapilan anlagmaya gore aylik olarak mahsuplasma gergeklestirilir.

Baglanti anlagsmasindaki sézlesme giicii 3 kW’a kadar olan projeler igin yapilan basvurularda sebeke
isletmecisi dogrudan baglant1 goriisii olusturup ¢agrt mektubu diizenleyebilmektedir (EPDK, 2023b).

“25 kW’a Kadar Giines Enerjisine Dayali Elektrik Uretim Tesisleri igin Usul ve Esaslar “Ek-1’de siralanan
bilgi ve belgeler listesi esas alinarak, EDAS’lar tarafindan, bagvuru yapanlara belirtilen ret gerekceleri
incelenmis (AYEDAS, 2023; BEDAS, 2023; SEDAS, 2023; TREDAS, 2023; UEDAS, 2023) ve listelenmistir.
Bu gerekgeler ve ret gerekgelerinin agiklamalar1 Tablo 4’te verilmistir.
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Tablo 4. EDAS bagvurulari ret gerekgeleri ve agiklamalar

Ret gerekceleri

Aciklama

Tekil Kod / Abone Grubu Bilgisi
Hatali

EDAS’lar tarafindan tiiketim noktasi i¢in belirtilen ve Piyasa
Yonetim Sistemi’ne kayit igin kullanilan kayit koduna tekil kod
denilmektedir. Bagvurulan projelerde tekil kod yazilmayip eksik
oldugu goriilmiistiir. Abone grubu bilgisi, elektrik aboneligi
esnasinda kullanim sekli ve amacina gore farkli fiyatlardan
faturalandirilmasi icin yapilan gruplandirmay: ifade etmektedir.
25 kW c¢at1 cephe uygulamalarinda alcak gerilim (AG) olmasi
gereken abone grubu bilgisi yanlis girildigi gortiilmistiir.

EK-1

25 kW’a Kadar Giines Enerjisine Dayali Elektrik Uretim Tesisleri
icin Usul ve Esaslar’da bulunan Ek-1’dir. 25 kW azami kurulu
giice sahip cat1 ve cephe uygulamalarinda bagvuru i¢in gerekli
evraklarin belirtildigi listedir.

EK-2

25 kW’a Kadar Giines Enerjisine Dayali Elektrik Uretim Tesisleri
icin Usul ve Esaslar’da bulunan Ek-2’dir. Faaliyet Yasagina
Iliskin Beyani ifade etmektedir.

EK-4

25 kW’a Kadar Giines Enerjisine Dayal1 Elektrik Uretim Tesisleri
icin Usul ve Esaslar’da bulunan Ek-4’tiir. Lisanssiz Uretim
Baglanti Bagvuru Formu ifade etmektedir.

Tapu / Muvafakatname

Proje bagvurucusu tapu sahibi ise tapu ile beraberinde noter onaylt
sureti talep edilmektedir. Belirtilen tapunun formatinin uygun
olmadig1, belirtilen tapunun kurulacak Uretim tesisi adresinden
farkli oldugu goriilen projeler igin belirtilmistir. Uretim tesisi
kurulacak bolge igin tapunun hisseli olmasi durumunda diger
hissedarlardan muvafakatname alinmasi gereklidir. Kiract
tarafindan  yapilan basvurularda da milk sahibinden
muvafakatname alinmasi gereklidir. Parsel bilgileri uyumsuz olan
bagvurular bu kisimda belirtilmistir.

2 Yilik Kira Sozlesmesi, Kira
Kontrati, Kullamim Hakkini Gosterir
Belge

Proje bagvurusunu kiract ya da tapu sahibinin farkli olmasi
durumunda 2 yillik kira sézlesmesi, kira kontrati ya da kullanim
hakkin1 gosterir belgenin bagvuru evraklari igerisinde yer almadigt
gorilmistiir.

Siteler, apartmanlar igin  karar
defterindeki kararin noter onayli sureti

Toplu mesken alanlarinda yapilacak bagvurularda karar
defterindeki kararm noter onayli sureti bagvuru dosyalarn
icerisinde yer almasi gereklidir.

September 27t, 2023

Gergek  kisiler iin yapilan Kimlik suretinin asliyla birlikte sunulmasi gereklidir.

bagvurularda

Tiizel kisiler tarafindan  yapilan Yetki belgesi ash veya noter onayli suretleri veya asliyla birlikte
sunulacak fotokopilerinin basvuru dosyasinda yer almasi

bagvurularda g
gereklidir.

Basvum N Vr_aklarl igin imza beyan Basvuru dosyasinda hazir vaziyette olmasi gereklidir

veya sirkileri
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Tiizel kisilerin basvurularinda
vekaletname veya vekil kisi imza
beyani veya sirketin imza beyani
sirkleri

Evrak beyani esnasinda imza sirkiilerinin olmadigi gorilmistiir.
Bagvuru dosyasinda eksiksiz yer almasi gereklidir.

Abonelik oldugunu gosterir belge,
ruhsat durumlari ve abonelik asamalari

Abonelik oldugunu gosterir belgenin eksik olmasi, ruhsat
cikarilmadan yapilan basvurulari, proje basvurularinda abonelik
bilgilerinin bagvuru dosyasinda yer almadig1 goriilmiistiir.

Tesisin kurulmas1 planlanan adres ile
projede yer alan adres farkli (Tesisat
sahibi farklr)

Adreslerin farkli olmasindan kaynakli iptal edilen projeleri ifade
etmektedir. Ayrica tesisat sahibi farkli goéziikken proje
degerlendirme sonuglari da bu kisma dahil edilmistir.

Kurulmast planlanan {iretim tesisi
kurulu giicii sézlesme giiciinden fazla
olan basvurular

25 kW c¢at1 ve cephe uygulama usul ve esaslarinda planlanan
tiretim tesisi kurulu giicii sdzlesme giiclinden fazla olamayacagi
usul ve esaslarda belirtilmektedir.

Baglant1 anlagmasi siiresi doldu

Bagvurular1 olumlu sonuglanan projelerin 90 ve 180 giine uzatilan
baglanti anlasmasi siiresinin dolmasindan kaynakli projeleri
belirtmektedir.

Tiiketim birlestirme

Bagvuru usul ve esaslarinda tiiketim birlestirme yapilamayacagi
belirtilmistir.

Bir tuketim tesisi icin birden fazla
bagvuru yapildig1 goriilmiistiir

Ayni projede birden fazla bagvuru yapilamaz.

Proje reddedilme / eksik (hatalr) evrak
ve talep kaynakli proje iptali

Projenin gerekgesi belirtilmeden reddedilen projeleri ve talep
kaynakli projelerin iptal edilmesini ifade etmektedir.

Sozlesme giici ve bagvuru tiiri

belirtilmemistir

Bagvurularda s6zlesme giicii ve bagvuru tiirii belirtilmedigini ifade
etmektedir.

EIGM TDF formlarimnin yazili ve CD
sunumunda eksik bilgiler

Proje bagvurusunda CD sunumunda tesis adi farkli belirtilmis.

Tek hat semasinin sunulmamast

Bagvurusu yapilan projede tek hat semast
belirtmektedir.

sunulmadigint

Usul ve Esaslar 6. Madde 1. Fikra

Proje basvurularinda eksik evraklardan kaynakli olumsuz
sonuglarin, giines enerji destekli 25 kW ¢at1 ve cephe uygulama
esaslarmin basvuru usul ve esaslarinda belirtilen altinc1 madde
birinci fikrasi geregince reddedildigi belirtilmistir.

September 27t, 2023

3.Marmara Bolgesindeki Cat1 ve Cephe Giines Enerjisi Santrali Proje Basvurular

Marmara Bolgesinde bes EDAS bolgenin elektrik ihtiyacim karsilamaktadir. Marmara Bolgesinde Istanbul
Anadolu Yakasi Elektrik Dagitim Sirketi (AYEDAS), Bogazi¢i Elektrik Dagitim Sirketi (BEDAS), Sakarya
Elektrik Dagitim Sirketi (SEDAS), Trakya Elektrik Dagitim Sirketi (TREDAS) ve Uludag Elektrik Dagitim
Sirketi (UEDAS) firmalari faaliyet gostermektedir (AYEDAS, 2023; BEDAS, 2023; SEDAS, 2023; TREDAS,
2023; UEDAS, 2023).

Marmara Bolgesinde EDAS’lara yapilan basvuru sayilar1 Tablo 5°te verilmistir.
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Tablo 5. Marmara Bolgesinde EDAS’lara yapilan bagvuru sayilar1 (AYEDAS, 2023; BEDAS, 2023;
SEDAS, 2023; TREDAS, 2023; UEDAS, 2023).

Yapilan Bagvuru Sayisi Toplam
Yil AYEDAS BEDAS SEDAS TREDAS UEDAS Basvuru
Sayisi
Kabul 5 38 8 2 15 68
2018 Ret 8 1 4 2 18 33
Kabul 11 35 - 3 31 80
2019 Ret 7 6 - 1 16 30
2020 Kabul 19 82 50 2 28 181
Ret 21 3 21 1 49 95
2021 Kabul 14 100 31 42 77 264
Ret 26 6 20 41 33 126
2022 Kabul 53 164 211 14 209 651
Ret 56 25 44 18 56 199
2018-2022  Toplam 220 460 389 126 532 1727

Marmara Bolgesinde, 2018 yilinda toplam 101 adet proje bagvurusu yapilmistir. Yapilan basvurularin
%67,33’1 kabul, %32,67’si reddedilmistir. 2019 yilinda toplam 110 proje bagvurusu yapilmistir. 2019 yilinda
SEDAS’a yapilan basvurulara internet tizerinden erigsim saglanamamistir (SEDAS, 2023). SEDAS haricindeki
bagvurularin %72,73’1 kabul, %27,27’si reddedilmistir. 2020 yilinda toplam 276 proje bagvurusu yapilmustir.
Proje bagvurularmin %65,58’1 kabul, %34,42’si reddedilmistir. 2021 yilinda toplam 390 proje bagvurusu
yapilmigtir. 2021 yilinda gergeklesen bagvurularin %67,69°u kabul, %32,31°1 reddedilmistir. 2022 yilinda
toplam 850 bagvuru yapilmistir. 2022 yilinda gerceklesen basvurularm %76,59’u kabul, %23,41°1
reddedilmistir. Marmara Bolgesinde 2018-2022 yillar1 arasinda toplam 1727 proje basvurusu yapilmistir.
Gergeklesen bagvurularin %72,03’i kabul, %27,97’si reddedilmistir (AYEDAS, 2023; BEDAS, 2023;
SEDAS, 2023; TREDAS, 2023; UEDAS, 2023).

Tablo 5°te verilen ret gerekgeleri incelendiginde, reddedilen baz1 projelerde bir gerekce belirtildigi, bazi
projelerde ise birden ¢ok gerekgenin ilgili EDAS tarafinda belirtildigi goriilmiistiir. Proje degerlendirmesinde
yer alan gerekceler ayr1 ayri hata gibi kabul edilmis ve degerlendirilmistir.

AYEDASa yapilan bagvurularin ret gerekceleri ile ilgili detaylar Tablo 6’da verilmistir (AYEDAS, 2023).

Proceedings Book 74



ll. International Energy Days September 27, 2023

Tablo 6. AYEDAS firmasina yapilan proje bagvurularin ret gerekgeleri

Ret Yzdelik
AYEDAS Firmasi Ret Gerekgeleri Gerekcelerinin -~ Hata
Sayisi (%)
Tekil Kod / abone grubu bilgisi hatali - -
EK-1 1 0,85
EK-2 4 3,39
EK-4 2 1,70
Tapu / muvafakatname 6 5,09
i }Illlhk kira s6zlesmesi, kira kontrati, kullanim hakkini gosterir 3 254
elge '
Sitelc?r, apartmanlar i¢in karar defterindeki kararin noter onayl 5 170
sureti '
Bagvuru sahibi gergek kisi ise kimlik sureti asliyla birlikte
sunulmali i i
Sirketler tarafindan yapilan bagvurularda, yetki belgesi ashi veya 3 254
onayli suretleri veya asliyla birlikte sunulacak fotokopileri '
Bagvuru evraklari i¢in imza beyani / sirkiisii - -
Vekaletname / Vekil kisi / Sirketin Imza Beyam / sirkiisii 3 2,54
Abonelik oldugunu gosterir belge, ruhsat durumlari, abonelik 1 085
asamalari '
Tesisin kurulmasi planlanan adres ile projede yer alan adres farkli 5 424
(tesisat sahibi farkli) '
Kurulmasi planlanan iiretim tesisi kurulu giicii s6zlesme giiciinden 17 1441

fazla olan bagvurular
Baglant1 anlagmas: siiresi doldu 69 58,48
Proje reddedilme / eksik (hatal1) evrak ve talep kaynakli proje iptali 5,09
Tiiketim birlestirme yapilamaz 0,85
Bir tiiketim tesisi i¢in birden fazla bagvuru yapildig goériilmiistiir - -
Sozlesme giicii ve bagvuru tiirii belirtilmemistir - -

[op}

[y

EIGM TDF formlarmin yazili ve CD sunumunda tesis ad1 farkli
belirtilmis. Bagvuru gii¢, abone tiirii bilgileri eksik

Tek Hat semas1 sunulmamis - -
Usul ve Esaslar 6. Madde 1. Fikra 6 5,09

AYEDAS’a, 2018 yilinda toplam 13 adet bagvuru yapilmistir. 2018 yilinda yapilan bagvurularin % 38,46°s1
kabul edilmistir. Gergeklestirilen bagvurularm %61,53’0 reddedilmistir. 2019 yilinda toplam 18 adet bagvuru
yapilmistir. 2019 yilinda yapilan bagvurularin % 61,11°1 kabul, %38,89’u reddedilmistir. 2020 yilinda toplam
40 adet bagvuru yapilmistir. 2020 yilinda yapilan bagvurulari % 47,51 kabul, %52,5’1 reddedilmistir. 2021
yilinda toplam 40 adet basvuru yapilmistir. 2021 yilinda yapilan basvurularm % 35°i kabul, %651
reddedilmistir. 2022 yilinda toplam 109 adet bagvuru yapilmistir. 2022 yilinda yapilan bagvurularin % 48,63’
kabul, %51,37’si reddedilmistir. 2018-2022 yillar1 arasinda toplam 220 proje bagvurusunun %46,36’s1 kabul,
%53,63’1 ise reddedilmistir (AYEDAS, 2023).

Tablo 6°da verilen proje ret gerekgelerine gore; en fazla ret gerekcesinin baglanti anlagmasinin siiresinin
dolmasi nedeniyle oldugu goriilmiistiir. Proje bagvurularinda baglanti anlagsmasinin siiresi dolan toplam 69
proje iptal edilmistir. Baglanti anlagsmasinin siiresinin dolmasi toplam hata miktarinin %58,48’ini
olusturmustur. Proje basvuru sonuglarinda belirlenen bir diger ret gerekgesi ise kurulmasi planlanan {iretim
tesisi kurulu giicliniin s6zlesme giiciinden fazla olmasidir. Hata miktarinin %14,407’sini olusturan bu sorun 17
projenin reddedilmesine sebep olmustur (AYEDAS, 2023).
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BEDAS’a yapilan bagvurularin ret gerekgeleri ile ilgili detaylar Tablo 7°de verilmistir (BEDAS, 2023).

Tablo 7. BEDAS firmasina yapilan proje basvurularin ret gerekgeleri

BEDAS Firmast N L
Ret Gerekceleri Gerekgelerinin Hata
Sayis1 (%)

Tekil Kod / abone grubu bilgisi hatali - -
EK-1 - -
EK-2 - -
EK-4 - -
Tapu / muvafakatname 6 14,634
2 yillik kira s6zlesmesi, kira kontrati, kullanim hakkini gosterir belge 6 14,634
Siteler, apartmanlar i¢in karar defterindeki kararin noter onayli sureti 2 4,878
Basvuru sahibi gercek kisi ise kimlik sureti asliyla birlikte sunulmali - -
Sirketler tarafindan yapilan bagvurularda, yetki belgesi asli veya onayli
suretleri veya asliyla birlikte sunulacak fotokopileri i i
Basvuru evraklari i¢in imza beyani / sirkiisii - -
Vekaletname / Vekil kisi / Sirketin Imza Beyani / sirkiisii 6 14,634
Abonelik oldugunu gosterir belge, ruhsat durumlari, abonelik asamalari 6 14,634
Tesisin kurulmasi planlanan adres ile projede yer alan adres farkli (tesisat

o 3 7,317
sahibi farkli)
Kurulmas: planlanan {iretim tesisi kurulu giicii s6zlesme giiciinden fazla

16 39,024

olan bagvurular
Baglant1 anlagmasi siiresi doldu - -
Proje reddedilme / eksik (hatali) evrak ve talep kaynakli proje iptali 1 2,439
Tiiketim birlestirme yapilamaz 1 2,439
Bir tiiketim tesisi i¢in birden fazla bagvuru yapildigi goriilmiistiir - -
Sozlesme giicii ve bagvuru tiirli belirtilmemisgtir - -
EIGM TDF formlarmnin yazili ve CD sunumunda tesis ad1 farkli belirtilmis.
Basvuru gii¢, abone tiirii bilgileri eksik ) )
Tek Hat semast sunulmamig - -
Usul ve Esaslar 6. Madde 1. Fikra 6 14,634

BEDAS’a, 2018 yilinda toplam 39 adet bagvuru yapilmistir. 2018 yilinda yapilan bagvurularm % 97,44’i
kabul, %2,56’i reddedilmistir. 2019 yilinda toplam 41 adet bagvuru yapilmistir. 2019 yilinda yapilan
bagvurularin % 85,37’si kabul, %14,63’{i reddedilmistir. 2020 y1linda toplam 85 adet basvuru yapilmistir. 2020
yilinda yapilan bagvurularm % 96,42’si kabul, %3,53’li reddedilmistir. 2021 yilinda toplam 106 adet bagvuru
yapilmistir. 2021 yilinda yapilan bagvurularin % 94,34°1 kabul, %5,66’s1 reddedilmistir. 2022 yilinda toplam
189 adet bagvuru yapilmistir. 2022 yilinda yapilan bagvurularin % 86,77’si kabul, %13,23’{ reddedilmistir.
BEDAS’a 2018-2022 yillar1 arasinda yapilan toplam 460 proje basvurusunun %91,09’u kabul, %8,91°1 ise
reddedilmistir. (BEDAS, 2023).

Tablo 7’de verilen ret gerekgeleri incelendiginde; en yiiksek ret gerekgesi, kurulmasi planlanan iiretim tesisi
kurulu giicii sézlesme giicii iizerinde olmamasi gereklidir. Bagvurularda iiretim tesisi kurulu giicii iizerinde
basvuru yapilmasindan kaynaklanmustir. {lgili uygunsuzluk %39,02 oran ile 16 projenin reddedilmesine sebep
olmustur. Diger hatalarda ayn1 oranda %14,634 ile tapu/muvafakatname, vekaletname, imza beyani sirkiisii
abonelik oldugunu gosterir belge ve ruhsat durumlari olusturmustur (BEDAS, 2023).
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SEDAS’a yapilan bagvurularin ret gerekgeleri ile ilgili detaylar Tablo 8’de verilmistir (SEDAS, 2023)

Tablo 8. SEDAS firmasina yapilan proje bagvurularinin ret gerekgeleri

SEDAS Firmas I ool
Ret Gerekgeleri Gerekgelerinin ~ Hata
Sayis1 (%)
Tekil Kod / abone grubu bilgisi hatali 15 16,854
EK-1 - -
EK-2 31 34,831
EK-4 28 31,46
Tapu / muvafakatname 36 40,45
ﬁe};;élk kira sozlesmesi, kira kontrati, kullanim hakkini gosterir 29 24,72
?l:flet?r, apartmanlar icin karar defterindeki kararin noter onayl 23 25843
Bagvuru sahibi gercek kisi ise kimlik sureti asliyla birlikte
2 2,247
sunulmali
Sirketler tarafindan yapilan bagvurularda, yetki belgesi ash veya
. L o 34 38,202
onayl suretleri veya asliyla birlikte sunulacak fotokopileri
Bagvuru evraklari i¢in imza beyani / sirkiisii 7 7,865
Vekaletname / Vekil kisi / Sirketin Imza Beyam / sirkiisii 5 5,62
Abonelik oldugunu gosterir belge, ruhsat durumlari, abonelik 3 337
asamalari '
Tesisin kurulmasi planlanan adres ile projede yer alan adres farkli 3 337
(tesisat sahibi farklr) '
Kurulmasi planlanan iiretim tesisi kurulu giicii sézlesme giiciinden 29 24719
fazla olan bagvurular '
Baglanti anlasmast siiresi doldu 3 3,37
Proje reddedilme / eksik (hatali) evrak ve talep kaynakl proje iptali - -
Tiiketim birlestirme yapilamaz - -
Bir tiiketim tesisi i¢in birden fazla bagvuru yapildig1 goriilmiistiir 2 2,247
Sozlesme giicii ve bagvuru tiirii belirtilmemistir - -
EIGM TDF formlarmin yazili ve CD sunumunda tesis ad1 farklt
belirtilmis. Bagvuru gii¢, abone tiirii bilgileri eksik i i
Tek Hat semasi sunulmamig - -
Usul ve Esaslar 6. Madde 1. Fikra 1 1,123

SEDAS’a, 2018 yilinda toplam 13 adet bagvuru yapilmigtir. 2018 yilinda yapilan basvurularin % 66,67’si
kabul, %33,33’1i ise reddedilmistir. 2019 yilinda SEDAS’a yapilan bagvurulara internet sitesi lizerinde erisim
saglanamamaktadir. 2020 yilinda toplam 71 adet bagvuru yapilmistir. 2020 yilinda yapilan bagvurularm %
70,42’si kabul, %29,58’1 ise reddedilmistir. 2021 yilinda toplam 51 adet bagvuru yapilmistir. 2021 yilinda
yapilan bagvurularin % 60,78’i kabul, %39,22’si ise reddedilmistir. 2022 yilinda toplam 255 adet bagvuru
yapilmustir. 2022 yilinda yapilan bagvurularin % 82,75’1 kabul, %17,25°1 ise reddedilmistir. SEDAS’a 2018-
2022 yillar1 arasinda yapilan toplam 389 proje bagvurusunun %77,12’si kabul, %22,88’si ise reddedilmistir
(SEDAS, 2023).

Tablo 8’de verilen bagvuru ve ret gerekgelerinde en yiiksek gerekge tapu/muvafakatname kaynaklidir. Tlgili
uygunsuzluk %40,45 oran ile 36 projenin reddedilmesine sebep olmustur. Bagvurularda en ¢ok yapilan bir
diger hata %38,20 ile sirketlerin yetki belgelerinde olan eksikliklerden kaynakli olmustur. Belirtilen hatadan
kaynakli 34 proje reddedilmistir (SEDAS, 2023).
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TREDAS’a yapilan bagvurularin ret gerekgeleri ile ilgili detaylar Tablo 9°da verilmistir (TREDAS, 2023).

Tablo 9. TREDAS firmasina yapilan proje bagvurularin ret gerekgeleri

TREDAS Firmas! A (= ol
Ret Gerekceleri Gerekgelerinin Hata
Sayis1 (%)

Tekil Kod / abone grubu bilgisi hatali 1 1,587
EK-1 1 1,587
EK-2 39 61,904
EK-4 4 6,349
Tapu / muvafakatname 9 14,285
2 yillik kira sozlesmesi, kira kontrati, kullanim hakkini gosterir belge 1 1,587
Siteler, apartmanlar i¢in karar defterindeki kararin noter onayli sureti - -
Basvuru sahibi gercek kisi ise kimlik sureti asliyla birlikte sunulmali - -
Sirketler tarafindan yapilan bagvurularda, yetki belgesi asli veya onayl
suretleri veya asliyla birlikte sunulacak fotokopileri i i
Basvuru evraklari i¢in imza beyani / sirkiisii -
Vekaletname / Vekil kisi / Sirketin Imza Beyani / sirkiisii 2 3,174
Abonelik oldugunu gosterir belge, ruhsat durumlari, abonelik agsamalari 3 4,762
Tesisin kurulmasi planlanan adres ile projede yer alan adres farkli (tesisat
sahibi farklr) i i
Kurulmasi planlanan iiretim tesisi kurulu giicli s6zlesme giiciinden fazla olan 5 7936
bagvurular '
Baglant1 anlagmas: siiresi doldu -
Proje reddedilme / eksik (hatali) evrak ve talep kaynakli proje iptali 2 3,174
Tiiketim birlestirme yapilamaz - -
Bir tiiketim tesisi i¢in birden fazla bagvuru yapildigi goriilmiistiir -
Sozlesme giicii ve bagvuru tiirii belirtilmemistir 1 1,587
EIGM TDF formlarmin yazili ve CD sunumunda tesis ad1 farkl1 belirtilmis. 5

.. oo 7,936
Bagvuru gii¢, abone tiirii bilgileri eksik
Tek Hat semasi sunulmamis 2 3,174

Usul ve Esaslar 6. Madde 1. Fikra - -

TREDAS’a 2018 yilinda toplam 4 adet bagvuru yapilmistir. 2018 yilinda yapilan bagvurularin %50’si kabul,
%50’si reddedilmistir. 2019 yilinda toplam 4 adet bagvuru yapilmistir. 2019 yilinda yapilan bagvurularin %
75’1 kabul, %25’ reddedilmistir. 2020 yilinda toplam 3 adet bagvuru yapilmistir. 2020 yilinda yapilan
bagvurularin % 66,67’si kabul, %33,33’1i ise reddedilmistir. 2021 yilinda toplam 51 adet bagvuru yapilmustir.
2021 yilinda yapilan bagvurular %50,60°1 kabul, %49,40’1 ise reddedilmistir. 2022 yilinda toplam 255 adet
bagvuru yapilmistir. 2022 yilinda yapilan basvurularin %43,75’1 kabul, %56,25’si ise reddedilmistir.
TREDAS firmasina 2018-2022 yillar arasinda yapilan toplam 126 proje bagvurusunun %50°si kabul, %50’si
ise reddedilmistir (TREDAS, 2023).

Tablo 9’te verilen, TREDAS ret gerekgeleri incelendiginde; en yiiksek ret gerekgesi, faaliyet yasagina iligkin
beyamn (EK-2) uygunsuzlugundan kaynaklanmustir. ilgili uygunsuzluk %61,90 oran ile 39 projenin
reddedilmesine sebep olmustur. Bagvurularda en ¢ok yapilan bir diger hata %14,28 ile tapu ve
muvafakatnamedeki eksikliklerden kaynaklidir. Belirtilen hatadan kaynakli %14,28 ile 9 proje reddedilmistir
(TREDAS, 2023).
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UEDAS’a yapilan basvurularin ret gerekgeleri ile ilgili detaylar Tablo 10°da verilmistir (UEDAS, 2023).

Tablo 10. UEDAS firmasina yapilan proje basvurularin ret gerekgeleri

UEDAS Firmas! AT ZC
Ret Gerekceleri Gerekgelerinin Hata
Say1s1 (%)

Tekil Kod / abone grubu bilgisi hatali 1 0,540
EK-1 1 0,540
EK-2 54 29,189
EK-4 41 22,162
Tapu / muvafakatname 43 23,243
2 yillik kira sozlesmesi, kira kontrati, kullanim hakkini gdsterir belge 36 19,459
Siteler, apartmanlar i¢in karar defterindeki kararin noter onayl sureti 4 2,162
Basvuru sahibi gercek kisi ise kimlik sureti asliyla birlikte sunulmali 8 4,324
Sirketler tarafindan yapilan basvurularda, yetki belgesi asli veya onayl 7 3783
suretleri veya asliyla birlikte sunulacak fotokopileri '
Basvuru evraklari i¢in imza beyani / sirkiisii 38 20,540
Vekaletname / Vekil kisi / Sirketin Imza Beyani / sirkiisii 51 27,567
Abonelik oldugunu gdsterir belge, ruhsat durumlari, abonelik agsamalari 21 11,351
Tesisin kurulmasi planlanan adres ile projede yer alan adres farkl: (tesisat

o 1 0,540
sahibi farkli)
Kurulmasi planlanan {iretim tesisi kurulu giicii s6zlesme giictinden fazla olan 3 1621
bagvurular '
Baglanti anlagmasi siiresi doldu -
Proje reddedilme / eksik (hatali) evrak ve talep kaynakli proje iptali 1 0,540

Tiiketim birlestirme yapilamaz - -
Sozlesme giicii ve bagvuru tiirii belirtilmemistir - -

EIGM TDF formlarmnin yazili ve CD sunumunda tesis ad1 farkl1 belirtilmis. - -
Bagvuru giig, abone tiirii bilgileri eksik

Tek Hat semast sunulmamig - -
Usul ve Esaslar 6. Madde 1. Fikra - -

UEDAS’a 2018 yilinda toplam 33 adet bagvuru yapilmistir. 2018 yilinda yapilan bagvurularin %45,45°1 kabul,
%55,55’1 reddedilmigtir. 2019 yilinda toplam 47 adet basvuru yapilmistir. 2019 yilinda yapilan bagvurularin
% 65,96’s1 kabul, %34,04°1 ise reddedilmistir. 2020 yilinda toplam 77 adet bagvuru yapilmistir. 2020 yilinda
yapilan bagvurularin % 36,36’s1 kabul, %63,64’ii ise reddedilmistir. 2021 yilinda toplam 110 adet bagvuru
yapilmistir. 2021 yilinda yapilan bagvurularin %701 kabul, %10’u ise reddedilmistir. 2022 yilinda toplam 265
adet bagvuru yapilmistir. 2022 yilinda yapilan basvurularm %78,87’si kabul, %21,13’1 ise reddedilmistir.
2018-2022 yillar1 arasinda toplam 532 proje bagvurusunun %65,22°si kabul, %34,77’si ise reddedilmistir
(UEDAS, 2023).

Tablo 10° da verilen, UEDAS tarafindan belirtilen ret gerekgeleri incelendiginde; en yiiksek ret gerekgesi,
faaliyet yasagina iliskin beyanin (EK-2) uygunsuzlugundan kaynaklanmustir. Tlgili uygunsuzluk %29,19 oran
ile 54 projenin reddedilmesine sebep olmustur. Bagvurularda en ¢ok yapilan bir diger uygunsuzluk ise;
vekaletname, vekil kisi, sirketin imza beyan1 veya sirkiisiinden kaynaklanan uygunsuzluktur. Bu uygunsuzluk
nedeniyle, 51 proje (%27,57) reddedilmistir (UEDAS, 2023).

Marmara Bolgesinin genelinde faaliyet yiiriiten tim EDAS’lara yapilan bagvurularin ret gerekgeleri ile ilgili
detaylar Tablo 11°de verilmistir (AYEDAS, 2023; BEDAS, 2023; SEDAS, 2023; TREDAS, 2023; UEDAS,
2023).
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Tablo 11. Marmara Bélgesinde LEU Kapsaminda Yapilan Basvurular ve Ret Gerekgeleri

Marmara Bolgesi EDAS’larinin Ret .. Yuzdelik
Ret Gerekceleri Gerekeelerinin Hata
Sayisi (%)
Tekil Kod / abone grubu bilgisi hatali 17 3,427
EK-1 3 0,605
EK-2 128 25,806
EK-4 75 15,121
Tapu / muvafakatname 100 20,161
2 yillik kira Sozlesmesi, kira kontrati, kullanim hakkini gosterir belge 68 13,710
Siteler, apartmanlar i¢in karar defterindeki kararin noter onayli sureti 31 6,25
Basvuru sahibi gercek kisi ise kimlik sureti asliyla birlikte sunulmali 10 2,016
Sirketler tarafindan yapilan basvurularda, yetki belgesi asli veya onayli suretleri 44 8871
veya asliyla birlikte sunulacak fotokopileri '
Bagvuru evraklari i¢in imza beyani / sirkiisii 45 9,072
Vekaletname / Vekil kisi / Sirketin Imza Beyam / sirkiisii 67 13,508
Abonelik oldugunu gosterir belge, ruhsat durumlari, abonelik asamalari 34 6,854
Tesisin kurulmasi planlanan adres ile projede yer alan adres farkli (tesisat sahibi 12 2420
farklr) '
Kurulmasi planlanan {iretim tesisi kurulu giicii s6zlesme giiciinden fazla olan
59 11,895

basvurular
Baglant1 anlagmasi siiresi doldu 72 14,516
Proje reddedilme / eksik (hatali) evrak ve talep kaynakli proje iptali 10 2,016
Tiiketim birlestirme yapilamaz 1 0,201
Bir tiiketim tesisi i¢in birden fazla bagvuru yapildigi goriilmiistiir 2 0,403
Sozlesme giicii ve bagvuru tiirli belirtilmemistir 1 0,201
EIGM TDF formlarmin yazili ve CD sunumunda tesis adi farkl1 belirtilmis. 5 1,008
Bagvuru gii¢, abone tiirii bilgileri eksik
Tek Hat semast sunulmamig 2 0,403
Usul ve Esaslar 6. Madde 1. Fikra 7 1,411

Marmara Bolgesinde EDAS’lara yapilan bagvurular degerlendirildiginde en yiiksek ret gerekcenin faaliyet
yasagina iliskin beyanin (EK-2) uygunsuzlugundan kaynaklandigi belirlenmistir. Faaliyet yasagina iligkin
beyanin eksik ve/veya hatali olmasindan kaynakli toplam 128 proje (%25,81) reddedilmistir. Bagvurularda
ikinci yiiksek ret gerekgesi, proje dosyasinda tapu/muvafakatnamenin eksik veya yer almamasindan
kaynaklanmistir. Tapu/muvafakatname hazirlanmasinda yapilan hatalardan kaynakli 100 proje (projelerin
%20,16’s1) nin reddedilmistir. EDAS’lara yapilan bagvurularda baglant1 goriisii alip siiresini dolduran 72 proje
oldugu goriilmistiir. Bagvurularin siirecini gegirmek uygunsuz bulundugundan ret kriterleri igerisinde
degerlendirilmistir (AYEDAS, 2023; BEDAS, 2023; SEDAS, 2023; TREDAS, 2023; UEDAS, 2023).

4.Sonug

Diinya genelinde sehirler, sera gazi emisyonlarinin %70°’lik boliimiine neden olmaktadir (UNFCC, 2022).
Sehirlerin sera gazi emisyonlarint azaltmak i¢in YEK’lere dayali iiretim tesislerinin kurulmasi gereklidir.
Diinya genelinde kullanimda olan binalar CO; emisyonunun %70’ini olusturmaktadir. Binalar enerji
tiiketiminin %40’ 1ndan sorumludur (Malhotra, 2022). Binalarda emisyon azaltimmi saglamak i¢in, binalarda
YEK kullanimi artirilmalidir. Neredeyse Sifir Enerjili Bina (NSEB) Yonetmeligi kapsaminda, 2023 yilina
kadar 5000 m?’den biiyiik olan tiim binalarin enerji tiikketiminin %5’i YEK’e dayali iiretim tesisinden
kargilanmasi zorunlu hale getirilmistir. Bu oran 2025 yilindan itibaren 2000 m?’den biiyiik yapilar igin enerji
titkketim ihtiyacinin %10’unu YEK’e dayali iiretim tesislerinden karsilamak seklinde uygulanacaktir (BEPY,
2022). Siirdiiriilebilir Kalkinma Hedefleri (SKH) yedinci maddesinde 2030 yilina kadar yenilenebilir enerji
yatirimlar1 artirarak enerji tiiketimindeki payini artirilmast gerekli oldugu belirtilmektedir. Enerji ihtiyacin
karsilamada enerji verimliligi ¢oziimleri ve YEK’ler destekleyici niteliktedir. Tiirkiye, 2030 yilma kadar
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emisyon artisindan %41 emisyon azaltimi hedeflemistir. Emisyon azaltim hedefinin saglayabilmesi igin
YEKler belirleyici kaynak niteligi tasindigindan YEK kapasitesinin artirilmasi 6nemlidir (UNFCC, 2023).

Meskenlerde kurulacak olan 25 kW’a kadar gat1 ve cephe tipi GES’ler ile LEU gergeklestirilebilmektedir. Cat1
ve cephe GES kurulumlart ile ilgili proje onay1 ve kabul islemleri EDAS’lar tarafindan gergeklestirilmektedir.
EDAS’lara yapilan bagvuru sayilar1 enerji tiikketim maliyetlerinin artmasi ile dogru orantili olarak artig
gostermistir. Proje basvuru sayisinin artmasi hatalari da beraberinde getirmektedir. Marmara Bolgesinde, 2018
yilinda proje bagvuru sayis1 101 iken %32,67’lik bir ret oran1 olusmustur. Yonetmeligin yeni ¢ikmasi, sebeke
isletmecisinin usul ve esaslara haiz olmasi i¢in belirli bir siire ge¢cmesi gereklidir. 2019 yilinda 110 proje
bagvurusunun %?27,27’si hatali goéziikmektedir. SEDAS’in internet adresi lzerindeki 2019 yili verileri
olmasina karsin verilerin indirilmeye ¢alisildigi esnada erisim saglanamamigtir. Marmara bdlgesinde 2019
yilinda SEDAS’1n verilerinin eksik olmasindan kaynakli hata oranlar1 eksik sonu¢landirilmistir. 2022 yilinda
proje basvuru sayis1 2018’e gore 8,4 kat artmasina karsin hata oran1 %23,41 seviyelerindedir. Kiimiilatif olarak
proje sayist artmasina karsin hata oraninda %9,26’lik bir azalma oldugu goriilmesine karsin reddedilen proje
sayilarinda artis olmustur. 2022 yilinda, 25 kW’a kadar ¢ati ve cephe GES tesisleri i¢in yapilan proje
bagvurularinda iiretim tesisinin kurulu giicii tiikketim tesisi s6zlesme giiciinden fazla olamayacagi belirtilmesine
karsin 40 proje olumsuz sonuglanmigtir. 2022 yilinda, faaliyet yasagina iligkin beyan usul ve esaslarda
paylagilmis ve belirtilmis olmasina karsin 31 proje olumsuz sonu¢lanmigtir. 2018-2022 yillar1 arasinda
kiimiilatif olarak 1727 basvuru yapilmistir. Bagvurularin %72,03’1 uygun goriilmiis %27,97’si reddedilmistir.
2018-2022 yillar1 arasinda yapilan bagvurularda en yiiksek ret, %25,81°1lik oran ikle EK-2 hatasi kaynakli
olmustur. Basvuru sonuglarinda ikinci hatanin %20,16 ile tapu/muvafakatname kaynakli oldugu goriilmustiir.
Basvuru sonuglarinda tigiincii hata %13,71 ile 2 yillik kira so6zlesmesi, kira sdzlesmesi, kullanim hakkini
gOsterir belgenin eksik ve/veya hatali hazirlanmasindan kaynakli olmustur. Baglant1 goriisti ve ¢agri mektubu
olusturulmus projelerin baglanti anlagmas siiresinin dolmasindan kaynakli 72 proje iptal edilmistir. Baglanti
goriisii alan projelerin tamamlanmadan iptal edilmesi bagvuru sahibine zaman kaybina sebep olmaktadir. Bu
durum, bagvuru sahibinin projeyi ekonomik bulmayip, vazge¢mesi sonucu da olugsmus olabilir.

10 kW ve alt1 ¢at1 ve cephe uygulamalari usul ve esaslar1 2018 yilinda duyurusu yapilmistir. 2022 yilina kadar
azami kurulu gii¢ miktar1 10 kW olarak belirlenmistir. 2022 yilinda 10 kW olan azami kurulu gii¢ seviyesi 25
kW’a yiikseltilmistir. Bagvurularda istenen evraklarda bir degisiklik olmamasina karsin 2022 yilinda yapilan
bagvurular incelendiginde ret gerekceleri incelenmeden bagvuru yapildigindan ayni hatalar alinmaktadir.
EDAS’lar internet adresleri {izerinden gerekgeleri paylasilmaktadir. Bagvuru sahipleri daha 6nce reddedilen
projeleri inceleyerek eksik olabilecek hususlari belirleyebilir.

5. Tartisma ve Oneriler

Cat1 ve cephe uygulamalarinda kabul oranlarinin artirilmasi, Tirkiye’nin lisanssiz GES kurulu giiciinii
artiracaktir. Bu nedenle, cat1 ve cephe tipi GES bagvurularinda bazi iyilestirmelerin yapilmasi gereklidir.

EDAS’lara yapilan bagvurularda 25 kW’a kadar cat1 ve cephe GES’ler igin olusturulan usul ve esaslara gore
bagvurular degerlendirilmektedir. EDAS’larin paylasmis oldugu bagvuru sonuglari incelendiginde 3 projenin
gerekgesi olarak EK-1 belirtilmistir. Usul ve esaslarda bagvuru i¢in gerekli bilgi ve belge listesinin gerekge
olarak gosterilmesi projenin uygunsuz bulma gerekcesini net bir sekilde ifade etmemektedir. Proje bagvuru
sahipleri bu hususu gordiigiinde eksik evrak icin tekrardan EDAS’a bagvurmasi gerekmektedir. Benzer sekilde
usul ve esaslarin 6. madde 1.fikras1 igeriginde eksik bagvuruda bulunanlarin sebeke isletmecisi tarafindan
degerlendirmeye alinmayacagi ve talep edilmesi durumunda evraklarin iade edilebilecegini ifade etmektedir.
2018-2022 yillart arasinda EDAS’a yapilan bagvuru sonucunda 7 proje Usul ve Esaslarda yer alan 6. Madde
1. Fikra gerekge olarak gosterilmistir. Usul ve Esaslarda yer alan 6. Madde 1. Fikra gerekce olarak verildiginde
bagvuru sahipleri eksik evragi tamamlayip tekrardan basvurmasinin 6niinde engel olusturmaktadir. EDAS lar
bagvuruda yer alan eksik evraklart net bir sekilde ret gerekgesi olarak belirtmelidir. Eksik evraklarin
tamamlanmasi i¢in ek siire verilmeli, bagvuru siireci sonlandirtlmamalidir.

Proje basvurusu esnasinda ilgili EDAS ile sozlesme imzalanmasi gereklidir. Cati ve cephe GES
uygulamalarinda ¢agri mektubu alindiktan sonra projeler tamamlanmadan iptal olmaktadir. Proje sahipleri
diledigi sekilde cagri mektubunun siiresi gecerken herhangi yasal bir yaptinm uygulanmadigi i¢in baglanti
gorlisii olusturulan projeler uygulanmadan iptal edilebilmektedir. Baglanti goriisii ve c¢agri mektubu
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olusturulduktan sonraki siirecte sebeke isletmecisi ile s6zlesme imzaladigi durumda projeler belirtilen 90
ve/veya 180 giin igerisinde tamamlanacaktir. S6zlesmenin igeriginde cayma bedeli belirlenmelidir. Cayma
bedeli, olumlu sonuglanan, baglant1 goriisii ve ¢agri mektubu alinan projelerin kurulumlarini tamamlama
gerekliligi olusturacaktir. Baglant1 goriisii ve ¢agr1 mektubu alinan projeler siiresi dolmadan tamamlanacak ve
deneme amagli yapilan bagvurularin oniine gegecektir. Baglanti anlagsmasi siiresi dolup iptal olan projelerin
azalmasini saglayacaktir. EDAS’larin 25 kW’a kadar ¢at1 ve cephe GES proje bagvuru degerlendirmesi ve
inceleme siirecini azaltmak adina bagvurular online sisteme tasinmali, 6n basvuru sistemi olusturarak
aboneligin uygunlugu degerlendirilmelidir.

EDAS’lara bagvuruda bulunmak isteyen proje sahiplerine basvuru oncesi egitim verilmesi hata oranlarim
azaltabilecektir.

Cat1 ve cephe uygulamalar1 i¢in kurulabilecek 25 kW GES’ler, miistakil konutlarin elektrik tiiketimini
karsilamada giintimiizde yeterli gdziikkmedir. Toplu konut alanlari, apartman ve sitelerde elektrik tiiketiminin
karsilanmasi i¢in site ve apartman karar sakinlerinde izin alinarak kurulabilmektedir. Cati ve cephe
uygulamalarinda site, apartmanlar i¢in tiiketim birlestirmesine izin verilmesi durumunda ayn1 noktadan daha
yiiksek glcte Uretim tesisi kurulabilecektir.

25 kW azami kurulu giice sahip olacak GES’lerde atil durumda alani bulunan dinlenme, otopark, vb. kisimlar
icin harici kapasite tahsisi verilebilir. Tiiketim birlestirme yapilarak kurulu gii¢c degeri artirilabilir. Cat1 ve
cephe uygulamalarinda 25 kW azami kurulu gii¢ belirlenmistir. Proje bagvurularinda bireysel EA sarj istasyonu
olmasi durumunda sarj istasyonu kapasitesi kadar ek kurulu gii¢ tahsis edilebilir.

Meskenlerde yenilenebilir enerjiye dnemine yonelik lisanssiz elektrik iiretimi yapan abone gruplarinda elektrik
tarifelerinde degisiklik veya indirimli elektrik tarifesinden yararlanma imkani saglanmalidir. 25 kW cat1 ve
cephe GES kurulumu yapan kisilere verilecek destek ile uygulamanin yerele yayilmasi saglanabilir.
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ABSTRACT

The use of fossil fuels causes negative effects such as climate change, global warming, greenhouse gas
emissions, acid rain, environmental pollution, water pollution, increased carbon footprint, and depletion of the
ozone layer. Today, in order to reduce the effects of fossil fuel consumption, which negatively affects all living
things, alternative energy sources such as solar, wind, geothermal, hydrogen, wave and biomass energy
sources, which are environmentally friendly and carbon emission-reducing renewable energy sources called
green energy, are used instead of fossil fuel consumption. In this study, solar energy was used as a renewable
energy source, and the generation of heat energy from solar energy and electrical energy from heat energy was
modeled. In this context, a trough-type parabolic collector was designed as an energy conversion model. For
the trough-type parabolic collector design, the collector length (L), collector width (W), edge angle (o), peak
angle (0s), and spreading angle (1 1) were determined and using the determined values, the trough-type parabolic
collector; focal length (k), distance from the center of the vacuum tube pipe to the reflective inner surface of
the trough-type parabolic collector (ki), height of the collector (kz), length of the inner surface of the collector
(LPYU) and minimum diameter required for the vacuum tube pipe (Dmin) were calculated. As a result of the
calculations, with the design parameters determined for the trough-type parabolic collector (Wx=6m, Ly =15
m, or = 80°, as=0.53" and [1=0.6"), the focal length, k = 1.7876 m, is from the center of the vacuum tube pipe.
It was obtained as the distance from the reflective inner surface of the trough-type parabolic collector, ki =
528.9809 mm, the height of the collector, k» =1258.6494 mm, the length of the inner surface of the collector,
LPYU = 6.6438 m and the minimum diameter required for the vacuum tube pipe, Dmin = 60.0784 mm.

Keywords: Trough-Type Parabolic Collector Design, Renewable Energy, Solar Energy

Introduction

Today, the increase in energy demand increases fossil fuel use and foreign dependency. It has been observed
that if the increase in energy demand is met by using solar energy, which is a clean and renewable energy
source, fossil fuel use and foreign dependency will decrease (Yaniktepe et al., 2021). Trough-type parabolic
collectors, which are among solar energy applications, can be used to prevent factors that negatively affect
living life, such as fossil fuel use, air pollution, greenhouse gas emissions, external dependency, and depletion
of the ozone layer.

There are many studies in the literature regarding trough-type parabolic collector design. Sanli (2010),
theoretically designed a trough-type parabolic collector. In 2009-2010, the collector designed using solar data
from Denizli province was tested, and the efficiency of the system up to the steam turbine was found to be
67%. The steam turbine capacity of the installed system was calculated to be in the range of 300-500 kW. A.
V. Arasu and T. Sornakumar (2007) discussed the design and manufacturing of glass fiber-reinforced trough-
type parabolic collectors. The standard deviation of the errors occurring on the parabolic surface was found to
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be 0.0066 rad, according to ASHRAE Standard 93 (1986). As a result, the performance test of the designed
glass fiber-reinforced trough-type parabolic collector was found to be successful. H. Hoseinzadeh et al. (2018)
Using the Monte Carlo Method in MATLAB in their studies, they designed a parabolic collector by changing
the receiver diameter, collector aperture width, and frame angle. In the first designed system, the optical
efficiency of the system with a collector aperture width of 0.6 m, a frame angle of 100°, and a receiver diameter
of 0.025 m was found to be 65%. In the second-designed system, the optical efficiency of the system with a
collector aperture width of 0.7 m, a frame angle of 90°, and a receiver diameter of 0.025 m was calculated at
61%. Ucgiil et al. (2003) Using the insolation data received from the Meteorology Directorate for the months
of May, June, July, and August in Isparta province, the total energy collected in the receiver was calculated by
looking at the geometry of the parabolic trough type collector and the characteristics of the radiation coming
to the reflective surface. Chafiou and Uggiil (2022), They explained the solar energy potential, solar radiation,
and the equations required for sizing the parabolic trough-type solar concentrator for the Comoros Islands.
Theoretically, he designed a 400 kWe parabolic trough-type solar concentrator system and an ORC turbine
power generation system for electricity production. As a result, they stated that the designed system will work
efficiently in the Comoros Islands. Yaniktepe et al. They used four different models to estimate solar energy
in Osmaniye province. As a result, it is seen that the solar energy potential for Osmaniye province is high
(2017). Caglar and Talay(2019), compared four types of parabolic trough-type collectors: glass cover diameter,
absorber pipe diameter, absorber pipe material, and absorber pipe thickness. It has been observed that the
absorber pipe material and diameter have a positive effect on parabolic collector efficiency. The effect of
Ebrazeh and Sheikholeslami nanomaterial use on the thermal efficiency of the trough-type parabolic collector
was investigated. As a result, it has been determined that the use of hanomaterials increases the efficiency of
trough-type parabolic collectors (2020).

In this study, the design of a trough-type parabolic solar collector is discussed. Parameters such as collector
width, collector length, edge angle, peak angle, and spreading angle were accepted in the study. Using these
accepted parameters, the focal length, the distance from the center of the vacuum tube pipe to the reflective
inner surface of the trough-type parabolic collector, the height of the parabolic collector, the length of the inner
surface of the collector, and the minimum diameter required for the vacuum tube pipe were calculated.

Materials and Methods

A trough-type parabolic collector design was made by determining parameters such as collector width,
collector length, edge angle, peak angle, and spreading angle. Trough-type parabolic collector design
parameters were calculated using the equations (1-5) given below.

\

ki

W

Figure 1: Trough-Type Parabolic Collector Design Parameters

The general equation of the trough-type parabolic solar collector is given in equation 1. (Deceased and
Beckman 1982):
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V=4 1)

The distances to the x and y axes given in Equation 1 are the distances from the reflecting surface of the
parabolic collector to the focal point.

The side angle equation is given in equation 2. (Deceased and Beckman 1982):

8(ms) W
=t -1 Wa — - —1[Mx 2
o, an [—2—16(%} _1‘ sin (er) 2

The local reflective radius equation at any point on the reflective surface of the parabolic collector is as in
equation 3. (Deceased and Beckman 1982):

2k

r= ©)

- 1+cosa,

The length of the reflective surface of the parabolic collector is calculated as in equation 4, accepting the
midpoint of the parabola as 0,0 coordinates. (Deceased and Beckman 1982):

b
Lpyy =2 ja (V 1+ (}”)2) dx 4)
The minimum diameter of the vacuum tube pipe is calculated using equation 5 (Deceased and Beckman 1982):

Wy . -
Doin = sing, S0 (as +11/2) (5)

Findings and Discussion
The assumptions used for the parabolic collector considered are given in Table 1.

Table 1: Assumptions Used in The Calculations of the Designed Trough Type Parabolic Collector

Collector Width 6m
Collector Length 15m
Edge Angle 80°
Peak Angle 0.53°
Spreading Angle 0.6°

By determining the collector width as 6 m, the collector length as 15 m, the edge angle as 80°, the top angle as
0.53°, and the spreading angle as 0.6°, the focal length is determined as the distance from the center of the
vacuum tube pipe to the reflective inner surface of the trough-type parabolic collector, the height of the
parabolic collector, and the inner surface of the collector. The length and minimum diameter required for the
vacuum tube pipe were calculated.

Conclusion and Recommendations

Renewable energy sources are of great importance in preventing negative impacts such as air, water, and soil
pollution caused by fossil fuel consumption. In this study, a trough-type parabolic collector design, which is
one of the renewable energy sources and solar energy applications, was designed. Using the accepted values,
the focal length was calculated as 1.7876 m, the distance from the center of the vacuum tube pipe to the
reflective inner surface of the trough-type parabolic collector as 528.9809 mm, the height of the parabolic
collector as 1258.6494 mm, the length of the inner surface of the collector as 6.6438 m, and the minimum
diameter required for the vacuum tube pipe as 60.0784 mm.
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ABSTRACT

Participating in the international market through bilateral and multilateral FTAs contributes to Vietnam's
outstanding achievements in economic development. However, high economic growth also causes Vietnam to
emit a large amount of CO; into the atmosphere. Reducing CO, emissions in the context of trade opening is a
matter of particular importance, having significant influence, interacting, and deciding the country's
sustainable development; is the basis and premise for making guidelines and policies for socio-economic
development, ensuring national defense, security, and social security. The article presents the situation of CO,
emissions in Vietnam over the years. At the same time, the report studies Vietham's policy related to CO;
emissions. On that basis, the paper proposes some recommendations related to the implementation of policies
on COz emissions.

Keywords: CO; emission, CO; emission policy, carbon credit market

1. Introduction

At COP26, Vietnam and 146 countries have committed to (i) bringing net emissions to "zero™ by 2050, (ii)
reducing methane emissions by 30% by 2030, and (iii) fighting forest degradation and transforming clean
energy exchange. A series of challenges were posed, but Vietnam has the foundation to realize this goal. This
is because Vietnam still has a lot of potentials to reduce emissions. According to calculations by the Ministry
of Natural Resources and Environment, Vietnam can reduce the amount of methane by 22% through an internal
force. In addition, a series of afforestation projects implemented in recent years is compelling. Vietnam also
signed a carbon credit exchange and the initial preparation for forming a carbon market. From 2011 to now,
many laws, strategies, and policies on climate change have been promulgated. The Law on Environmental
Protection in 2020 has a chapter on responding to climate change. Responding to climate change has moved
to a new stage, requiring Vietnam to deeply and substantively participate in global efforts.

2. Research Methods

This article is based on: (i) an Analysis of documents, reports, and data on the situation of CO; emissions in
Vietnam by Vietnamese state agencies and research agencies such as the Ministry of Natural Resources and
Environment. School, National Center for Socio-Economic Information and Forecast (under the Ministry of
Planning and Investment), Steering Committee for the Implementation of the United Nations Framework
Convention on Climate Change, and the Kyoto Protocol in Vietnam; (ii) Legal reports, research articles in
relevant journals, and the Internet; (iii) Legal documents issued by competent state agencies of Vietnam related
to environmental protection in general and greenhouse gas emission reduction in particular.

The author reviewed the literature and consulted with experts to determine the contents of Vietnam's situation
and policies related to CO emissions.
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3. The situation of CO2 emissions in Vietnam over the years
Table 1. Greenhouse gas emissions in 2000, 2010, 2013, 2014 and 2020"

Unit: million tons of CO,

Field/year 2000 2010 2013 2014 2020
Energy 52.8 141.1 151.4 171.62 3475
Industrial processes  10.0 21.2 31.8 38.62 80.5

Agriculture 65.1 88.3 89.4 89.75 104.5
LULUCF 15.1 -19.2 -34.2 -37.54 -35.4
Waste 7.9 154 20.7 21.54 313

Total 150.9 246.8 259.0 3215 563.8

CO, emissions were 63% from 150.9 million tons in 2000 to 246.8 million tons in 2010. However, the CO;
emission level in 2010-2020 was twice as fast as in the previous decade. Specifically, the growth rate of CO;
emissions reached 128.4%, increasing from 246.8 million tons in 2010 to 563.8 million tons in 2020. The
period 2010-2020 is the period when Vietnam opens up. Extensive trade to 200% with the successful
conclusion of important bilateral and multilateral FTAs. This contributes to GDP growth as well as solid
developments in economic sectors. However, the issue of environmental protection has yet to be focused on
due to the promotion of industrialization, causing increased CO; emissions at a high rate.

In 2020, in the fields with GHG emissions, the rate of GHG emissions in the energy sector (including
transportation activities) was the largest, accounting for 62%, followed by agriculture accounting for 18%;
Industrial processes and product consumption make up 14% and waste 5% (MPI, UNDP, USAID 2022). The
table above shows GHG emissions/removals by sector for 2000-2020. Accordingly, the total amount of GHG
(including land use, land use change, and forestry) has increased more than 3.7 times, from 150.9 million tons
of CO;equivalent to 563,8 million tons of CO.. In particular, the amount of emissions in the energy sector has
increased significantly, about 6.5 times higher than in 2000, due to the rapidly growing demand for energy.

The emission situation in each sector of Vietnam is as follows:

Firstly, the emission situation in the energy industry

In the energy sector in Vietnam, GHGs are mainly emitted from fuel combustion and released during the
extraction and transportation of power. Emissions have increased rapidly over the years, from 121.9 million
tons of COze (in 2010) to 347.5 million tons of CO; (in 2020). Accordingly, from 2010-2020, CO2 emissions
increased by more than 2.8 times.

Table 2. GHG emissions by energy source in 2014 and 2020:°

Amount of emissions Ratio to total industry emissions
(Unit: Million tons) (%)

The source 2014 2020 2014 2020

Manufacturing and construction industry 49.4 72.0 28.8 20.7

Transportation 30.5 47.0 17.8 135

Household, agricultural and commercial services  16.3 21.0 9.5 6.0

Energy industry 75.4 207.5 43.9 59.7

Total 171.6 3475 - -

! Nguyen Van Hieu, Nguyen Hoang Nam (2021), “Scientific report: Current status of greenhouse gas emissions in Vietnam:
Opportunities and challenges” - Hydrometeorological Journal, Numbers 6, 51-66.

2 Ministry of Natural Resources and Environment (2020), Viet Nam's biennial update report to the United Nations Framework
Convention on Climate Change, http://www.dcc.gov.vn/kien-thuc /1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-
Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc -ve-bien-doi-khi-hau.html.
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COz emissions in the energy industry in 2020 will double to 347.5 million tons of CO2e from 171.6 million
tons of CO, in 2014. The energy industry accounts for the largest market share, with 43.9% in 2014, and
continues to be the highest emission industry, with a rate of 59.7% in 2020. The main reason is that the industry
consumes a lot of fossil energy.

Secondly, the emission situation in the Industrial processes and products.

For industrial processes and products, the main types of industrial production generating GHGs are cement,
lime, ammonium, iron, and steel. Total GHG emissions in industrial output in 2020 increased sharply to 80.5
million tons of CO, from 38.6 million tons of CO;in 2014. The mining industry accounted for the largest
market share, accounting for 35.2% in 2014 and 53.1 in 2020. This is because the heating of limestone produces
COq directly, while burning fossil fuels to heat the kiln indirectly leads to COzemissions. This energy-intensive
industry has a lot of emissions due to its extreme heat requirements.

Table 3. GHG emissions by industry emission source in 2014 and 2020:®

Amount of emissions

1 1 188§ 0,
(Unit: Million tons) Ratio to total industry emissions (%6)

The source 2014 2020 2014 2020
Mining industry 35.20 53.10 91.19 65.96
Chemical industry 1.70 3.20 4.40 3.97

Metallurgical industry 1.70 24.20 4.40 30.06
Total 38.60 80.50 - -

Thirdly, the emission situation in the Agriculture

According to the results of the GHG inventory in 2014 of the Ministry of Natural Resources and Environment,
the amount of GHG emissions in the agricultural sector is 89.75 million tons of CO,, accounting for 28% of
the total GHG emissions of the country. By 2020, the amount of GHG emissions in the agricultural sector will
be 104.5 million tons of CO,, accounting for 32.5% of the total GHG emissions. The rice cultivation and
agricultural land sectors emit the most, accounting for 40% and nearly 28% of the total emissions in the
agricultural sector in 2020 (Table 5), respectively. Rice farming is the most significant contributor to total
GHG emissions in the agricultural industry as it is a powerful emitter of methane (CH,) and nitrous oxide
(N20).

Table 4. GHG emissions by the source of agricultural emissions in 2014 and 2020:*

Amount of emissions

1 1 18S] 0,
(Unit: Million tons) Ratio to total industry emissions (%)

The source 2014 2020 2014 2020
Digest food 10.2 18.8 114 18.0
Waste management 8.9 121 9.9 11.6
Rice cultivation 44.3 41.9 49.3 40.1
Agricultural land 24.0 29.3 26.7 28.0
Burning grasslands 0.0 0.0 0.0 0.0
Burning agricultural by-products in the field 2.4 24 2.7 2.3
Total 89.80 104.50

3Ministry of Natural Resources and Environment (2020), Viet Nam's biennial update report to the United Nations Framework
Convention on Climate Change, http://www.dcc.gov.vn/kien-thuc/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-
Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc -ve-bien-doi-khi-hau.html.

“Ministry of Natural Resources and Environment (2020), Viet Nam's biennial update report to the United Nations Framework
Convention on Climate Change, http://www.dcc.gov.vn/kien-thuc/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-
Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc -ve-bien-doi-khi-hau.html.
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Fourthly, the emission situation in Land use, land use change, and forestry.

Land use, land use change, and forestry have gradually shifted from GHG emission to GHG sequestration
since 2010. GHG emissions in this sector increased to 110.7 million tons of CO; in 2020 from 5.4 million tons
of CO; in 2014. In comparison, GHG absorption rose from 42.9 million tons of CO; in 2014 to 146.1 million
tons of CO; in 2020, in which forest land and arable land are absorption sources.

Table 5. GHG emissions by the source of emissions in the field of land use, land use change, and forestry in
2014 and 2020 (unit: Million tons):®

Source of Emission/Absorption 2014 2020
Absorb -42.9 -146.1
Emissions 54 110.7
Total -37.5 -35.4

Lastly, the emission situation in the Waste.

In Vietnam, in recent years, every year, more than 15 million tons of solid Waste are discharged from different
sources. However, only over 70% of solid Waste in urban areas and about 20% in rural areas is collected and
treated. While the GHG emissions of this sector mainly include: CH4 emissions from collected solid waste
landfills; industrial wastewater and domestic wastewater; N,O emissions from domestic sewage sludge; CO-
and N2O emissions from waste incineration. In general, emissions from the waste sector account for a small
proportion. The total GHG emissions of this sector in 2014 were 21.5 million tons of CO; (accounting for 6.6%
of the total emissions of the country), increasing to 31.3 million tons of CO;in 2020, accounting for 5.5% in
the structure of the total national emissions. Urban wastewater has the largest share of GHG emissions,
accounting for 44.7% in 2014, and Solid Waste landfilling accounts for the most significant proportion of
GHG emissions at 38% in 2020.

Table 6. GHG emissions by waste industry emission source in 2014 and 2020:°

Amount of emissions Ratio to total industry emissions
(Unit: Million tons) (%)
The source 2014 2020 2014 2020
Solid waste burial 8.0 11.9 37.2 38.0
Industrial wastewater treatment 1.6 4.4 7.4 14.1
Domestic wastewater treatment 9.6 10.6 44.7 33.9
Emissions from human Waste 2.0 2.4 9.3 1.7
Solid waste incineration 0.3 1.8 14 5.8
Composing N/A 0.2 N/A 0.6
Total 215 31.3 - -
4, Vietnam's international commitments related to CO, reduction

4.1. General international agreements

The Government of Vietnam has signed international conventions on the global response to climate change,
specifically as follows: (i) Signed the United Nations Framework Convention on Climate Change in 1992 and

SMinistry of Natural Resources and Environment (2020), Viet Nam's biennial update report to the United Nations Framework
Convention on Climate Change, http://www.dcc.gov.vn/kien-thuc/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-
Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc -ve-bien-doi-khi-hau.html.

6Ministry of Natural Resources and Environment (2020), Viet Nam's biennial update report to the United Nations Framework
Convention on Climate Change, http://www.dcc.gov.vn/kien-thuc/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-
Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc -ve-bien-doi-khi-hau.html .
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ratified it in 1994; (ii) Signing of the Kyoto Protocol in 1998 and ratification of the Kyoto Protocol in 2002
and (iii) Signing and ratification of the Paris Agreement on Climate Change in 2016.

In particular, the Paris Agreement on climate change, adopted at the 21st Conference of the Parties (COP21),
is the first global legal document binding all Parties' responsibility to ratify the "Contributions to climate
change." Intended Nationally Determined" (INDC).

Thus, from a country that is not bound by the responsibility to reduce greenhouse gases (not included in Annex
| of the United Nations Framework Convention on Climate Change), Vietnam must fulfill the obligation to
contribute to reducing greenhouse gas emissions. GHG emissions mitigation proposed in the Nationally
Determined Contribution to take advantage of the opportunity to develop a low-carbon economy.

Vietnam's commitments at the 26th Conference of the United Nations Framework Convention on Climate
Change (COP26). Commitment and participation with the international community in responding to climate
change, reducing carbon emissions, and sustainable development is an inevitable trend in the international
community's determination to promote green and economic development.

In addition, Vietnam is committed to developing and implementing measures to reduce greenhouse gas
emissions to achieve net emissions of "0" (referred to as Net Zero) by 2050, reducing emissions by 30% of
greenhouse gas methane by 2030, focusing on the following 08 essential tasks; (i) switch from fossil energy
to green energy, clean energy; (ii) reduce greenhouse gas emissions in industries and fields; (iii) reducing
methane emissions, especially in agricultural production and waste treatment; (iv) encouraging research,
development, and use of electric cars; (v) sustainable management and use of existing forest areas, while
promoting new afforestation to absorb and store carbon; (vi) research, production, use of building materials
and urban development in accordance with green and sustainable development; (vii) promote and innovate
communication work so that the whole people and business community are unified in awareness and
accompany the Government in implementing commitments at COP26; (viii) promote the digital transformation
to respond to climate change.

Accordingly, the development orientation of crucial industries and fields, such as energy, will improve
efficiency and use efficiency; reduce energy consumption in production, transportation, commerce, and
industry. They also ensure energy security, synchronous development, efficient exploitation and use of energy
sources, restructuring energy sources, reducing dependence on fossil energy, and increasing the proportion of
renewable and new energy sources in energy production and consumption. Green economic and production
sectors will gradually limit the generation of large wastes, causing pollution and environmental degradation;
develop green technology and management systems; control production activities according to best practices
to save resources, reduce emissions, and improve the ecological environment.

4.2. Environmental commitments in traditional FTAs

The environmental content in the FTAs is scattered in the preamble or the provisions related to the
environment. Environmental commitments in some traditional FTAs such as:

- Commitment to the environment in ASEAN:

Regarding tariffs: In the regulation, the list of general exclusions related to the environment is specified,
including products necessary for protecting flora and fauna and endangered natural resources. The exclusion
from the ASEAN Trade in Goods Agreement of these products is consistent with the GATT Agreement on
general exceptions, including exceptions for environmental protection.

Regarding non-tariff measures: Environmental services have been included in the commitments since the
Framework Agreement on Trade in Services signing in 1995.7

- Commitment to the environment in the Asia-Pacific Economic Cooperation (APEC) Forum.

7 ASEAN Framework Agreement on Services (AFAS) was signed on 15/12/1995,
https://aecvcci.vn/Uploaded/Users/banthuky/files/2020/ATISA-signed-scanned.pdf,
last accessed on December 27, 2022.
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Sustainable development has always been the top goal of APEC, so there are many cooperation programs in
APEC, directly and indirectly, related to the environment: Fisheries development cooperation program;
Conservation and development of marine resources; Sustainable Development; Biotechnology; environmental
goods, cleaner production, sustainable supply chains, sustainable cities...

Environmental goods: APEC is currently the first international economic cooperation to successfully achieve
the commitment to cut taxes on ecological goods. In 2012, leaders of 21 APEC countries agreed to sign an
agreement to reduce voluntary import tax on 54 environmental goods with a period of effect from December
2015.

Cleaner production: APEC promotes the broader application of interdisciplinary policies and methods toward
cleaner production through the cooperation of the institutional, professional, public, and private sectors.

- Environmental commitments in the Asia-Europe Summit.

The Asia-Europe Summit has many cooperation programs to promote environmental protection activities
through seminars, investment promotion programs, capacity-building support, and the establishment of
financial institutions, mainly to support investment.

- Agreement on technical trade barriers.

This Agreement has about 11% related to the environment. The environmental measures to be notified include
measures to limit pollution, waste management, energy conservation, efforts to conserve natural resources, and
steps to implement multilateral agreements in the environmental aspect. The major trade-environmental issues
related to the application of technical requirements in international trade under this Agreement include:

Eco-labels: E-labels are becoming increasingly widespread and complex, which may hinder exports from
developing and underdeveloped countries. The problem is that ecolabelling programs are often based on
analyzing only a few aspects related to the product life cycle, and therefore importing countries often have
different criteria for ecolabelling.

Manufacturing and Processing Methods (PPMs): WTO Members agree that import measures may be based
on production methods and processes if such production methods or techniques constitute a particular
characteristic of product properties. However, developing countries oppose the application of import measures
based on unrelated production methods and processes and the use of criteria that are "discriminatory" between
the two countries.

Packaging Requirements: Some countries put packaging requirements on imported goods, for example, type
of packaging, reusability, recyclability, or compostability. These requirements create additional costs for
exporters and threaten to impede export market access. In practice, these requirements can be applied
“discriminatory” or manipulated by domestic corporations claiming protection.

4.3. Environmental commitments in the new generation FTAs (CPTPP and EVFTA)
- CPTPP Agreement:

CPTPP is the first multilateral FTA to include environmental issues as a chapter of commitments. The content
of such obligations is aimed at promoting mutual support between trade policies and the environment,
supporting countries with appropriate measures to promote environmental protection activities further, and
limiting the exhausting exploitation of natural resources. Additionally, it encourages trade liberalization in
goods and services to support the transition to a green and low-carbon economy. However, environmental
commitments are still relatively "shy" and are looking for "first steps.” The contents of the new obligations
only stop at pointing out problems and calling on countries to work together to solve them. Still, there are no
specific commitments, such as giving tax reduction figures, years of market opening, and participation.

The content of environmental provisions can be divided into two groups: (i) The first group includes goods
and services that support and contribute to the implementation of green growth and a low-carbon economy,
with policies on tax reduction, trade barriers, and cooperation through bilateral and multilateral projects and
promote investment among the parties but there are no deeper commitments on tax reduction or other
commitments; (ii) The second group includes content on limiting pollution and resource depletion due to
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commercial activities. This group focuses on biodiversity, conservation, voluntary environmental enforcement
mechanisms, ozone layer protection, and alien organisms. The content is mainly about calling for cooperation
to protect, restrict, and prohibit commercial activities for these activities.

There are all 30 chapters in the CPTPP, of which Chapter 20 on the Environment includes 23 articles, which
can be divided into 04 main contents. The most critical group includes provisions on environmental issues—,
including 11 terms.®

- EVFTA Agreement:

The EVFTA is considered the most comprehensive FTA in Vietnam, furthering its commitment to sustainable
development in an FTA. The two sides have agreed to sign a separate chapter on sustainable commercial
development, including environmental issues.

There are 17 articles in the commitment chapter on trade and sustainable development, which emphasize the
right of each party to develop a system of laws and standards to ensure sustainable development. The contents
of environmental commitments include Multilateral environmental obligations, responsibilities on climate
change, duties on biodiversity, commitments on sustainable forest management and trade in products forest
products, a commercial dedication to sustainable management of marine resources and fishery products, and a
commitment to trade and investment in a sustainable manner.®

5. Vietnam's policy on reducing CO; emissions
5.1. Legal basis

Vietnam has issued a series of legal documents to implement policies on reducing greenhouse gas emissions,
specifically:

- Clause 1, Article 63 of Chapter Il of the 2013 Constitution of the Socialist Republic of Vietnam
mentioned the content of responding to climate change;*

- The Law on Environmental Protection 2014 has devoted Chapter IV to separate provisions on response
to climate change. Contents on the management of greenhouse gas emissions are specified in Point 1, Article
41,4

- The Prime Minister approved the National Action Plan on Climate Change in Decision No. 1474/QD-
TTg, dated October 5, 2012, with the objective of “Mitigating GHG emissions, developing the economy
according to the low-carbon direction” to "implement GHG emission mitigation measures for production
activities, suitable to Vietnam's conditions.?

- The Prime Minister issued Decision No. 1803/QD-TTg dated October 22, 2015, to strengthen the
capacity of formulating, implementing, and disseminating policies and tools of state management for reducing
mild greenhouse gas emissions in line with national conditions.*?

8Chapter 20, CPTPP Agreement, link http://cptpp.moit.gov.vn/data/e0593b3b-82bf-4956-9721-
88e51bd099e6/userfiles/files/20_%20Environment.pdf ,

last accessed on 27/12/2022.

SEVFTA Agreement, link https://ngkt.mofa.gov.vn/toan-van-hiep-dinh-thuong-mai-viet-nam-lien-minh-chau-au-evfta/ , last accessed
on 27/12/2022.

10 National Assembly (2013), Constitution of the Socialist Republic of Vietnam,
https://moj.gov.vn/vbpg/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=28814 , access as of December 27, 2022.

A) ' National  Assembly  (2020), Law on  Environmental  Protection, Law  No.  72/2020/QH14,
https://vanban.chinhphu.vn/?pageid=27160&docid=202613&classid=1&typegroupid=3 , nearest access December 27, 2022.

b) 12 Prime Minister (2012), Decision No. 1474/QD - TTg of the Prime Minister Government: On the promulgation of the National
Action Plan Information on climate change for the period 2012 — 2020,

C) https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069,

D) last accessed on December 27, 2022.

e) 13 Prime Minister (2015), Decision No. 1803 / QD - TTg of the Government: Approving the list of technical assistance projects
"Standard ready to build a carbon market in Vietnam," sponsored by the World Bank,

f) https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=181878 ,

G) last accessed 12/27/2022.
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- The Prime Minister issued Directive No. 35/2005/CT-TTg, dated October 17, 2005, on organizing the
implementation of the Kyoto Protocol under the United Nations Framework Convention on Climate Change;**

- The Prime Minister issued Decision No. 130/2007/QD-TTg dated August 2, 2007, of the Prime
Minister on several financial mechanisms and policies for investment projects under the Clean Development
Mechanism.*

- The Prime Minister issued Decision No. 1474/QD-TTg dated October 5, 2012. This decision approves
the national action plan on climate change for 2012-2020. Mitigating greenhouse gas emissions and developing
a low-carbon economy are identified as criteria. five critical tasks of this plan;®

- The Prime Minister issued Decision 2359/QD-TTg dated 22/12/2015, approving the national
greenhouse gas inventory system. This decision has created a legal and technical foundation for implementing
the nationwide GHG inventory.*

- The Prime Minister issued Decision No. 985a/QD-TTg dated June 1, 2016, approving the national
action plan on air quality management up to 2020, with a vision to 2025;®

- The Prime Minister issued Decision 2053/QD-TTg on October 28, 2016, approving the plan to
implement the Paris Agreement on climate change. This decision specified Vietnam's commitments to the
international community in responding to climate change. It simultaneously fulfilled its obligations to Vietnam
in the Paris agreement, identifying five groups of tasks with two specific implementation phases (2016-2020
and 2021-2030).1°

- The Prime Minister issued Decision No. 1658/QD-TTg dated October 1, 2021, on the National
Strategy on Green Growth in the 2021 - 2030 period, with a vision to 2050. The green growth target promotes
economic restructuring associated with growth model innovation. Green growth to achieve economic
prosperity, environmental sustainability, and social equity; towards a green, carbon-neutral economy and
contribute to the goal of limiting global temperature rise.?°

5.2. Plan to promote the carbon market

After the commitment at COP26, the Government issued Decree 06/2022/ND-CP regulating the mitigation of
greenhouse gas emissions and the protection of the ozone layer.?* This Decree details several articles of the

H) 4 Prime Minister (2015), Directive No. 35 /2005/CT - TTG of the Prime Minister of the Government: Directing the implementation
of the Decree No. 35/2005 /CT - TTG, https://chinhphu.vn/default.aspx?pageid=27160&docid=14924, last accessed 12/27/2022.

i) 5 Prime Minister (2007), Decision No. 130/2007/QD-TTG of the Prime Minister Government: On several financial mechanisms
and policies, check out the id of the first project according to the development mechanism,

j) https://chinhphu.vn/default.aspx?pageid=27160&docid=35676,

K) last accessed 12/27/2022.

1) %6 Prime Minister (2012), Decision No. 1474 /QD-TTg of the Prime Minister Government: On the promulgation of the National
Action Plan expert on climate change for the period 2012 — 2020

m) https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069,

N) last accessed on 27/ 12/2020.

0) % Prime Minister (2015), Decision No. 2359 / QD - TTg of the Prime Minister Government: Approving the National System of List
of greenhouse gases, link https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=182842 ,

P) last accessed on 7/12/2020.

q) '8 Prime Minister (2016), Decision No. 985a / QD - TTg of the Prime Minister Government: On the approval of the action plan
system National on air quality management until 2020 with a vision to 2025,
https://chinhphu.vn/default.aspx?pageid=27160&docid=184944 ,

R) last accessed 12/27/2022.

19 Prime Minister (2016), Decision 2053/QD-TTg on promulgating the plan to implement the Paris Agreement on climate change,
http://sotnmt.namdinh.gov.vn/vi-vn/van- ban/moi-truong-71/quyet-dinh-2053-qd-ttg-ve-viec-ban-hanh-ke-hoach-thuc-hien-thoa-
thuan-paris-ve-bien-doi-khi-hau/ 242, last accessed on December 27, 2022.

S) 20 Prime Minister ( 2021 ), Decision No. 1658/QD - TTg of the Government: Approving the National Budget on Green growth for
2021-2030, vision to 2050, https://chinhphu.vn/?pageid=27160&docid=204226&tagid=6&type=1,

T) last accessed 12/27/2022.

u) 2 Government (2022), Decree Decree No. 06/2022/ND-CP of the Government: Regulations on mitigating greenhouse gas
emissions and ozone pollution,

V) https://vanban.chinhphu.vn/?pageid=27160&docid=205039,
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Law on Environmental Protection, including Article 91 on the mitigation of greenhouse gas emissions, Article
92 on the protection of the ozone layer, and Article 139 on the organization and development of the carbon
market.

The Decree specifies the development roadmap and time to deploy the domestic carbon market. Specifically,
the period until the end of 2027:

- Develop regulations on the management of carbon credits, exchange of greenhouse gas emission
guotas, and carbon credits; develop rules on the operation of carbon credit trading floors.

- Implement a pilot mechanism for exchanging and clearing carbon credits in potential fields and guide
the implementation of the domestic and international carbon credit exchange and clearing mechanism by the
law and regulations and international treaties to which the Socialist Republic of Vietnam is a signatory.

- Establish and organize a pilot operation of a carbon credit exchange from 2025.

- Implement activities to strengthen capacity and raise awareness about carbon market development.
The period from 2028:

- Organizing the operation of the official carbon credit exchange in 2028.

- They are regulating activities to connect and exchange domestic carbon credits with regional and
global carbon markets.

- Exchange of carbon credits on the domestic carbon market.

The Decree also stipulates the exchange of greenhouse gas emission quotas and carbon credits on the domestic
carbon market. Specifically, the business of greenhouse gas emission quotas and carbon credits is carried out
on the carbon credit exchange and domestic carbon market according to the following regulations:

- Greenhouse gas emission quotas specified in Clause 2 Article 12 are traded on the exchange. One unit
of greenhouse gas emission quota equals 1 ton of CO; equivalent.

- Carbon credits obtained from programs and projects under the exchange mechanism and clearing
carbon credits can be converted into clearing units for greenhouse gas emission quotas on the trading floor.
One carbon credit is equal to 1 ton of CO; equivalent.

- Facilities can auction to own more greenhouse gas emission quotas and the amount allocated in the
same commitment period. Establishments can transfer the unused greenhouse gas emission quotas in the
previous year to subsequent years in the same commitment period. Facilities can borrow GHG emission quotas
allocated for the following year to use in the earlier year of the same commitment period.

Establishments can use carbon credits from projects under carbon credit offsets to offset GHG emissions in
excess of their allotted GHG emission quotas over a period. The number of carbon credits for offsetting can
be at most 10% of the total GHG emissions quota allocated to the establishment.

The allocated GHG emission quotas will be automatically recovered by the Ministry of Natural Resources and
Environment when the facilities cease operation, dissolve or go bankrupt. The State encourages establishments
to voluntarily pay the unused GHG emission quotas, contributing to the achievement of the national target of
mitigating greenhouse gas emissions.

At the end of each commitment period, facilities must pay for the amount of greenhouse gas emissions over
the allocated GHG emission quotas after applying the forms of auction, transfer, and borrow, using carbon
credits to offset. In addition to payment, GHG emissions above the allocated quota will be deducted from the
allocation quota for the subsequent commitment period.

Also, in this roadmap, at the beginning of 2022, the Government issued a list of fields and establishments that
must carry out a greenhouse gas inventory according to Decision No. 01/2022/QD-TTg. Sectors subject to an
inventory include energy and industrial processes (1662 facilities), transportation (70 facilities), construction

W) last accessed on December 27, 2022.
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(104 facilities), and Waste (76 facilities). This is an essential basis for completing the legal corridor of the
GHG emission monitoring system and MRV (measurement, report, appraisal) at the national, sector, sub-
sectoral, and one-manufacturing establishments. Thereby, the Government's determination to implement the
goal of reducing carbon emissions, responding to climate change, and harmonizing economic development
and the environment.

6. Reviews and recommendations

Vietnam needs to review and consolidate its commitments and strategies for combating climate change into a
complete legal framework and develop a Law on Climate Change. This helps create the legal framework to
issue regulations on the emission trading market in Vietnam. At the same time, it is necessary to build a
specialized agency with full authority to regulate the market transparently and flexibly.

In addition, it is necessary to have comprehensive calculations and statistics for products/goods that have an
impact on the environment or products/goods that cause pollution at the moment but have no substitute
products. This is done to provide a reasonable tax rate, ensuring the competitiveness and stability of these
items. In the short term, the tax rate of 0% can be applied, or there are preferential policies, tax reductions, and
tax exemptions to create an appropriate roadmap, helping taxpayers gradually adapt to this tax. Adding more
products and goods that will cause environmental pollution when used is necessary. At the same time, develop
a practical roadmap for expanding taxable objects to suit the country's economic development level and
taxpayers' financial capacity.

Besides, Vietnam needs to seize the opportunities related to joining FTAs and global value chains to promote
green growth in all its export products. Agreements such as the EVFTA Agreement and the CPTPP Agreement
have environmental commitments of all members on export trade practices.

Legally, Vietnam needs to complete the legal provisions related to CO; emissions. Although constantly being
improved, the law on environmental protection still has shortcomings and limitations. It is necessary to review
technical regulations on the environment, issue guiding documents, and continuously amend and supplement
to develop standards and sanctions more suitable to the situation.

REFERENCES:

1. ASEAN Framework Agreement on Services (AFAS) was signed on 15/12/1995,
https://aecvcci.vn/Uploaded/Users/banthuky/files/2020/ATISA-signed-scanned.pdf, last accessed on
December 27, 2022.

2. CPTPP Agreement, link http://cptpp.moit.gov.vn/data/e0593b3b-82bf-4956-9721-
88e51bd099e6/userfiles/files/20_%20Environment.pdf , last accessed on 27/12/2022.

3. EVFTA Agreement, link https://ngkt.mofa.gov.vn/toan-van-hiep-dinh-thuong-mai-viet-nam-lien-minh-
chau-au-evfta/ , last accessed on 27/12/2022.

4. Government (2022), Decree Decree No. 06/2022/ND-CP of the Government: Regulations on mitigating
greenhouse gas emissions and ozone pollution,
https://vanban.chinhphu.vn/?pageid=27160&docid=205039, last accessed on December 27, 2022.

5. Nguyen Van Hieu, Nguyen Hoang Nam (2021), “Scientific report: Current status of greenhouse gas
emissions in Vietnam: Opportunities and challenges” - Hydrometeorological Journal, Numbers 6, 51-66.

6. Ministry of Natural Resources and Environment (2020), Viet Nam's biennial update report to the United
Nations Framework Convention on Climate Change, http://www.dcc.gov.vn/kien-thuc /1084/Bao-cao-cap-
nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-
guoc-ve-bien-doi-khi-hau.html.

7. National  Assembly  (2013), Constitution of the Socialist Republic of Vietnam,

https://moj.gov.vn/vbpg/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=28814 , access as of
December 27, 2022.

Proceedings Book 99


https://aecvcci.vn/Uploaded/Users/banthuky/files/2020/ATISA-signed-scanned.pdf
http://cptpp.moit.gov.vn/data/e0593b3b-82bf-4956-9721-88e51bd099e6/userfiles/files/20_%20Environment.pdf
http://cptpp.moit.gov.vn/data/e0593b3b-82bf-4956-9721-88e51bd099e6/userfiles/files/20_%20Environment.pdf
https://ngkt.mofa.gov.vn/toan-van-hiep-dinh-thuong-mai-viet-nam-lien-minh-chau-au-evfta/
https://ngkt.mofa.gov.vn/toan-van-hiep-dinh-thuong-mai-viet-nam-lien-minh-chau-au-evfta/
https://vanban.chinhphu.vn/?pageid=27160&docid=205039
https://vanban.chinhphu.vn/?pageid=27160&docid=205039
http://www.dcc.gov.vn/kien-thuc%20/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc-ve-bien-doi-khi-hau.html
http://www.dcc.gov.vn/kien-thuc%20/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc-ve-bien-doi-khi-hau.html
http://www.dcc.gov.vn/kien-thuc%20/1084/Bao-cao-cap-nhat-hai-nam-mot-lan-lan-thu-ba-cua-Viet-Nam-(BUR3)-gui-cong-convention-framework-Lien-hop-quoc-ve-bien-doi-khi-hau.html
https://moj.gov.vn/vbpq/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=28814

ll. International Energy Days September 27, 2023

8. National Assembly (2020), Law on Environmental Protection, Law No. 72/2020/QH14,
https://vanban.chinhphu.vn/?pageid=27160&docid=202613&classid=1&typegroupid=3 , nearest access
December 27, 2022.

9. Prime Minister (2012), Decision No. 1474/QD - TTg of the Prime Minister Government. On the
promulgation of the National Action Plan Information on climate change for the period 2012 — 2020,
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069, last accessed on December 27,
2022.

10.Prime Minister (2015), Decision No. 1803 / QD - TTg of the Government: Approving the list of technical
assistance projects "Standard ready to build a carbon market in Vietnam," sponsored by the World Bank,
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=181878 , last accessed 12/27/2022.

11.Prime Minister (2015), Directive No. 35 /2005/CT - TTG of the Prime Minister of the Government:
Directing  the  implementation of the  Decree  No. 352005 /CT - TTG,
https://chinhphu.vn/default.aspx?pageid=27160&docid=14924, last accessed 12/27/2022.

12.Prime Minister (2007), Decision No. 130/2007/QD-TTG of the Prime Minister Government: On several
financial mechanisms and policies, check out the id of the first project according to the development
mechanism, https://chinhphu.vn/default.aspx?pageid=27160&docid=35676, last accessed 12/27/2022.

13.Prime Minister (2012), Decision No. 1474 /QD-TTg of the Prime Minister Government: On the
promulgation of the National Action Plan expert on climate change for the period 2012 — 2020,
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069, last accessed on 27/ 12/2020.

14.Prime Minister (2015), Decision No. 2359/QD - TTg of the Prime Minister Government: Approving the
National System of List of greenhouse gases, link
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=182842 , last accessed on 7/12/2020.

15.Prime Minister (2016), Decision No. 985a/ QD - TTg of the Prime Minister Government: On the approval
of the action plan system National on air quality management until 2020 with a vision to 2025,
https://chinhphu.vn/default.aspx?pageid=27160&docid=184944 , last accessed 12/27/2022.

16.Prime Minister (2016), Decision 2053/QD-TTg on promulgating the plan to implement the Paris Agreement
on climate change, http://sotnmt.namdinh.gov.vn/vi-vn/van- ban/moi-truong-71/quyet-dinh-2053-qd-ttg-
ve-viec-ban-hanh-ke-hoach-thuc-hien-thoa-thuan-paris-ve-bien-doi-khi-hau/ 242, last accessed on
December 27, 2022.

17.Prime Minister (2021), Decision No. 1658/QD - TTg of the Government: Approving the National Budget
on Green growth for 2021-2030, vision to 2050,
https://chinhphu.vn/?pageid=27160&docid=204226&tagid=6&type=1 , last accessed 12/27/2022.

Proceedings Book 100


https://vanban.chinhphu.vn/?pageid=27160&docid=202613&classid=1&typegroupid=3%20
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=181878
https://chinhphu.vn/default.aspx?pageid=27160&docid=35676
https://chinhphu.vn/default.aspx?pageid=27160&docid=35676
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=164069
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=182842
https://chinhphu.vn/default.aspx?pageid=27160&docid=184944
https://chinhphu.vn/default.aspx?pageid=27160&docid=184944
http://sotnmt.namdinh.gov.vn/vi-vn/van-ban/moi-truong-71/quyet-dinh-2053-qd-ttg-ve-viec-ban-hanh-ke-hoach-thuc-hien-thoa-thuan-paris-ve-bien-doi-khi-hau/242
http://sotnmt.namdinh.gov.vn/vi-vn/van-ban/moi-truong-71/quyet-dinh-2053-qd-ttg-ve-viec-ban-hanh-ke-hoach-thuc-hien-thoa-thuan-paris-ve-bien-doi-khi-hau/242
https://chinhphu.vn/?pageid=27160&docid=204226&tagid=6&type=1

ll. International Energy Days
September 27", 2023 / Sivas-Tirkiye
Sivas Cumhuriyet University

VICTORIA GREEN B PHOTOCATALYTIC DEGRARDATION IN WATER

Assist. Prof. Dr. Rozina Khattak
Department of Chemistry, Shaheed Benazir Bhutto Women University, Peshawar 25000, Pakistan

ABSTRACT

This investigation looks on the peroxydisulfate-mediated degradation of the toxic dye i.e., Victoria Green B
(VGB). The silver oxide microparticles (MPs) were synthesized using a low-cost, environmentally friendly
method. The dye degraded by 80+% in 180 minutes showing that the MPs had high photoactivity. The
complete degradation of VGB in 21 minutes was a proof that peroxydisulfate had a significant synergistic
effect on the activity of photocatalyst. This method reveals a cost-effective and environmetally beingn
application of the silver oxide based phtocatalytic degradtion of cationic dyes in wastewater.

Keywords: Photcatalysis, Degradation Kinetics, Solar Radiations
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ENVIRONMENTAL REMEDIATION BY USING WASTE BASED BIOSORPTION OF BASIC
GREEN 4 FROM WATER

Assist. Prof. Dr. Rozina Khattak
Department of Chemistry, Shaheed Benazir Bhutto Women University, Peshawar 25000, Pakistan

ABSTRACT

Basic Green 4 (BG4) is a hazardous dye both to human and other living organisms. Regardless its toxicity, it
is widely used in several industries to dye the goods of common use. When industrial effluents containing this
dye and other corresponding dyes are dumped into water resources and soil, they damage the ecosystem and
create pollution. In this study, the BG4 dye was removed from the water using the waste material. Most of the
dye was removed within 10 minutes at optimized conditions yielding excellent result that can lead to the use f
this method for environmental remediation.
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ESTIMATING THE METHANE EMISSION AND ENERGY POTENTIAL FROM BLIDA
DUMPSITE BY LandGem MODEL

Toumi Meriem?, Abdelli Islem Safia?, Abdelmalek Fatiha?, Addou Ahmed?
1.2 27000, Abdelhamid Ibn-Badis University, Mostaganem, Algeria

ABSTRACT

One major factor, contributing to the emission of greenhouse gas in the environment, is the generation of
hazardous gases in municipal landfills. Due to these potential negative impacts, it is obligatory to estimate the
amount and type of landfill gasses to design and build a gas collecting system. Landfill gas emissions are
governed by many factors, as the type of waste, its biodegradability, its methane emission potential, the degree
of separation, and other miscellaneous factors. In our study, LandGem model was used to predict the amount
of gases produced in the landfills of Blida. According to the results, a large amount of CH, is released 74.4173
Gg from 2010 to 2021 which attributed to global warming. This loss of energy can be converted into energy
and therefore it will allow an autonomous landfill in term of electricity.

Keywords: solid waste, energy potential, methane, LandGem.
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CLIMATE CHANGE IMPACT IN PAKISTAN- A REVIEW

Ishaq Ali Shah®”, Haroon KhanP, Zahir Muhammad?, Rehman Ullah?

@Department of Botany, University of Peshawar, Peshawar 25120, Pakistan
bDepartment of Weed Science and Botany, The University of Agriculture, Peshawar 25130, Pakistan

ABSTRACT

The Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6) documents the
global surface temperature reaching 1.1 °C above 1850-1900 in the last decade (2011-2020). Pakistan is
persistently placed in the top ten (bottom ten colloquially) most vulnerable nations in the world by Global
Climate Risk Index. To Notre Dame GAIN Index Ranking (2019), Pakistan stands 152" among 181 countries
by its vulnerability to climate change and its readiness to improve resilience as reported by World Band Report.
The carbon footprint of Pakistan is the lowest while it is hit by climate change-induced weather extremes like
floods, droughts, heatwaves, etc. to the maximum warranting the globe to support the country in mitigating the
climate crisis. The aim of the current review is to highlight the losses Pakistan bears to climate change and the
response of the globe to act on the issue supporting Pakistan to combat the threat.
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A COMPARATIVE ANALYSIS OF CARBON EMISSIONS AND ECOLOGICAL FOOTPRINTS:
THE MODERATING ROLE OF ICT IN THE NATURAL RESOURCE RENT AND
ENVIRONMENTAL DAMAGE NEXUS IN BRICS

Iftikhar Yasin

Department of Economics, The University of Lahore, Lahore, Pakistan

ABSTRACT

Due to the detrimental impacts of climate change, economic growth patterns worldwide have had a significant
impact on the natural environment during the last three decades. This research attempted to investigate the
effect of natural resource rent, ICT, and democracy on the growing economies of Brazil, Russia, India, China,
and South Africa (BRICS) from 1990 to 2019. The data's legitimacy was verified using econometric
procedures, including the cross-sectional dependency test and the second-generation panel unit root test.
Finally, the panel data analysis was performed using the Driscoll-Kraay estimation technique. The results
reveal that natural resource rent further deteriorates the environmental eminence by instigating carbon
emissions and ecological footprint. However, ICT helps to mitigate the devastating environmental damage but
only at lower levels of natural resource rent. The empirical data suggests that ICT is vital to the sustainable
development of the BRICS nations. The policymakers are urged to improve ICT to lessen the devastation
caused by natural resource rent.

Keywords: Natural Resource Rent, ICT, Democracy, Carbon Emissions, Ecological Footprint, BRICS
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WASTE-TO-ENERGY PLANTS: SOURCE OF ENERGY UTILIZING WASTE PRODUCTS

Dr. Harminder Singh,

Associate Professor, Department of Mechanical Engineering Guru Nanak Dev University, Amritsar, Punjab-143005, India
ORCID NO: 0000-0002-0829-2154

ABSTRACT

Waste — to — energy plants are the source of generation of electrical/thermal energy from the fuel which is
considered as waste. This power generation plant has the capability to reduce the waste products and thus
produce clean and green energy. These plants are the special category of plants known as waste incinerators.
Incineration is an effective method for combustion of waste in developing countries especially where land
resources are limited. Agriculture waste such as cotton sticks can be collected from farms and used as fuel in
these plants which will generate revenue to farmers. However globally the waste-to-energy plants are running
at low efficiency as compared to fossil fuel based plants due to hot corrosion degradation failure of the heat
exchanger components. The presence of mainly alkali and heavy metals along-with chlorine in the waste
lowers the first melting point (FMT) of deposits on the surfaces, results in accelerated corrosion of the
components. Though superalloys show better results compared to different boiler steels but still there is need
of corrosion resistant coatings to improve the efficiency of the power plants.

Keywords: Electricity, Waste to energy plants, Waste, Efficiency, Boilers

1. Introduction

Waste-to-energy plants are the power generation plants utilizing various available waste resources. These
plants are the need of the hour to reduce the waste products. One of the various types of methods in the
production of energy generation using waste as fuel in power plants instead of coal in thermal power plants.
This will solve the problem of decomposing the waste as well as energy shortage worldwide. However, these
plants are working at low efficiency as compared to other power plants. The corrosive degradation of plant
components is a serious problem which needs to be resolved to enhance their efficiency [1-3]. The hot
corrosion of heat resistant alloys, in waste incinerators and other similar environments, accelerates by the
presence of mainly chlorine, sulfur and alkali metals in the fuel combustion products or impurities [3].
Therefore, an attempt have been made in this study to enhance the electrical energy efficiency of these plants
by increasing the life of the plant components.

2. Experimental procedure

The Ni-based superalloy (12Fe-23Cr-1Mn-1.3Al-0.3Ti -Balance Ni ) was used as substrate material for the
present study and the sample specimens were cut with dimensions of 20x15x3mm. Polishing of specimens was
done using SiC emery papers of 100, 220, 400, 600 grit size. All the parameters were kept constant throughout
the sample preparation process. After polishing the scanning electron images were analyzed. The hot corrosion
study of specimens was carried out in waste incinerator plant, at Amritsar, Punjab, India. The plant operates
as per the guidelines of Fifth Amendment in 2008 of Environment Protection Rules of 1986 by Ministry of
Environment and Forests, Govt. of India, New Delhi. The gasses going to the atmosphere from the incinerator
should be less than or equal to the parameter-specific emission standards. The samples were hanged in the
secondary chamber of plant using steel wire through a hole at one of the edges of samples. The temperature in
the plant varies due to heterogeneous nature of fuel and the average temperature at the position of hanged
samples was 900°C. The study was conducted for 10 cycles with each cycle consisting of 100h of exposure
followed by 1 h of cooling at ambient conditions. The weight of samples was measured after each cycle of
study. The samples were visually examined at the end of each cycle for any change in the colour, luster,
adherence of scale to the substrate and spalling tendency. After 10 cycles of studies, the corrosion products
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and their distribution on the surfaces were studied with XRD and SEM/EDX analysis. For cross-sectional
analysis the samples were sectioned and mounted in epoxy along cross-section. The mounted specimens were
prepared by polishing, using SiC emery papers of 220, 400, 600 grit and subsequently 1/0, 2/0, 3/0, and 4/0
grades. Fine polishing was carried out using 0.3 um diamond paste. The prepared specimens were then
analyzed by SEM/EDX techniques.

3. Results and Discussion

The weight change per unit area (mg/cm?) for the hot corroded coated superalloy for 1000 h exposure to the
waste based incinerator environment follows parabolic law of rate and the parabolic rate constants kj (gcm-s-
1) found to be: 22.27. The average scale thickness for found to be: 217 pum and the superalloy showed no
indication of internal corrosion attack.

The diffraction patterns for the corroded coated specimen shows the presence of Cr.Oz as major phase along with
presence of NiO, Fe,O3z and Al,Os. The SEM/EDX analysis shows that the oxide scale formed on the surface of
the specimens is interacting with the condensed phases of the ash. The scale is uniform and adherent after 1000
h exposure in waste incinerator environment. There is no indication of cracks and EDX analysis indicates that
the white phase has composition similar to ash from the surrounding environment. The compact and adherent
surface scale has small concentration of Fe and Ni, however, scale is rich in Cr, and oxygen. The presence of
Fe in the surface scale can be attributes to the diffusion from the substrate or from deposited ash. There is
minor diffusion of the elements from the deposits along the cross section of the scale of specimens. BSEI
across the cross-section shows that there is formation of oxide scale layer at top surface, which is directly
exposed to the waste incinerator environment. The EDX analysis across section shows mainly the presence
Cr and oxygen elements with small concentration of Ni at the topmost scale layer of the specimen. There
is diffusion of Mn and Ti in the coating from the superalloy substrate.

Despite of the presence of high concentration of Ni compared to Cr there is formation of oxide of chromium
during exposure of the coated specimen. Though there are various factors, which influence the scale
development, but the preferential formation of oxide of chromium as compared to Ni might be due to higher
affinity of Cr for oxygen than Ni, and Cr forms more stable oxide and NiO is less stoichiometric oxide than
Crzos.

The specimen proves to be effective in imparting the necessary protection to all the Ni-based superni
superalloys, as the weight gain data of specimen follows parabolic rate law. There is no sign of oxidation of
substrate superalloy. The SEM micrographs also show the formation of continuous, compact and adherent
surface scale though with the presence of embedded ash particles after 1000 h exposure to waste incinerator
environment. Therefore, it is conclude that the superalloy is able to provide effective and necessary protection to
superalloy in the real service environment of waste incinerator.

4. Conclusions
1. The superalloy is suitable for application in corrosive environment.
2. The protective scale layer of Cr,O3; formed on the exposed specimen in the waste incinerator environment.

3. The tested sample in this study is able to increase the life of boiler tubes in incinerator and other similar
high temperature and corrosive environments.

4. The improved efficiency of the incinerator and waste to energy plant especially agriculture based plant will
be beneficial for the agriculture dependent farmers and also the rural economy.
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A ROBUST CONTROL FOR WIND ENERGY CONVERSION SYSTEM BASED ON FIVE
PHASES PERMANENT MAGNET SYNCHRONOUS GENERATOR

Douara Ben ouadeh?, Kouzou Abdellah?, Chouiha Youcef®, Karboua Djaloul*, Mebkhouta Toufik®
1.2.3.4 Zain Achour University of Djelfa, Djelfa, Algeria
5 Mohamed Khider University of Biskra, Biskra, Algeria

ABSTRACT

This paper presents an advanced technic control called sliding mode control applied on a wind energy
conversion system based on five phases permanent magnet synchronous generator, where this control applied
to enhance the performance of the system, and produce a better energy quality, sliding mode control is applied
on this system due to external disturbance and uncertainty for achieving robust and precise performance, This
technique creates a 'sliding surface' within the control system, where the system's behavior is directed towards
sliding along this surface, leading to rapid convergence and stability. By continuously adjusting control inputs
based on the system's current state and the sliding surface, sliding mode control effectively counters external
disturbances and parameter variations. Its inherent ability to maintain desired performance in the face of
uncertainty makes it a valuable control against wind speed changes, furthermore, the five phases PMSG is
smoother to control and has more power distribution.
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SOLAR PUMPING SYSTEM BASED ON AN INDUCTION MOTOR
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ABSTRACT

In many places in the world where connecting to the grid is not possible and not economical, In such as places
there must be alternative sources for generating electricity, one this common solution are the solar panels, solar
pumping system is an effective and efficient way to power water pumps using solar energy. These systems
efficiently lift and carry water for a variety of uses, including irrigation, cattle watering, and even residential
usage in distant or off-grid places, by utilizing solar panels to capture the irradiation of the sun's energy, and
convert that to electric energy. Solar pumping systems have a number of benefits, such as less dependence on
fossil fuels, cheaper operating costs, and no environmental impact. In areas with plenty of sunshine, these
systems can be crucial for improving agricultural output and ensuring access to clean water. They also help
conserve resources. Overall, solar pumping systems serve as a shining illustration of the beneficial synergy
between renewable energy and real-world uses for a more sustainable future, this paper deals with an example
of a solar water pump based on an induction motor.
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ABSTRACT

Today, energy production and efficient utilization stand as crucial global concerns widely acknowledged
worldwide because of the intense consumption. The adept design of power systems and their constituents holds
paramount importance in achieving maximal output while minimizing losses. Hence, applying thermodynamic
analyses becomes imperative to attain peak efficiency in energy production while concurrently enhancing
energy quality. This study undertakes a comprehensive investigation, encompassing both conventional and
advanced exergy analyses within the organic Rankine cycle. The conventional exergy analysis traditionally
assesses the cycle's capacity to generate work. This study delves into whether the exergy losses within
individual components stem from component-specific issues or from interactions with other elements.
Furthermore, the study calculates avoidable and unavoidable exergy losses within each component. These
computations encompass internal and external exergy losses, along with those that can be mitigated (avoidable)
and those inherent to the system (unavoidable). These analyses are conducted under different working fluid
selections, affording a profound comprehension of energy conversion processes. Consequently, the primary
objective of this research is to enhance the efficiency and efficacy of energy production through comprehensive
exergy analyses within the organic Rankine cycle. Moreover, scrutinizing the origins of exergy losses within
each component bestows crucial insights for enhancing energy systems.

Keywords: Organic Rankine cycle, advanced exergy analysis, second law analysis
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ABSTRACT

In this study, the production of bifunctional thermochromic and energy storing microcapsules with
gelatin/arabic gum wall by complex coacervation method was carried out. The study aimed to produce
thermochromic microcapsules with natural and biocompatible wall structure, temperature sensitive color-
colorless reversible color transformation and storing/emitting latent heat energy during this transformation.
For this aim, ternary thermochromic system (TS) that consisted of fluorane dye (2'-(Dibenzylamino)-6'-
(diethylamino)fluorane) as color former (leuco dye), phenolphthalein as color developer and 1-tetradecanol as
solvent was prepared as the core material and encapsulated. The solvent component, which was a phase change
material (PCM), had also latent heat storage and release property. Microencapsulation of TS into gelatin/arabic
gum wall was proven by Fourier transform infrared (FTIR) spectroscopy. The spherical shape and smooth
surface of the produced microcapsules were determined by scanning electron microscopy (SEM) images. The
average particle size (d50) of the microcapsules was determined as 17.34 micronmeters. Differential scanning
calorimetry (DSC) analysis was performed to determine their thermal properties. According to DSC results,
microcapsules exhibited latent heat energy storage capacity of 140.6 J/g at 34.5 °C and could be used as thermal
energy storage materials for various applications such as textile, building, thermal sensor etc. The melting
temperature of solvent determined color change temperature of TS as 34.5 °C. According to TGA analysis, the
thermal decomposition temperature of the microcapsules was determined as 150 °C and microencapsulation
reduced the mass loss value of the thermochromic system during decomposition. Temperature-dependent
reversible color change of the microcapsules was investigated using photograph images taken different
temperatures. The photographs images proved that microcapsules showed reversible color change from green
to colorless with temperature variation.

Keywords: Fluoran dye, gelatin, arabic gum, microcapsules, thermochromic, energy storage

Introduction

In recent years, rapidly advancing science and technology has focused on the development of smart materials
that can sense and respond to environmental stimuli. Smart materials are materials that can react on their own
to changes in their environment. This response can take the form of a change in volume, color or viscosity
with warning temperature variation, voltage etc. Thermochromic materials are materials that change color
reversibly with temperature change. They are encountered in many areas of our daily lives such as ink, crayons,
textile dyestuffs, color-changing cups and plates, toothbrushes, jewelry, batteries, color-changing t-shirts,
camouflage clothing, architectural structures (Bamfield, 2010). In the textile field, leuco dye based and liquid
crystal type thermochromic materials are preferred (Chowdhury et al. 2013). Leuco dye-based thermochromic
materials consist of a leuco dye as a color former, a proton donor as a color developer and a hydrophobic and
non-volatile solvent (Malherbe et al. 2010; Kulcar et al. 2010; Raditoiu et al. 2016). The solvent component
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of the system is a phase change material and its melting temperature determines the color change temperature
of the system. While the system is colored below the melting temperature of the solvent, it loses its color above
the melting temperature of the solvent (Chowdhury et al. 2014). These system was used in textiles after
encapsulation (Chowdhury et al. 2013). Encapsulation prevents both the flowing of the phase change material
during the phase change and the change in the ratio of the components of the system.

In literature, while there are many studies on leuco dye based thermochromic systems microencapsulated with
various synthetic polymers (Kim et al. 2018; Gao et al. 2012, Zhang et al. 2020; T6zUm et al. 2018; T6zUm et
al. 2020; Tozim et al. 2021; Ozkayalar et al. 2020), there are very few studies on microencapsulation of
thermochromic systems by complex coacervation method. These studies generally focused on analysis
parameters affecting the morphology, particle size and distribution of microcapsules. Complex coacervation
is a simple, versatile and highly efficient method that allows microencapsulation using natural polymers. It is
a method that allows the encapsulation of different active ingredients into a natural and biocompatible polymer
structure for many fields, from food to textile. In this study, we carried out the production of bifunctional
thermochromic and energy-storing microcapsules with natural polymer (gelatin/arabic gum) wall by complex
coacervation method. The morphology, temperature sensitive reversible color change behavior, chemical
structure and thermal properties of the produced microcapsules were investigated.

Materials and Methods

A 2’-(Dibenzylamino)-6’-(diethylamino) fluoran as color former, phenolphthalein (Sigma Aldrich) as color
developer and 1-tetradecanol (>97%, Alfa Aesar) as solvent, were used to form ternary thermochromic system.
Gelatin (Sigma Aldrich, Type A) as polycation polymer and arabic gum (Sigma Aldrich) as polyanion
polymers were employed as wall materials of microcapsules. Cetyl trimethyl ammonium bromide (CTAB,
Sigma Aldrich) was used as cationic surfactant in the production of microcapsules. To stabilize the
microcapsules, glutaraldehyde (2.5%, Sigma Aldrich) was used as a crosslinker. Acetic acid (10%) and sodium
hydroxide (5%) solutions were used for pH adjustments during the microcapsule production stages.

In the preparation of the ternary TS, the our previously reported procedure was used. The weights ratio of
fluoran dye, phenolphatelein, and 1-tetradecanol were 0.055/0.09/6.42 (Ozkayalar & Alay Aksoy, 2020). The
microencapsulation of the prepared ternary TS was carried out by complex coaservation method. The core/shell
ratio of microcapsules was 1:0.5. In the microcapsule production process, the prepared ternary TS was
dispersed in 50 ml of a 1.25 % (w/v) gelatin solution in the presence of CTAB (0.10 g) surfactant. The 50 ml
of a 1.25 % (w/v) arabic gum solution dripped into the created emulsion and the pH was adjusted to pH 4
where the two polymers had oppositely charged in order to form complex between their molecules. After one
and half hour, sodium hydroxide was dripped to adjust the pH to 9 and complex formation was stopped.
Afterward, the temperature of emulsion system was decreased to 4 °C and 0.8 g of glutaraldehyde was added
to stabilize the microcapsules. Figure 1 shows the schematic view of the production of energy storing
microcapsules with gelatin/arabic gum wall by the complex coacervation method.
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Figure 1. Schematic view of the production of thermochromic and energy storing microcapsules with
gelatin/arabic gum wall

The morphological properties of microcapsules were investigated using ZEISS GEMINI 500 model SEM
instrument. The particle size analyzer (Horiba LA-350) was used to measure the particle size of the
microcapsules. The microcapsules were characterized chemically using ATR-FTIR (Perkin Elmer) analysis.
The temperature-sensitive reversible color changes of the produced microcapsules were examined with images
taken at 50 °C and 25 °C. Besides, the phase transition characteristics of microcapsules was characterized
using Perkin Elmer DSC instrument. Thermal stability of microcapsules was investigated via
thermogravimetric analysis (TG) using a Perkin Elmer Diamond instrument. Analyses were performed in a
nitrogen atmosphere at a scanning rate of 10 °C/min in the temperature range of 0 °C to 500 °C.

Findings and Discussion
Morphologies of microcapsules

Morphology of the microcapsules was examined by SEM analysis. According to SEM images shown in Figure
2, the capsules had an ideal spherical morphology with smooth surface and almost uniform particle sizes.
Additionally, the size scales given on the SEM images that the particle sizes of the microcapsules were almost
200 nm.
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Figure 2. SEM images of microcapsules

Particle sizes and size distribution of microcapsules

The particle size distribution histogram of the microcapsules was presented in Figure 3. According to the
Figure 3, particle size distribution of the microcapsules exhibited narrow and unimodal. The mean particle size
of microcapsules was 17.34 um and their particle size range varied between 5.55-58.76 um. The difference
between the SEM images of the microcapsules and the dimensions measured by the particle size analyzer
device is due to the measurement principle of the particle size measuring device and the tendency of the
particles to cluster. As seen in the SEM image, the produced capsules exhibited a tendency to cluster, making
it difficult to examine their morphology. This result is due to both the small particle size of the capsules and
the intermolecular forces of attraction between the functional groups of the polymers in the capsule wall
structure. Since clustered capsule groups are detected as a single particle in the particle size measuring device,
microcapsule sizes are measured as larger.
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Figure 3. PSD of microcapsules
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Color Photo Analysis

Photographs of TS and microcapsules taken at cold (around room temperature) and hot (50 °C) medium were
given in Figure 4. The system was in solid state and dark green color at cold medium. At about 50 °C, the TS
was completely colorless and in liquid state. The microcapsules were also green color at cold medium. At
above the activation temperature, they lost their color completely.

[

TS/G-AG |

Figure 4. Photographs of microcapsules at hot medium and cold medium

FT-IR spectroscopic analysis

FTIR curves for the materials used in the preparation of microcapsules, TS, gelatin, arabic gum and
microcapsules were given in Figure 5. The large and broad peak observed at 3223-3282 cm™ in the spectra of
microcapsules was a combination of the —OH stretching peaks of arabic gum, the N-H stretching peaks of
gelatin as well as the —OH stretching peaks of the 1-tetradecanol and phenolphthalein. The peaks at 2849 cm-
12917 cm™ and 2957 cm™ were the peaks of characteristic to C-H stretching peaks of 1-tetradecanol, which
was the solvent of TS. The strong and sharp peaks appearing at 1472 cm™ and 1463 cm™ in the spectrum of
microcapsules were the C-H bending peak of 1-tetradecanol in TS. The peak at 1375 cm™ in the spectrum of
microcapsules belongs to the symmetric stretching of carboxylate groups resulting from the ring opening of
the dye in the TS.
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Figure 5. FTIR spectra of gelatin (a), arabic gum (b), TS (c), microcapsules (d)

DSC Analysis

DSC curve including phase change temperatures and melting and crystallization enthalpies of microcapsules
was given in Figure 6. According to Figure 6, microcapsules absorbed 140.6 j/g of latent heat energy at 34.5
°C. Their crystallization and solid-solid transition enthalpies were measured as -56.1 J/g at 35.4 °C and -23.9

J/g at 28.9 °C, respectively.
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Figure 6. DSC thermogram of microcapsules

TG Analysis

To determine thermal endurance of microcapsules, TG analysis was performed. From the TG curve given in
Figure 7, it was seen that microcapsules degraded in two steps. Microcapsules started to lose weight at around
150 °C and the first step weight loss ratio of microcapsules was 52.34%. This weight loss was due to the
evaporation of the thermochromic system. The second weight loss of microcapsules was 23.73% in the range
of 230 °C to 400 °C. This second degradation was assigned to the degradation of the polymeric shell. TGA
results showed that the microcapsules had adequately thermal stability for textile applications.
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Figure 7. TG curve of microcapsules

Conclusion and Recommendations

In this study, which aimed to produce bifunctional microcapsules with thermochromic and thermal energy
storage properties, microcapsule production by complex coacervation method was realized successfully. In the
study, gelatin and arabic gum polymers with natural and biocompatible were used as shell materials. The core
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material was leuco dye-based ternary thermochromic system which was consisted of fluorane dye as leuco
dye, phenolphthalein as color developer and 1-tetradecanol as solvent. According to SEM images, it was
observed that microcapsules with spherical and smooth surfaces were produced. Photographs of microcapsules
taken at cold and hot medium showed that microcapsules had reversible color change performances from green
to colorless. From DSC and TG analysis results, it was determined that the latent heat energy storage capacity
of microcapsules was 140.6 J/g at around 34.5 °C and they had good thermal stability. Consequently, the
produced microcapsules were suitable for using as energy storage materials in textile and non-textile materials.
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ABSTRACT

Thermochromic dyes change their color reversibly depending on change in temperature. Because of their
temperature sensing property, thermochromic materials have attracted considerable interest in the production
of smart textiles, thermal indicators, building coatings, security printing, food packaging, medical
thermography etc. An important group of thermochromic dyes are three-component thermochromic systems
(TSs). The system consists of three components: color-forming dye, color developer and solvent. The solvent
component of the system determines the activation temperature at which the system changes color. This
component is also a phase change agent and has the function of thermal energy storage. In this study,
poly(methyl methacrylate-co-glycidyl methacrylate) (PMMA-co-GMA) walled nanoencapsulated TSs having
latent heat storage property were prepared using emulsion polymerization method. TSs consist of fluorane dye
as color former, phenolphthalein as color developer and n-docecanol as solvent were prepared. In the study,
two different TSs containing green 2'-(Dibenzylamino)-6'-(diethylamino) fluorane or black 2-Anilino-6-
dibutylamino-3-methylfluorane dyes were prepared and encapsulated. While the TSs and capsules shown
colorless at high temperatures, i.e. above the melting temperature of the solvent, they became green or black
at temperatures below the solidification temperature of the solvent. The formation and spherical morphology
of the capsules were determined by FT-IR spectroscopy and SEM images. The green capsules stored energy
of 103 j/g during heating at 7.9 °C (peak at 19.6 °C), while they emitted a total of 67.16 J/g of heat energy
during the liquid-solid (at 17 °C) and solid-solid (at 9 °C) phase transitions. The black capsules stored totally
97.51 J/g of heat at 19 °C during heating and emitted 102.2 J/g of heat at 17.9 °C during cooling. It was noted
that the degradation initiation temperatures of the nanocapsules were above 170 °C and the encapsulated TSs
exhibited sufficient thermal resistance for thermal energy storage application fields.

Keywords: Thermochromic, phase change, fluorane dye, thermal energy storage.

Introduction

The storage of thermal energy in the form of sensible and latent heat has become an important aspect of energy
management. Latent heat storage by phase change materials (PCMs) is one of the most efficient ways of
storing thermal energy. PCMs can absorb, store and release large amounts of latent thermal energy during their
process of physical state change without changing their temperature (Jeon et al., 2013; Wang et al., 2023).
Nowadays, PCMs which are accepted as the clean green materials are attracting increasing attention to enhance
the energy utilization efficiency and thermal regulation. Recently, the topic of encapsulation of phase change
materials with thermochromic function has been considered as a promising research topic attracting
considerable commercial interest (Zhang et al., 2020; Li et al., 2023). In particular, leuco dye-based three-
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component thermochromic systems (TSs) have been selected as the core materials for the fabrication of
temperature-sensitive thermochromic microcapsules/nanocapsules.

Thermochromic materials are temperature sensitive compounds that change their color reversibly by a change
of temperature. The leuco dye based three-component systems include a color former (leuco dye or electron
acceptor), a color developer and a solvent. Color former is a pH-sensitive leuco dye compound that receives
color by taking a proton from color developer. The color developer is a weak acid that acts as proton donors
to generate the colored state of the leuco dye components. The solvent, which is a phase change material
(PCM), has also latent heat storage and release property. Besides, the function of the solvent in the system is
to create a suitable medium for interactions between the leuco dye and the color developer. The colour
formation mechanism of leuco dyes is based on the interaction between the dye and the developer and this
interaction is controlled by the solvent component of the system. If the solvent component of the TS is in solid
form, the system will show colour as the interaction between the dye and the developer takes place. Conversely,
if the system is heated above the melting temperature of the solvent, the organic solvent melts and the
interaction between the colour former and the colour developer ends. The melting point of the solvent is the
deterministic value for activation of the system (Basnec et al., 2018; T6ziim et al., 2021; Li et al., 2023).

In most applications, thermochromic systems are encapsulated in a protective and transparent shell prior to
application. Encapsulation provides protection for the dye, which is very sensitive to external conditions. It
maintains the TS as a solid particle when it is liquid. It provides a homogeneous mixture of the ternary system
and prevents the change of composition ratios (T6zum etal.,2021; Li et al., 2023). In this study, poly(methyl
methacrylate-co-glycidyl methacrylate) walled nanoencapsulated TSs with latent heat storage property were
prepared by emulsion polymerization method. The aim of this study was to prepare reactive walled
nanocapsules with high thermal energy storage capacity and markedly reversible color change function. The
nanocapsules are expected to exhibit thermochromic and thermal energy storage properties due to the three-
component thermochromic system they contain, and to exhibit adhesion to organic materials such as fibres
with intermolecular attractive forces due to their wall structure.

Materials and Methods

In the preparation of TSs, 2'-(Dibenzylamino)-6'-(diethylamino) fluorane and 2-Anilino-6-dibutylamino-3-
methylfluorane dyes supplied from TCI Chemicals Company were used as color former. PP (Carlo Erba) was
used as the color developer and n-dodecanol (Acros Organics, %98) was used as a solvent. To improve the
resistance of TSs against light, 2,4-dihydroxybenzophenone (UVA) (Alfa Aesar, 99%) was employed as UV
absorber material. In the synthesis of nanocapsules, methyl methacrylate (MMA, Sigma Aldrich, %99)
monomer and glycidyl methacrylate (EGDM, Sigma Aldrich, %98) co-monomer were used. Ethylene glycol
dimethacrylate (EGDM, Sigma Aldrich, 98%) was served as cross-linker. 2,2'-Azobis(2-
methylpropionamidine) dihydrochloride (Aldrich, 97%) was initiator used to initiate free radical
polymerization in nanocapsule synthesis process. Polyethylene glycol 1000 (PEG 1000) was employed as
emulsifier.

In the preparation of thermochromic systems, the dye/developer/solvent ratio was kept constant as
0.55/0.09/6.42 in grams. Appropriate amounts of dye and phenolphthalein were added to the solvent heated to
approximately 90 °C and stirred until dissolved. 2,4-Dihydroxybenzophenone (UVA) UV absorber (6 times
than the amount of dyestuff) was added to the thermochromic systems to improve the generally known low
UV resistance properties of thermochromic systems.

The production of the PMMA-co-GMA walled nanocapsules containing TSs was carried out by oil-in-water
emulsion polymerization method (Ozkayalar et al. 2020). The wall/core ratio was chosen as 0.5:1. The
monomer (MMA)/co-monomer (GMA\) ratio was used as 9/1. A 6.5 g of ternary TS was added into 100 ml of
deionized water at 50 °C and emulsified by adding 2 g of PEG1000 surfactant by stirring for half an hour at a
mixing speed of almost 3000 rpm. Then, 3.25 g of monomer (e.g. MMA and GMA mixing), 1.35 g of EGDM
cross-linker and 1 g of initiator were added to the emulsion and the temperature was increased to 80 °C to
initiate polymerization reaction. Stirring speed was decreased to 1000-2000 rpm. The nanocapsules were
produced by polymerization reaction about three hours, washed several times with hot water at 70 °C, filtered
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and stored in the refrigerator. The information about the prepared TSs and nanocapsules was presented in Table
1.

Table 1. Contents of TSs and nanocapsules

TS content
Nanocapsule Core uv
code material Dye Absorber Color developer Solvent
o 2'-(Dibenzylamino)-6'-
zl\ﬂﬂ'\x.rgi TS1 (diethylamino) fluorane
0,055 g 033 a- Phenolphthalein N-dodecanol
2-Anilino-6- Y /2 0,099 6,42 g
PMMA-co- TS2 dibutylamino-3-
GMA/TS2 methylfluorane
0,055¢

The thermochromic behavior of TSs and nanocapsules were investigated with photograph images taken by
using a digital camera at different temperatures. TSs were placed in beakers as the nanocapsules were placed
on petri dishes. Firstly, photographs of TSs and nanocapsules at melting temperature of the TS were taken.
Then, photographs of the same samples were taken when they cooled back to room temperature. To examine
the morphology of the produced nanocapsules, scanning electron microscopy (SEM, LEO 440 Computer
Controlled Digital) analysis was carried. Before analysis, conductivity of the samples was supplied by covering
their surface with gold coating. FTIR spectroscopy analysis was performed to determine chemical structures
of nanocapsules using Perkin Elmer Spektrum BX instrument. The formation of the shell structure of the
nanocapsules and the presence of the core material in the capsule structure were investigated. Analyzes were
carried out with KBr pellet technique at 4 cm resolution, in the 4000-400 cm™* middle infrared region with 2
cm? intervals. TG analysis was carried out to examine the thermal stability of nanocapsules using a Perkin
Elmer TGA7 instrument. Measurements were realized in the range of 0-500 °C, at a heating rate of 10 °C/d
under air atmosphere. The phase transition points and heat storage/release capacities of the nanocapsules were
determined by a differential scanning calorimetry (DSC, Perkin-Elmer Jade). The measurements were carried
out at a heating rate of 1 °C/min, between the temperature of -5 °C and 65 °C under nitrogen gas.

Findings and Discussion

At below and above the phase transition temperature of TSs, colored and colorless photos of TSs and
nanocapsules were presented in Figure 1 and Figure 2, respectively. It was seen that the TSs were colored in
cold state while they were colorless above the activation temperatures and returned to their original colors
when they were cooled again. In the cold, TS1 turns dark green while TS2 turns black. According to the photos
of TS nanocapsules, nanocapsules exhibited a markedly thermochromic color change. The color of the capsules
changed significantly from green to colorless (capsule wall polymer color) or from black to colorless
depending on the color of the TS they contained (Figure 2).
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Cold —Hot . I$1

Figure 1. Reversible color change properties of the TSs depending on change in temperature

Figure 2. Reversible color change properties of the nanocapsules depending on temperature (a: PMMA-co-
GMA/TS1 and b: PMMA-co-GMA/TS2)

Figure 3 showed the SEM images of PMMA-co-GMA/TS1 nanocapsules as sample images. SEM images
showed the formation of capsules with nano-sized particles and their spherical morphology. In addition, the
images showed that the particles were homogeneous in size. According to the size scales given on the images,
their particle sizes were below 100 nm. It was also seen that the particles were agglomerated in clusters. This
is thought to be related to the nano-sized particle size.
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FT-IR spectroscopy analysis was used to study the chemical structure of the capsules. FT-IR spectra of the
nanocapsules and the core material TSs were given given in the Figure 4. In the Table 2, information about the
characteristic peaks of the materials obtained from the spectra was given.

L 2 L
4000 annn Foan 1000 ann

Wavelength, cm-1

Figure 4. FT-IR spectra of TS1 (a), PMMA-co-GMA/TS1 nanocapsules (b), PMMA-co-GMA/TS2
nanocapsules (c), TS2 (d)
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Table 2. Information about the characteristic FT-IR spectrum peaks of the materials

Material FT-IR spectum peak Peak source
wavelengt (cm™

PMMA-co-GMA/TS1 2925 and 2854 the characteristic C-H stretching peaks of n-dodecanol
nanocapsules

1461 the C-H bending peak of n-dodecanol
722 the C-H shaking peak of n-dodecanol
3363 the overlapped
—OH stretch band of n-dodecanol and phenolphthalein
1728 carbonyl peak of phenolphthalein
1626 the overlapping peak of the carboxylate of the dye and the
carbonyl group of the MMA monomer
1345 characteristic peak of UV absorber
PMMA-co-GMA/TS2 2923 and 2856 the characteristic C-H stretching peaks of n-dodecanol
nanocapsules .
1465 the C-H bending peak of n-dodecanol
722 the C-H shaking peak of n-dodecanol
3363 the overlapping of —OH stretch band of n-dodecanol and
phenolphthalein
1726 carbonyl peak of phenolphthalein
1626 the overlapping peak of the carboxylate of the dye and the

carbonyl group of the MMA monomer

1345 Characteristic peak of UV absorber

In the FT-IR spectra of the nanocapsules:

e The characteristic C-H stretching and bending peaks of n-dodecanol are present

o the overlapping -OH stretching band of n-dodecanol and phenolphthalein is present
e The carbonyl peak of phenolphthalein is present.

e The overlapping peak of the carboxylate of the dye and the carbonyl group of the MMA monomer is
available.

e The characteristic peak of the UV absorber is available

o On the other hand, the C=C stretching peak at 1639 cm-1 of the MMA monomer and the C=C stretching
peak at 1633 cm-1 of the GMA monomer were not observed in the nanocapsule spectrum. This finding
indicated that the nanocapsule with (PMMA-co-GMA) wall was synthesized as a result of the
polymerization reaction between the monomers.

According to the DSC analysis results of TSs (Figure 5 and Table 3), the melting temperatures of the
thermochromic systems were around 18.5 °C, while their solidification temperatures were 18.4 °C and 18.9
°C. Their heat storage capacities ranged from 179 j/g to 188 j/g, while their heat dissipation capacities were
172 and 186 j/g. DSC analysis results show that the heat storage capacities of the TSs ae very high and they
are candidates for an effective thermal energy storage material. In addition, their energy storage and releasing
temperatures are suitable for human body temperature.
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Table 3. DSC analysis results of TS1 and TS2

TS Tm (°C) Heat storage Tc (°C) Heat releasing
capacity (j/g) capacity (j/q)
TS1 18.5 188.4 18.4 186.5
TS2 18.6 179.4 18.9 172.6
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Figure 5. DSC curves of the TSs (a:TS1 and b: TS2)

According to the DSC analysis results of PMMA-co-GMA/TS1 and PMMA-co-GMA/TS2 nanocapsules
(Figure 6 and Table 4), The energy storage capacity decreased significantly after encapsulation process.
However, it can be said that the capsules have a high energy storage capacity with a melting enthalpy of about
100 j/g. As with the TSs, their energy storage temperatures are suitable for the human body temperature.
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Table 4. DSC analysis results of the nanocapsules

Nanocpsules Tm peak (°C) Heat storage capacity | Tc (°C) Heat releasing
(i79) capacity (j/9)
PMMA-co-GMA/TS1 | 7.9 103,1 17 °C liquid-solid | 67.16
(19.6 peak point) 9 °C solid-solid
PMMA-co-GMA/TS2 | 19 °C (23.0 peak point | 97.51 17.9 102.2
DSC /{(mW/mg) Flow /(ml/min)
(1.7] (7
1 exo
(a)
350
1.0
300
05
| 250
00 Onset™ 17.0 °C.-0.2156 mW/mg
f‘v' - —J 1200
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Figure 6. DSC curves of the nanocapsules (a:PMMA-co-GMA/TS1 nanocapsules, b: PMMA-co-GMA/TS2

nanocapsules)

According to the TG analysis results, nanocapsules were subjected to a two-stage thermal degradation. The
first degradation was due to the evaporation of the solvent component of the capsule core material and its
leakage from the shell structure. The second stage degradation was caused by the degradation of the
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nanocapsule wall structure. The degradation initiation temperatures of the nanocapsules were above 170 °C
and the encapsulated TSs exhibited sufficient thermal resistance for thermal energy storage application fields.

Table 5. TG analysis results of the nanocapsules

Nanocapsules The first step degredation The second step degredation
Initiation | End weight loss, % | Initiation | End weight loss, %

PMMA-co-GMA/TS1 | 176.44 229.54 | 37.18 358.69 447.83 45.00

PMMA-co-GMA/TS2 | 179,94 229,85 | 46.20 352,98 448,14 46.41

Conclusion and Recommendations

In the study, two different TS containing fluorane dye with two different colours were prepared and
nanoencapsulated by emulsion polymerization method. The TS and capsules were colourless above the melting
temperature of the solvent, while they became green or black at temperatures below the solidification
temperature of the solvent. SEM analysis showed the formation of capsules with nano-sized particles and their
spherical morphology. According to the SEM images, the particle sizes were less than 100 nm. The synthesis
of the capsule polymer wall structure and the core material content were confirmed by FT-IR spectroscopy.
According to the DSC analysis, TS had a very high thermal energy storage capacity (about 180 j/g). The energy
storage/release temperatures were suitable for human body temperature. The capsules had high energy storage
capacity with a melting enthalpy of about 100 j/g. TSs and nanocapsules had energy storage temperatures
suitable for human body temperature. The degradation initiation temperatures of the nanocapsules were above
170°C. In conclusion, the TS nanocapsules exhibit sufficient thermal resistance and high thermal energy
storage capacities for applications in thermal energy storage and the development of thermo-regulating textiles.
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ABSTRACT

Continuous consumption of non-renewable fossil fuels has led to serious environmental pollution and climate
change. Therefore, the effective use of energy has become an important issue and this case forces people to
shift towards the use of sustainable and renewable energy. Energy storage technology is a promising method
to solve this problem. Therefore, in recent years, researchers focused on various thermal energy storage
systems. Particularly, phase change energy storage attracts more interest to realize energy reuse and
decarbonization. Today, in textile field, microencapsulated PCMs, which is one of the latent heat storage
materials have been integrated into clothing due to their store/release large amounts of energy ability to
improve personal thermal comfort and to decrease heat stress in hot indoor and outdoor occupational
environments. In this study, poly(methyl methacrylate-co-methacrylic acid) (PMMA-co-MAA) walled, 1-
tetradecanol core nanocapsules were produced by emulsion polymerization method and applied to viscose
textile fibres during yarn production. PCM integrated viscose ring spun yarns were produced by two different
capsule concentrations (3% and 9%) and feeding rate (62.5 mL/h and 80 mL/h) values. Morphological and
thermal properties of the produced yarns were analyzed. The results indicated that PCM incorporated yarns
provided lower surface temperature values than unloaded reference yarns and temperature differences between
unloaded and PCM integrated yarns were beyond 2 °C depending on production parameters such as capsule
concentration, feeding rate etc. Textile materials containing PCMs are promising potential for desirable
thermal comfort and energy conservation of building heating/air conditioning systems due to their temperature
regulating function.

Keywords: Thermal energy storage, phase change materials (PCMs), thermoregulating, microcapsules, ring
spun yarn, thermal properties

Introduction

Energy is the source of human life and fossil fuels are the main source of energy. However, the continuous
consumption of non-renewable fossil fuels has led to serious environmental pollution and climate change.
Therefore, the effective use of energy has become an important issue and this case forces people to shift
towards the use of sustainable and renewable energy. Energy storage technology is a promising method to
solve this problem. Therefore, in recent years, researchers focused on various thermal energy storage systems.
Particularly, phase change energy storage attracts more interest to realize energy reuse and decarbonization.
Phase change materials (PCMs), also known as latent heat storage materials, store/release large amounts of
energy from the environment during the phase change processes (Chang et al., 2022; Wang et al., 2022). They
are capable to improve energy utilization and environmental protection in terms of their high-performance
storage function of thermal energy. Therefore, they are widely used in various fields.

Today, in the field of textile, PCMs have been integrated into textile garments to get thermo-regulating and
temperature buffering functions for human body. Thermo-regulating of human body has a significant influence
on saving energy consumption of building heating, ventilation, and air conditioning (HVAC) systems (Zhao
et al., 2021; Peng et al., 2020). HVAC systems constitute excessive energy consumption in buildings,
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accounting for nearly 40% of the total energy consumption (Zhu et al., 2021). For example, to maintain the
thermal comfort of the human body within an extended heating and/or cooling range of 2 °C, HVAC can realise
about 20% of energy savings (Peng et al., 2020; Tabor et al., 2020). With the increase in quality of life and
huge effects of climate change, the demand for HVAC has increased and this case has resulted in excessive
energy consumption in buildings. On the other hand, the demand of energy for heating and cooling varies on
a daily, weekly and even seasonal scale and this case put a great burden on conventional systems. Thereby,
development of alternative strategies and technologies of high energy efficiency became a hot topic to decrease
energy consumption.

In the textile field, many researches have been carried out on the usage of PCMs and their adaptation to textile
materials. Textile materials containing PCMs are classified as smart thermo-regulating textiles. They can adapt
to changeable metabolic heat and environmental conditions. They can improve personal thermal comfort and
decrease heat stress in hot indoor and outdoor occupational environments (Golbabaei et al., 2022; Yuan et al.,
2021).

It can be concluded from the above, PCM integrated textiles can help to improve human body thermal comfort
and hence to decrease energy consumption in buildings by reducing the need for heating and cooling of
buildings. In this study, it was focused on integration of PCM capsules to viscose textile fibres for the
fabrication of woven/knitted fabrics and thereby for the production of adaptive textiles. In literature, PCM
integration applications focused on synthetic fiber spinning and wet processes for the woven/knitted fabrics.
There are relatively few studies on PCM capsule integration to staple fibers and spun yarns. In recent years,
spun yarns attract the attention of researchers due to unique properties of spun yarns such as such as porous
structure, softness, strength, flexibility, bending as well as usability as yarn/fabric forms and working with
different fiber types. In these studies, various new spinning methods such as on core-spun, wrap and friction
yarn spinning were used and PCM capsules were applied to a core material. PCM integrated core filament was
covered and spun with staple fibres (Yu et al., 2022; Lin et al., 2016; Marsal, 2012). Different from these
studies, in this study, an alternative method developed by the authors was used (Yilmaz et al., 2022) and PCM
capsules were integrated inner structure as well as the outer surface of the yarn via spraying PCMs into open
viscose fiber bundle during yarn spinning. In our previous study, poly (methyl methacrylate-co-
methacrylamide) walled and n-dodecanol core nanocapsules were applied to viscose fibres at only one capsule
concentration (6%) and feeding rate (70 mL/h) values (Yilmaz et al., 2022). In this study, poly(methyl
methacrylate-co-methacrylic acid) (PMMA-co-MAA) walled, 1-tetradecanol core nanocapsules were
produced by emulsion polymerization method and applied to viscose textile fibres at 3% and 9% capsule
concentrations and 62.5 and 80 mL/h feeding rates. Morphological and thermal properties of the produced
viscose yarns were characterized. Therefore, in the study, the effect of different capsule types as well as the
effect of production parameters (capsule concentration and feeding rate values) on the thermo-regulation
property of the yarns was also investigated.

Materials and Methods

In the study, emulsion polymerization method was used to synthesis of poly(methyl methacrylate-co-
methacrylic acid) (PMMA-co-MAA) walled, 1-tetradecanol core nanocapsules. A wall/core ratio of 1/1 was
used in the production of nanocapsules. Morphological and thermal properties of the produced were
characterized by LEO 440 Computer Controlled Digital Scanning Electron Microscope (SEM) and Differential
Scanning Calorimetry (DSC). According to the results, the capsules had ideal spherical morphology, uniform
particle sizes varied from 150 nm to 400 nm. Energy storage capacity was 101.7 j/g at 34 °C and a heat
dissipation capacity was -101.2 j/g during liquid-solid and solid-solid phase transitions at 35 °C and 26 °C,
respectively (Yilmaz & Alay Aksoy, 2022).

In the study, viscose textile fiber was selected due to its widely used in textile products. For the PCM
nanocapsule integration, at first, nanocapsule dispersions were prepared at 3 and 9% concentrations, as
described in previous study (Yilmaz et al., 2023). Following to preparation process, PCM nanocapsule
dispersion was applied to the viscose fiber rovings via a specially designed feeding apparatus during the
drafting process of the ring spinning. Two different feeding rates (62.5 mL/h and 80 mL/h) was used for the
application PCM nanocapsules to viscose textile fibres and Ne 20/1 ring spun yarns with knitted twist (ae=3.4)
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were produced. Yarn production parameters such as draft and spindle speed were kept constant for both feeding
rate values during the yarn production.

In order to determine the presence of PCM in the yarn structure, yarn morphological properties were analysed
by Scanning Electron Microscope (SEM). To determine the thermoregulation properties of the yarns, thermal
properties of the PCM nanocapsule integrated viscose yarns were measured by the Thermal-History (T-
History) test method and the changes in surface temperatures of yarn samples were analysed (Yilmaz et al.,
2023; Alay et al., 2017). Dynamic temperature regulation feature of the samples was investigated resulting
from absorbed latent heat by the nanoencapsulated PCMs in the yarn structure in variable temperature
environments.

Findings and Discussion
1) Yarn morphological properties

Figure 1 shows the longitudinal SEM images for PCM integrated viscose ring spun yarns at two different
nanocapsule concentrations and feeding rate values. As seen, many nanocapsules were located at interstices
between the fibers and on the fiber surface of PCM integrated viscose yarns. A higher numbers of nanocapsules
have been observed along the fiber surface of the yarn samples. Some nanocapsules were distributed in the
form of conglomerates of various sizes, adhering to the fiber surfaces and they were distributed in clusters
along the fibers. As the PCM nanocapsule dispersion feeding rate increased from 62.5 mL/h to 80 mL/h,
number of nanocapsules in the yarn structure was getting higher. This case was observed for capsule
concentration. There was a significant rise in the number of nanocapsules in the yarn structure as a result of
higher amount of PCMs application via production parameters. The presence of capsules was quite apparent
in yarns produced at higher feeding rates and capsule concentrations. Cross-sectional images of the yarns
samples also indicated the presence of capsules on the fibre surface (Figure 2).
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Figure 1. SEM images of PCM nanocapsule incorporated viscose yarns for different production parameters
(A:3%, 62.5 mL/h, B:3%, 80 mL/h, C:9%, 62.5 mL/h, D:3%, 80 mL/h)
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Figure 2. Cross-sectional images of PCM nanocapsule incorporated viscose yarns for (A:3%, B:9%)

2) Thermal properties of the yarns

Thermal properties of PCM nanocapsule incorporated viscose ring spun yarns were measured by Thermal
History (T-History) test method and compared with unloaded reference viscose yarns. The changes in surface
temperatures of the yarn samples in variable temperature environments were obtained in the form of T-History
curves (Figures 3A, B) and surface temperature values (Tables 1-2) from T-History test method. In the T-
history curves, x-axis shows the measurement time while y-axis shows the surface temperature measured on
the surface of the yarn sample. According to the T-History test results, all capsule incorporated viscose yarns
produced with two different nanocapsule concentrations and feeding rate values had lower surface temperature
values compared to unloaded viscose yarns (Figures 3A, B). Hence, PCM-loaded yarns provided a lower
surface temperature values.

When the T-history curve for 3% capsule concentration was studied in detail, it was observed that the surface
temperature of the yarns without capsules increased more rapidly than PCM integrated yarns (Figure 3A).
Temperature values of unloaded reference yarns were higher than that of the PCM integrated yarns during the
measurement. When the reference and PCM integrated yarns which were conditioned in a cold environment
were taken and placed in a warm insulated box, their temperatures increased rapidly over time. This change
was called as the “warming up region” and this case was actually to be expected. During the warming up
region, the surface temperature of the yarn without nanocapsules increased rapidly to 22.2 °C in the first 10
minutes, and after this point, it slowly warmed up and reached a maximum of 39.6 °C at the end of the
measurement period (1 hour 20 minutes). The surface temperature of PCM integrated yarns increased to 21.5-
15.1 °C in the first 10 minutes for 62.5 and 80 mL/h feeding rates, respectively. After this point, it warmed up
slowly and reached a maximum of 32.1-34.6 °C at the end of the measurement period. With respect to the
analysis results, PCM integrated viscose ring spun yarns gave lower surface temperature values and this case
was considered as a cooling effect resulted from PCM in yarn structure.

In the study, the difference values between the surface temperatures of the reference and PCM integrated yarns
at different measurement times were analysed (Table 1). According to the results, it was observed that the
temperature difference of the yarns without and with capsules was quite high at the 5th minute in the warming
up period. Following to the warming up period, the temperatures increased at a lower level and the temperature
difference gradually decreased. This temperature change region was called as the “saturated surface
temperature region”. In the saturated surface temperature region, the surface temperature values almost
remained stable until the end of the measurement period. At the end of the measurement, temperature
difference value was about 7.5-5 °C for 62.5 and 80 mL/h feeding rates, respectively. However, mean surface
temperature differences at 62.5 mL feeding rate value were about 3.89 °C while it was 5.26 °C at 80 mL
feeding rate value. Therefore, 80 mL/h feed rate gave a higher mean surface temperature difference value.
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yarns at 3% (A) and 9% (B) capsule concentrations

-10,00

Figure 3. T-history curves of reference (unloaded) and PCM nanocapsule incorporated viscose ring spun
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Table 1. Differences in surface temperatures (°C) of reference and PCM nanocapsule incorporated viscose
yarns at different feeding rates for 3% capsule concentration

Temperature (°C)
Time (min) Feeding rate
625mL/h | 80mL/h

05:00 1.80 6.60
10:00 0.70 7.10
15:00 1.20 5.70
20:00 1.90 5.30
25:00 2.10 4.60
30:00 2.70 4.80
35:00 3.40 5.00
40:00 3.30 5.00
45:00 3.50 5.00
50:00 4.10 5.00
55:00 4.70 5.00
01:00:00 5.30 5.00
01:05:00 6.00 5.00
01:10:00 6.70 5.00
01:15:00 7.30 5.00
01:20:00 7.50 5.00

According to the thermal results of 9% capsule concentration, the surface temperature of the PCM integrated
viscose yarns increased to 15.4-20.7°C in the first 10 minutes, and after this point, it warmed up slowly and
reached a maximum of 31.5-37.4°C at the end of the measurement period. Similar trends were observed at 9%
concentration to 3% capsule concentration, following a rapid temperature increase in warming up region,
surface temperatures showed a tendency to increase at a lower degree during the saturated surface temperature
region. In both regions, PCM integrated yarns gave lower surface temperature values. This result is related to
the fact that PCM starts to melt during the temperature increase and absorbs latent heat energy at high capacity
during its melting. The latent heat absorbed by the PCM causes the fabric surface temperature to decrease.

When the temperature difference values given in Table 2 were studied, similar trends were observed for 9%
concentration. Temperature difference value was about 2.8-7.7 °C at the end of the measurement for 62.5 and
80 mL/h feeding rates, respectively. However, mean surface temperature differences at 62.5 mL feeding rate
value were about 2.81 °C while it was 7.56 °C at 80 mL feeding rate value. Therefore, as in 3% concentration,
80 mL/h feed rate gave a higher mean surface temperature difference value.

With respect to the analysis results, the highest feeding rate (80 mL/h) gave higher temperature difference
values at both capsule concentrations (Table 3). As the add-on increased by the PCM nanocapsule feeding,
number of nanocapsules in the yarn structure inherently rised and this case enhanced higher temperature
differences values. Regarding capsule concentration, it was not observed significant differences in surface
temperature values of 3% and 9% concentrations. Although slightly higher surface temperature difference
values were obtained in the unloaded and PCM integrated yarns at 9% concentration, the most significant
effect of the capsule concentration was determined as the variation in the surface temperature difference values.
The less variation was determined in 9% concentration than the 3% concentration and surface differences
values displayed a more stable variation in 9% (Tables 2-3).
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Table 2. Differences in surface temperatures (°C) of reference and PCM nanocapsule incorporated viscose
yarns at different feeding rates for 9% capsule concentration

Feeding rate

Time (min) =25 i/h | 80 mL/h
05:00 3.90 6.70
10:00 3.80 6.80
15:00 2.70 750
20:00 2.10 750
25:00 2.10 7.20
30:00 2.30 7.30
35:00 2.80 7.60
40:00 2.80 7.40
45:00 2.80 7.40
50:00 2.80 7.30
55:00 2.80 7.40

01:00:00 2.80 7550
01:05:00 2.80 8.00
01:10:00 2.80 8.30
01:15:00 2.80 8.10
01:20:00 2.80 8.10
01:25:00 2.80 7.80
01:30:00 2.80 7.70
01:35:00 2.80 7.70
01:40:00 2.80 7.70
01:41:30 2.80 7.70

Table 3. Mean values of the temperature difference results (°C) for different production parameters

Concentration 62.5mL/h | 80 mL/h
(%)
3 3.89 5.26
9 2.80 7.56

Conclusion and Recommendations

Adaptive textiles with thermoregulation properties are important in terms of energy consumption of building
heating/air conditioning systems as well as providing thermal comfort of the person. In this study, it was aimed
to integrate poly(methyl methacrylate-co-methacrylic acid) (PMMA-co-MAA) walled, 1-tetradecanol core
nanocapsules to viscose textile fibres for the fabrication of woven/knitted fabrics and thereby for the production
of adaptive textiles. PMMA-co-MAA) walled, 1-tetradecanol core nanocapsules were applied to viscose textile
fibres an alternative method and the effects of capsule concentration (3% and 9%) and feeding rate values
(62.5 mL/h and 80 mL/h) were investigated. Morphological and thermal measurements indicated that number
of nanocapsules in the yarn structure inherently rised as the add-on increased by higher capsule concentration
and PCMs feeding rate values. Higher capsule integration into the yarn structure provided less surface
temperature values in comparison to unloaded reference viscose yarns. Particularly, similar surface
temperature and temperature difference values were determined as the capsule concentration increased. Mean
surface temperature differences were about 3.89-5.26 °C for 3% capsule concentration while it was about 2.8-
7.56 °C for 9%. The findings of this study including the sufficient latent heat value and suitable transition
temperature of PCMs, PCM integrated viscose ring spun yarns would fulfill the thermal management
requirements for cooling applications. Produced yarns could serve as a basis for thermal energy storage
applications based on textile products.
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ABSTRACT

Nanofluids exhibit superior heat conduction capabilities compared to traditional fluids due to the dispersion of
nanoparticles within the fluid, which enhances the heat transfer coefficient. They have potential applications
in various engineering fields such as heat exchangers, cooling systems, solar energy collection systems, nuclear
reactors, and electronic device cooling. Graphene oxide nanoparticles are preferred for their stable dispersion
in fluids. In this study, an investigation of a system containing graphene oxide nanoparticles was conducted
across a wide range of flow velocities using two different approaches single-phase, two-phase flow methods.
The obtained results were compared with independent research conducted by other scholars, and performance
analyses related to the field of graphene oxide were extracted.

Keywords: graphene oxide, heat transfer, nanofluid

Introduction

Energy efficiency is gaining increasing importance in today's world. Given the limited energy resources and
their environmental impacts, effective energy transfer and storage have become a significant necessity. In this
context, nanofluids exhibit superior heat conduction capabilities compared to traditional fluids. This superior
performance is attributed to the homogeneous dispersion of nanoparticles within the fluid, which enhances the
heat transfer coefficient. Nanofluids have potential applications in various engineering fields such as heat
exchangers, cooling systems, solar energy collection systems, nuclear reactors, and electronic device cooling.

Graphene oxide nanoparticles, in particular, are preferred due to their ability to stably disperse within the fluid.
In 2020 Karabulut et al. emphasizes the importance of investigating heat transfer properties alongside
thermophysical characteristics for the use of nanofluids in engineering applications. It examines the convection
heat transfer coefficient of graphene oxide-distilled water nanofluid along a circular copper tube with turbulent
flow conditions, both numerically and experimentally. The showcases the performance of nanofluids in terms
of convection heat transfer under different volumetric flow rates, concentrations, and heat flux values. It is
observed that the nanofluid with 0.02 vol% concentration exhibits approximately a 48% increase in heat
transfer coefficient compared to distilled water. They have suggested the potential use of this nanofluid as an
efficient alternative in cooling and heating applications [1]. Azimi et al, studied about nanoparticles. They have
researched encompassing a wide range of nanomaterials, including nanocrystalline materials, nanocomposites,
carbon nanotubes, and quantum dots. Nanofluids, representing fluids containing nanometer-sized particles, are
investigated, particularly those containing hydrogen exfoliated graphene (HEG), to examine their thermal
conductivity and heat transfer properties. The results reveal significant enhancements in thermal conductivity
and Nusselt number for these nanofluids. Furthermore, the study explains four mechanisms contributing to
thermal conduction in nanofluids: ballistic heat transport in nanoparticles, Brownian motion, liquid layering at
liquid/particle interfaces, and nanoparticle clustering. The research also applies the Galerkin Optimal

www.iensci.org 139



ll. International Energy Days September 27, 2023

Homotopy Asymptotic Method to find semi-analytical solutions for unsteady nanofluid flow and heat transfer
between moving plates, offering practical insights for industries such as chemical engineering and polymer
processing by emphasizing the potential of nanofluids in heat transfer [2]. In 2022 Fujimoto et al, focused on
a novel production method that enables the rapid and cost-effective production of graphene nanofluids in large
guantities. It has investigated the turbulent heat transfer performance of graphene nanofluids in a horizontal
circular tube both experimentally and numerically. The results demonstrate an enhancement in turbulent heat
transfer performance for graphene nanofluids produced using pulsed discharge and ultrasonic treatment.
Numerical simulations reveal significant changes in turbulent Kinetic energy, velocity gradients near the tube
wall, and temperature distribution due to the physical interactions between graphene nanoparticles and the
continuous phase. It studied underscores the importance of considering particle shape and microscopic particle
motion when accurately modeling graphene nanofluids in future numerical studies [3]. Azimi et al. studied
using neural network method in nanolfuids, The heat transfer of two dimensional Graphene Oxide water-based
nanofluids between two moving parallel plates was examined using an intelligent black-box identifier. This
intelligent tool, called an evolvable evolutionary fuzzy inference system (EE-FIS), integrates evolutionary
computing and fuzzy logic concepts. The authors propose the use of a modified evolutionary algorithm known
as the hybrid genetic mutable smart bee algorithm (HGMSBA) to evolve the antecedent and consequent parts
of the fuzzy rule base, aiming to reduce computational complexity and enhance interpretability. The results
demonstrate that HGMSBA-FIS is a suitable tool in terms of accuracy and robustness, applicable to real-time
applications like model-based control [4]. Aman et al. studied in 2018, graphene nanofluid in solar application.
It has been conducted mixed convection flow in a channel, especially in fields like thermal and nuclear power
engineering, has attracted significant attention. Mixed convection in channel flow arises due to the
cooling/heating of the channel walls. Some of the previous studies analyzing such flows have considered
factors like the effect of a magnetic field, radiative heat transfer of optically thin fluids passing through
channels filled with porous media, and heated bounding walls. Additionally, the concept of suspending solid
particles in base fluids to improve thermal conductivity has been proposed. However, very few studies have
explored the effects of fractional derivatives on nanofluids. The aim of this study is to utilize fractional
derivative models to obtain exact solutions for the mixed convection flow of graphene nanofluids past a vertical
plate, thus enhancing heat transfer rates and gaining insights into the problem through graphical analysis [5].
In 2021, Manderra et al. focused on nanofluid application of radiators used in engine cooling systems.
Radiators are vital components responsible for transferring thermal energy between different fluids.
Traditional cooling methods involved using fins on radiators to improve cooling capacity, but this approach
became less effective as radiators grew in size. To address this issue and improve engine efficiency, the study
explores the use of nanofluids, specifically Graphene-based Nanofluids (Graphene and Graphene Oxide), to
enhance heat transfer in radiators. Graphene-based nanofluids, enthalpy enhancement (58-60%), heat transfer
coefficient improvement (236% to 320%), and increased entropy (1.8%) are also observed with the louvered
strip. The research demonstrates that the insertion of a louvered strip in radiators using Graphene-based
nanofluids at optimal concentrations enhances radiator performance [6].

The aim of this study is to investigate the effect of graphene oxide nanoparticles, which are a promising nano-
fluid alternative due to their non-toxicity and potential for reuse, on heat conduction at different velocities.
Nanofluids exhibit superior heat conduction capabilities compared to traditional fluids because the dispersion
of nanoparticles within the fluid enhances the heat transfer coefficient. Graphene oxide nanoparticles are
preferred for their stable dispersion.

Materials and Methods

The examinations were conducted for pipe flow with a constant heat flux. Thermal analyses were numerically
performed for graphene oxide nanoparticles with a concentration of 0.01%. The studied system is presented in
Figure 1. The investigations were carried out numerically using the finite volume method with ANSYS Fluent
software.
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Figure 1 Numerical investigated thermal system

In the realm of numerical analyses, conducting a grid independence study holds pivotal importance. This
essential step involves the comparison of outcomes across various grid configurations to verify whether the
results remain unaffected by changes in grid resolution. This investigative process is instrumental in
pinpointing the optimal grid resolution required to attain precision and reliability in the study's findings. In the
context of the present study, a thorough grid independence test was executed, incorporating varying numbers
of elements. It's worth noting that a total of 33,600 elements were thoughtfully selected for this purpose, and
the results are depicted in Figure 2.
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Figure 2 Grid Independence Test Results

The validation process involves comparing numerical models with real-world phenomena using actual
experimental data to determine their accuracy. Experimental validation is a critical step in assessing the impact
of numerical analyses on design and engineering decisions, contributing to the attainment of reliable results in
engineering applications. In this study, the numerical results were compared to the experimental study
conducted by Karabulut et al. in 2020. The results, as shown in Figure 3, demonstrate a high level of agreement,
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with error bars below 5 percent, indicating a strong correlation between the numerical simulations and the
experimental data.
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Figure 3 Comparison of Numerical Results with Experimental Data (Karabulut et al., 2020)

Findings and Discussion

Upon comparing the temperatures of the outlet wall with the average fluid temperature, it was observed that
an increase in velocity led to a decrease in wall temperature while the average temperature increased. This
phenomenon can be elucidated by the heightened heat transfer coefficient, signifying more efficient heat flux
transfer to the fluid. The achievable temperature values for different velocities are presented in Figure 4. These
values can be utilized to make predictions about the temperatures within a system containing nanoparticles.
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Figure 4 The variation of mean temperature and wall temperature with different velocity values.

The figure 5 displays a comparative analysis of numerical results for the convection heat transfer coefficient
at varying velocities (specifically, 3623.746 W/m2 or 250 W) between pure water and a 0.01% GO nanofluid.
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Figure 5 The temperature difference between pure water and nanofluid at different velocities.

Conclusion and Recommendations

This present study has shed light on the promising potential of graphene oxide nanoparticles as an efficient
heat transfer enhancement agent in nanofluids. The investigation, which covered a wide range of flow
velocities using both single-phase and two-phase flow methods, demonstrates that nanofluids containing
graphene oxide nanoparticles exhibit significantly improved heat conduction properties compared to
traditional fluids. The figure presented in this study (Figure 5) provides a clear representation of the numerical
results, showcasing the enhanced convection heat transfer coefficient achievable with a 0.01% graphene oxide
nanofluid. These findings hold great significance, particularly in the context of engineering applications such
as heat exchangers, cooling systems, and renewable energy systems, where maximizing heat transfer efficiency
is paramount.

Based on these results, we recommend further research to explore the optimization of graphene oxide
nanofluids in real-world applications. Additionally, the potential benefits of this nanomaterial in various
engineering fields, including nuclear reactors and electronic device cooling, warrant continued investigation.
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Overall, the use of graphene oxide nanoparticles in nanofluids shows promise as a viable and sustainable
solution for improving heat transfer performance and energy efficiency in a wide range of applications.
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ABSTRACT

Poly (n-vinyl caprolactam) (PVCL) is a well-known material for its thermotropic properties. It is also known
that it is possible to adjust phase transition temperature to upper degrees of temperature by incorporating it
with hydrophobic monomers. Methyl acrylate is one of the monomers that has not been used for this purpose.
In the present study, a copolymer, poly (n-vinyl caprolactam-co-methyl-acrylate) (P(VCL-co-MA)) has been
produced and tested for the phase transformation characteristics and thermotropic properties. FT-IR and UV-
visible spectroscopy, turbidity measurements, and polarized optical microscopy investigations have been used
for characterization. As a result of the investigations, it was found that the copolymerization resulted in an
increase in thermal transformation temperature as expected. That is, the temperature could be adjusted by
hydrophobic comonomer addition. The presented material system was tested for performance in building
energy management systems.

Keywords: thermotropic material, thermal energy storage material, vinyl caprolactam.

Introduction

Polymers that can respond to environmental changes like pH, temperature, ionic strength, etc. are called as
smart or stimuli-responsive polymers. Smart or stimuli-responsive polymers have recently attracted
considerable attention due to their application possibility in construction, textiles, and micro/nano
encapsulation and controlled release (Kieviet, Schon, and Vancso 2014; Roy and Gupta 2003).

Thermo-responsive polymers are smart materials that are affected physically or chemically by changes in
environmental temperature. A phase transition occurs in solution of these materials at the switching
temperature which is called as the critical solution temperature (LCST) in a sample case. Solution of these
materials is transparent below LCST, as it is opaque above the LCST, that is, hydrophilic polymer changes its
statue hydrophobic collapsing in nanoparticles form (Qiu and Park 2001).

Poly (N-isopropyl acrylamide) (PNIPAM) is the most remarkable among thermo-responsive polymers due to
its LCST of 32°C. Although the LCST (34°C) of poly (vinyl caprolactam) (PVCL) is similar to the LCST of
PNIPAM, it has been more biologically evaluated due to its higher biocompatibility (Cortez-Lemus and Licea-
Claverie 2016; Rao, Rao, and Ha 2016).

PVCL is one of the most studied polymers exhibiting LCST behavior at around 34°C. In addition to the
temperature-responsive properties of PVCL polymer, many novel copolymers have been produced using many
hydrophilic and hydrophobic monomers as shown in Figure-1 to add new properties.
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Figure 1. Hydrophilic and hydrophobic monomers forming copolymers with VCL (Cortez-Lemus and
Licea-Claverie 2016)

Here, for the first time, vinyl caprolactam (VCL) and methyl acrylate (MA) monomer were polymerized
together to produce a new temperature-responsive copolymer. Poly (vinyl-co-methyl acrylate) (P(VVCL-co-
MA) produced by the free radical polymerization method was chemically characterized by Fourier-transform
(FT-IR) spectroscopy. Its physical characterization was carried out by UV-visible spectroscopy, and polarized
optical microscopy. Additionally, the LCST behavior of this copolymer was determined by turbidity analysis.

Materials and Methods
Materials

Vinyl caprolactam (VCL), methyl acrylate (MA), and 2,2’-azobis (2-methylpropionitrile) (AIBN) were all
purchased from Sigma-Aldrich. Toluene and diethyl ether (Merck) were used as solvent.
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Synthesis of P(VCL-co-MA)

P(VCL-co-MA) was synthesized by free radical polymerization using toluene as a solvent (Gonzalez and Frey
2017). A three-necked round-bottom flask equipped with a reflux condenser was used for the reaction which
was carried out under N flow. Firstly, VCL, and MA (5%) monomers were dissolved in toluene then the
temperature was adjusted at 70 °C. AIBN was added to the reaction medium as an initiator and dissolved in
toluene before addition. Finally, the mixture was left to react at 70 °C for 5 hours. The reaction was concluded
by bringing the medium to room temperature and adding diethyl ether to the medium to precipitate the
copolymer. Isolation of the copolymer was achieved by vacuum filtration and dried at 40°C under vacuum
overnight. The scheme of synthesis was given in Figure 2.

at 70 °C
for5h

P(VCL-co-MA)

Figure 2. The scheme of synthesis P(VCL-co-MA)

FT-IR Spectroscopy

The chemical characterization of P(VCL-co-MA) was performed by FT-IR spectroscopy (instrument model
Jasco 430). P(VCL-co-MA) was scanned by FT-IR at a wavenumber range of 400-4000 cm™.

UV-Visible Spectroscopy

Determining the absorbance peak of the material at room temperature is an important assay for the LCST
analysis. Firstly, P(VCL-co-MA) was dissolved in distilled water to prepare a 1% (v/v) solution. The
absorbance peak of the P(VCL-co-MA) solution was measured by UV-visible spectroscopy in the wavelength
range of 200-800 nm.

Microscopy Investigation

Surface crystalline morphologies of vinyl caprolactam and P(VCL-co-MA) were observed using Leica
Polarized Optical Microscopy DM EP (Germany, 2010).
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LCST by Turbidity Investigation

LCST of the P(VCL-co-MA) copolymer was measured by turbidity method using a Spectrofluorometer (Jasco
FP-8300) instrument (Abdelaty 2022). After preparing 1% (v/v) P(VCL-co-MA) solution, the maximum
emission and excitation peaks of the solution were measured as 200.8 nm and 283.8 nm, respectively. Then,
the solution was heated at 2 °C /min and scanned in the 200-800 nm wavelength range to perform a graph of
intensity versus temperature.

Findings and Discussion

FTIR spectroscopy is a frequently used method to determine the structural determination of polymers (Riaz
and Ashraf 2014). Polymer analyzes sometimes cannot be done with NMR Spectroscopy due to the solubility
problem. Additionally, many unexplained peaks can be seen for polymers in NMR methods. Besides NMR
techniques are not applicable for thermoset or highly crosslinked polymers (Cheng and English 2002). The
FTIR Spectroscopy method was applied to prove polymerization of both monomers in this study. For this
reason, both monomers: VCL and MA, and the produced copolymer were compiled in the same figure (Figure
3). In FTIR analyzes of copolymers, it is investigated whether the characteristic peaks of the co-monomers
used are present together in the copolymer spectrum. In the present situation, VCL is the main element of the
copolymer and the peaks from VVCL persisted as the peaks from the methyl acrylate were weak. However, the
characteristic peaks of both monomers were there in the copolymer. Some with minor changes better proved
polymerization. As another point, it is examined whether the double bond peaks of vinyl monomers generally
observed in the range of 1600-1650 cm™ is there or not (Sun and Wu 2011). Actually, double bond peaks of
both monomers are not observable and therefore their disappearance cannot be proven.

300
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Figure 3. The FT-IR spectra of P(VCL-co-MA)

UV-Visible spectra are often used in polymer solutions to show whether polymers have functional groups like
double bonds, nitrates, amines, chromophores, etc. (Mujahid and Dickert 2012). Figure 4 presents UV-Visible
spectrum of P(VCL-co-MA). As shown in the Figure, the polymer, which is transparent in solution, does not
have any peaks in the visible region. The only peak shown in the UV region at a very low wavelength is
because of the other chemical groups generally not commented in UV-Visible investigations.
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Figure 4. The UV-visible analysis of P(VCL-co-MA)

The LCST of 1% P(VCL-co-MA) copolymer solution was tested for the temperature-dependent absorbance
change, that is, by the turbidity method. The turbidity curve drawn was shown in Figure 5. The LCST of
P(VCL-co-MA) copolymer solution is lower than the LCST of PVCL homopolymer solution (around 34 °C),
which is because that MA's hydrophobic structure made it easier for the chains of the copolymer to stretch. It
is well-known that hydrophobic monomers decrease the thermotropic polymers response temperature (Xie, Li,
and Chu 2007). The comonomer ratio determines the working temperature. The copolymer with 5/95 monomer
ratio fitted perfectly for the building energy management application considered as potential application.
Changes depending on the MA content in the copolymer is always in the same direction. To the best of our
knowledge there is no threshold about these change in the literature.
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Figure 5. The turbidity analysis of P(VCL-co-MA)

Microscope analysis is known as an advanced form of image analysis performed on the polymers due to the
light polarization and different illumination angles (Sawyer, Grubb, and Meyers 2008). These structures are
often seen to track temperature-dependent spherulitic structures. However, in our study, it was evaluated that
PVCL polymer has an amorphous structure. It is also more brittle than the P(VCL-co-MA) in bulk. Figure 6
shows general appearances from both, and it is clearly seen that the copolymer had a tough material form.

Figure 6. Microscopy images of VCL and P(VCL-co-MA)

Conclusion and Recommendations

In this study, P(VCL-co-MA) copolymer was successfully synthesized and characterized for the first time as
a new thermo-responsive material in solution. It was determined that the MA monomer used in copolymer
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synthesis reduced the LCST of the polymer system. Thus, the new smart copolymer with reversible
transformation property forms transparent to opaque during heating or opaque to transparent during cooling to
adapt building energy management system.

FTIR spectroscopy was used to analyze the chemical structure of P(VCL-co-MA) copolymer, as functional
property analysis was done by UV-vis spectroscopy and turbidimetry. Polarized optical microscopy was also
operated to monitor physical appearance of PVCL and P(VCL-co-MA) copolymer. The unique properties
offered by this new copolymer material may be shown as a promising candidate for thermo-responsive smart
materials for building energy management systems.
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ABSTRACT

New generation phase change materials for thermal energy storage applications is a hot topic due to the low
application potential of the present materials and the benefits from the produced further functionality of new
materials. Amine groups in these materials are especially important due to it donated metallic structure to
impart energy-harvesting properties to their derivatives. For this reason, 1,2-phenylene distearyl amide has
been prepared as a potential material to exploit at around its phase transition temperatures. In this study, 1,2-
phenylene distearyl amide has been identified as an original phase change material for thermal energy storage
applications. FTIR Spectroscopy analysis was used for characterization. POM was also operated to show the
surface morphology difference between the synthesized material and precursor. Thermophysical investigations
of 1,2-phenylene distearyl amide have been investigated using DSC analysis and interpreted using the data
produced in the tests. As a result, it has been found that the working temperature of the material was also
original to be exploited in specific investigations, in spite that it had low phase transformation enthalpy for
energy storage applications. Besides, the material is a candidate for its thermal sensor properties.

Keywords: phase change material, thermal energy storage, fatty amide.

Introduction

The increasing need for energy has recently made renewable energy sources more remarkable than existing
ones. Thermal energy storage (TES) is an important strategy for effectively using renewable energy resources.
Phase change materials (PCMs) are remarkable materials that enable thermal energy to be stored and used
when needed. PCMs to be used in TES systems need to be developed to work effectively, functionally, and
smoothly. The principle of using PCMs in TES systems is based on the absorption or release of heat, which is
a reversible phase change.

Many different materials, such as organic, inorganic compounds, paraffins, and polymeric materials, are being
evaluated and developed as PCM. Fatty acids are suitable candidates for systems that provide passive heating,
especially with solar energy, because they remain chemically stable for a long time, are non-toxic, and have a
suitable melting temperature compared to other PCMs. In addition to their advantages, fatty acids have
disadvantages such as corrosive effects, bad odor, and high sublimation rates. Many derivatives of fatty acids
have been produced to overcome these disadvantages in the literature by esterification reactions.

In this study, the chemicals stearoyl chloride and 1,2 phenylene diamine were reacted to produce a new PCM,
1,2-phenylene stearyl amide (PDSA). Stearic aicd is a PCM known as a fatty acid used to store energy at
suitable temperatures. Its various derivatives have been produced before. It is converted to steroyl chloride to
react at low temperatures. 1,2-phenylene diamine is used to have a hard centered molecules, phenylene can
crystallize itself. PDSA was synthesized for the first time in this study, and characterized as a new PCM for
physicochemical properties thermal energy storage characteristics.
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Materials and Methods
Materials
Synthesis of PDSA

Synthesis of PDSA was performed in a 100 mL polytetrafluoroethylene double-necked valve bottle under
nitrogen gas. Slightly more than the stoichiometric amount of 1,2-phenylene diamine was dissolved in toluene
at 100 °C, then stearoyl chloride was added at a stoichiometric rate and allowed to react for approximately 4
hours. After the reaction was ended, PDSA was washed with acetone and then ethanol to remove impurities.
The scheme of synthesis is given in Figure 1.

HaN NH,
+ C'T\/\/\/\/\/\/\/\
O -
1,2 phenylenediamine stearoyl chloride
at 100 °C
for 3h

Z—I
zZ—T

@ 0

1,2-phenylene distearylamide

Figure 1. The scheme of synthesis PDSA

FT-IR Spectroscopy

The chemical characterization of PDSA was performed by FT-IR spectroscopy (instrument model Jasco 430).
PDSA was scanned by FT-IR at a wavelength range of 400-4000 cm™.

DSC Analysis

Values of thermal properties of PDSA (such as melting and crystallization points) were measured from DSC
curves. Calibration of the DSC device (Netzsch DSC214 Polyma) was performed with the indium standard
before use. Measurement ranges were set to 30 °C -110 °C as the heating and cooling rates were set at 5 °C
min—1 under an inert nitrogen flow of 60 mL/min.

Polarized Optical Microscopy Analyses

Surface crystalline morphologies of 1,2-phenylene diamine and PDSA were observed using Leica polarized
optical microscopy DM EP (Germany, 2010).
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Thermal cycling test and thermal stability

The stability analysis was performed to prove the long-term usability of novel energy storage material. The
storage properties were determined to evidence consistency. The stability of the synthesized compound PDSA
was assayed by heating samples of the material to 110 °C and then cooling them to 30 °C using the BIDER-
TC -25/H. The thermal cycling device was programmed to be heated and cooled from 30 °C to 110 °C 1000
times to test the long-term use of PDSA.

Results and Discussion

FT-IR Spectroscopy method has been used to identify some of organic and inorganic materials’ specific
groups, and by the way materials, theirselves. For this reason, the specific peak positions of expected groups
are searched in the spectrum which were obtained by infrared light application and absorbtion/transition
measurements several times. For a synthesized materials, precursors are measured for comparison to the
synthesis product which enables the characterization and possible changes in the material structure. Figure 2
in this work is a good example which clearly showed that specific carbonyl group in the precursor stearoyl
chloride shifted to 1738 cm™ from 1784 cm™. 1,2-phenylene diamine do not have a carbonyl. Also the
persisting NH groups coming from the 1,2-phenylene diamine turned to NH primer amines not so much
characteristic in the produced PDSA. When the other groups from the precursors, except for the ones in the
fingerprint region, were searched, they were all found in the spectrum of the synthesized material. Fingerprint
region is not considered in general.

250— 1,2 Phenylenediamine
200 _
— Stearoyl Chloride
|_
o\o 150
—— PDSA
o W
50
4000 3000 2000 1000

Wavenum ber(cm'l)

Figure 2. The FT-IR spectra of PDSA

DSC is a technique which is used to determine not only the physical characteristics of the materials but also
some application performances like in this study. Figure 3 shows DSC curves during heating (in red color) and
cooling (in blue color). The instrument is programmed stepwise and the peaks near the starting points are due
to the material response to programming change. The curves include 2 physical changes; former of which is
due to solid-solid phase change as the latter one is due to solid-liquid in heating period. In return, during
cooling period first peak is due to liquid solid transition as the second one is due to solid-solid phase transition.
In spite that the big enthalpy change occurs in solid-solid transitions, these materials should be thought as solid
liquid because the phase transition peaks are not well distributed. On the other hand, the enthalpy values are
not much for a good exploitation and the materials can then be better used in temperature sensory applications
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or additives to thermal energy storage materials to modulate temperature in other materials like paraffins, fatty
acids and fatty alcohols.

DSC /(mW/mg) Flow /(ml/min)
T exo
F 250.0
Onset: 43.80 °C
0.5 T
Area: 45.68 JIg -/ 13 [ 200.0

End: 62.13 °C F100.0

Area: -48.83 Jig 13 50.0

14 J
L 0.0

30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00
Temperature /°C

Figure 3. The DSC curve of PDSA

DSC instrument can also be operated to determine temperature dependent specific heat capacity (Cp) which is
primary indicator of sensible heat storage capacity. Cp can be determined by programming the DSC instrument
in a different way and therefore can be measured and shown only for heating as a single curve (Figure 4).
Actually, the value is theoretically the same for the measured material if measured for cooling period. Cp goes
to infinity during phase transformations. Cp data are listed in Table 1 for below and above the phase transition
temperature. The table shows that the Cp values well before and after phase transitions were considerable,
which means that the materials could be successfully exploited in sensible heat storage applications. Total
enthalpy curves is another evidence of that the materials could be used as sensible heat storage materials.
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Figure 4. The Cp curve of PDSA

Table 1. Cp value of PDSA compound

Temperature 0 10 20 30 40 50 60 70 80 90 100
°C
Cp(J/g*K) 732 | 732 | 732 | 732 | 788 | 1474 | 650 | 6.45 | 6.49 | 6.59 | 6.63

To determine the total amount of stored heat energy, the total enthalpy graphs shown in Figure 5 were drawn
using the data obtained from the DSC curves. The energy calculated by taking into account the sum of sensible
and latent heat in a certain range determines the total heat energy storage ability of phase change materials.
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Figure 5. Total enthalpy value of PDSA compound

Small detectable changes in surface micrographs can be evaluated by polarized optical microscopy. In this
study, the solid structures of the produced PDSA material and the 1,2-phenylene diamine were compared using
a polarized optical microscope. As photographed in Figure 6, it was shown that the crystal surface morphology
of PDSA differs from 1,2-phenylenediamine with minor differences, crystalline size of the produced materials
much less than 1,2-phenylene diamine.

1,2 Phenylene diamine

Figure 6. POM images of 1,2-phenylene diamine and PDSA

After PDSA was heated and cooled 1000 times with a thermal cycling device, its long-term usability was
measured with a DSC instrument. Thermal stability is one of the most important properties of TES material.
After repeated 1000 times heated and cooled, melting and crystallization temperatures of PDSA were measured
as 49.0 °C and 44.8 °C, respectively.
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Figure 7. DSC curves of PDSA after thermal cycling process

Table 2. TES characteristics of PDSA in case of thermal cycling operations

Before First phase Enthalpy First phase Enthalpy
thermal transition (Heating transition (Cooling
cycling temperature period) (J/g) temperature period) (J/g)
(Heating (Cooling
period) (°C) period) (°C)
PDSA 53.8 48.8 57.3 -45.7
After First phase Enthalpy First phase Enthalpy
thermal transition (Heating transition (Cooling
cycling temperature period) (J/g) temperature period) (J/g)
(Heating (Cooling
period) (°C) period) (°C)
PDSA 49.0 44.8 62.7 -46.0

At the end of thermal cycling operations, it is clearly seen that the thermal property of the PDSA material is
consistent. The only value of first transition temperature during heating is slightly high but at rest the
temperature and enthalpy of the values are always regular. The first measurements sometimes slightly high
and not dependable due to trace materials present in the system as impurity.

Conclusion and Recommendations

Derivatives of fatty acids are widely investigated for thermal energy storage due to their potential for new
operating temperatures. Since fatty acids may result in corrosion due to acid groups at the end of aliphatic
chains.

In this study, PDSA synthesized using stearoyl chloride and 1,2-phenyl diamine was identified, and its capacity
to be used as PCM for thermal energy storage was demonstrated. PDSA, a fatty acid derivative, was produced
under reaction conditions in high yield and purity. PDSA was analyzed by FTIR spectroscopy in terms of
chemical structure, and the success of the synthesis was proven. The new fatty acid derivative synthesized due
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to physical characterizations made with DSC and polarized optical microscopy has been revealed as a hew
PCM candidate for evaluation in solar thermal energy storage areas. Evaluations performed after accelerated
heating and cooling cycles for 1000 times have proven its long-term thermal durability.
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ABSTRACT

Climate change is one of the serious environmental problems in the contemporary world that needs to be
resolved as soon as possible. In order to combat climate change, first of all, carbon emissions, which have the
largest share in the occurrence of climate change, must be minimized. In order to accomplish this, it is
necessary to abandon the use of fossil resources, which cause carbon emissions, and to use new, domestic and
renewable resources. Renewable energy sources consist of sources that, unlike fossil fuels obtained from
natural sources, are not likely to be exhausted in the near future and do not cause carbon emissions or emit
very little carbon. Incentive policies implemented by the states play an important role in expanding the use of
renewable energy resources. In the study, Sweden, Norway, Brazil, Spain and Canada, which have been
following a stable trend for the last ten years and rank first in the world, were examined in order to have an
idea about the effect of financial incentive policies, which have an important place in the fight against
environmental problems, applied to promote renewable energy sources on renewable energy. In addition, the
financial incentive policies of aforementioned countries and the policies implemented by Turkey will be
compared and the circumstance of financial incentive policies of Turkey will be assessed, and some
suggestions will be tried to make in order to resolve the shortcomings of Turkey’s policies.

Keywords: Renewable Energy, Incentive Policies, Financial Incentive Policies, Energy Policies

YENILENEBILIR ELEKTRIK ENERJISI URETIMINDE MALI TESVIK POLITIKALARININ
ETKIiSi: TURKIYE ACISINDAN BiR DEGERLENDIRME

OZET

Iklim degisikligi, giiniimiizde hizl1 bir sekilde ¢ziime kavusturulmasi gereken ciddi bir ¢evre sorunudur. Iklim
degisikligiyle miicadele edebilmek i¢in oncelikle iklim degisikliginin olusmasinda en biiyiik paya sahip olan
karbon emisyonunun en aza indirilmesi gerekmektedir. Bunun igin, karbon emisyonuna neden olan 6zellikle
fosil kaynaklarm kullanimindan vazgegilerek yeni, yerli ve yenilenebilir kaynaklarin kullanilmasi
gerekmektedir. Yenilenebilir enerji kaynaklari, dogal kaynaklardan elde edilen fosil yakitlarin aksine yakin
gelecekte tlikenme ihtimali olmayan ve karbon emisyonuna neden olmayan veya ¢ok az miktarda karbon salan
kaynaklardan olugmaktadir. Yenilenebilir enerji kaynaklarimin kullaniminin yayginlastirilmasinda devletler
tarafindan uygulanan tesvik politikalar1 6nemli bir rol oynamaktadir. Bu baglamda g¢alismada, cevre
sorunlartyla miicadele konusunda 6nemli bir yere sahip olan yenilenebilir enerji kaynaklarm tesvik etmek
lizere uygulanan mali tesvik politikalarinin yenilenebilir enerji iizerindeki etkisi hakkinda fikir sahibi
olabilmek adina yenilenebilir enerji kaynaklarindan elektrik enerjisi kullaniminda son on yildir istikrarl bir
trend izleyen ve diinya siralamasinda ilk siralarda yer alan Isveg, Norveg, Brezilya, Ispanya ve Kanada’ya yer
verilmistir. Ayrica sayilan iilkelerin mali tesvik politikalar ile Tiirkiye’de uygulanan mali tesvik politikalar
karsilastirilarak Tiirkiye’de uygulanan mali tesvik politikalariin durumu tartisilarak mali tesvik politikalariin
eksik yonlerine iligkin dneride bulunulmaya ¢aligilacaktir.

Anahtar Sozcukler: Yenilenebilir Enerji, Tesvik Politikalari, Mali Tesvik Politikalari, Enerji Politikalar1

www.iensci.org 162



ll. International Energy Days September 27, 2023

Giris

Sanayilesme olgusunun gelismesiyle birlikte {iretim siireci yapisal bir déniisiime ugramistir. Uretim siirecinde
daha fazla enerjiye ihtiya¢ duyulurken kullanilan enerji kaynaklarinin yapisi itibartyla gevre kirliliginde artig
yasanmistir. Uretimde komiir, petrol ve dogalgaz gibi fosil kaynaklarm kullanimi oldukga yayginlasmistir. Ote
yandan sanayilesmis ve sanayilesmekte olan iilkelerde yasanan hizli ekonomik biiylime kentlesmeyi
hizlandirmistir. Hizla biiyiiyen kentlesmeyle birlikte kent yasaminda enerji tiretimi, 1sitma, sogutma ve pisirme
gibi amaglarla fosil kaynaklarin kullanimi artmistir. Fosil kaynaklarin kullanilmasiyla basta karbondioksit
olmak {izere birgok zararli gaz ¢evreye salinmaktadir. Zararl gazlarin olusturdugu cevre kirliligi ise kiiresel
1sinmaya, dolayisiyla iklim degisikligine neden olmaktadir. Iklim degisikligi, tiim diinyay: ilgilendiren ve
stiratle ¢oziim tretilmesi gereken kiiresel bir ¢cevre problemidir. 1992 yilinda, iklim degisikligi ile miicadele
etmek icin olusturulan kiiresel politikalar1 desteklemek iizere Birlesmis Milletler iklim Degisikligi Cergeve
Sozlesmesi imzalanmigtir. Ardindan 1997 yilinda, Kyoto Protokolii sera gazi emisyonlarini ulusal hedeflere
uygun olarak azaltmak veya sinirlandirmak tizere kabul edilmis ve 2015 yilinda, kiiresel sera gazi
emisyonlarin1 6nemli dl¢iide azaltmak iizere Paris Anlasmasi imzalanmstir. Iklim degisikligiyle miicadele
etmek {izere imzalanan bu protokol ve anlasmalar, sera gazi emisyonlarinin azaltilmasina yonelik hedefler
belirlemistir. Sera gazi emisyonlarini azaltmanin en etkili yolu emisyona neden olan kaynak kullanimimin
azaltilmasidir. Uretim ve tiiketimde kdmiir, petrol ve dogalgaz gibi fosil enerji kaynaklarinm kullanimin
azaltip yerine giines, riizgar, jeotermal, hidroenerji, biyoenerji ve deniz enerjisi gibi yenilenebilir enerji
kaynaklar1 kullanilarak sera gazi emisyonlar1 azaltilabilmektedir.

Yenilenebilir enerji kaynaklari, kullanim esnasinda ¢evreye herhangi bir sera gazi yaymayan dogal
kaynaklardan siirekli olarak saglanan temiz enerji kaynaklaridir. Yenilenebilir enerji kaynaklarinin énemli
Ozelliklerinden bir tanesi yakin gelecekte tiikkenmesi muhtemel olan fosil yakitlarin aksine kendini siirekli
yenileyebilen, gelecekte tilkkenme ihtimali ¢ok az olan, siirdiiriilebilir kaynaklar olmasidir.

Iklim degisikligiyle miicadelede 6nemli bir role sahip olmasina ragmen yenilenebilir enerji kaynaklarmin,
ekonomik nedenlerle toplam enerji iiretimindeki pay1 halen istenilen seviyede degildir. Ozellikle yenilenebilir
enerji iiretim slirecinde kullanilan teknik malzemelerin pahali olmasi nedeniyle ilk kurulum maliyetlerinin
yiiksek olmas1 yatirimcilar1 caydirabilmektedir. Yenilenebilir enerji iiretiminin cazip hale getirilmesinde
devletlere 6nemli gorevler diismektedir. Buna gore devletler, yenilenebilir enerji kurulumlarina iliskin
biirokratik stirecleri kolaylagtirarak enerji iiretimini hizlandirabilecegi gibi mali tesvikler saglayarak da
yatirimcilari yenilenebilir enerji yatirimlaria ¢ekebilir. Mali tesvikler, yenilenebilir enerjiye ait kurulum ve
uretim maliyetlerini yatirimcilar agisindan katlanilabilir bir seviyeye ¢ekmek i¢in, maliyetlerin bir kisminin
hiikiimetler tarafindan yiiklenilmesi ya da kurulum ve iiretim siirecinin tamamen hiikiimetler tarafindan
gergeklestirilmesiyle uygulanabilir. Ayrica devletler, fosil kaynaklar1 vergiler yoluyla daha maliyetli hale
getirerek yenilenebilir enerji kaynaklarini fosil kaynaklar karsisinda alternatif olarak tercih edilir hale
getirebilir.

Caligmada, yenilenebilir enerji kullaniminin yayginlastirilmasinda 6nemli bir yere sahip olan mali tesvik
politikalar1 yenilenebilir enerji iiretim seviyelerine bakilarak secilmis bazi iilkelere ait veriler 1s1g3inda
irdelenmektedir. Bu dogrultuda oncelikle mali tesvik uygulamalarinin neler oldugundan bahsedilecektir.
Ardindan calismada yenilenebilir enerji tretimleri ile uyguladiklari mali tesvik politikalarina iligkin
verilerinden yararlanilan iilkelerden bahsedilerek mali tesvik politikalar1 ile yenilenebilir enerji Gretimi
arasindaki iligki tartigilacak ve konuya iliskin 6neride bulunulacaktir.

1. Elektrik Uretiminde Yenilenebilir Enerji Kaynaklarimin Kullanimina Yénelik Mali Tesvikler

Giiniimiizde ciddi boyutlara ulasmis olan iklim degisikligi, kamu politikalar1 yardimiyla ¢oziilmesi gereken
onemli bir sorundur. iklim degisikligiyle miicadelede, iklim degisikliginin birincil sorumlusu olan temiz
olmayan enerji kullaniminin azaltilarak, temiz, yeni ve yenilenebilir enerji kaynaklarinin yayginlastirilmasi ve
kullaniminin tegvik edilmesi de kamu politikasinin goérevlerindendir. Bu baglamda yenilenebilir enerji
politikasina deginmek gerekirse, yenilenebilir enerji politikalarinin amaci temel olarak yenilenebilir enerjinin
gelistirilmesi, yayginlastirilmast ve yenilenebilir olmayan diger enerji kaynaklariyla rekabet edebilir hale
getirilmesidir. Bu politikalar yenilenebilir enerjinin iiretimi, tilketimi ve gelistirilmesi gibi uygulamalar
diizenlemek i¢in gereken kanun ve kurallarin uygulanmasinin yani sira yenilenebilir enerji iiretimini ve
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tiikketimini artirmay1 hedefleyen tesvik politikalarini da icermektedir. Tesvik politikalari literatiirdeki en yaygin
kullanim sekliyle bir biitiin olarak Tablo 1’de gosterilmektedir.

Tablo 1: Yenilenebilir Enerjiye Yonelik Tesvik Politikalart

Duzenleyici Politikalar Mali Tesvikler
Tarife Garantisi (Sabit Flyzf\t Garantisi ve Prim Vteryed I el vie l el
Garantisi)
Kota Yiikiimliiliigii (Yenilenebilir Portfoy Vergi Kredileri (Yatirim Vergisi Kredisi ve Uretim
Standardi) Vergisi Kredisi)
Ihale Yontemi Karbon Fiyatlandirmasi

Kamu Yatirimlari, Krediler, Hibeler, Sermaye

NGO SIS Siibvansiyonlar1 veya Indirimleri

Biyoyakit Kullanma Yiikiimliiligii
Yenilenebilir Is1 Yiikimliligi

Kaynak: REN21, 2022

Calisma sadece mali tesvik politikalarina yonelik oldugundan asagida mali tesvikler kisaca agiklanmaktadir.
Mali tesvikler bir¢cok iilke tarafindan, belirli sektdrlerdeki yatirimlart artirmak i¢in yatirimlarin karlilik
seviyesini yiikseltme araci olarak kullanilmaktadir. Enerji gecisini desteklemek i¢in mali araglar, fosil kaynakli
enerjiye ya da niikleer enerjiye ek bir vergi ylkil ylikleyerek ve karsiliginda yenilenebilir enerji kaynaklarina
vergi tesvikleri uygulayarak kullanilmaktadir. Boylelikle yenilenebilir enerji lehine bir karlilik avantaji
saglamak amaglanir (Biisching vd., 2020). Mali tegvikler; vergi yiikiinden muafiyet ve istisna, kamu
yatirimlari, krediler, hibeler ya da fosil veya niikleer kaynaklara ek vergi yiikii yiiklenerek negatif ¢evresel
digsalliklarin fiyatlandirilmasi seklinde uygulanabilmektedir.

Vergi muafiyeti ve istisnasi diinyanin bir¢ok yerinde yenilenebilir enerji liretimini artirmak i¢in bir mali tesvik
tiri olarak uygulanmaktadir. Vergilendirilmesi gereken bir vergi 6deme giicliniin varligi durumunda
miikellefler ile vergi konularinin, vergi yasalari karsisinda adil bir sekilde vergilendirilmeleri bakimindan vergi
kapsamina alinmasi gerekmektedir. Ancak sosyal, kiiltiirel, ekonomik, mali ve idari nedenlerle bazi kisi ya da
kisi gruplari ile bir kisim vergi konulariin vergilendirilmemesi yoluna gidilmektedir. Vergi kanunlarina goére
vergilendirilmesi gereken kisi ya da kisi gruplarinin ayn1 veya baska kanunlarla vergi dis1 birakilmasina vergi
muafiyeti denilmektedir. Vergi istisnasi ise vergi kanunlarina gore vergilendirilmesi gereken vergi konularimin
aynt veya bagka kanunlarla kismen ya da tamamen vergi disi birakilmasidir (Akdogan, 2011:156).
Yenilenebilir kaynaklardan enerji liretimini artirmak icin gesitli lilkelerde gelir vergisi, kurumlar vergisi, katma
deger vergisi, Ozel tiikketim vergisi ve emlak vergisi lizerinde vergi muafiyeti ve istisnasi uygulamalari
mevcuttur. Vergi muafiyeti ve istisnast yenilenebilir enerjinin {iiretim, dagiim ve tiikketim gibi farkh
asamalarinda uygulanabilir. Ornegin, yenilenebilir enerji kaynaklarindan iiretilen elektrigin yatirim, iiretim
veya tiiketim boliimleri i¢in vergi indirimi uygulanabilir. Yenilenebilir enerji tiiketimini tesvik etmeyi
amaglayan politikalar, yenilenebilir enerji dagitiminin piyasaya girmesini kolaylastirmak i¢in yenilenebilir
ekipmanin satin alinmasi ve kurulumuna vergi kredileri uygulayabilmektedir (Abolhosseini ve Heshmati,
2014:880).

Yenilenebilir kaynaklara uygulanan bir diger tesvik yontemi hizlandirilmis amortismandir. Hizlandirilmis
amortisman, firmalarin yatirimlarmi aktif ettikleri donemden itibaren yiiksek karliliklar olusmasi durumunda
normal amortisman yontemine gore daha fazla amortisman gideri yazilmasini saglayarak firmalara vergi
avantaj1 getirmektedir. Boylelikle bahsi gegen donem i¢in daha az vergi 6dendiginden nakit akisina pozitif
katki saglanmis olmaktadir (Sen ve Sagbas, 2016:400). Hizlandirilmig amortisman, vergilendirilebilir geliri ve
dolayisiyla vergi yiikiimliliigiinii azaltarak proje sahibine fayda saglarken, vergilerin ylikseldigi sonraki
yillarda, hiikiimetin siibvansiyonun bir kismin1 geri almasim saglamaktadir (Shrimali vd., 2017:546).

Vergi kredileri, genellikle ekonomiye ya da ¢evreye faydali oldugu diisiiniilen belirli eylemleri tesvik etmek,
odiillendirmek ya da hiikiimet tarafindan faydali goriilen bu eylemlerin devamliligini saglamak iizere
tasarlanmigtir. Vergi kredisinin esas calisma prensibi vergi miikellefinin 6deyecegi vergi miktarini
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azaltmasidir. Uygulamaya yenilenebilir enerji agisindan bakilacak olursa vergi kredileri, bireylerin ve
isletmelerin yenilenebilir enerji kaynaklarimi kullanmasi i¢in maliyetlerin azalmasina yardimci olan devlet
destekli bir tegviktir (Liberto, 2022). Bir¢ok iilkede yenilenebilir enerji kaynaklarindan {iretilen elektrigin
yatirim, liretim veya tiiketim boliimleri i¢in vergi kredisi uygulanmaktadir. Yenilenebilir enerjiyi tesvik eden
politikalar, yenilenebilir enerji iiretiminin enerji piyasasina kolayca girebilmesini saglamak i¢in yenilenebilir
santral kurulumu ve ekipman satin alinmasi agamalarina vergi kredileri uygulayabilmektedir (Abolhosseini ve
Heshmati, 2014:880).

Vergi kredileri, yatirim vergisi kredileri ve tiretim vergisi kredileri olarak iki sekilde uygulanmaktadir. Yatirim
vergisi kredisi, yenilenebilir enerjiye yapilan yatirimlarin, bir proje gelistiricisinin, endiistrinin, bina sahibinin
vergi yukimliliklerine veya gelirlerine karsi tamamen veya kismen kredilendirilmesine izin veren bir mali
tesviktir. Uretim vergisi kredisi, nitelikli bir miilkiin veya tesisin yatirrmcisina veya sahibine, o tesis tarafindan
iiretilen yenilenebilir enerji (elektrik, 1s1 veya biyoyakit) miktarina dayal bir vergi kredisi saglayan bir mali
tesviktir (Doran, 2023). Yatirim vergisi kredisi, yenilenebilir enerji yatirnmcilarinin biiyiik miktarlardaki ilk
kurulum maliyetleriyle bas edebilmesi igin uygulanmaktayken, iiretim vergisi kredisi enerji Uretimini
odillendirerek isletme performansini tegvik etmeyi amaglamaktadir (Beck ve Martinot, 2004:11).

Vergi kredilerinin bir diger uygulamasi1 gelir vergisi kredisidir. Bu uygulama, uygun yenilenebilir enerji
sistemlerinin ve yenilenebilir yakitlarin satin alinmasi ya da doniistiiriilmesi i¢in kullanilmaktadir (Beck ve
Martinot, 2004:11). Ulkelerin nihai enerji kullanimi ve sera gazi emisyonlarinda konut ve isyeri gibi binalarin
agirligl goz oniine alindiginda, mevcut binalarda enerji verimliligini saglayacak girisimlerin tesvik edilmesi
enerji politikasmnin 6nemli bir parcasidir. Bu amagla, bireyleri binalarin enerji verimli sekilde doniistiirmesi
icin yatirim yaptirmak {izere bir¢ok iilke gelir vergisi kredileri kullanmaktadir.

Karbon fiyatlandirmasi, fosil enerji kullanimini azaltmak ve daha temiz yakit kullanimina gegmek igin
kapsamli tesvikler sunmaktadir. Karbon fiyatlandirmasi, fosil yakitlarin karbon igerigine veya karbon
emisyonlarina uygulanan bir karbon vergisi seklinde olabilecegi gibi emisyon ticareti seklinde de
uygulanabilmektedir (Parry vd., 2021:10). Karbon vergisi, karbon bazli yakitlarin yakilmasi {izerine uygulanan
bir ticrettir. Yiiksek karbonlu yakitlarin ekonomi genelinde kullanimini azaltmak ve ¢evreyi asir1 karbondioksit
emisyonlarimin zararli etkilerinden korumak igin bir tegvik olarak kullanilmaktadir. Kémiir, petrol ve dogalgaz
gibi fosil yakitlar yakildiginda karbondioksit salarak iklim degisikligine neden olur. Firmalar, karbondioksit
emisyonlar1 yoluyla ¢evreye verdigi zararlar nedeniyle toplum iizerinde maliyet olarak adlandirilan negatif bir
dissallik iiretmis olur. Iste karbon vergisi de firmalarmn neden oldugu bu maliyeti i¢sellestirmenin bir yolu
olarak gorilmektedir. Firmalar, karbon vergisi yoluyla neden olduklari maliyetin bir kismini 6demek zorunda
birakilarak karbon salimina neden olan iiretim seklinden caydirilmaya ¢alisilir (Sarigiil ve Topgu, 2021:44).
Emisyon ticareti, firmalarin belirli bir miktarda karbondioksit veya diger sera gazlarini salmasina izin veren
kredilerin alim satim1 seklinde tanimlanabilir. Emisyon ticaretinde, emisyonlar i¢in bir iist tavan belirlenmekte
ve bu tavan miktarin1 gegenlere dnceden belirlenen caydirict bir ceza uygulanmaktadir. Emisyon ticareti
uygulamasi, kirliligi azaltmak igin belirli dnlemleri zorunlu kilmak yerine, emisyonlarint azaltan firmalart
odullendirip, azaltamayanlara mali yikler yuklemektedir (Schmalensee ve Stavins, 2017:3).

Emisyon ticareti ile karbon vergisi arasindaki temel fark emisyonun fiyatindan ve toplam emisyon azaltim
miktarindan kaynaklanmaktadir. Toplam emisyon azaltim miktar1 emisyon ticareti uygulamasi ile dnceden
belirlenirken emisyon fiyat1 belirlenemez. Aksine, emisyon fiyati1 karbon vergisiyle dnceden belirlenirken
toplam emisyon azaltim miktar1 6nceden belirlenemez. Emisyon ticareti uygulamasiyla, karbon emisyonlari
iizerindeki iist sinir keskin bir sekilde belirlenmekte, kullanmilmayan krediler diger firmalarla takas
edilebilmekte ve firmalar daha yesil teknolojilere yatirim yapilmasi konusunda tesvik edilmektedir. Karbon
vergileri ise bir yandan hiikiimetlere temiz enerji gelistirebilmeleri igin gelir saglarken bir yandan da sosyal,
ekonomik ve ¢evresel faydalar saglamaktadir. Ayrica karbon vergileri farkli fosil yakitlarina farkli oranlarda
uygulanabilme agisindan da avantaj saglamaktadir (Smoot, 2022).

Ote yandan kamu sektorii, politika onlemleri ve programlar araciligiyla yenilenebilir enerjiye yatirrm
yapilmasi i¢in elverisli bir ortamin olusturulmasinda kritik bir rol oynamaktadir. Kamu sektoriintin bu yénde
uyguladigi politikalar, yenilenebilir projelerin risk-getiri profillerini iyilestirerek sektorii 6zel yatirimceilar i¢in
cazip hale getirebilir. Hiikiimetler, 6zellikle ¢ok tarafli ve iki tarafli kalkinma finansmani1 kurumlari, ulusal
fonlar ve yesil yatirnm bankalar1 gibi diger ulusal finans kurumlar1 araciligiyla kamu fonlarm yenilenebilir
enerji kaynaklarina aktararak 6zel yatirnmlar1 harekete gecirebilir. Kamu kesimine ait finans mekanizmalarinin
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yenilenebilir projelere yatirim yapmasiyla, yenilenebilir enerji sektoriine ve nispeten yeni teknolojilere ilk
finansmanin enjekte edilmesine, 6zel kesim sermaye saglayicilariyla karma finans islemlerine girilmesine, 6zel
yatinmcilarin  giivenini artirmak i¢in yatirim risklerinin T{stlenilmesine ve finansman maliyetlerinin
diistiriilmesine katki saglanmis olur (Irena.org, 2023).

Kamu kesimi dogrudan yenilenebilir projelere yatirim yapilmasi digsinda krediler ve hibeler yoluyla da
yenilenebilir enerji teknolojilerinin gelistirilmesini ve yayilmasin1 desteklemektedir. Hibeler genellikle, bir
yenilenebilir enerji projesinin rekabet gliclini artirarak, ireticilere tretilen enerjiyi satin alma garantisi
verebilmek ya da nihai tiiketicilerin katlanacag: fiyatlar1 diisiirebilmek icin proje yatirim maliyetlerinin bir
kismini finanse ederler. Kosulsuz sekilde verilen hibeler, projenin kendisi tizerinde herhangi bir kontrol giictine
sahip olmadigindan proje yatirimcisini uygulanabilir bir proje sunmaya tesvik etmese de bir projenin
maliyetlerini karsilanabilecek seviyeye indirebilecek finansman yollarindan birisi olarak goriilmektedir.
Hibeler, uygulama ve yonetilme bakimindan basit olmasi nedeniyle avantaj saglamaktadir. Ancak, hibe verilen
projelerin, proje hedeflerini karsilayabilecek sekilde tasarlanip tasarlanmadigimin kontrol edilememesi
bakimindan dezavantajlidir. Hibeler genellikle verilirken, belirlenen hedefe ulasilmasi kosuluyla geri
0denmez. Bazi durumlarda, hibe verilen proje ticari basariya ulasti§inda, hibeler krediye ya da 6z sermayeye
doniistiiriilebilir (Kalamova vd., 2011:14). Kredi ve 6zsermaye arasindaki temek fark bu iki finansman
yonteminin hangi yenilenebilir projede kullanildigiyla ilgilidir. Krediler genellikle alisilagelmis ve daha
onceden denenmis teknolojilere sahip projelere uygulanirken, 6zsermaye, daha c¢ok yeni ve yenilik¢i
teknolojilere sahip projelere uygulanmaktadir. Finansman krediler yoluyla ger¢eklestiginde, bankalar proje
¢iktis1 yerine borcun geri 6denmesine odaklandigindan proje getirisi diger finansman yontemlerine gore daha
az olmaktadir (Donastorg vd., 2017:4).

Ayrica, yenilenebilir enerji santrallerine ait maliyetlerin biiytlik kismini ilk yatirim maliyetleri olusturmaktadir.
Proje yatirimcilari, bu ilk yatinm maliyetlerini finanse edebilmek i¢in sermaye siibvansiyonlarindan
faydalanmaktadirlar. Sermaye siibvansiyonu, bir projenin pesin sermaye maliyetini kapsayan bir
siibvansiyondur. Bir devlet kurumu ya da devlet bankasi tarafindan yapilan tek seferlik 6demeler, indirimler
ve tiiketici hibeleri sermaye siibvansiyonlarina 6rnek verilebilir (REN21, 2022:230).

2. Secilmis Ulkelerde Elektrik Uretiminde Yenilenebilir Enerji Kaynaklarinin Kullanimina Yénelik
Mali Tesvikler

Yenilenebilir enerji kaynaklarinin kiiresel enerji karisimindaki pay1 2010°dan bu yana %10 artarak neredeyse
%30’a yiikselmistir. Bu artis bir yandan firetilen elektrigin 2/3’tiniin karsilandig1r biiyiik hidroelektrik
kaynaklara sahip iilkelerden kaynaklanirken diger yandan iddiali yenilenebilir enerji politikalar1 sayesinde
gilines ve riizgar teknolojilerinin elektrik tiretim maliyetlerini diisiirerek, enerji karigiminda yenilenebilir
enerjinin payin1 dnemli 6l¢iide artiran iilkelerden kaynaklanmaktadir. Son 10 yillik siirecte bu artis diizenli
olarak belli bagh iilkelerden saglanmaktadir. Tablo 2’de yenilenebilir enerjinin kiiresel elektrik enerjisi
karigimindaki payinin artmasina katkisi olan ilk siradaki iilkelerden bazilarina yer verilmistir.

Tablo 2: Yenilenebilir Enerji Kaynaklarinin Kiiresel Elektrik Enerjisi Karisimindaki Pay1 2013-2022
Donemi (%)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Norveg 97,7 97,7 97,7 97,8 97,8 97,8 97,7 98,4 99,1 98,5
Brezilya 76,8 73,3 74,1 80,5 79,2 82,4 82,3 84,2 77,4 89,2
isve¢ 54,1 55,9 63,3 57,2 57,9 55,8 58,7 68,5 67,4 68,5
Kanada 64,1 63,3 64 64,9 66,6 66 65,9 67,1 67,1 68,8
ispanya 40,5 40,9 35,7 39,3 32,9 38,8 37,8 445 47 43,1
Turkiye 28,8 20,9 32 32,9 29,3 32,1 43,5 41,8 35,4 41,9

Kaynak: Enerdata
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Tablo 2’de ele alinan iilkeler genel itibariyle yenilenebilir enerji kaynaklarindan elektrik enerjisi kullaniminda
istikrarli bir trend izlemekte ve diinya siralamasinda ilk siralarda yer almaktadirlar. Secilen iilkelerin
yenilenebilir kaynaklardan elektrik iiretimine iliskin mali tesvik politikasi kisaca asagidaki gibidir.

Norveg, Avrupa’nin kuzeyinde yer alan, 384.486 km? yiizdl¢iimiine sahip bir Iskandinav iilkesidir. Giineybat:
ve orta kesimlerinde genis plato bolgeleri olmakla beraber daglik bir arazi yapisina sahiptir. Yiiksek drenajl
nehirleri ve 65.000 goliiniin yaklagik 1.650’sinin deniz seviyesinden 500 m yiiksekte yer almasi sayesinde
muazzam bir hidroelektrik potansiyeline sahiptir (Christensen, 2022). Norveg, Avrupa niifusunun yalnizca
%1’ine sahip olmasina karsilik Avrupa’daki hidroelektrik kaynaklarinin %20’sine, su rezervlerinin %50’sine
(hidroelektrik iiretimi i¢in depolanan su), dogalgaz kaynaklarinin %40’ 1na ve petrol kaynaklarmin %60’1na
sahiptir. Elektrik {iretiminin %951 iilke geneline yayilmis 1600 hidroelektrik santralinden, %3,5’1 ise riizgar
enerjisinden kaynaklanmaktadir (Fornybarnorge, 2022). Norveg’in elektrik enerji tiretiminin yaklagik %95’ini
karsilayan hidroelektrik, 1990 tarihli Enerji Yasasi’nin enerji sektoriinii serbestlestirmesiyle artis trendini
yakalamis, son yillarda kiigiik 6lgekli hidroelektrik santrallerin kapasiteye eklenmesiyle daha da biiytiimistiir.
Norveg’in enerji iiretiminde ¢ok kii¢iik bir paya sahip olan gilines ve riizgar enerjisi, son yillardaki kapasite
artis1 ve verilen hibeler sayesinde 6zellikle 2018 yilindan sonra artis egilimi gostermistir. Norveg esasen
diizenleyici bir politika olan kota uygulamasiyla yenilenebilir enerji kaynaklarini desteklemekle beraber bunun
disinca hibe ve vergiler yoluyla tesvik uygulamaktadir. Norveg satis vergisi ve emlak vergisi muafiyeti olmak
lizere glines enerjisi lizerinden vergi muafiyeti uygulamaktadir. Emlak vergisi hesaplanirken kurulu giines
enerjisi panelinin eve kattig1 deger hesaplamadan diisiilmektedir. Ayrica 2006 yilindan itibaren Federal Giines
Enerjisi Yatirim Vergi Kredisi (ITC) olarak uygulanan ve 2022 yilinda Temiz Enerji Kredisi olarak
giincellenen vergi kredisi uygulamasi, vergi borcundan giines enerjisi sistemine ait maliyetin 6nceden
belirlenmis bir yiizdesine esit bir kredi saglamaktadir. Ayrica, 2021°de Norveg¢ hiikiimeti, elektrikli arag
sahiplerinin katma deger vergisi 6demekten muaf tutuldugunu duyurmustur (Hivepower, 2021a).

Yenilenebilir enerji iiretme kapasitesi %84 ile diinya ortalamasi olan %38’in iizerinde olan Brezilya, diinyanin
en biiyiik sekizinci elektrik iireticisidir (Cosimo vd., 2021:1286). Brezilya’da yenilenebilir enerji iiretimi
bakimindan hidroelektrik, riizgar ve giines enerjisi ilk {i¢ sirada yer almaktadir. Brezilya, iilkenin elektrik
altyapisini genisletebilmek i¢in 6ncelikli olarak hidroelektrikten yararlanmaktadir. 1990’larin sonlarina kadar
iilkedeki elektrik enerjisi potansiyelinin %9011 karsilayan hidroelektrik enerji yerini 2000 ve 2002 yillar
arasinda yasanan su kriziyle birlikte farkli kaynaklara birakmigtir (Lima vd., 2020:7). Brezilya hidroelektrik
enerjiye alternatif olarak riizgar endiistrisini tesvik etmek i¢in kamu politikalar1 diizenlemis ve 2014’ten
itibaren riizgar enerjisi yatirimlar1 ve lretiminde artiglar yasanmigtir. Brezilya’nin uyguladigi mali tesvik
politikasi, gii¢, teknoloji ve enerji kaynagindan bagimsiz olarak tiiketicilerin yakininda yapilan elektrik tiretimi
olarak adlandirilan dagitilmis Uretim (distributed generation) uygulamasinin tegvik edilmesidir. Bunun igin,
giines ve riizgar enerjisi liretiminde kullanilacak ekipman ve bilesenlerle yapilan islemler i¢in mal vergisinden
muafiyet taninmistir (Neves, 2022). Ayrica giines ve riizgar enerjisi kurulumlarinda kurulum ekipmanlari
katma deger vergisinden muaf tutulurken kurumlar vergisine iliskin indirim uygulanmaktadir.

Fosil yakitlar bakimindan disariya bagimli olan Isveg, niikleer enerji ve yenilenebilir kaynaklardan enerji
ihtiyactm karsilamaktadir. Isveg, zengin bir akarsu ve biyokiitle kaynagina sahip olmasi sebebiyle ¢ogunlukla
elektrik tiretiminde hidroelektrik ve 1sitma i¢in biyoenerji olmak iizere temel iki yenilenebilir enerji kaynagi
kullanmaktadir. Son yillarda bu iki enerji kaynagina ek olarak riizgar enerjisine olan egilim artmakla birlikte,
elektrigin yaklasik %45°1 hidroelektrik ve %17’sinden fazlasi riizgdr enerjisinden elde edilirken, %8’
biyoyakittan elde edilmektedir (Sweden.se, 2022). Isve¢’te yalnizca kendi kullanimlari igin elektrik iireten
bireyleri kapsayan bir vergi indirimi bulunmaktadir. Bu vergi indirimi, giines panelleri, enerji depolama ve
elektrikli arag sarj noktalar: igin alinabilmekte olup giines panelleri i¢in malzeme ve kurulum maliyetlerinde
%20, piller ve sarj noktalart i¢in ise %50 indirim saglamaktadir (Hermansson ve Khill, 2022). Emlak
vergisinde riizgar enerjisi santralleri icin indirim uygulanirken diger yenilenebilir kaynaklar fosil kaynaklarla
ayn1 vergi oranina tabi olmaktadir. Ayrica belli bir tiretim kapasitesinin altinda iiretim yapan jeneratorlere
vergi indirimi uygulanmakta olup bu oran yenilenebilir kaynakli jeneratorler icin daha yiiksek bir Gretim
kapasitesini kapsamaktadir (Res-Legal, 2019). Bunlar disinda yenilenebilir enerji, temel olarak yatirim
stibvansiyonlari, Ar-Ge siibvansiyonlar1 ve emisyon vergileri ile de desteklenmektedir.

Kanada, genis kara kiitlesi ve verimli cografi yapisiyla enerji iiretmek i¢in kullanilabilecek 6nemli yenilenebilir
kaynaklara sahip olup bunlar hidroelektrik, riizgar, biyokiitle, giines, jeotermal ve okyanus enerjisinden
olusmaktadir. Kanada’da, yenilenebilir enerji kaynaklari, toplam birincil enerji arzinin yaklagik %19 unu
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karsilamaktadir. yenilenebilir enerji kullanan veya enerji tasarrufu saglayan temiz enerji liretim ekipmanlarina
yapilan ticari yatirimlar tesvik etmek i¢in iki vergisel tesvik uygulanmaktadir. Bunlardan birincisi “Sermaye
Maliyeti Odenegi” olup nitelikli yatirimlar igin %30 ve %50 oranlarinda sermaye maliyeti ddenegi
saglamaktadir. Bir diger vergi tesviki olan “Kanada Yenilenebilir ve Koruma Harcamalar1” ise sermaye
maliyeti 6denegine uygun projelerle ilgili bazi1 maddi olmayan baslangi¢ giderlerinin gerceklestigi yilda
tamamen diisiilmesine, gelecek yillarda kullanilmak tizere siiresiz olarak devredilmesine veya hisseler yoluyla
yatirimcilara aktarilmasina izin vermektedir (IEA, 2022a:119). Gilines enerjisi 6zelinde saglanan ve konut
sahiplerine evlerini daha enerji verimli hale getirmeleri i¢in hibe veren Kanada Daha Yesil Evler Hibesi (The
Canada Greener Homes Grant) bir diger tesvik uygulamasidir. Giines enerjisi i¢in ayrica faizsiz krediler
saglanmaktadir. Iklim Eylem Tesvik Fonu (The Climate Action Incentive Fund) uygulamasi yenilenebilir
enerjiye yatirnm yapan kiigciik ve orta dlgekli isletmeler i¢in proje maliyetinin %25’ine varan indirimler
saglamaktadir. Bu programin finansmani, federal hiikiimet tarafindan toplanan karbon vergisi gelirinden
karsilanmakta olup, toplanan tiim karbon vergisi geliri, ¢esitli silbvansiyonlar seklinde yenilenebilir enerjiye
aktarilmaktadir (Solacity, 2022).

Ispanya’da yenilenebilir enerji iiretiminde en biiyiik rol riizgdr enerjisine ait olup ardindan sirasiyla
hidroelektrik, giines ve biyokiitle gibi diger yenilenebilir enerji kaynaklari gelmektedir (IEA, 2022b:93).
Ispanya’nin yenilenebilir enerjisinin biiyiimesinin tesviki konusunda daha fazla énlem almasi igin Covid-19
salgminm, ihtiyag duydugu itici gii¢ oldugunu sdylemek yanlis olmayacaktir. Ciinkii pandemi, Ispanya’da
yenilenebilir enerji sektoriiniin 6zelliklerini ele alan elektrik yasasi, iklim degisikligi ve enerji gegisiyle ilgili
yasa, ulusal enerji ve iklim plani, ulusal geri kazanim ve dayaniklilik plani gibi 6zel yasalari ve planlari igeren
genel bir yasanin olusturulmasini saglamistir (Hivepower, 2021b). Bu yasalarla beraber yenilenebilir enerjiye
yonelik stibvansiyonlar tanitilirken komiir, dogalgaz ve petrol aramalarinin yasaklanmasi yoluyla karbon
emisyonunun azaltilmasinin tesvik edilmesi ve enerji verimli binalara ve akilli otomobil ve sarj istasyonlarina
yapilan yatirnmlar yoluyla temiz enerji gecisinin desteklenmesi hedeflenmistir. ispanya vergi indirimi ve
hibeler yoluyla tesvik uygulamaktadir. 2011°den itibaren evde yapilan yenilenebilir enerji uygulamalari
(elektrik, su, gaz veya diger tedarik tesisatlarinin yenilenebilir enerji ile degistirilmesi) i¢in kisisel gelir
vergisinde %20°lik bir gelir vergisi indirimi uygulanmaktadir. Hibeler ise yerel yonetimler araciligiyla enerji
tasarrufu ve verimlilik strateji planlarinda belirlenen usul ve miktarlarda verilmektedir. Hibeler giines enerjisi
Ozelinde verilmekte olup maliyetin %37 sine kadar yararlanilabilmektedir. Ayrica, zorunlu olmayan giines
enerjisi tesisatlarinin tesvik edilmesi i¢in yerel diizeyde siibvansiyon ve vergi avantajlari da olusturulmustur.
Yerel yonetimler kamu binalar1 basta olmak {izere maliyetin %50’sini agmamak kosuluyla yerel biitcelerinden
giines enerjisi kurulumlarini tegvik edebilmektedir (Romero vd., 2013:204).

Tiirkiye onemli komiir yataklarina sahip olup petrol ve dogalgaz bakimindan disariya bagimlidir. Elektrik
iiretiminde kdmiir ve petrol kullanilmakla beraber, ¢cok sayidaki gol ve nehirleri sayesinde hidroelektrik
kaynaklar1 da yogun sekilde kullanilmaktadir (Yapp, 2022). Son yirmi yilda, hizli ekonomik biiylime ve niifus
artisi, yalnizca Tirkiye’nin enerji talebindeki gii¢lii biiylimeyi degil, ayn1 zamanda o6zellikle petrol ve
dogalgazda disartya bagimliligini arttirmistir. Enerjide disa bagimliligi en aza indirmek igin yerli ve
yenilenebilir enerji iiretimi, Tiirkiye’nin enerji politikasinin temel hedefi olmustur. Tiirkiye, yenilenebilir
enerji kaynaklarinin tesvik edilmesi konusunda daha ¢ok diizenleyici politikalara yer vermekte olup bunlara
ek olarak, yenilenebilir enerji yatirimlarini katma deger vergisi muafiyeti ve bazi giimriik vergilerinden
muafiyetler de dahil olmak iizere genel bir tesvik sisteminden de yararlandirmaktadir.

Caligmada ele alinan {ilkelerin enerji tiikketim miktari, enerji tiiketim neticesinde olusan karbon salimi miktart
ve karbon salimma neden olan enerji tiiketiminin yenilenebilir kaynaklarla ne 6l¢iide karsilanabilecegini
incelemek {izere Tablo 3’te ilgili iilkelere iliskin yiizolglimii, niifus, kisi bagina diisen GSYH, CO2 emisyonu,
yenilenebilir enerji kaynaklarindan iiretilen toplam elektrik {iretimi, toplam elektrik tiiketimi ve yenilenebilir
elektrik tiretiminin toplam elektrik tiikketimini karsilama yiizdesi 2021 yili i¢in verilmistir.
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Tablo 3: Secilmis Ulkelerin Enerji Gériiniimiiniin A¢iklanmasina Iliskin Veriler (2021)
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Norveg 55 89.154 384.486 39,6 156,3 1315 118,8
Brezilya 214,9 7.518 8.502.728 388,8* 464,1*  540,2* 85,9
isvec 10,5 60.239 447.425 33,6 99,7 134,4 74,2
[(anada 37,42 52.051  9.984.670 528,9 421,7 562,8 74,9
Ispanya 47,3 30.115 505.983 210,8 1219 249,4 48,8
Tirkiye 85,2 9.586 769.604 391,2 110,9 300,3 36,9

Kaynak: IEA ve Diinya Bankasi verilerine dayanarak yazar tarafindan olusturulmustur.

Not: * isaretli sayilar, 2021 y1l1 verilerinin olmamasi nedeniyle 2020 verileri belirtmektedir.

Tablo 3’e bakildiginda, 6zellikle Isveg, Norveg, Kanada ve Brezilya’nin toplam yenilenebilir elektrik
tiretiminin toplam elektrik tiiketimini karsilayabilme oraninin oldukga yiiksek oldugu goriilmektedir. Sirasiyla,
Norveg %118, Brezilya %85, Isve¢ %74 ve Kanada %74 oraninda elektrik tiiketimini yenilenebilir elektrikten
karsilayabilme giiciine sahiptir. Elbette bu durumda sayilan iilkelerin niifusuna bagli olarak elektrik tiiketim
miktarmin az olmasinin etkisi oldukca fazladir. Ote yandan bu oranlar gergek iiretim tiiketim dengesini
gostermemektedir. Zira, yukarida sayilan iilkeler, enerji ihrag edilmesine bagli olarak tretilen elektrigin
tamamim kendi tiiketimlerine harcamamaktadir. Ulkelerin tamamina bakildiginda niifus miktarina bagh olarak
CO2 emisyonu miktar1 da degismektedir. Diger degiskenlerin sabit oldugu varsayildiginda her bir {ilke igin
CO2 emisyon miktar1 azaldike¢a elektrik tiiketiminin yenilenebilir elektrikten karsilanma oraninin da arttigi
sOylenebilir. Ancak bu konuda kesin bir yargida bulunmak imkansizdir. Ciinkii her bir iilkenin iiretim yapisi,
gelismislik diizeyi, niifus yogunlugu ile kirlilik arasindaki iliskisi, elektrik enerjisinin yenilenebilir enerji
disindaki hangi kaynaklardan hangi oranda elde edildigi gibi bir¢ok degiskene bagli olarak yukaridaki
degiskenler arasindaki iliski de degisebilmektedir.

Tablo 4: Segilmis Ulkelerin Net Sifir Emisyon Hedefleri ve Yenilenebilir Kaynaklardan Uretilen Elektrigin
Toplam Elektrik Uretimi icerisindeki Paylar1 (%)

R 2005 2015 2022
Hedefi

Norveg 2050* 99,5 97,7 98,5
Brezilya 2050 87,1 74,1 89,2
isvec 2045 51,3 63,3 68,5
Kanada 2050 59,8 64 68,8
ispanya 2050 15,9 35,7 43,1
Turkiye 2053 24,5 32 419

Kaynak: IEA ve Enerdata verilerine dayanarak yazar tarafindan olusturulmustur.

Not: * ile gosterilen hiicre Norve¢’in net sifir emisyon hedefini gostermek iizere hazirlanmis olup Norveg, net
sifir emisyon hedefi belirtmemistir. Norveg’in 2050 hedefi, emisyon salimini 1990 seviyelerinin %90-95 altina
diisiirmektir.

Tablo 4’te segilmis iilkelere ait net sifir emisyon hedefleri ile baz1 yillarda yenilenebilir enerji kaynaklarindan
iiretilen elektrik enerjisinin toplam elektrik enerjisi igerisindeki paylari verilmistir. Kyoto Protokolii ve Paris
Anlagmasi igerik olarak iklim degisikligi ile miicadele etmek ilizere karbon emisyonunu sinirlamak tizere

Proceedings Book 169



ll. International Energy Days September 27, 2023

uluslar1 ¢aba sarfetmeye tesvik eden yapilardir. Bu nedenle Tablo 4’te, Kyoto Protokolii’niin kabul edildigi
2005 yili, Paris Anlagmasinin kabul edildigi 2015 yili ve son olarak tiim iilkeler i¢in en giincel verilere
ulagilabilen 2022 yili itibariyle {ilkelerin yenilenebilir enerji kaynaklardan {irettikleri elektrigin toplam
elektrik iiretimi igerisindeki paylar1 gdsterilmistir. Tablo 4’teki verilere bakildiginda, 6zellikle ispanya ve
Tirkiye’nin net sifir emisyon hedefinden oldukca uzak oldugu goriilmektedir. Sayilan iilkeler, Paris
Anlagmasi’ndan hareketle net sifir emisyona ulasma hedefleri belirlemislerdir. Covid-19 pandemisi, 2020
yilinda CO2 emisyonunda benzeri goriilmemis bir diisiis saglamistir. Ancak Aralik 2020 itibariyle CO2
emisyonlart yeniden artmaya baslamistir. Covid-19 pandemisinin neden oldugu azalma net sifir emisyon
hedeflerine ulasilmasi konusunda pozitif etki yaratirken Uluslararast Enerji Ajansi (IEA), temel piyasa
egilimlerine bakildiginda, net sifir emisyona ulagmak i¢in 2050°ye kadar gereken emisyon tasarruflarinin
neredeyse yarisinin heniiz ticari olarak mevcut olmayan teknolojilere dayandigini 6ne siirmektedir (IEA,
2021:30-33).

Bu durum gostermektedir ki, net sifir emisyon hedefine ulasilmasinda her ne kadar tesvik politikalar
uygulansa da hala kat edilmesi gereken mesafe fazladir. Calismada yalnizca mali tesvik politikalar1 ele
alimdigindan duruma bu yonde bakilacak olursa sayilan iilkeler i¢inde ozellikle Tiirkiye, mali tesvikler
konusunda oldukga zayiftir. isveg, Norveg gibi iilkeler, cografi yapisi geregi yenilenebilir enerji kaynaklari
bakiminda avantajli konumda olmakla beraber bu durumu uygulanan politikalarla daha da avantajli hale
getirmektedir. Ornegin Norvec ve Isveg, diger iilkelerle kiyaslandiginda giineslenme siiresi oldukc¢a az
olmasina ragmen giines enerjisi konusunda mali tesviklere agirlik vererek giines enerjisi tiretimini arttirmaya
caligmaktadir. Ayni sekilde riizgar enerjisi kurulumlari i¢in cografyasi elverigli olmamasina ragmen deniz tistii
riizgar santralleri kurulumlarini destekleyerek riizgar enerjisi liretimini artirmaya ¢aligmaktadir. Ya da Brezilya
hidroelektrik bakimindan zengin konumdayken yasanan su krizleri nedeniyle yenilenebilir enerji Gretiminin
azalmamasi i¢in riizgar ve giines enerjisi iiretimlerine 6zel mali tesvik uygulamalariyla yenilenebilir enerji
liretimini artirmaya ¢aligmaktadir.

Tiirkiye’deki duruma bakildiginda ise 2053 yilina kadar net sifir emisyon hedefinin oldukca gerisinde oldugu
gorilmektedir. Zira Tirkiye 2021 sonunda, tretilen tim yenilenebilir elektrik enerjisinin yine Glke icerisinde
kullanildig1 varsayildiginda toplam elektrik tiiketiminin yalnizca %37’sini karsilayabilecek durumdadir.
Tiirkiye de diger iilkeler gibi tesvik politikalari uygulamaktadir. Ancak bu uygulamalar daha ¢ok diizenleyici
tesvik politikalar1 olmakla birlikte mali tesvik politikalar ile ilgili yeni diizenlemelerin yapilmasi gerektigi
ortadadir. Mevcut politikalar dahilinde (bu politikalar 2005 y1l1 itibariyle uygulanmaya baglanmistir) 2021 yilt
sonunda net sifir emisyon hedefinin yalmzca %35.2°si karsilandigina gére 2053 yilinda net sifir emisyon
salimimin gerceklesebilmesi imkénsiz goriinmektedir. Bu durumda politika uygulayicilarin ya diizenleyici
politikalar1 gbzden gegirmesi gerekmekte ya da mali tesvik politikalari konusunda yeni diizenlemeler yaparak
ozellikle yenilenebilir enerji kaynaklarina yonelik vergisel tesvikler olugturmasi gerekmektedir. Boylelikle,
mevcut yenilenebilir enerji potansiyeli kullanilabilir hale getirilerek 2053 yilina kadar net sifir emisyon hedefi

daha gercekgi bir hedef olabilecektir.

Sonu¢ ve Degerlendirme

Yenilenebilir enerji kaynaklarinin iklim degisikligi ile miicadele konusunda énemli bir yere sahip oldugu
goriilmektedir. Bu nedenle yenilenebilir enerji kaynaklarinin tesvik edilmesi 6nem arz etmekte olup devletler
tarafindan diizenleyici ve mali politikalarla tesvik edilmektedir. Boylelikle emisyon salimimin azaltilmasi
saglanarak iklim degisikligiyle miicadele edilebilir. Ancak oOzellikle uluslararasi ¢evre anlagmalarindan
hareketle belirlenen net sifir emisyon hedeflerine ulasilmasi konusunda birgok iilke hedeflerin oldukca
gerisinde bir yenilenebilir enerji Uretimine sahiptir.

Bu caligmada, yenilenebilir enerji kaynaklarindan elektrik enerjisi liretimi konusunda son on yillik siirecte
diinya siralamasinda ilk siralarda yer alan Isveg, Norveg, Brezilya, Kanada, ispanya ve Tiirkiye 6rnek iilke
olarak alinmistir. Bu 6rnek tilkelerde uygulanan mali tesvik politikalari, giincel yenilenebilir elektrik enerjisi
iiretimleri ile net sifir emisyon hedefleri lizerinden mali tesvik politikalarinin etkisi ve yeterliligi konusunda
fikir sahibi olunmaya calisilmistir. Sayilan {lkeler icerisinde 6zellikle Tiirkiye net sifir emisyon hedefinin
oldukc¢a gerisindedir. Calismada ele alinan diger iilkelere bakildiginda yenilenebilir enerji kaynaklarindan
elektrik enerjisi tiretimine yonelik birden fazla vergisel tesvik uygulamasi ve hibe programi uygulamasi oldugu
goriiliirken, Tirkiye’de yalmizca diger yatinmlarinda faydalandirildigi genel bir vergisel tesvik
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uygulamasindan bahsedilmektedir. Yani Tiirkiye, yenilenebilir elektrik enerjisi iiretiminde yalnizca katma
deger vergisi ile giimriik vergisine iliskin tesvikler uygulamaktadir. Boylesi bir tabloda, mali tesvik
politikalarin1 daha genis tutan iilkelerin net sifir emisyon hedeflerine daha yakin olmalar1 karsisinda
Tiirkiye’nin bu hedeften uzak olmasi beklenen bir durumdur.

Tirkiye de diger iilkeler gibi yenilenebilir enerji kaynaklarina yonelik mali tesvik politikalar1 konusunda
geniglemeye giderek net sifir emisyon hedefini daha gercekei bir zemine oturtmalidir. Bunun i¢in genel tesvik
politikas1 kapsami diginda yenilenebilir enerji kaynaklar1 6zelinde vergisel tesvik politikalar1 hatta hibe
programlar1 olusturulmasi yerinde olacaktir. Aksi halde 2053 yilina kadar net sifir emisyon hedefinin, kagit
iizerinde yazili bir hedef olmaktan 6teye gitmesi beklenemez.
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ABSTRACT

Nowadays, it is obvious that electric vehicles become more popular comparing to recent 10 years and all
around the world electric vehicles will be the one most important widespread technology in automotive
industry. Referring to consumer behaviours, this study provides insight into motivational reasons of
consumers’ preferences for electrical vehicles applying Vikor and Topsis methods as multi criteria decision
analyse. As a starting point of this study, thanks to the international literature review, the main intentions by
choosing and compensating the electric vehicles were deeply investigated. Related to literature review, twenty
various criteria was arranged in order to establish a multi criteria decision analyse. In terms of defining
alternatives, five different electrical vehicle models from Japan, Vietnam, South Korea, China and Turkey
were allocated entire the several options and they were respectively evaluated per each criteria by surveys.
Best alternatives according to Topsis and Vikor methods were calculated as an exact result of the study. During
the study, defined weights of the each criteria was the most important bridge between numerical consistency
of study and results reliability of calculations. As a conclusion, this study contributes to an important
comparison of five different electric vehicle model according to consumer preferences and behaviours while
this will provide the one of important example for Topsis and Vikor methods applications in electric vehicle
as an advancing and growing area of automotive industry.

Keywords: Consumer Preference, Electric Vehicles, Topsis, Vikor
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OZET

Enerji tiikketiminin ekonomik biiyiime ile iliskisinin analiz edilmesi biiyiime siirecinde enerji politikalar1 dizayn
edilirken faydali bilgiler verebilmektedir. Biiyiimeyle iliskisi birgok caligmada kanitlanmis olan enerji
tiiketiminin biiylimeden farkli olarak bireylerin bilgi, yetenek ve saglik durumlarini g6z 6niine alan kalkinma
gostergelerini de etkilemesi muhtemeldir. Enerji tiiketiminin kalkinma {izerindeki roliiniin belirlenmesi,
toplumun egitim ve saglik diizeyinin yiikseltilmesinde enerjinin arag¢ olarak kullanilmasini saglayabilmektedir.
Bu calismada, 1990-2020 déneminde Tiirkiye’de birincil enerji yogunlugu, yenilenebilir enerji tiikketimi ve
dogalgaz tiiketiminin insani gelismeye etkisi analiz edilmistir. Kalintilarin normal dagilmadigi varsayimm
altinda ¢alisan ve esnek kirilmalara izin veren RALS-FADL esbiitiinlesme testi sonuglar1 degiskenler arasinda
uzun donemli bir iliski oldugunu ortaya koymustur. Uzun dénem esnekliklerine gore dogalgaz tiiketimi ve
yenilenebilir enerji tiiketimi insani gelismeyi arttirirken birincil enerji yogunlugu insani gelismeyi
azaltmaktadir. Ancak birincil enerji yogunlugunun insani gelisme iizerindeki olumsuz etkisi daha giiclidiir.
Degiskenler arasindaki nedensel baglantilar zamanla degisen nedensellik testi ile tahmin edilmistir. Insani
gelismeden yenilenebilir enerji tiiketimine, dogalgaz tiiketiminden insani gelismeye ve enerji yogunlugundan
insani gelismeye dogru tek yonlii nedensellik iligkisi bulunmustur. Bu sonuglara gore, birincil enerji
yogunlugunun azaltilmasi1 bireylerin se¢imlerinin genisletilmesinde onemli rol oynamaktadir. Enerji
yogunlugu azaltilirken, tasarruf edilen enerjinin karbon salinimi yapan petrol ve komiirden yapilmasi insani
gelisme {izerindeki olumlu etkinin giiclenmesini saglayabilecektir. Son olarak iiretim siirecinde ¢evre
Uzerindeki baskinin azaltilmasi i¢in yenilenebilir enerji yatirimlarinin arttirilmasi gerekmektedir.

Anahtar Kelimeler: Yenilenebilir enerji tiiketimi, dogalgaz tiiketimi, enerji yogunlugu, insani gelisme,
RALS-FADL esbiitiinlesme testi.

THE IMPACT OF RENEWABLE ENERGY AND NATURAL GAS CONSUMPTION ON HUMAN
DEVELOPMENT: RALS FADL APPROACH

ABSTRACT

Analyzing the relationship between energy consumption and economic growth can provide useful information
for designing energy policies in the growth process. Energy consumption, whose relationship with growth has
been proven in many studies, is likely to affect development indicators that take into account the knowledge,
skills and health status of individuals in addition to growth. Determining the role of energy consumption in
development can enable energy to be used as a tool for improving society's education and health levels. This
study analyzes the impact of primary energy intensity, renewable energy consumption and natural gas
consumption on human development in Tirkiye for the period 1990-2020. The results of the RALS-FADL
cointegration test, which works under the assumption that the residuals are not normally distributed and allows
for flexible breaks, reveal that there is a long-run relationship between the variables. According to the long-
run elasticities, natural gas consumption and renewable energy consumption increase human development,
while primary energy intensity decreases human development. However, the negative impact of primary
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energy intensity on human development is stronger. The causal linkages between the variables are estimated
with the time-varying causality test. Unidirectional causality was found from human development to renewable
energy consumption, from natural gas consumption to human development and from energy intensity to human
development. According to these results, reducing primary energy intensity plays an important role in
enlarging people's choices. While reducing energy intensity, the positive impact on human development will
be strengthened if the energy saved is provided by carbon emitting oil and coal. Finally, investments in
renewable energy need to be increased in order to mitigate the pressure on the environment in the production
process.

Keywords: Renewable energy consumption, natural gas consumption, energy intensity, human development,
RALS-FADL cointegration test.
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Abstract

To mitigate carbon emissions, identified as a key contributor to the climate crisis and global warming,
transitioning to sustainable energy sources is imperative. In this direction, investments in solar energy is getting
increasingly significant in the transition towards sustainable energy systems. Due to some seasonal and
geographical limitations, accurate forecasting of solar panel electricity generation is vital for effective energy
planning, grid integration, and policy formulation. In this study, we apply various mathematical techniques for
forecasting solar panel electricity production, integrating radiation data from the target area. Employing
advanced forecasting models and machine learning algorithms, we extrapolate electricity generation patterns
based on historical radiation data. The resulting forecasts serve as a foundational tool for stakeholders in
making informed decisions regarding solar energy integration. Furthermore, this paper evaluates the economic
aspect of solar energy investment by considering the prevalent carbon prices. Given the imperative to reduce
carbon emissions, carbon pricing is a pivotal mechanism influencing the economics of renewable energy
investments. Our analysis evaluates the financial viability of solar panel investments by incorporating carbon
prices into the cash flow. The study provides insights into the potential returns and cost-effectiveness, enabling
stakeholders to optimize investment strategies and contribute to a greener, more sustainable future.

Keywords: Solar energy, Electricity production forecasting, Carbon prices, Sustainable energy, Energy
economics

1. Giris

Giiniimiizde enerji talebinde goriilen siirekli artis ve iklim degisikligi, kiiresel 1stnma gibi ¢evresel endiseler,
temiz, slirdiiriilebilir ve verimli enerji kaynaklarina olan yonelimi giderek daha da arttirmaktadir. Bu baglamda,
giines 1smimiin ve fotovoltaik (Giines) enerji teknolojilerinin gelecekteki énemi de giderek artmaktadir.
Giines enerjisi, fosil yakitlara dayali enerji iiretimine gore daha diisiik karbon salinimu ile ¢ok daha temiz ve
gevre dostu bir segenektir.

Giines enerjisi, diinya igin yenilenebilir, temiz, giivenilir, sinirsiz, stirdiiriilebilir bir enerji kaynagidir. Ayni
zamanda diinyanin enerji ihtiyacini karsilama konusunda da biiyiik bir potansiyele sahiptir. Bir bolgenin giines
enerjisi potansiyelinin belirlenebilmesi i¢in o bolgenin dncelikle global giines radyasyon verilerinin bilinmesi
gereklidir. Giines enerjisi alanindaki ¢aligmalarin ve yatirimlarin dogru planlanmasi, amacina ulagmasi,
yonetilmesi ve uygulanmasi i¢in global giines radyasyon miktarinin basarili ve dogru bir sekilde dl¢giilmesi ya
da gecmis yillara dayali veriler lizerinden gelecek i¢in tahmin edilmesi en dikkat edilecek hususlarin basinda
gelmektedir. Enerji ihtiyaci olan ve bu enerjiyi giines enerjisinden karsilamasi istenen yatirimlarin saglam
temeller iizerinde durmasi i¢in giines radyasyon degerlerinin tahmininin dogru yapilmasi 6nemlidir. Dogru
global giines radyasyon degeri tahmininde bulunmak, enerji ihtiyaci bulunan biitiin kesimlerin kar marjini
dogrudan dogruya etkilemektedir.

Bu ¢alisma, gegmis donem 1sinim degerlerine gore gelecekteki tahminleri ile bu tahminlere bagli olarak
iiretilecek elektrik enerjisinin hesaplanmasi konusuna odaklanmaktadir. Gilines 1simniminin gelecekteki
degisimlerini ngdrmek ve bu degisimleri kullanarak giines enerjisi liretimini tahmin etmek, enerji planlamasi
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ve yatirim kararlar siire¢lerinde oldukea biiyiik bir neme sahiptir. Ayrica, ekonomik analizde bugiin pek ¢ok
iilke tarafindan uygulanan karbon fiyatlarin1 dikkate alarak, giines enerjisinin ekonomik siirdiiriilebilirligi ve
fosil kaynaklarla rekabetgiligi iizerindeki etkileri degerlendirilecektir. Ulkelerin hedefledikleri sifir emisyon
hedeflerine ulasmalar1 igin karbon fiyatlamasini ve kotasinin giderek daha siki bir sekilde takip edilecegi ve
bu nedenle de bunun enerji yatirnmlarinda gozetilmesinin daha dogru bir analiz imkani sunacagi
ongoriilmektedir.

2. Literatiir Arastirmasi

Global giines radyasyonunun tahmini, kisa, orta ve uzun vadeli ortalama meteorolojik verilere ihtiyag
duymaktadir. Sonuclarin giivenilirligi ve hata payinin az olmasi i¢in uzun siireli veriler kullanilmalidir.
Arastirmacilar tahmin modelleri gelistirmek i¢in farkli parametreler ve farkli modeller kullanmaktadirlar. Bu
caligmalardan bazilar1 asagida kisaca 6zetlenmistir.

Acet (2023), yaptig1 ¢aligmada farkli iklim kusaklarinda yer alan ii¢ farkli sehir igin 2015-2020 yillar
arasindaki global 1sinim degerlerini kullanarak, ARIMA ve yapay sinir ag1 yontemleri ile 2021-2022 yillart
icin giines potansiyeli tahmini yapmustir. Elde edilen sonuglara gore kullanilan iki modelde de en uyumlu ¢ikan
sehir Istanbul oldugu goriilmiistiir. Kisi ve ark. (2019), yaptiklar1 ¢alismada Devlet Meteoroloji Genel
Midiirligiinden aliman Adana ve Antakya konumlari (istasyonlar1) i¢in minimum ve maksimum sicaklik ve
global radiation verilerinden yararlanilarak dynamic evolving neural-fuzzy inference system (DENFIS)
modelinin uygulanabilirligi arastirilmistir. Sonuglara bakildiginda Antakya istasyonu DENFIS modeli
kullanilarak diger modellere daha iyi tahmin sonuglari oldugu goriilmiistiir. Yao ve ark. (2018), yaptiklar1 bu
caligsmada, hava kalitesi indeksini (AQI) ek bir girdi parametresi olarak alinmis ve global glines 1s1nimin1 yatay
bir diizlemde tahmin etmek icin bir destek vektor makinesine (SVM) dayali bazi yeni modeller 6nermislerdir.
Yapilan analiz ve hesaplamalar sonucunda SVM-1 ve SVM-2 modellerinin hata paylar karsilagtiriimig, R
degerinin sirasiyla 0,848'den 0,876'ya gosterilmistir. NSE degeri 0,682 ve 0,740'a, RMSE degeri 0,114 ve
0,102 MAPE degeri ise 9,257 ve 8,214 olarak hesaplanmistir. Lazzas ve ark. (2011), Sili'deki La Serena i¢in
saatlik kiiresel glines radyasyonunu tahmin etmek amaciyla Yapay Sinir Aglart modeli kullanmiglardir. Sisteme
5 yillik (2001-2005) yillar1 1g1n degerleri ile riizgar hizi, bagil nem, hava sicaklig1 ve toprak sicakligi igeren bir
model kullanmiglardir ve R2 degerini %94 oldugu bulmusturlar.

Yapilan aragtirmada Nijerya’daki farkli iklim kosullarinda segilen 7 lokasyon i¢in aylik olarak Subat 2004 ile
Nisan 2018 yillar1 arasindaki global giines radyasyon verileri The Copernicus Atmosphere Monitoring Service
Information’dan elde edilmistir (Ozoegwu, 2019). Alinan verileri NARX ANN zaman serisi tahmini i¢in
MATLAB GUI kullanilmus, hibrit ANN igin 6zel bir MATLAB kodu gelistirilmistir. Onerilen hibrit yontemin,
%S5,67'lik tipik ortalama yiizde tahmin hatasi dahilinde iki y1la kadar daha uzun vadeli tahmin yapma kapasitesi
oldugu gosterilmistir. Ouammi ve ark. (2012), Fas’taki 41 bdlgenin aylik giines 1stnimini tahmin etmek igin
yapay sinir aglart modeli kullanmistirlar. 1998'den 2010 yilina kadar olan veriler kullanilmigtir. Tahmin edilen
giines 1s1n1mi1 5030 ile 6230 Wh/m2-giin arasinda degismektedir. Wang ve ark. (2021), fotovoltaik bir serada
fotovoltaik enerji tiretimi ve tarimsal tiretim i¢in yillik ekonomik faydalarin maksimum diizeye ¢ikarilmasina
dayanan bir giines radyasyonu dagitim yontemi 6nermektedir. Calismalari, genel ekonomik faydalari en st
diizeye ¢ikarmak i¢in fotovoltaik enerji iiretimi ile tarimsal iiretim arasindaki giines radyasyonu dagilimim
optimize etme zorlugunu ele aliyor. Dogru giines radyasyonu tahmini, bu tiir optimizasyon stratejilerinin
uygulanmasinda ¢ok 6nemli bir rol oynar. Ayrica Jain ve ark. (2012), giines radyasyonundaki belirsizligin proje
ekonomisi ve performansi iizerindeki etkisini 6l¢gmek icin bir duyarlilik analizi sunmaktadir.

Asirin ve ark. (2023) ise giines enerjisinin fayda maliyet analizine iligskin kapsamli bir literatiir taramasi
sunmaktadir. Glines enerjisi yatirimlarinin dogru analizi i¢in tiim yasam omriiniin dikkate alinmasi gerektigini
ve dogru bir giines radyasyon tahmini ihtiyaci oldugunu vurgulamaktadirlar. Lu ve Davison (2013) ise farkl
cevresel kosullar altinda glines enerjisi yatirimlarinin geri 6deme stirelerini analiz etmektedir.

Gilines 1sinmminin belirlenmesi, giines sistemi tasarimi, enerji {iretimi ve giines enerjisi aragtirmalari igin
oncelikli olarak gerekli oldugu goriilmiistiir. Bu baglamda yapilan literatiir arastirmasinda da yatay ve egimli
yilizeylerdeki giines 1sinimini tahmin etmek icin farkli makine 6grenmesi teknikleri kullanilmakta oldugu
gOrilmistir. Fakat birgok ¢alisma karbon fiyatlamasinin etkisini géz ardi etmektedir. Bu nedenle bu ¢alisma
yapilan tahmine bagl olarak ekonomik analizde karbon fiyatin1 da dikkate almaktadhir.
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3. Giines Enerjisinden Elektrik Uretimi

Gilinesten yayilan 1s1 ve 151k kaynagina giines enerjisi denir. Glines enerjisi diinya ve insan yagsami ve her tiirli
canli i¢in hayati 6neme sahip bir enerji kaynagidir. Diinya’ya gelen Giines 1sinlarinda dogal ve yapay
doniistimler olmak iizere iki sekilde faydalanilir.

Ulkemizde Giiney Dogu Anadolu bélgesi giines enerji potansiyeli bakiminda ilk sirada yer almaktadir. Giines
enerji potansiyeli en diigiik olan bolge ise Karadeniz Bolgesidir.

Sekil 1. Tiirkiye Giines Potansiyeli Haritas1 (GEPA, 2023)

Sekil 2°de Tiirkiye geneli Global Radyasyon degerleri verilmistir. Tiirkiye’de giineslenme saatinin en ¢ok
oldugu ay haziran ayi, aralik ay1 ise giineslenme saatinin en az oldugu aydir.
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Sekil 2. Tiirkiye Global Radyasyon Degerleri (KWh/m2-giin) (GEPA, 2023)

Sekil 3’te TURKIYE geneli giineslenme siireleri (saat) aylik olarak verilmistir. Ulkemiz giinliik olarak
bakildiginda giineslenme zamani yaklasik 7,49 saat/giindiir. Bir y1llik glineslenme saatinin toplami yaklasik
2736,89 saat-yil (7,49x365) dir. Bu degerler géz oniline alindiginda Tiirkiye’nin giineslenme siiresine gore
yiiksek bir potansiyeli vardir.
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Sekil 3. Tirkiye Glineslenme Siireleri (Saat) (GEPA, 2023)

4. Giines Enerjisi Tahmini

Glines radyasyon degerlerinin tahmin edilmesi, belirli bir yer ve zaman araligindaki giines radyasyon miktarini
tahmin etme islemi olarak tanimlanabilir. Fotovoltaik paneller gibi giines enerjisi sistemleri elektrik tiretmek
icin giinese ihtiya¢ duymalari nedeniyle tirettikleri enerji miktar1 gliniin saati, bulut ortiisii ve giinesin agis1 gibi
faktorlere bagli olarak degisebilir. Bu da bir yatirim plan1 yapilirken enerji potansiyelinin tahmin edilmesinin
ne kadar 6nemli oldugunu gostermektedir.

Dogru giines enerjisi tahmini, kamu hizmetlerinin, isletmelerin ve bireylerin giines enerjisindeki potansiyel
degisiklikleri planlamasina ve bunlara uyum saglamasina olanak taniyarak giines enerjisi kullaniminin
optimize edilmesine yardimei olur. Ayrica yedek giic kaynaklarina olan ihtiyacin azaltilmasina ve giines
enerjisi sistemlerine giivenilirligin arttirllmasina katki saglar. Genel olarak, gilines enerjisinin kullanimi ve
dogru giines enerjisi tahmini, yenilenemeyen enerji kaynaklarina bagimlilig azaltarak, sera gazi emisyonlarini
diisiirerek ve enerji giivenligini iyilestirerek siirdiiriilebilirligin desteklenmesine yardimei olabilir.

Mevsimsel ARIMA modeli, bir zaman serisi veri setindeki gelecek degerleri tahmin etmek i¢in kullanilan
istatistiksel bir yontemdir. ARIMA, Otoregresif Entegre Hareketli Ortalama anlamina gelmektedir ve gelecek
donem tahminleri ig¢in ge¢mis donem verileri kullanan bir tiir matematiksel yaklagimdir. Verilerde
mevsimsellik goézlemlendigi durumlarda ARIMA modelin mevsimsel bilesenleri de belirlenir. Modelin
mevsimsel bileseni, yilin belirli bir zamaninda meydana gelen verilerde yinelenen kaliplar1 veya egilimleri
hesaba katabilecegini ifade etmektedir. Klasik bir ARIMA modelinde (p,d,q) olmak iizere ii¢ parametre varken
mevsimsel modelde bu parametrelere ek olarak (P,D,Q) mevsimsel bilesenleri dahil edilir. Secilen
mevsimsellik periyoduna gore modelin gergek veriye en ¢cok uyum saglayacagi sekilde bu parametreler
belirlenir ve modelin hata degerleri dlgililiir. Genel olarak, mevsimsel ARIMA modeli, bir zaman serisi veri
setinde gelecekteki degerleri tahmin etmek igin giiclii bir aragtir. Cilinkii yinelenen kaliplar1 veya egilimleri
hesaba katara daha dogru tahminler yapilmasini saglar.

Bu ¢aligmada, Meteoroloji Batman Miidiirliigiinden alinan Batman ilindeki 2018-2022 global giines radyasyon
verileri baz alinarak aylik 1sinim degerlerine gore gelecek donem 1s1nim degerleri tahmin edilmistir. Bu tahmini
yapmak i¢cin ARIMA zaman serisi yontemi kullanilmistir. Giines 1sinim degerleri mevsimsellik gosterdigi icin
12 periyotlu bir mevsimsel ARIMA yontemi tercih edilmistir. Bu metodun yaninda mevsimsel olmayan
ARIMA yontemi de ¢alistirilarak sonuglar1 karsilagtirilmastir.

Proceedings Book 179



ll. International Energy Days September 27, 2023

BESIRI

Sekil 4. Batman Ili Giines Enerji Potansiyeli Haritas1

Tablo 1. Tahmin Yontemleri Hata Degerleri

Yontem Model Ortalama Mutlak Hata Ortalama Hata Karesi
ARIMA ARIMA(2,0,1) 12.573 15.421
ARIMA mevsimsel ARIMA(0,0,0(0,1,0)[12] 3.556 7.697

Hata degerleri mevsimsel ARIMA modeli igin ¢ok daha kiiciik ¢cikmaktadir. Bu nedenle mevsimsel ARIMA
modelini 1g1mim degerlerini tahmin i¢in kullanilmasinin daha uygun oldugu goriilmiistiir. Gergek degerler ile
mevsimler ARIMA degerlerinin karsilagtirmasi ise Sekil 5’te verilmistir. Sekil 5°te mavi ile gosterilen degerler
gergek degerleri temsil ederken kirmizi mevsimsel ARIMA modelinin sonuglarii gostermektedir. ARIMA
modeli pek ¢ok noktada gergek veriye olduk¢a uyumlu hareket etmekte ve dip-tepe noktalar1 yakalamada
oldukga basaril1 bir performans sergilemektedir.
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Sekil 5. ARIMA tahmini ve Gergek Degerlerin Karsilastirilmasi

5. Ekonomik Analiz

Batman ili i¢in kurulmasi planlanan 1 m?’lik bir giines paneli i¢in ekonomik analiz yapilmistir. Yapilan analize
gore bu alana kurulacak panelin kurulum maliyeti 700 $, panel verimi %22 ve panelin ortalama émrii 20 yil
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olarak ele alinmistir. Enerji ve Tabii Kaynaklar Bakanlig1 verilerine gore Tiirkiye’de ortalama 1MWh elektrik
iiretimi karsiliginda 0.440 ton CO; agiga ¢ikmaktadir. Burada ele alinan panel, 20 yilda yaklasik olarak 7.6
MWh elektrik iiretimi yapmaktadir. Giines temiz bir enerji kaynagi oldugu i¢in bu miktardaki iiretim de
Tirkiye’deki karbon salinimini yaklasik olarak 3.33 ton azaltacaktir. Farkli karbon fiyatlar1 géz Oniine
alimdiginda bunun birim elektrik iiretim maliyetine etkisi Tablo 2’de 6zetlenmistir.

Tablo 2. Karbon Fiyatlarina Gore Birim Enerji Maliyet

Karbon fiyati C=0 C=10 C=25 C=50 C=100
Birim maliyet ($/kwh) 0.095 0.088 0.082 0.071 0.049

Tablo 2°den de agikga goriilecegi lizere Avrupa Birligi ve gelismis bazi iilkelerde uygulanan karbon
fiyatlandirmasinin iilkemizde de uygulanmasi halinde giines enerjisi yatirimlar1 daha cazip hale gelecektir.
Boylelikle de giinesten iiretilen elektrikte birim maliyet daha da diisecektir. Tiirkiye’nin Paris iklim anlagmasi
dahil olmasi ve siirdiiriilebilirlik hedefleri dogrultusunda karbon fiyatlamasinin da ileriki donemde iilkemizde
de uygulanabilecegi 6ngoriillmektedir.

6. Sonuc ve Oneriler

Batman ilindeki 2018-2022 verilerine dayali olarak aylik 1s1nim degerlerine gore gelecek donemler icin 1s1n1im
degerleri tahmini yapilmistir. Bunun igin ARIMA zaman serisi yontemi kullanilmigtir. Giines 1s1nmim degerleri
12 periyotlu bir mevsimsel ARIMA yontemi tercih edilmistir. Bunun yaninda mevsimsel olmayan ARIMA
metodu da calistirilarak ortaya ¢ikan sonuglar karsilastirilmistir.

Istnim degerlerine bagli olarak olas1 giines enerji yatirimlarinin geri 6deme siireleri ve fizibilite ¢aligmalar
yapmak dogru bir yatirim i¢in oldukga faydali analitik destek saglayacaktir. Sadece zaman zaman daha iyi
1sinim degerlerine sahip olmak yatirim i¢in yeterli olmayabilir. Ciinkii tiim dénem boyunca yapilacak {iretim
kisa siireli yapilacak enerji iiretiminden daha ekonomik olabilir. Ulkemizin de dahil oldugu Paris Antlagmasi
ile kiiresel 1sinma ve iklim degisikligi ile miicadelede karbon salinim miktar1 6nemli hale gelecektir. Giines
enerjisinden elektrik liretiminin fiyatlandirilmasinda CO2’nin ton basina diisen fiyat1 arttik¢a, bu yontemin
maliyeti diigmektedir.

Isinim degerleri tek bagina yeterli bir 6l¢li olmayip sadece genel bir potansiyel gostermektedir. Buna ek olarak
havanin kapalilik durumu, panelin agist gibi farklt mevsimsel ve operasyonel parametrelerin de dikkate
alinmasi daha dogru, daha hassas bir analiz yapmak i¢in gereklidir.
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DIGITAL DIPLOMACY AND ITS IMPACT ON INTERNATIONAL RELATIONS: THE POWER
OF DIGITAL TRANSFORMATION TO DIRECT CLIMATE AND ENVIRONMENTAL POLICIES
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ABSTRACT

The act of planning in international relations is a global security priority in a close-knit world. Finally, popular
distribution digital diplomacy makes it possible for public diplomacy departments to be in direct and constant
communication with various representatives. The adoption of social media for diplomatic activities is not
limited to just those being hosted but also includes communication. The first part of this article involves
exploring the disruption of digital diplomacy and analyzing the personalities on international relations and
examining the general trend of global actors. The other touches upon the distinction between digital diplomacy
and other related concepts, public diplomacy and media diplomacy, through a critical review in general terms.
Evolving operational operations has the potential to fundamentally change the way states and their day-to-day
operations operate. Providing connections between individuals to enable developments of cooperation, trade
and information sharing. Its second purpose is to discuss and distribute the contribution of all these
developments to climate diplomacy and energy diplomacy efforts. The potential of digital diplomacy to combat
climate conditions, increase range and support the determination of sustainable development is examined. The
research method is to report and examine active policies that spread the digital diplomacy on climate and
environment. Additionally, the study system includes a literature review. As a result of the study, the power to
actively shape a fair and sustainable global future through climate diplomacy from the digital environment is
limited, but it is possible to make progress in this field in the future.

Keywords: Digital diplomacy, energy policy, climate policy, diplomacy
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ABSTRACT

Electricity is an asset that shows seasonality behaviour, but this behaviour undergone a change by series of
significant events which occurred globally such as Covid-19 Pandemic and Global Energy Crisis. An example
of the highlighted change might be that regarding monthly seasonality behaviour of the prices, a decrease in
spring especially in March is expected as it is observed in our preliminary study between 2016 to 2021,
however in 2022 this behaviour changed by a continuous increase from February to March. Although
lockdowns reduced electricity prices early on Covid-19 periods it caused price hikes in 2021 and 2022 together
with ongoing Global Energy Crisis. In this regard, preliminary results showed that prices decreased by 70.78%
from March 2020 to April 2020. On the other hand, we observed 172.24% increase in April 2021 compared to
the same month of 2020. Economically speaking, increases in annual inflation observed from CPI and PPI
indexes of Turkey, depreciation of Turkish Lira against foreign currencies, especially Euro and Dollar, in
recent periods and increasing trading price of Brent crude oil supported highlighted electricity price increases.
Moreover, energy production from imports of fossil fuels such as petroleum and natural gas have left their
place to energy production from renewable energy between 2021-2023 to decrease the current account deficit
share originated from energy production of importing fossil fuel. In that sense, remarkable investments of
renewable energy are observed especially in Turkey. Consequently, electricity prices are influenced by many
events that occurred in different industries such as health and energy from past to today, specifically latest
events played an important role in sharp rises of electricity prices in years between 2020-2023.

Keywords: Electricity Prices, Covid-19 Pandemic, Global Energy Crisis, Renewable Energy, Energy
Production
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SERA GAZI EMiISYONUNUN KALKINMA EKONOMISi ACISINDAN, NEDENSELLIK ANALIZi
ILE INCELENMESI: TURKIYE ORNEGI
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OZET

Doga ve ¢evre kosullarinin kaliteli hale gelmesi yagsam standartlarini da yiikseltmekte ve insan odakli kalkinma
acisindan biiyiik 6nem arz etmektedir. Bu calismada sera gazi emisyonunun Tiirkiye’deki bazi secilmis
kalkinma ekonomisine yonelik degiskenlerle arasindaki korelasyon ve nedensellik iligkisine yonelik bir
inceleme yapilmaktadir. Bu ¢alismada 1990-2021 yillart arasi i¢in Tiirkiye’ye yonelik Sera gazi emisyonu,
beklenen yasam siiresi, ekonomik biiyiime, yenilenebilir enerji tiiketimi ve dogrudan yabanci yatirimlar verileri
ile korelasyon ve nedensellik analizi yéntemleri uygulanmistir.

Sera gazi emisyonu ile beklenen yasam siiresi ve yenilenebilir enerji tiiketim arasinda giiglii bir iligki
bulundugu tespit edilmistir. S6z konusu iliskinin beklenen yasam siiresi ile pozitif yonlii oldugu fakat
yenilebilir enerji ile negatif yonlii oldugu goriilmiistiir. Bunun disinda sera gazi emisyonuyla dogrudan yabanci
yatirimlar arasinda pozitif yonlii ve orta diizeyde bir iliski bulunmustur.

Nedensellik analizi testlerinden Granger nedensellik testi sonuglarina gore sera gazi emisyonu ile beklenen
yasam siiresi arasinda karsilikli nedensellik iliskisinin anlamli oldugu tespit edilmistir. Ayrica Sera gazi
emisyonundan dogrudan yabanci yatirimlarin nedeni oldugu bulunmustur. Wald testi itibariyle ise
Yenilenebilir enerji tiikketimi ile sera gazi emisyonu arasinda karsilikli nedensellik iligkisi tespit edilmistir.
Ayrica Dogrudan yabanci yatirimlar ve beklenen yasam siiresi degiskenlerinden sera gazi emisyonuna dogru
tek yonlii nedensellik iligkisinin anlamli oldugu bulunmustur.

Anahtar Kelimeler: Sera Gazi Emisyonu, Kalkinma Ekonomisi, Nedensellik, Tiirkiye

INVESTIGATION OF GREENHOUSE GAS EMISSION WITH CAUSALITY ANALYSIS IN
TERMS OF DEVELOPMENT ECONOMICS: THE CASE OF TURKEY

ABSTRACT

Improving the quality of nature and environmental conditions raises living standards and is of great importance
in terms of human-oriented development. This study analyses the correlation and causality relationship
between GHG emissions and some selected development economics variables in Turkiye. In this study,
correlation and causality analysis methods were applied with the data on GHG emissions, life expectancy,
economic growth, renewable energy consumption and foreign direct investments for Turkiye with the period
1990-2021.

It is found that there is a strong relationship between greenhouse gas emissions and life expectancy and
renewable energy consumption. This relationship is positively correlated with life expectancy but negatively
correlated with renewable energy. In addition, a positive and moderate relationship was found between
greenhouse gas emissions and foreign direct investments.

According to the results of the Granger causality test, which is one of the causality analysis tests, it was found
that the mutual causality relationship between greenhouse gas emission and life expectancy is significant. In
addition, it was found that greenhouse gas emission is the cause of foreign direct investment. According to the
Wald test, a mutual causality relationship was found between renewable energy consumption and greenhouse
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gas emissions. In addition, FDI and life expectancy variables are found to be the cause of greenhouse gas
emissions.

Keywords: Greenhouse Gas Emissions, Development Economics, Causality, Tirkiye

Giris

Dogal ¢evrenin yasanabilir nitelikte olmasi insan hayatinin siirdiiriilebilirligini saglamakla birlikte gelecek
nesillerin kaliteli bir hayat standardin1 yakalamasinda biiyiik 6nem tasimaktadir. Artan niifusla birlikte insan
ihtiyaclarinin giderek ¢ogalmasina karsilik dogadaki kit kaynaklarin giderek azalmasi insanoglunu yeni
arayislara itmektedir. Bu arayislar sirasinda insanoglunun bazi faaliyetleri 6zellikle ¢evre kosullarina ciddi
zararlar verebilmektedir. Bu da s6z konusu iilkelerin kalkinma problemini beraberinde getirmektedir. Clinkii
ekonomik kalkinma ekonomik biiytimeden farkli olarak sosyoekonomik ve ¢evresel sartlarin bir iilkede nitelik
bakimindan degisimini de i¢inde barindirmaktadir.

Sera gazlari, ormanlarin tahrip edilmesi, fosil yakitlarin yanmasi, tarimsal faaliyetler ve enerji kullaniminin
yol agtig1 karbondioksit vs. gazlarinin atmosferde ¢ogalmasi sonucu kiiresel 1sinma ve iklimsel degisimlere
yol agan bir siirecin temel kaynagidir. Enerji tiilketiminin artmasi sera gazi emisyonunu arttirirken, bu noktada
yenilenebilir enerji kaynaklariin bulunmasiyla artan enerji prodiiktivitesi sera gazi emisyonunun diismesinde
biiyiik rol oynamistir (Erdogan, 2020).

Kiiresel 1sinma sonucu meydana gelen iklim degisikliklerini ortaya ¢ikaran sera gazlarini diisiirmek amaciyla
Kyoto Protokolii tarafindan 3 temel mekanizma gelistirilmistir. Bunlar; Temiz kalkinma mekanizmasi, ortak
yiiriitme mekanizmasi ve emisyon ticaretidir. Bu mekanizmalarin ilki olan kalkinma temelli mekanizmaya
gore, az gelismis iilkelere yonelik s6z konusu protokol ¢ergevesinde diisiik emisyon hedefine yonelik proje
bazli yatirnmlar tesvik edilecektir. Bu yatirimlar sayesinde soz konusu iilkeler gelisen teknolojiye ve ciddi
oranda yabanci yatirimi da iilkesine kazandirmis olacaklardir (Mercan ve Karakaya, 2013). Burada 6zellikle
caligmada kullanilan kalkinma degiskenlerinden yenilenebilir enerji tiikketimi ve yabanci yatirimlar ile sera gazi
emisyonu arasinda korelasyon ve nedensellik iliskisinin ne yonde olacagi ve iktisadi olarak beklentileri ne
Olciide saglayacagi merak konusudur.

Bu calismada sera gazi emisyonu ile bazi gelismislik gdstergeleri olan sosyoekonomik degiskenler ile
arasindaki iligkilerin incelenmesi amaglanmaktadir. Burada kalkinmay1 temsilen, ekonomik biiyiime, yabanci
yatirimlar, beklenen yasam siiresi ve yenilenebilir enerji tiiketimi degiskenleri kullanilmaktadir. S6z konusu
caligmada 1990-2021 aras1 donem igin Tiirkiye’ye yonelik veriler kullanilmis olup, korelasyon ve nedensellik
analizleri ile ¢galismanin ampirik kismi yapilmaktadir. Asagidaki tabloda sera gazi emisyonunun ekonomik
degiskenler ile arasindaki iligkiyi agiklamaya yonelik literatiir 6zeti verilmektedir.

Tablo.1: Literatir Ozeti

Yazar/Yazarlar  Ulke ve Dénem Yontem Sonug
Halicioglu, 2009  Turkiye, Granger Nedensellik analizi  Tlketim, gelir ve yabanci
1960-2005 ve Bounds Testi yatirimlarin uzun dénemde karbon

emisyonunun énemli belirleyicileri
oldugu tespit edilmistir.

Cmar, 2011 OECD Ulkeleri, Panel Birim Kok ve Gelir ve Sera Gazi arasinda uzun
1971-2007 Es-biitiinlesme donemli anlamli ve pozitif yonli
iligki bulunmustur.
Tutulmaz vd., 45 Ulke, Panel Veri Uygulamasi Cevresel Kuznets egrisi hipotezinin
2012 1971-2011 kisa donemde gegerli oldugu tespit
edilmistir.
Dam, 2014 OECD Ulkeleri, Panel Veri Analizi Enerji tiketimi, ekonomik bluyume,
1971-2011 ihracat, ithalat ve kisi basi gelir

degiskenlerinin sera gazi iizerinde
etkili oldugu sonuglar1 elde

edilmisgtir.
Kapusuzoglu, OECD Ulkeleri, Granger Nedensellik ve Karbon emisyonundan milli gelire
2014 1960-2008 VAR modeli dogru tek yonli nedensellik

iligkisinin ~ Tirkiye ve diinya
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genelinde gegerli oldugu

bulunmustur.
Atay Polat, 2015  Turkiye, Yapisal Kirilmalt  Enerji tiiketimi, GSYH ve yabanci
1980-2013 esbiitiinlesme Testleri yatinimlar ile karbon emisyonu

arasinda uzun donemli anlamli
iligkiler tespit edilmistir.
Ceylan ve Tirkiye, Kirilmali es-biitinlesme ve Ekonomik biylmenin c¢evresel
Karaagag, 2020  1960-2014 Hata Diizeltme Modeli kirlilik tizerinde etkili oldugu fakat
Cevresel Kuznets egrisinin Tiirkiye
icin  gegerli olmadigi tespit

edilmistir.
Sumerli Sanigiill ~ Tlrkiye, Johansen  Ko-entegrasyon Vergilerin uzun dénemde karbon
ve Altay Topcu, 1994-2015 Analizi emisyonunu disiiriicii etkisi tespit
2021 edilmistir.
Doganlar vd., Tirkiye, RALS-EG  Es-biitiinlesme  Uzun dénemde ekonomik blyiume,
2021 1965-2018 yontemi enerji tiiketimi ve finansal kalkinma

ile karbon emisyonu arasinda
anlamli iligkiler bulunmustur.

Yukaridaki tabloda sera gazinin gesitli ekonomik degiskenler ile arasindaki iliskiyi agiklamaya yonelik gerek
Tiirkiye’ye gerekse cesitli iilke gruplarina yonelik ¢alismalara yer verilmistir.

Materyaller ve Yontem

Caligmada oncelikli olarak kullanilan degiskenlere ait agiklama yapilacaktir. Sonrasinda ise calismada
uygulanacak olan yonteme gegilecektir. Burada 6ncelikli olarak korelasyon iligskisine bakilip ardinda 2 farkli
nedensellik testi ile sera gazi emisyonu ile segili ekonomik kalkinma gostergeleri ile olan iliskisine
bakilacaktir.

Iktisadi uygulamalara yénelik yapilmis olan calismalarda degiskenler arasindaki iliskinin yonii ve bityiikligii
hakkinda bilgi vermek i¢in standart 6l¢ii birimi olmayan kovaryanstan saglanan standart 61¢ii birimi halini alan
korelasyon katsayisinin yorumlanmasina yonelik analizdir (Giiris ve Caglayan, 2000).

Ekonometri temelli iktisadi analizli ¢aligmalarda ¢esitli iktisadi degiskenler arasindaki neden sonug iligkisinin
yOniiniin bulunmasinda Granger (1969) dnciiliigiinde gelistirilmis olan nedensellik testleri kullanilmaktadir.

Bu analiz asagidaki denklemler ile gosterilirse;
By = Xi1@;Br i + X, 0,YB,; + ey, 1)
YB, = Xit1e;YBy ; + X1, 0:B: ; + ey )

Yukardaki matematiksel denklemlere gore, tek yonlii nedensellik iliskisinde katsayilardan sadece
denklemdeki 0; katsayis1 anlamli iken, karsilikl iki yonlii nedensellik iligkisinin tespitinde ise denklemlerdeki
i ve 0 katsayilarin her ikisinin de anlamlilig1 s6z konusudur (Kutlar, 2009).

Asagida tablo 2’de bu calismada kullanilan degiskenler aciklamalarina yer verilmis olup elde edildikleri
kaynaklar hakkinda bilgi sunulmaktadir.

Tablo 2: Degiskenlerin Ag¢iklanmasi

Doénem Arahgi: 1990 — 2021
Degiskenler Aciklama Kaynak
SGE, Sera Gazi Emisyonu Worldbank (2023a)
DYYG, Dogrudan Yabanci Yatirim Milli Gelir Oran1 Worldbank (2023b)
MGB, Ekonomik Buylme Worldbank (2023c)
BYS, Beklenen Yasam Siiresi Worldbank (2023d)
YET, Yenilenebilir Enerji Tiketimi Worldbank (2023e)
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Yukaridaki tabloda c¢alismada yer alan degiskenlerin agiklamalart yapilmistir. Burada ise s6z konusu
degiskenlerin kullanilmis oldugu korelasyon ve nedensellik analizi yontemleri sonucunda elde edilen bulgular
degerlendirilecektir.

Bulgular ve Tartisma

Sera gazi emisyonunun kalkinma ekonomisi gergevesinde ele alinmasina yonelik yapilan bu ¢aligmada
sirasiyla korelasyon ve nedensellik analizi uygulanmaktadir.

Asagidaki korelasyon matrisi tablosunda ¢alismada bulunan degiskenler arasindaki korelasyon iliskisinden
elde edilen sonugclar verilmistir.

Tablo 3: Korelasyon Matrisi

Korelasyon DYYG, MGB, BYS, YET,
SGE, 0.518 0.118 0.945 -0.852

Yukardaki korelasyon matrisi sonuglarina gore, sera gazi emisyonu ile en giiclii iliskiye sahip olan degisken
dogru yonlii olup beklenen yasam siiresidir. Ayrica yenilebilir enerji tiiketimi ile sera gaz1 arasindaki iligki ise
giiclii ve ter yonliidiir. Bunun yaninda dogrudan yabanci yatirimlar ile sera gazi emisyonu arasindaki iligki ise
dogru yonlii ve orta diizeydedir. Milli gelir ve sera gazi emisyonu arasindaki iligkinin ise diisiik diizeyde oldugu
goriilmiistiir.

Asagidaki tabloda oncelikli olarak nedensellik testlerinin gecikme katsayisinin belirlenmesine yonelik bilgi
kriterleri verilmistir.

Tablo 4: Gecikme Katsayisinin Belirlenmesi

I¢sel Degiskenler: SGE;, DYYG, MGB,, BYS, YET, [Dissal Degisken: C

Gozlem Sayisi: 30 Gecikme: 2 |DOnem: 1990 — 2021
Lag LogL LR FPE AIC SC HQ
0 -386.6113 NA 149965.4 26.10742 26.34095 26.18213
1  -263.7946  196.5068 226.8400 19.58630 20.98750* 20.03456
2 -231.0774 41.44171* 157.8179* 19.07183*  21.64069 19.89363*

*Nedensellik Testleri Gecikme Kriterleri; HQ:Hannan-Quinn Bilgi Kriteri, SC: Schwarz Bilgi Kriteri, AIC:
Akaike Bilgi Kriteri, FPE: Final prediction error, LR: sequential modified LR test statistic (each test at 5%
level)

Yukardaki tabloya gore nedensellik testlerindeki gecikme katsayisinin 2 oldugu tespit edilmistir. Asagida ise
nedensellik testleri sonuglart verilmigtir.

Tablo 5: Nedensellik Testi Sonuglart

Pairwise Granger Nedensellik Testi

Ddnem: 1990 — 2021 Gozlem Sayisi: 30 Gecikme: 2
Hipotez Sonug F-istatistik Olasihk
Sera Gaz1 Emisyonu Dogrudan Yabanci Yatirimlarin Nedenidir 4.26377 0.0255
Dogrudan Yabanci Yatirimlar Sera Gazi Emisyonunun Nedeni Degildir  0.69298 0.5094
Sera Gazi Emisyonu Ekonomik Biiyiimenin Nedeni Degildir  0.40782 0.6694
Ekonomik Biiyiime Sera Gazi Emisyonunun Nedeni Degildir  0.31811 0.7304
Sera Gazi Emisyonu Beklenen Yasam Siiresinin Nedenidir 2.76031 0.0826
Beklenen Yasam Siiresi Sera Gazi Emisyonunun Nedenidir 13.9961 8.E-05
Sera Gazi Emisyonu Yenilenebilir Enerji Tiiketiminin Nedeni Degildir  0.64358 0.5339
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Yenilenebilir Enerji Tiiketimi Sera Gaz1 Emisyonunun Nedeni Degildir  0.82450 0.4500
VAR Granger Causality/Block Exogeneity Wald Tests
Donem: 1990 — 2021 Gozlem Sayisi: 30 Gecikme: 2
Hipotez Sonug F-Istatistik Olasihk
Sera Gazi Emisyonu Dogrudan Yabanci Yatirimlarin Nedeni Degildir 1,756 0,415
Dogrudan Yabanci Yatirnmlar Sera Gazi Emisyonunun Nedenidir 5,437 0,065
Sera Gazi Emisyonu Ekonomik Biiyiimenin Nedeni Degildir 3,890 0,142
Ekonomik Biiyiime Sera Gazi Emisyonunun Nedeni Degildir 3,064 0,216
Sera Gazi Emisyonu Beklenen Yasam Siiresinin Nedeni Degildir 0,987 0,614
Beklenen Yasam Siiresi Sera Gazi Emisyonunun Nedenidir 32,875 0,000
Sera Gazi Emisyonu Yenilenebilir Enerji Tiiketiminin Nedenidir 8,191 0,016
Yenilenebilir Enerji Tiiketimi Sera Gazi Emisyonunun Nedenidir 8,347 0,015

Yukardaki nedensellik testleri sonuglarina gore, Granger nedensellik testi baglaminda beklenen yasam siiresi
ile sera gaz1 emisyonu arasinda karsilikli iki yonlii nedenselligin anlamli oldugu tespit edilmistir. Ayrica sera
gazi emisyonundan dogrudan yabanci yatinmlara dogru tek yonlii nedensellik iliskisinin anlamli oldugu
bulunmustur.

VAR nedensellik testine gore ise, yenilenebilir enerji tiikketimi ile sera gazi emisyonu arasinda karsilikli ¢ift
yonlii nedenselligin anlamli oldugu goriilmiistiir. Ayrica dogrudan yabanci yatirimlardan ve beklenen yasam
siiresinden sera gazi emisyonuna dogru tek yonlii nedensellik iligkisinin anlamli oldugu sonucuna ulasilmistir.
Bu da s6z konusu calismada beklenen yasam siiresi ve yenilenebilir enerji tiiketimi sera gazi emisyonu ile
istatistiksel agidan en anlamli iliskiye sahip oldugu degiskenler oldugunu ortaya koymustur.

Sonug ve Oneriler

Insanoglunun temiz ¢evre kosullarinda hayatini siirdiirmeye sahip olmasi en Onemli kalkinmuslik
gostergelerinden birisidir. Clinkii dogal cevredeki kotii kosullar insan hayatinin yasam siiresini kisaltmakla
birlikte yasadigi siireg boyunca da saglik problemlerinin ortaya ¢ikmasi kaginilmazdir. Bu noktada kimi
devletler kendi iilke sinirlart i¢inde yasayan halkinin hayat standartlarii gelistirmek icin bagka {ilke
kaynaklarim1 kendi c¢ikarlari dogrultusunda kullanarak diger iilkelerin yasam kosullarin1 kotiilestirmeden
gerceklestirebilmeleri biiyiik dnem tagimaktadir. Iste tiim problem bu minvalde gerceklesmekte olup yabanci
yatirimcilar yatirim yaptiklari iilkenin kaynaklarimi o bdlge insanlarint olumsuz etkilemeyecek sekilde
kullanmalari ¢ok biilylik 6nem tasimaktadir.

Bu ¢alismada elde edilen sonuglara bakildiginda korelasyon analizi agisindan sera gazi emisyonu ile beklenen
yasam siiresi ve yenilenebilir enerji tiiketimi arasinda gii¢lii bir iligki bulundugu tespit edilmistir. Bu iligkinin
yoniiniin beklenen yasam siiresi ile pozitif yonlii fakat yenilenebilir enerji tiiketimi ile negatif yonlii oldugu
tespit edilmistir. Nedensellik testi agisindan bakildiginda ise, kullanilan iki testten birinde beklenen yasam
stiresi ve yenilenebilir enerji titkketimi ile sera gazi emisyonunun ¢ift yonlii nedensellik iligkisine sahip oldugu
goriilmiistiir. Ayrica dogrudan yabanci yatirimlar ile sera gazi emisyonu arasinda tek yonlii nedensellik
iligkisine sahip olduklar1 goriilmiistiir. Fakat ekonomik biiylime ile sera gazi emisyonu arasinda nedensellik
iligkisine yonelik anlamli bir sonu¢ bulunamamustir.

Calismada elde edilen sonuglar baglaminda sera gazi emisyonunun diistiriilerek iilke halklarinin daha saglikli
ve gelismis bir yasam siirdiirmelerinde devletlerin izleyecegi kalkinma ve ¢evre politikalar1 biiyiikk 6nem
tasimaktadir. Halkin gelir diizeyinin ve saglikli yasam siiresinin arttirilmasinda dogrudan yabanci yatirimlarin
tesvik edilmesinin ve yenilenebilir enerji kaynaklariin kullaniminin etkisi géz ardi edilmemelidir. Sonug
olarak sera gazi emisyonunun diisiiriilmesinde firmalarin iiretim kosullarinin iyilestirilmesi ve s6z konusu
iiretim yontemlerinin Kyoto Protokolii gercevesinde ¢gevre politikalariyla uyumlu ve uluslararasi standartlardan
sapmadan koordine sekilde siirdiiriilebilirligi biiylik 6nem arz etmektedir.
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Tesekkiirler ve Bilgi Notu

Cumhuriyetimizin 100. Yilinda 26-27 Eyliil 2023 tarihlerinde diizenlenen bu kongrede basta Sivas Cumhuriyet
Universitesi’nin tiim ¢alisanlarina, meslektaslarima ve saym hocalarrmin gdstermis olduklari ilgiye ve
kongrede emegi gecen herkese tesekkiirlerimi sunarim. Bir bagka kongrede goriismek dilegiyle saygilarimla,
iyi ¢aligmalar dilerim.

Kaynaklar

Ceylan, R., & Karaagac, G. E. (2020). Tirkiye’de Cevresel Kuznets Egrisi hipotezinin test edilmesi: Yapisal
kirtlmali esbiitiinlesme testi ile hata diizeltme modelinden kanitlar. Pamukkale Journal of Eurasian
Socioeconomic Studies, 7(2), 75-85.

Cimnar, S. (2011). Gelir ve CO2 emisyonu iliskisi: panel birim k&k ve esbiitiinlesme testi. Uludag Universitesi
Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 30(2), 71-83.

Dam, M. M. (2014). Sera gazi emisyonlarinin makroekonomik degiskenlerle iliskisi: OECD iilkeleri icin panel
veri analizi, Doktora Tezi, Adnan Menderes Universitesi, Aydin.

Doganlar, M., Mike, F., Kizilkaya, O., & Karlilar, S. (2021). Testing the long-run effects of economic growth,
financial development and energy consumption on CO2 emissions in Turkey: new evidence from RALS
cointegration test. Environmental Science and Pollution Research, 28(25), 32554-32563.

Erdogan, S. (2020). Enerji, cevre ve sera gazlari. Cankirt Karatekin Universitesi I[IBF Dergisi, 10 (1), 277-
303.

Granger, C. W. J., (1969). Investigating causal relations by econometric models and cross-spectral methods,
Econometrica, 37, 424-438.

Giiris, S. & Caglayan, E. (2000). Ekonometri Temel Kavramlar. 1.B., Der Yaynevi, istanbul.

Halicioglu, F. (2009). An econometric study of CO2 emissions, energy consumption, income and foreign trade
in Turkey. Energy policy, 37(3), 1156-1164.

Kapusuzoglu, A. (2014). Causality Relationships between Carbon Dioxide Emissions and Economic Growth:
Results from a Multi-Country Study. International Journal of Economic Perspectives, 8(2), 5-15.

Kutlar, A. (2009). Uygulamalr Ekonometri. Nobel Yayin Dagitim: Ankara.

Mercan, M., & Karakaya, E. (2013). Sera Gazi Saliminin Azaltlmlndg Alternatif .Politikalarl_n Ekonomik
Maliyetlerinin Incelenmesi: Tiirkiye I¢in Genel Denge Analizi. Erciyes Universitesi Iktisadi ve Idari Bilimler
Fakultesi Dergisi, (42), 123-159.

Polat, M. A. (2015). Tiirkiye'de Yabanci Sermaye Yatirimlari ile CO2 Emisyonu Arasindaki Iliskinin Yapisal
Kirilmal Testler ile Analizi. Journal of International Social Research, 8(41). 1127-1135.

Sarigiil, S. S., & Topcu, B. A. (2021). The impact of environmental taxes on carbon dioxide emissions in
Turkey. International Journal of Business and Economic Studies, 3(1), 43-54.

Tutulmaz, O., Sahindz, A., & Cagatay, S. (2012). Karbondioksit emisyonu iizerinden ¢evre baskisi
degerlendirmesi: Cevresel Kuznets egrisine panel veri uygulamasi. Iktisat Isletme ve Finans, 27(314), 35-72.

Worldbank,(2023a). https://data.worldbank.org.cn/indicator/EN.ATM.GHGT.ZG?view=chart, Erigim Tarihi:
10.06.2023

Worldbank,(2023b).https://data.worldbank.org/indicator/BX.KLT.DINV.CD.WD?view=chart, Erisim Tarihi:
10.06.2023

Worldbank,(2023c).https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?view=chart, Erisim Tarihi:
10.06.2023

Worldbank, (2023d). https://data.worldbank.org.cn/indicator/SP.DYN.LEOO.IN?view=chart, Erisim Tarihi:
10.06.2023

Proceedings Book 190


https://data.worldbank.org.cn/indicator/EN.ATM.GHGT.ZG?view=chart
https://data.worldbank.org/indicator/BX.KLT.DINV.CD.WD?view=chart
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?view=chart
https://data.worldbank.org.cn/indicator/SP.DYN.LE00.IN?view=chart

ll. International Energy Days September 27, 2023

Worldbank, (2023e). https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS?view=chart, Erisim Tarihi:
10.06.2023

Proceedings Book 191


https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS?view=chart

ll. International Energy Days
September 27", 2023 / Sivas-Tirkiye
Sivas Cumhuriyet University

IMPACT OF DYNAMIC COD LOADING PROFILES ON BIOENERGY GENERATION AND
SIMULTANEOUS WASTEWATER TREATMENT IN MICROBIAL FUEL CELLS

Aliyu Ishaq'?, Mohd Ismid Mohd Said!, Shamila. Binti Azman', Shamsudeen Mohammed Jumande?,
Al-Amin Danladi Bello’.

'Department of Water and Environmental Engineering, School of Civil Engineering, Faculty of Engineering, Universiti Teknologi
Malaysia, 81300 Johr Bohr, Malaysia.

2Department of Water Resources and Environmental Engineering, Ahmadu Bello University, 1045, Zaria, Kaduna Nigeria.

ABSTRACT

Sustainable energy generation and environmental remediation are both possible through the synergistic
interaction of microbial fuel cells (MFCs), bioenergy recovery, and concurrent wastewater treatment.
Environmental and economic sustainability should be considered to find an effective treatment technique for
low- to middle-income countries. This research examines the complex interplay between chemical oxygen
demand (COD) concentrations and the performance of dual-chamber microbial fuel cells (DMFCs) for the
generation of bioenergy and leachate wastewater treatment. The microbial activity was identified by
calculating how long it would take for bacterial populations to stabilize using the optical density (OD) 600nm
technique of growth kinetics analysis. The structural adaptations of the microbial population to varying COD
levels were also elucidated by analyzing biofilm growth on the anode using field emission scanning electron
microscopy (FE-SEM). Treatment effectiveness was measured for both NH4-N and COD removal.

Seven various concentrations of COD, from 1325 mg L' to 500 mg L', were studied. The complicated
relationship between COD levels and energy recovery potential is reflected in the wide range of power densities
corresponding to these COD concentrations, from 161.45 mW/m® to 339.41 mW/m’. Throughout the
experiments, the temperature was kept at 30 degrees Celsius, the pH was kept at 6.88, and the NH4-N
concentration was kept at 800 mg L. At 3325 mg L' (339.41 mW/m?), the highest power density was
recorded. Microbial growth and activity increased throughout time, reaching a peak at an OD value of 0.8 after
the ensuing 6-hour period. This is evidence of a dramatic increase in the number of microorganisms in the
environment. This elucidates their potential as bioenergy sources and wastewater treatment systems by
demonstrating the complex dynamics of MFCs under varying COD concentrations.

Keywords: Microbial fuel cells, COD, microbial growth kinetics.
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EVALUTAION OF GARLIC EXTRACT AS A NATURAL ANTIOXIDANT FOR J. CURCAS
BIODIESEL STABILITY
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ABSTRACT

Environmentally friendly source of energy gives biodiesel lead over fossil fuels, Oxidation is one of the
impediments to the biodiesel quality, the greater the oxidation the lesser the quality of the biodiesel and vice
versa. Synthetic antioxidants are commonly used to improve biodiesel stability regrettably they have damaging
effect on the environment. This study explores the effectiveness of garlic extract as natural antioxidants for
Jatropha curcas biodiesel stability. The garlic extract was characterized using FTIR and GC-MS and the fuel
parameters of the produced biodiesel were determined. The garlic extracts were added were added in 1%, 3%
and 5% respectively to the biodiesel samples and the oxidation stability test of the biodiesel samples were
carried out using Rancimat method. The FTIR and GC-MS result of the extract confirmed the existence of
phenolic and sulphur compounds. The fuel parameters of the biodiesel produced were in agreement with
ASTM standard values. A rise in Induction period of the biodiesel was observed in samples BG3 and BG5
having 3% and 5% antioxidants respectively. The results demonstrates that the antioxidant (garlic extract) can
improve induction period of the biodiesel hence can act as natural antioxidant on biodiesel samples.

Keywords: Jatropha curcas, Oxidation stability, Biodiesel, Fossil fuel, FTIR and GC-MS.

www.iensci.org 193



ll. International Energy Days
September 27", 2023 / Sivas-Tirkiye
Sivas Cumhuriyet University

CATALYTIC ESTERIFICATION OF BIODIESEL USING MESOPOROUS MATERIAL

Boughedir nadia®?, Bailiche Zohra® 2
L Université de Tlemcen BP 119Laboratoire de Catalyse et Synthése en Chimie Organique, Algérie

2 université de Ain t émouchent laboratoire de chimie ;Algérie

ABSTRACT

The biodiesel or diester sector uses the constituents of fatty substances present in vegetable oils as fuel.
Vegetable oils are treated to provide vegetable oil methyl esters (VOME) whose combustion characteristics
are close to fuel oil. The vegetable oils mainly used as raw materials are in Europe: sunflower soy rapeseed
oil. Biofuels are incorporated from 5% to 30% in fuel oil for use in diesel engines.

Esters formed by esyerification of fatty acids are used in cosmetics, in pharmaceuticals, in industrial lubricants
This type of reaction corresponds to an equilibrium: reaction occurring in both directions and limiting each
other .

Ag/SBA-15 is a hybrid material composed of silver nanoparticles (Ag) supported on SBA-15, a mesoporous
silica with a high surface area and tunable pore size. This catalyst has been widely studied for its potential
applications in various fields, including catalysis, sensing, and drug delivery

We synthesized our catalyst by diffrent methodes ( direct synthesis and post synthesis)

we tested our synthesized materials as catalysts in esterification reactions of fatty acids which is a natural
molecule. and characterize by DRX ; FTIR

key words: Ag/SBA15; esterification ;fatty acids ;biodiesel;
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HYDROTHERMAL GASIFICATION OF SELECTED FOODS FOR SUSTAINABLE ENERGY
GENERATION USING ASPEN PLUS
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Umar?, Habibu Abubakar Waniyo? 3
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ABSTRACT

Fossil fuels are becoming scarce and depleting at an alarming rate. To address the ever-increasing energy
demand and the worrying deterioration of the climatic condition, researchers are obligated to pursue alternate
feedstock for sustainable energy generation that promotes carbon neutrality. The search leads to lignocellulosic
materials like unprocessed food wastes. These are sizing quantities of agro-waste that seem promising for the
production of bioenergy, especially in tropical and subtropical countries. This study has harness the chunk of
food wastes accrued in the food markets and industries basically banana, orange, water melon and mango
endocarp biomass. This has been achieved by sourcing the food wastes data to obtain their proximate and
ultimate analyses values. The sensitivity analysis was carried out around the gasifier via checking the effect of
the reactors temperature on the syngas yield and power generation, the total of 100 kg/h of waste fruit biomass
was fee d to each system combining 25 % each for banana peel, water melon, orange peel and mango
endocarp. The yield of CH, maintains at a relatively low level when gasification temperature is above 800 °C.
When gasification temperature is around 1000 °C, the volume fraction of H reaches the maximum. Finally, it
was detected that temperature has effect on power generation.

Keywords: Hydrothermal Gasification, Pyrolysis, Food Waste, Energy and Treatment.
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A REVIEW ON BIO-OIL PRODUCTION AND UPGRADING USING ZEOLITE CATALYST
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ABSTRACT

Due to concerns about energy security in the near future and environmental issues related to the usage of
petroleum-based fuels, the development of an alternative fuel that would lessen dependence on fossil fuels has
gained interest recently. One source of renewable energy that may be converted into liquid fuel is biomass,
which contains carbon in its structural components. There are many thermochemical processes in converting
raw biomass to fuels but the process of pyrolysis is still a popular way to turn biomass into bio-oil, a complex
combination primarily made up of oxygenated organic molecules and light hydrocarbons with traces of
nitrogen and sulfur. The high level of oxygen content in the oil rendered it unbecoming for direct application
as fuel or refinery-ready feedstock. This review paper elucidates the various bio-oil production processes and
upgrading methods using zeolite catalyst. More so it also focuses on the utilization of catalytic pyrolysis to
produce high-quality bio-oil and cutting-edge methods for characterizing bio-oil. Lewis and Brgnsted acid
sites, the number of structurally arranged acid sites, and the amount of metal loading all have a significant
impact on deoxygenation processes and the selective generation of aromatic hydrocarbons.

Keywords: Bio-oil, catalyst, zeolite and upgrading.
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OPTIMIZATION OF LINEAR ALKYL BENZENE YIELD USING DESIGN EXPERT
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ABSTRACT

Linear alkyl benzene (LAB), the most widely used raw material in the synthesis of surfactant for use in the
creation of biodegradable home cleaners such as detergent, soap, and shampoos, is used to meet the annual
demand for high-value household detergents. In order to produce detergent of the highest calibre, linear alkyl
benzene specifications must be standardized. The LAB vyield is influenced by the uncertainty of the
thermodynamic variables such as temperature, pressure, and flow rate. This study used Aspen Hysys to
optimize the product yield at the Kaduna Refining and Petrochemical Company's (KRPC) linear alkyl benzene
plant. The simulation and modelling results for the LAB production process using ASPEN HYSYS V.11
showed that the developed model was successful and was able to converge when simulated with Peng-Robison
as fluid package to give the yield of LAB as 3800 kg/hr, which is very close to the actual LAB plant yield of
3788 kg/hr at the same feed rate. Furthermore, because the model was shown to be significant with Predicted
R-Squared values of 0.5565 and R-Squared values of 0.7075, it can be utilized to accurately describe the
behavior of the KRPC LAB plant. This equation was constructed using Design-Expert 13.0.0 for the LAB
yield. Additionally, at the ideal operating PACOL temperature, pressure, and DETAL temperature, pressure
of 457.349°C, 2.320 kg/cm2.g and 275.692°C, 2.815kg/cm2.g, respectively, the numerical optimization result
was able to provide a great improvement in LAB vyield value up to 2.10%. The process variables taken into
account in the current study, it can be mentioned, contributed to a higher yield of the LAB product at the KRPC
LAB plant section.

Keywords: Optimization, Linear Alkyl Benzene and Design Expert.
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THE FUTURE OF ENERGY SUSTAINABILITY - A THOUGHT EXERCICE

Professor Valentina Marinescu

University of Bucharest
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University of Bucharest

ABSTRACT

The 2030 Agenda for Sustainable Development is a document developed by United Nations as a ‘blueprint’
for the present and future of people and the planet. Assumed through this agenda by all UN member states
there are 17 goals that comprise all human existence in its social and environmental interdependences, from
economic well-being to gender equality, from individual production and use of energy to industry and
economic growth. This presentation will focus only on the 7" goal of the agenda — ‘affordable and clean
energy’ — in order to analyze the social sustainability of clean electric energy and efficient electric energy
consumption in the process of shifting from oil and gas based production to ‘renewable resources’, to green
energy. In order to do that we analyze the social chains of interdependences from the exploitation of resources
used to produce the electric energy to the moment of the energy consumption by households and individuals.
The overview will end with a few consideration on the possible social futures based on the variable ‘clean
energy consumption’.

Keywords: Social sustainability, energy, future
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HYPERPARAMETER OPTIMIZATION: A CASE STUDY FOR GEOTHERMAL-
THERMOELECTRIC EXPERIMENTAL SETUP

Osman Dogukan URKAN

Pamukkale University, Department of Computer Engineering, Denizli, Tirkiye
ORCID: 0009-0004-0477-4078

Meric CETIN

Assoc. Prof. Dr. Pamukkale University, Department of Computer Engineering, Denizli, Turkiye (Responsible Author)
ORCID: 0000-0002-7871-4850

Mahmut HEKIM

Assist. Prof. Dr. Karamanoglu Mehmetbey University, Vocational College of Technical Sciences, Karaman, Tirkiye,
ORCID: 0000-0002-2766-1023

Abstract

Geothermal Energy Systems (GES), which produce energy using geothermal fluids, are frequently preferred
energy production systems among renewable energy technologies. In this study, hot water flow and cold water
flow have been estimated using the data obtained from a Thermoelectric Generator (TEG) experimental setup
that generates electrical energy through thermal exchange. Support Vector Regression (SVR), K-Nearest
Neighbor (KNN), Classification and Regression Tree (CART), Random Forest (RF) models have been used
to evaluate the energy production performance of TEG in the regression process. In order to improve the
prediction results, hyperparameter optimization has been performed in machine learning methods and the
results have been presented with some metrics. The experimental results showed that hyperparameter
optimization is an important process influencing power generation estimation in experimental geothermal-
thermoelectric hybrid system.

Keywords: thermoelectric generator, geothermal power plant, regression models, hyperparameter
optimization.

Introduction

Increasing applications for the energy sector also lead to the development of renewable energy technologies
that compete with fossil fuel-based traditional energy production systems. Geothermal Energy Systems, which
are used for space heating and cooling, power technology, agricultural applications, cosmetics and many other
purposes, are frequently preferred among renewable energy technologies (Haklidir & Haklidir, 2020). It is
reported that the efficiency of geothermal power plants is at most 20% (EUTAF, 2016; Zarrouk & Moon,
2014). After energy generation in geothermal power plants, the geothermal fluid (containing a type of (waste)
thermal energy) pumped into the re-injection well can be passed through TEGs and used again in electricity
generation. In this way, the total energy production of a Geothermal Power Plant (GPP) can also be increased
(Hekim & Cetin, 2019).

Machine learning-based intelligent methods can be used to increase power generation in geothermal systems.
Different solutions are produced through linear or nonlinear models to model changes in the flow rate,
temperature and pressure of the geothermal fluid. In the literature, methods such as regression models (Karadas
et al., 2015), artificial neural networks (Yilmaz & Koyuncu, 2021), fuzzy logic applications (Haklidir, 2020),
extreme learning machines (Lai et al., 2020), support vector machines (Haklidir & Haklidir, 2020) are used
for linear and nonlinear modeling in GPPs.

In this paper, hot water flow rate and cold water flow rate have been estimated using machine learning models
with data obtained from an experimental setup designed to generate DC electrical energy through thermal
interaction. To improve the performance of the designed models, hyperparameter optimization has been
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performed and model parameters were optimized through various algorithms. In this way, the regression
performance of the models has been improved. The performance evaluation metrics have confirmed the
importance of hyperparameter optimization in energy production estimation.

Materials and Methods

Machine learning algorithms generally aim to find a learning function that best maps input variables to an
output variable. Non-parametric learning algorithms are quite successful in learning any mapping function
from training data. Examples of non-parametric methods include decision trees such as classification and
regression trees, methods such as Naive Bayes, support vector machines, and neural networks. In this section,
intelligent models used in many scientific studies and preferred for regression in this study are briefly
introduced.

Support Vector Regression (SVR)

Apart from classification processes, SVMs can also be applied to regression problems via a loss function. The
purpose of the SVR method is to create an error-insensitive hyperplane by separating data classes and shrinking
this area according to the extreme value of the data (Smola & Scholkopf, 2004). In the Vapnik loss function
used to solve the regression problem, the minimum e error of the true value can be ignored. In e-SVR, it is
desired to find the £ (x) function with the greatest e deviation from the y; values obtained for the input-output
data ((x1,¥), ..., (x;,5)) where [ is the number of training data. In this method, errors less than e are not
considered and any deviation larger than ¢ is not allowed. The linear function is £ (x) = wT¢®(x + b) where
w is the weight vector, x is the input vector, b is a deviation and € (.) is the nonlinear transformation. The

convex optimization problem is as min% lwl?, subject to Vi: |y; — xTw + b| <ei=1,..,1 where w

represents the margin. When it is not always possible to find the perfect function for all points, some errors are
allowed so that the hard margin becomes the soft margin. For this, the slack variables &;, & are used, resulting
in the formulation specified by:

. L @
minZllwli2+¢ ) @+ &)
i=1
subjecttoy; — (x]w+b) <e+&, (x]w+Db) —y, <e+&,& =0,& =0.Then ||,
0, iflél=e @

§le = {|‘f| — €, otherwise

This optimization problem is easier to solve in the Lagrangian dual form. The Lagrangian multipliers 7; and
n; direct the predictions to the targets y;. The weight vector in terms of these multipliers can be written as:
w = X!_ (n; — n;)®(x;). Then the f(x) function is rewritten by substituting w into the £ (x) function
expression. Here, K (x;,x) is the Kernel function.

I ! ®)
FC =) 00— n)PCOFE) +b = Y O — 1)K () +b.
i=1 =1

K-Nearest Neighbor (KNN)

The nearest neighbor algorithm is a non-parametric method used to solve classification and regression
problems (Li et al., 2010). kNN algorithm calculates the distances between all samples in the data and selects
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the number sample closest to the query. In order to select the appropriate k value, the kNN algorithm is run
several times with different values of k and the k value, which reduces the error in predictions, is selected.
The similarity measure is defined with Euclidean distance (Ed) as follows:

1 (4)

" 1+axEd(ec)
1

I 2
Ed(cﬂ'cl) — (Z Wj de(CO,CI)Z) 'j p— l'uu'n'

dj(CQ,C:‘) = ‘JYJ‘J _}{; |

Similarity(cg, ¢;)

All neighbors are determined according to the number of nearest neighbors, which are determined empirically,
consensus among neighbors is calculated with the principle of pure majority voting as:

I(co) = max X, I{c-}ED}L(Z = I(c;)), where D, z,¢; and L(.) indicate the nearest set of neighbors to the
z ir 1

target case, the class label, the ith nearest neighbor and a function that returns only 1 or 0, respectively.

Classification and Regression Tree (CART)

CART is used to create decision trees where each root node represents a single input variable and leaf nodes
represent an output variable used for prediction (Breiman, 2017). To create a problem-specific CART model,
an appropriate tree is designed by selecting input values and split points on these values. A greedy algorithm
is used to minimize the cost function by selecting the input variables or splitting points to use. This algorithm
selects the best split point every time. The tree structure is then terminated with a stopping criterion. The CART
algorithm uses the G;,,; criterion, which stores the sum of squares of the probabilities of each class, to split the
dataset into a decision tree with a best guess. G,,,; = 1 — %I~ ,(p;)?, where p; indicates the probability that
an object will be classified into a particular class. The regression process is mathematically expressed as
X (v — 9;)% where all input variables and all possible split points are greedily evaluated (¥; is the ith
predictions).

Random Forest (RF)

Random forests, commonly used in classification or regression processes, are a type of ensemble learning
algorithm called Bagging or Bootstrap Aggregation (Breiman, 2001). Each decision tree in RF is trained with
a random sample, and the outcome of the model is determined by the average of the outputs of all trees. This
method is used to reduce the overfitting problem and improve the overall performance of the model. Random
forest regression approach is an ensemble learning method developed based on decision trees to model output
values corresponding to certain input values. In the random forest regression process, each tree produces a
specific prediction, and the average prediction of individual trees is obtained as the output of the process.

Hyperparameter optimization

Hyperparameter optimization is a process used to achieve the best performance of machine learning and deep
learning models. Machine learning models have many parameters called hyperparameters to perform a specific
task on the data. These parameters control factors such as how the model learns, how fast it learns, and how it
affects its overall performance (Yang & Shami 2020). Hyperparameter optimization aims to find the best
values of these hyperparameters, which can help the model achieve better performance and prevent overfitting.
The optimization process can be accomplished through manual trial and error, grid search, random search,
bayesian optimization or automatic hyperparameter optimization etc. In the next section, the contribution of
the hyperparameter optimization used to obtain the best performance of the machine learning models to the
results is presented.
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Findings and Discussion

The Geothermal-Thermoelectric Experimental Setup

In this study, real-time data was collected from the experimental setup shown in Figure 1 in order to model
electricity generation from waste geothermal fluid and estimate the real-time DC voltage of TEGs (Hekim &
Cetin, 2021). Two of the three copper profiles seen in the GPP-TEG hybrid power system are connected to the
cold water line representing the cooling water line in the GPP, and the third is connected to the hot water line
representing the reinjected geothermal fluid line. TEG modules are placed above and below the hot water
copper profile. The copper profile through which hot water passes is between two cold water copper profiles.
Thus, one surface of the TEG module is in contact with the copper profile that carries hot water, and the other
surface is in contact with the copper profile that carries cold water.

PLC-Based Monitoring and!
Control System

Accumulation Tank
Expansion Tank|

Water Lines

Copper Profiles

Figure 1. The general view of the experimental set-up (Hekim, 2021).

When the GPP-TEG system is put into operation, first of all, general control of the system is carried out by
PECS. Then the heater is activated and starts heating the water in the hot water accumulation tank. The
temperature of the water is controlled by PECS and adjusted not to exceed 100°C. The water in the
experimental setup used as GPP cooling water is obtained by cooling the water in the cold water accumulation
tank in the condenser. The lower limit value of cooling water is +4°C and is controlled by PECS. In this study,
hot water flow and cold water flow have been estimated using data obtained from a TEG experimental setup
that produces electrical energy through heat exchange. The input values of the machine learning models used
in the regression process are: Hot Water Tank Temperature, Hot Water Return Temperature, Cold Water Tank
Temperature, Cold Water Return Temperature, Hot Water Inlet Temperature, Cold Water Inlet Temperature,
Hot Surface Temperature, Cold Surface Temperature, Hot Water Inlet Pressure, Hot Water Return Pressure,
Cold Water Inlet Pressure and Cold Water Return Pressure. For the regression results in energy production,
Hot Water Flow (ml/s) and Cold Water Flow (ml/s) output values were estimated using intelligent models.

Three different metrics namely Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and R-Square
(R"2) are used to evaluate the regression performance of designed ML models. These metrics are formulated
as follows.
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v; is the actual output value, #; is the predicted output value, y; is the mean value of the actual output and N
is the number of data. RMSE and M AE values are expected to be small compared to the error rate. In addition,
the higher value of R?, the better performance is achieved.

Regression Results

In this study, both hot water flow rate and cold water flow rate have been predicted simultaneously using tank
temperatures obtained from the heater and cooler units of TEG, which produces DC electrical energy through
thermal interaction. Figure 2 shows the learning curves for regression predicting both hot water flow and cold
water flow simultaneously using ML models without hyperparameter optimization. Figure 3 shows the
learning curves for the regression that simultaneously predicts both hot water flow and cold water flow using
ML models in the presence of hyperparameter optimization. Table 1 lists the numerical results expressed by
various metrics for hot water flow and cold water flow prediction during the regression process. Table 2 lists
the regression results for the tuned ML models. According to these results, it seems that machine learning
models with hyperparameter optimization are more successful.

= Training RMSE RF Default
Cross-validation RMSE RF Default

——— Training RMSE CART Default

—— Cross-validation RMSE CART Default

—— Training RMSE KNN Default

—— Cross-validation RMSE KNN Default
Training RMSE SVR Default
Cross-validation RMSE SVR Default

1000 2000 3000 4000 5000
Number of training samples

6000 7000 8000

Figure 2. Cross-validation results of default models
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Figure 3. Cross-validation results of tuned models

Table 1. The numerical comparison of default models for regression

Model RMSE MAE R?2
SVR 63.66 20.84 0.9452
MSVF;((EZ;’ etal., 57.95 20.43 0.9528
KNN 46.90 9.61 0.9707
CART 56.21 13.46 0.9510
RF 49.83 11.06 0.9644

Table 2. The numerical comparison of tuned models for regression

Model RMSE MAE R?
SVR 47.77 12.27 0.9685
MSVRZ((EZ;’ etal, 46.56 12.58 0.9715
KNN 43.75 9.35 0.9743
CART 50.18 11.21 0.9754
RF 47.25 10.94 0.9672

The feature importance representation determines how important each feature is in the decision tree. Figure 4
and Figure 5 show the feature importance frequency of the RF model and CART for the experimental setup,
respectively. According to this metric, the higher the feature importance frequency, the greater the impact on
predictions. For example, Figure 4a shows the default feature importance frequency of the RF model.
Accordingly, hot water inlet pressure has been found to be the most prioritized value for prediction of the
default model. Other ongoing feature importances are hot water return pressure and cold water pump stage,
respectively. On the other hand, when hyperparameter optimization has been performed for the RF model,
feature importance values have been calculated as hot water return pressure and hot water inlet pressure and
cold water pump stage, as seen in Figure 4b. In the experimental results given in tables, it is observed that
hyperparameter optimization improves the performance results.
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Features Features
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Cold Water Pump Stage Cold Water Pump Stage
Cold Water Return Pressure (mbar) Cold Surface Top Temperature
Cold Water Inlet Pressurs (mbar) Cold Water Return Pressure (mbar]
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Cold Surface
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& ColdWater Tank Temperature £ ColdWater Tank Temperature
Cold Water Return Temperature Delta_t

Hot Water Inlet Temperature

Hot Water Tank Temperature
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Delta_p_cold Delta_p_cold
Delia_p_hot Hot Water Pump Stage
Hot Water Pump Stage Delta_p_hot
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a) RF default model feature importances  b) RF tuned model feature importances
Figure 4. Feature importances of RF model

Features Faatures

Cold Water Inst Temperature

& Hot Water Pump Stage
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a) CART default model feature importances  b) CART tuned model feature importances

Figure 5. Feature importances of CART model

Conclusion and Recommendations

Using geothermal fluid to generate electricity again before being sent to the re-injection well is a preferred
method to increase power plant efficiency. In this paper, energy generation prediction has been carried out
using various ML models with real-time data collected from an experimental setup designed in (Hekim, 2021),
simulating Geothermal-TEG Hybrid Energy Systems. During the regression process, hyperparameter
optimization has been performed to improve the prediction performance of intelligent models. Experimental
results have been evaluated using commonly used metrics in the regression process. As a result, this study has
made a contribution to the literature in terms of intelligent modeling of energy generation from waste
geothermal fluid and hyperparameter optimization.
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ABSTRACT

In the modern world, energy is essential because it powers everything from industry and transportation to
communication and everyday activities. Batteries are frequently viewed as one of the most significant energy
storage technologies. Another essential element of electronics is semiconductors. They are extensively utilized
in electronic devices like smartphones, laptops, microprocessors, memory modules, and other devices. Silicon
has drawn a lot of interest in semiconductor and energy storage applications due to its distinctive properties.
However, the rapid volume expansion rate of silicon as an anode material in Li-ion batteries is its principal
drawback. This restriction has made silicon-based composites a popular and promising material. In this study,
silicon-based composites are fabricated by coating with copper and aluminum foil. During the fabrication of
the composite, silicon metal, silicon carbide, graphene, borophene, and binder (PAA) are mixed and finally
coated by a bar coating method. The physical properties of all types of composites are characterized by UV,
FTIR, and SEM methods, and performance is examined by the charging-discharging test. FTIR spectra of all
samples showed two peaks at 3853 cm—1 and 3586 cm—1 due to the O—H stretching vibration indicating the
presence of hydroxyl (-OH) groups, which is expected for silicone materials. And the presence of a large peak
at 2300 cm—1 indicates the introduction of graphene into the composite. UV test shows the band gap of the
sample and clarifies whether it is conductive, semiconductive, or insulator. In the case of Si-SiC, a large
absorption peak at 300 nm is found. We can see that the peak is decreasing gradually. For Si metal-Gr the peak
is found at 296 nm, for Si-Gr-Br the peak is found at 297 nm, for Si-SiC-Gr the peak is found at 290 nm and
for Si the peak is found at 292 nm. SEM images show the presence of different elements in the sample and
grain boundaries are formed by several crystallographic areas. Random-shaped particles with sizes ranging
from two hundred micrometers to twenty micrometers are observed. In the charging curve, the current slowly
declines over time and eventually stabilizes. In contrast, the voltage drops over time in the discharge curve.
The findings of this study are compared to those of other studies, and they can be applied to semiconductor
applications and energy storage in the future.

Keywords: Lithium-ion batteries; anode material; energy; battery life cycle; environmentally acceptable
energy sources;
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OZET

Bina sektoriinde harcanan gereksiz enerji, diinyamizdaki iklim degisikligi ve kiiresel 1sinma problemlerinin
artmasina etki eden 6nemli bir konudur. Bu nedenle binalarda enerji tasarrufu yapmak ve enerji verimliligi
onlemlerini planlamak gerekmektedir. Dogru enerji tiiketim tahmini ve etkin enerji yonetim sistemi, bina enerji
verimliliginin iyilestirilmesinde ©nemli rol oynamaktadir. Son yillarda veriye dayanan yontemlerin
kullanildig1 bina enerji tilketim tahmini gerceklestiren ¢alismalarda artis yasanmaktadir. Makine 6grenmesi
algoritmalariyla dogru, giivenilir ve hizli bina enerji tiiketiminin belirlenmesi, bina sahiplerinin enerji
verimliligini gergeklestirebilmesi i¢in ilk adimdir. Bu ¢alismanin amaci bir kampiis binasindaki klima
titketimini takip ederek dogru, gilivenilir ve hizli bir sekilde bina enerji tiikketim tahmini gerceklestirebilmek
maksadiyla makine 6grenmesi algoritmalarinin performanslarini karsilastirmaktir. Iki farkli veri seti ile Knime
Analitik Platformunda analizler ve gorsellestirmeler yapilmigtir. Rasgele Orman, Gradyan Artirma Agaci,
Destek Vektor Makinesi, Yapay Sinir A1 ve Derin Sinir Ag1 olmak tizere 5 farkli makine 6grenmesi
algoritmas1 klima tiketimi verisi ile ve klima tiketimi verisi olmadan uygulanmis ve sonuglar
kargilagtirilmigtir. Bina enerji tiilketim tahminini en dogru tahmin eden algoritma 0.993 R? ve 1.98 RMSE
degeri ile Rasgele Orman olmustur. Deneysel sonuglar, bir binada sadece klima tiikketimi izlenerek toplam
enerji tilkketiminin yiiksek basarim oraniyla tahmin edilebilecegini gostermektedir.

Anahtar Kelimeler: Bina Enerji Yénetim Sistemi, Bina Enerji Tiiketim Tahmini, Makine Ogrenmesi, Knime
Analitik Platform, Enerji Verimliligi.

TOTAL BUILDING ENERGY CONSUMPTION FORECASTING BASED ON AIR
CONSUMPTION USING MACHINE LEARNING ALGORITHMS

ABSTRACT

Unnecessary energy spent in the building sector is a critical issue that affects the increase of climate change
and global warming problems in our world. For this reason, it is necessary to save energy in buildings and to
plan energy efficiency measures. Accurate energy consumption estimation and effective energy management
system play a vital role in improving building energy efficiency. In recent years, there has been an increase in
studies that use data-based methods to estimate building energy consumption. Determining the correct, reliable
and fast building energy consumption with machine learning algorithms is the first step for building owners to
realize energy efficiency. The aim of this study is to compare the performance of machine learning algorithms
to be able to make an accurate, reliable and fast estimation of building energy consumption by monitoring the
air conditioning consumption in a campus building. Analyzes and visualizations were made by the Knime
Analytics Platform with two different data sets. Five different machine learning algorithms, namely Random
Forest, Gradient Boosted Trees, Support Vector Machine, Artificial Neural Network and Deep Neural
Network, were applied with and without air conditioning consumption data, and the results were compared.
The algorithm that most accurately estimates the building energy consumption was Random Forest, with an
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Rz of 0.993 and an RMSE of 1.98. Experimental results show that total energy consumption can be estimated
with high success rate by monitoring only air conditioning consumption in a building.

Keywords: Building Energy Management System, Building Energy Consumption Forecasting, Machine
Learning, Knime Analytical Platform, Energy Efficiency.

1. Giris

Artan enerji tiiketimi ile son yillarda diinyamiz iklim degisikligi ve kiiresel 1sinma sorunlari ile kars1 karsiyadir.
Bina sektdrii, diinya enerji tiiketiminin %33’line ve sera gazi emisyonlarinin %40°’1na karsilik gelerek, kiiresel
enerji tiketiminin en fazla oldugu sektor konumundadir (Lin vd., 2022). Bu nedenle, binalarda uygulanacak
enerji yonetimi, binalarin enerjisini verimli ve silirdiiriilebilir kullanmasini saglayacagi gibi enerji tasarrufu ve
emisyon azalttimi konusundaki hedeflere ulagsmayi1 hizlandiracaktir. Son yillarda yapilan calismalar
dogrultusunda enerji yonetimi konusunda, Bina Enerji Yonetim Sistemleri (BEYS) kavrami ortaya ¢ikmistir.
BEYS enerji tiikketimi, enerji liretimi, enerji depolamasi ve sistem kontrol ve entegrasyonu olmak iizere temelde
4 katmandan olusur (Mariano-Hernandez vd., 2021). BEYS enerji kullanimini yonetmeyi ve optimize etmeyi,
maliyetleri diigiirmeyi ve enerji planlamasi yapabilmeyi amaglayan bir dizi 6nlemi ifade eden otomatik kontrol
sistemidir.

Bina sahipleri ve isletmecilerin binalarinin enerji tiiketimini yonetmeleri 6nemlidir. BEYS, binalarin enerji
titketimini kontrol ederek enerji verimliligine odaklanmaktadir. BEYS’nin verimli sekilde calisabilmesi igin
bina enerji tiiketimini dogru bir sekilde tahmin edilebilmesi ve degisimleri yakalayabilmesi gerekmektedir.
Bina enerji davramiginin karmasikligi ve talepteki dalgalanma gibi etkileyen faktorlerin belirsizligi, enerji
tiketim tahminini zor bir problem haline getirmektedir. Bu dalgalanmalar hava kosullari, bina 6zellikleri ve
fiziksel etkenler, bina sakinleri ve davranislar1 ve alt seviye sistem bilesenlerinden kaynaklanmaktadir. Bu
etkenler arasinda olan klima sistemi, bir binadaki toplam elektrik enerjisi tiiketiminin yaklasik %50’sini
olusturmaktadir. Tiim bu zorluklara ragmen enerji tiiketiminin tahmini, bina yoneticilerinin zaman igerisinde
enerji kullanimini planlamasina, yogun olmayan donemlere kaydirilmasina ve daha etkili enerji satin alma,
iiretim ve depolama yapabilmelerine olanak tagimaktadir (Mocanu vd., 2014).

Bina enerji tiiketimini tahmin etmek, enerji planlamasi, yonetimi ve korunmasi i¢in gereklidir. Bina enerji
titketim tahmini konusunda yapilan ¢aligmalar, fizik tabanli (Zhai vd., 2012), veriye dayali (Escriva vd., 2011)
ve hibrit modeller (Yang vd., 2019) olarak (i¢ ana kategoride listelenebilir. Son zamanlarda binalarda veriye
dayali yontemi kullanarak elektrik tiiketimi tahminine odaklanan ¢aligmalar hizla artmaktadir. Veriye dayanan
modellerin en yaygin olan1 makine 6grenmesi modelleridir. Walker vd. (2020) iki yillik verilerle GAA, RO,
DVM ve YSA yontemlerini kullanarak saatlik enerji tahmini dogrulugunu karsilagtirmistir. En iyi performansi
GAA ve RO vermistir. Dan vd. (2022) zaman serilerine dayali olarak saatlik bina yiikii tahmini igin yeni bir
yama dgrenme modeli 6nermistir. Cao vd. (2023) kampiis binalari i¢in yeni bir enerji tiikketimi tahmin modeli
onermistir. Karsilastirilmasi i¢in kullanilan RO, GAA, DVM ve YSA modellerden en iyi sonucu RO vermistir.
Sapnken vd.(2023) binalarin enerji talebinin dogru bir sekilde tahmin edilebilmesi i¢in tasarim asamasinda
yeni bir ¢ergeve gelistirmistir. Cesitli makine 6grenimi modellerini ve derin 6grenme potansiyelini farkli iklim
bolgelerine odaklanarak incelemistir.

Bu caligmanin ana katkisi, bir binadaki klima tiiketimi takip edilerek bina enerji tiikketimi tahminini en az
degiskenle, en dogru ve hizli sekilde yapmak i¢in makine 6grenmesi algoritmalarini kullanmaktir. Klima
tiikketiminin etkisini gorebilmek igin iki ayr1 ¢alisma yapilarak karsilastirma yapilmustir. {1k ¢alismada klima
titkketiminin olmadig: veriler kullanilmis, ikinci ¢alismada ise kullanilan veri setine ek olarak klima tiiketimi
verileri eklenmistir. Se¢ilen makine 6grenmesi algoritmalari literatiirde en sik kullanilan ve en dogru sonuca
ulastig1 kanitlanmis olan Rastgele Orman (RO), Gradyan Artirma Agaci (GAA), Destek Vektor Makinesi
(DVM), Yapay Sinir Aglar1 (YSA) ve Derin Sinir Aglar1 (DSA) algoritmalaridir. Toplanan ve depolanan
veriler Knime platformunda veri yiikleme, veri 6n isleme, veri analitigi ve gorsellestirme-degerlendirme
katmanlarindan gegirilerek analiz edilmistir (KNIME Analytics Platform, 2023).

Caligmanin ikinci boliimiinde kullanilan veri seti ve analiz asamasinda uygulanan ydntemler ile bunlarm
degerlendirme kriterleri hakkinda bilgiler agiklanmistir. Ugiincii boliimde, yapilan ¢alismalar sonucunda elde
edilen bulgular paylasilmis ve tartismalar yapilmistir. Dordiincii boliimde ise ¢alisma 6zeti sunularak, katkilar
ve gelecekteki ¢alismalar hakkinda bilgiler verilmistir.
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2. Materyal ve Metot

Bu béliimde, calismada kullanilan materyal ve metot sunulmustur. Oncelikle kullanilan veri kiimesine ait
ozellikler sunulmus, daha sonra se¢ilmis olan algoritmalar tanitilmis, son olarak dnerilen klima tiiketimi tabanl
bina enerji tiiketimi tahmini yontemi sunulmustur.

2.1. Veri Kimesi

Bu calismada kullanilan veri seti, Aksaray Universitesi merkez kampiisiindeki Rektérliik binasinin saatlik
olarak bir yillik elektrik enerjisi tiiketim verisidir. Bina yaklasik 330 personel icin ¢alisma alan1 ve ofisler
sunmaktadir. Bu ¢aligma, binanin elektrik enerjisi tiiketimini tahmin etmek i¢in klima tiiketiminin dahil oldugu
ve olmadigi 2 ayr1 veri kiimesi olusturularak karsilastirma yapmaktadir.

Ik veri seti, girdi verileri olarak 3 girdi degiskeninden ve bir ¢ikt1 degiskeninden olusmaktadir. Girdi
degiskenleri, zamanla ilgili veriler olup 2022 yil1 akademik takvimine gore tiim giinleri kapsayacak sekilde
belirlenmistir. Yilin ay1 (1...12), giniin saati (0...23) ve haftanin giinii (1...7) olacak sekilde 3 adet girdi
degiskeni olusturulmustur. Cikt1 verisi olarak da calisma yapilan binanin toplam elektrik tiiketimi degerleri
kullanilmstir. Ikinci veri seti ise zamanla ilgili girdi degiskenlerine ek olarak binanin saatlik klima tiiketimini
de kapsamaktadir. Bu ¢alismada kullanilan tiim degiskenler ilk veri seti ve ikinci veri seti olacak sekilde ayr1
ayr1 Tablo 1°de listelenmistir.

Tablo 1. Veri setlerinde kullanilan degiskenler (I. ve II. veri seti)

I. Veri Seti
No Degisken Giris Veri Tipi Deger
Tipi
1 Yilin Ayt Zaman Kategorik 1,2,...12
2 Giintin Saati Zaman Kategorik = 0,1,2,...23
3 Haftanin Giini Zaman Kategorik 1,2,...7
I1. Veri Seti
No Degisken Giris Veri Tipi Deger
Tipi
1 Yilin Ay1 Zaman Kategorik 1,2,...12
2 Giintin Saati Zaman Kategorik = 0,1,2,...23
3 Haftanin Giini Zaman Kategorik 1,2,...7
4 Klima Tiiketimi Olgiilen Siirekli kWh
Cikt1 Degiskeni
-- Toplam Bina Elektrik Olgiilen Siirekli kWh
Tiiketimi

Bu ¢alismada kullanilan tim degiskenler 01/01/2022-00:00 ile 31/12/2022-23:00 araliginda saatlik olarak
izlenmistir. Her bir degisken i¢in 8760 veri noktasi toplanmistir. Zaman ile ilgili veriler olusturulmus
oldugundan eksik veri bulunmamaktadir. Bina enerji izleme sisteminden alinan saatlik klima tiiketim ve bina
toplam elektrik tiiketim degiskenlerinde de eksik veri bulunmamaktadir.

2.2. Makine Ogrenmesi Algoritmalar
Bu béliimde, bu ¢alismada kullanilan RO, GAA, DVM, YSA ve DSA algoritmalari kisaca sunulmustur.

2.2.1. Rastgele Orman Algoritmasi (RO)

Birden fazla karar agaci kullanarak daha tutarli sonuglarmn elde edildigi topluluk 6grenme modeline dayanan
bir karar agac1 siniflandirma yontemidir. Breiman (2001) tarafindan 6nerilen bu yontem, kategorik ve sayisal
cikt1 verileri i¢in kullanilabilir. RO'nun avantajlart hem regresyon hem de ¢ok simifli siniflandirma, az sayida
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ayarlama parametresi, karmagsik problemler i¢in uygunlugun yani sira ¢apraz dogrulama ve degisken 6nemi
gorsellestirmesidir (Breiman, 2001).

2.2.2. Gradyan Artirma Agaci Algoritmas1 (GAA)

Siiflandirma, regresyon ve siralama gibi denetimli 6grenme gorevleri icin kullanilan bir karar agaci
yontemidir. Bu yontem bir¢cok zayif tahmin modelinden gii¢lii bir 6grenen elde edilmesini saglar. GAA
algoritmasi, 6zellik secimi veya doniisiimii gerektirmez ve yiiksek boyutlu seyrek verileri isleyebilir. Friedman
tarafindan gradyan artirma karar agacina (GAA) dayali olarak gelistirilmis XGBoost, 6zellikle biiyiik veri
kiimelerini isleme ve hem yogun hem de seyrek verilerle ¢alisma konusunda etkilidir (Duman, 2022).

2.2.3. Destek Vektor Makinesi Algoritmasi (DVM)

Vapnik ve Chervonenkis tarafindan gelistirilen, istatistik grenme teorisine dayanan gii¢lii bir makine 6grenme
yontemidir. Destek vektor makineleri baslangicta siniflandirma problemlerini ¢dzmek i¢in tasarlanmasina
ragmen, daha sonra ilkeleri yenilik tespiti veya regresyon gibi diger tiir problemleri ¢6zmek i¢in uyarlanmstir.
DVM'ler, arastirma toplulugunda en saglam, dogru ve hesaplama agisindan verimli veri madenciligi modelleri
olarak kabul edilir ve giderek daha popler hale geliyor (Sapnken vd., 2023).

2.2.4. Yapay Sinir Aglar1 (YSA)

1943'te Warren McCulloch ve Walter Pitt tarafindan gelistirilen Yapay Sinir Aglarinda en ¢ok kullanilan
yapilardan biri, ileri beslemeli ¢ok katmanli algilayicidir (MLP). Enerji kullanimi1 hakkinda giivenilir tahminler
saglamak i¢in YSA'lar genellikle mevcut en iyi modeller olarak kabul edilir. YSA tekniginin diger sayisal
algoritmalara gore en 6nemli faydalari, kolay uygulanabilir olmasi, yiiksek hizi ve degiskenler ile alinan veriler
arasindaki karmasgik ve dogrusal olmayan iliskileri ele alma yetenegidir (Ghritlahre & Prasad, 2018).

2.2.5. Derin Sinir Aglar1 (DSA)

Derin 6grenme, sinir aglarimin biiyiik veri kiimelerinden 6grendigi bir yapay sinir ag1 alt kiimesidir. Bir DSA,
yapay bir sinir aginin aksine birden fazla gizli katman kullanir. Klasik sinir aglarina ek gizli katmanlarin
eklenmesi, DSA'y1 istiin bir makine 6grenimi teknigi yapar. Model derinliginin getirdigi giiclii 6zellik ¢ikarma
yetenekleri ve yiiksek boyutlu veri isleme yetenekleri nedeniyle, bina enerji tahmini alaninda artan sayida
arastirmaci tarafindan tercih edilmektedir (Gao & Ruan, 2021).

2.3. Onerilen Yoéntem

Bu calisma, 5 farkli makine 6grenimi algoritmasi araciligtyla toplam bina enerji tiiketim tahminini en dogru
sekilde yapabilmek icin 2 farkli veri setinin karsilagtirmasini sunmaktadir. Bu ¢alismada literatiirde en yiiksek
dogrulukla tahmin gerceklestiren algoritmalar se¢ilmistir. Bu algoritmalarla olusturulan modeller online bir
veri bilimi platformu olan Knime {izerinde deneysel ¢alismalar i¢in hazirlanmistir.

Uygulama asamasi temel olarak 4 katmanda gerceklestirilmektedir: Veri Toplama ve Depolama Katmani,
Enerji izleme ve Olgiim Sisteminden kaydedilen klima ve bina enerji tiiketim verileri ile zamanla ilgili
olusturulan veriler excel formatinda birlestirilerek veri seti olusturulmaktadir. Veri Yiikleme ve Onisleme
Katmani, olusturulan excel formatindaki dosyanin Knime platformuna diigiimler vasitasiyla eklenmesi ve bir
dizi iglemlerden gegmesini igermektedir. Tiim bu 6n iglemlerden gecirildikten sonra olusturulacak modellerin
birbiri arasinda dogru kiyaslanabilmesi i¢in normalizasyon islemi gerceklestirilmektedir. Veri Analitigi
Katmani, onislemden gegen verilerin egitim ve test olarak boliinmesi, makine 6grenmesi modellerinin
olusturulmasi, tahminlerin gerceklestirilmesi ve normalize edilen degerlerin gercek degerlere
doniistiiriilmesini igermektedir. Normalize edilen degerler egitim ve test kiimelerine 10 katli capraz dogrulama
kullanilarak boliinmekte ve ¢alistirilmaktadir. Bu sayede tiim veriler bir kez test verisi olarak algoritmalara
girdi saglamaktadir. 5 ayr1 model olusturulduktan sonra model egitimi ve tahmini gerceklestirilmektedir.
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Sonug olarak bulunan degerler 0-1 araliginda oldugu i¢in bu asamada denormalizasyon islemi yapilarak ger¢ek
degerlere ulasilmaktadir. Son olarak Gorsellestirme ve Degerlendirme asamasinda ise bulunan degerlerin
grafikler ile gosterilmesi ve modellerin performans degerlendirmesini i¢ermektedir. Tiim bu islemleri
Ozetleyen akis diyagram Sekil 1’de gosterilmektedir.

Veri Analitigi
Model Belirleme 1. RFModel
2. GBY Model
famer
(Regression) 3. SVM Model
> ‘.: & ANNQILP) Model
An i 5. DNN Model
Veri Toplama ve Depolama Veri Yiikeleme ve On Isleme Random Forest Predicior Rslorence Denormaiier ‘
s mmem g Rule-based XPariitioner The Moge! (Regression} Column Spimer L > Column Appender
= |- : ErcelReater  Comnfiter  Rowfiter Normaiaer v Taneg o ret r
e e e - e vy ¥ ki
Ty e 0, S > oy »s
- - S Denormaiice
Modl Validation Start The ode! Predichng Spiit Predicion Frpul Golumns 4gpend
DataLoadng/  Fiter Nominal/ Filin Nomaige | 1088 Valldabon (k10) . Column Rename Denormalizer  Column Rename
- Transtomation Ciass WissingData | [ Numeac Coumas/  SPitTraning Olber Colemmy
o and Test Sels - L] "
Column o » " g
[}
Rename Denwmalze  Rename Predicton
Predicten Column / Prediction: Column Column Back

Gbrsellestirme ve Dederlendirme

Numeric Scorer Transpose Loop Emd Line Plot

rur v r“(')r I:E:

Predicted Value
Score

Wodel Validation Inferache
End Line Chart

Sekil 1. Arastirma gergevesi

2.4. Performans Degerlendirmesi

Ortalama karekok hatas1 (RMSE) ve belirleme katsayisi (R?), makine 6grenmesi modellerini degerlendirmek
i¢in yaygin olarak kullanilan istatistiksel yontemlerdir. Bu nedenle, bu metrikler bu ¢aligmada bina enerji
tiiketim tahmin dogrulugunu degerlendirmek ve karsilagtirmak i¢in kullanilmistir. RMSE’nin diisiik degerleri,
R?’nin yiiksek degerleri daha iyi tahmin dogrulugunu gdstermektedir. R2 ve RMSE’ye ait formiiller asagida
sunulmustur (Walker vd., 2020).

TL, (i—yi)?
?;1@[. - 37)2

RZ=1-

L, (yi— 9i)?
N

RMSE =

3. Bulgular

Bu béliimde, bina enerji tiiketim tahmini i¢in yapilan deneysel ¢aligmalar ve sonuglar sunulmustur. Deneysel
calismalarda RO, GAA, DVM, YSA ve DSA algoritmalari ile 10 katl ¢apraz dogrulama yapilarak bina enerji
tiiketim tahmini gergeklestirilmistir. Algoritmalar her iki veri seti {izerinde ¢alistirilarak performanslart elde
edilmistir.

Tablo 2, ilk veri setiyle birlikte modellerin tahmin sonuglarinin ortalama hata degerlerini, Sekil 2 ise gapraz
dogrulama sonuglarini igeren kutu grafiklerini gostermektedir.
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Tablo 2. Ilk veri seti ile modellerin ortalama tahmin sonugclar1

No  Model ismi R? RMSE (kWh)
1 RO (Rastgele Orman) 0,803 10,61
2 GAA (Gradyan Artirma Agac1) 0,869 8,66
3 DVM (Destek Vektor Makinesi) 0,476 17,32
4 YSA (Yapay Sinir Ag1) 0,838 9,62
5 DSA ( Derin Sinir Ag1) 0,739 12,31

Ilk veri seti icin en dogru sonucu gosteren algoritma GAA olmustur. GAA algoritmasina ait R degeri 0,869
ve RMSE degeri 8,66 kWh’dir. En kétii performans ise R* degeri 0,476 ve RMSE degeri 17,32 ile DVM

algoritmasidir.
0.9 18
= mm -

0.4 6

RZ
RMSE

B ro M caa HDVM M vsA M DsA [l rROo H cAA HEDVM M YsSA [l DSA

Sekil 2. 1k veri seti ile modellerin ¢apraz dogrulama tahmin sonuglarini gosteren kutu grafikleri

Ikinci veri seti kullamldig1 zaman ise tahmin edilen degerlerin hata oranlarinda ciddi oranda azalma olmustur.
En basarili R? degerine sahip model 0,993 ile RO’dur. Bunu 0,992 ile YSA ve 0,991 ile GAA izlemektedir. En
son siradaki algoritma 0,966 degeriyle DVM olmustur. Bu hata degeri bile literatiirdeki performans
degerlendirme sonuglarina bakildiginda ¢ok iyi bir degerdir. RMSE degerlerinde de en az hata veren R?
siralamasiyla aynidir. Tablo 3, tiim bu sonuglar agiklamaktadir. Sekil 3 ise klima tiiketimi ile beraber bina
elektrik tiikketimi tahmini ¢apraz dogrulama sonuglarini kutu grafiginde géstermektedir.

Tablo 3. Klima tiiketim degiskeni ile birlikte modellerin ortalama tahmin sonuglar1 (ikinci veri seti)

No  Model Ismi R? RMSE (kWh)
1 RO (Rastgele Orman) 0,993 1,98
2 GAA (Gradyan Artirma Agac1) 0,991 2,23
3 DVM (Destek Vektor Makinesi) 0,966 4,37
4 YSA (Yapay Sinir Ag1) 0,992 2,13
5 DSA ( Derin Sinir Ag1) 0,980 3,23
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Sekil 3. ikinci veri seti ile modellerin klima tiiketimi degiskeni ile birlikte ¢apraz dogrulama tahmin
sonuglarini gosteren kutu grafikleri

Klima tiiketimi girdi degiskeni dahil edilerek bina elektrik tiikketim tahmini gerceklestirildigindeki degerler ile
dahil edilmedigindeki degerler karsilagtirilmistir. R? hata oran1 %103,1 ile en fazla iyilestirme gergeklestiren
algoritma DVM ve %14,1 oranla en az iyilestirme saglayan algoritma ise GAA’dir. R? degerleri diger
iyilestirme oranlari ise %32,5 ile DSA, %23,6 ile RO ve %18,4 ile YSA’dir. Sekil 4°teki grafik klima tiiketimi
degiskeni oldugunda ve olmadigindaki ortalama R? hata performanslarinin karsilastirmasini gostermektedir.
Klima tiiketimi girdi degiskeni ile bina elektrik enerjisi tahmin performansi, dikkate katilmadigindaki R? hata
oranina gore tlim algoritmalarda ortalama %38,3 daha iyi bir degere sahip oldugunu gdstermektedir. Sekil 5
ise ortalama RMSE degerlerinin karsilastirmasini sunmaktadir.

B Klima Tiiketimi Hari¢ B Klima Tiiketimi Dahil

1.0

0.9

0.8

0.7

R2

0.6

0.5

Sekil 4. Klima tiiketimi ile ve klima tiketimi olmadan bina elektrik tiiketim tahmini ortalama R? hata
degerleri karsilagtirmasi
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B Klima Tiiketimi Hari¢ B Klima Tiiketimi Dahil
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Sekil 5. Klima tiiketimi ile ve klima tliketimi olmadan bina elektrik tiiketim tahmini ortalama RMSE hata
degerleri karsilagtirmasi

4. Sonugclar

Bina enerji talep tahmini yoluyla binalardaki kesin enerji tiiketiminin belirlenmesi, enerji verimliligi ve
siirdiiriilebilir enerjili binalara gegis i¢in hayati dnem tasimaktadir. Bu ¢aligmanin ana katkisi, bir binadaki
klima tliketimini takip ederek dogru, giivenilir ve hizli bir sekilde bina enerji tiiketim tahmini
gerceklestirebilmek amaciyla makine &grenmesi algoritmalarmi karsilastirmaktir. Aksaray Universitesi
Rektorliik binasinda bir yil boyunca saatlik olarak olgiilen ve kaydedilen veriler, Knime Analitik Platforma
yiiklenerek analiz asamasina uygun hale getirilmistir. Sonrasinda veriler popiiler makine O6grenmesi
algoritmalariyla analiz edilmis ve gorsellestirmeler yapilarak karsilastirmalar ¢alismaya eklenmistir. Analiz
sonucu bir binadaki klima tliketimi izlenerek toplam enerji titketiminin tahmin edilebilecegini gostermektedir.
Bina enerji tiiketim tahmini i¢in Rasgele Orman, Gradyan Artirma Agaci, Destek Vektor Makinesi, Yapay
Sinir Aglar1 ve Derin Sinir Aglar veri setine uygulanarak sonuglar elde edilmistir. Yapilan testler sonucunda
Rastgele Orman algoritmast 0.993 R? ve 1.98 RMSE hata degerleri ile en iyi sonuca sahiptir. Modeller
siralamasinda en sondaki Destek Vektor Makinesinin R? ve RMSE degerleri sirasiyla 0.966 ve 4.37°dir.

Gelecekte, BEY S nin bir binaya kurulmasi sonrasi enerji tilketim tahmininin aktif olarak gergeklestirmek ve
bunu otomatik olarak belli zamanlarda giincellestirmek, farkli bina tiirlerinde de ayni1 sonuca ulagmak ve derin
o6grenme modellerinin dogrulugunun arttirtlmasi i¢in uzun siireli veri setleri olusturma planlanmaktadir.

Tesekkiir ve Bilgi Notu

Aksaray Universitesi’ne 2022 yili boyunca saatlik olarak kaydedilen toplam elektrik ve klima tiiketimi
verilerini paylastig1 icin tesekkiirlerimizi sunariz.
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ABSTRACT

After the significant earthquake of February 6, 2023, temporary accommaodation centers were established in
many cities within Turkiye. During such emergency situations, it is extremely important to meet the energy
needs and support the return of society to normal. In this study, a grid-connected rooftop photovoltaic system
with energy storage is realized to meet the energy needs of a family staying in a temporary shelter located in
Osmaniye, Turkiye. The proposed system is designed with the specific goal of addressing the electrical energy
needs of a family consisting of four individuals, utilizing photovoltaic panels positioned a top the container
house that serves as their temporary dwelling. The system was simulated and discussed. Realized outcomes
revealed an efficiency of 82.3% for the system, which is equipped with a nominal photovoltaic power of 3.6
kWhp. Furthermore, this configuration system combines photovoltaic panels, energy storage batteries and grid
connection to provide shelters with an efficient, resilient and sustainable power source. It generates an annual
energy output of 5.36 MWh, effectively mitigating a total of 6.17 tons of CO? emissions.

Keywords: Container home, energy storage, earthquake, photovoltaic

Introduction

Earthquakes are natural disasters that can result in substantial harm to energy infrastructure and lead to power
disruptions. Following the earthquake in Turkey on February 6, 2023, the total count of dwellings categorized
as requiring immediate demolition, collapsed, or experiencing severe damage was identified as 518.009 (SBB,
2023). Consequently, temporary shelters have been established to address the housing needs of earthquake
victims. However, in these centers, the provision of fundamental energy requirements such as lighting, heating,
cooling, and access to clean water is just one aspect. In addition to these necessities, there are other vital energy
needs like communication and connectivity services, as well as requirements related to medical facilities and
services.

Container houses, with their portable and modular structures, have caught the attention of researchers due to
their potential in reducing construction waste and CO2 emissions. While the number of simulation studies in
the literature to meet the energy needs of container buildings is limited, they do exist. These studies primarily
focus on evaluating energy consumption and solar energy potential of container buildings, as well as sizing
photovoltaic (PV) systems and assessing power generation. Kristiansen et al. conducted a study using the
TRNSY'S program to examine the situation of an off-grid container house in China (Kristiansen, Zhao, Ma, &
Wang, 2021). On the other hand, Mansur et al. conducted a design and performance analysis of a system using
PVsyst for a disaster relief center in a city in Malaysia (Mansur, Baharudin, & Ali, 2018).

In the design, simulation and performance analysis of photovoltaic systems, widely used programs such as
PV*SOL, HOMER, TRNSYS and PVsyst are used (Dincer and Ozer, 2023). In the PVsyst software, data
entries such as location information (latitude, longitude), solar radiation data, module and inverter features are
automatically defined from current databases and easy access is provided. It allows the selection of many
different PV modules and inverters in terms of System Design. With these features, PVsyst differs from other
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simulation programs in that it creates 3D structures, creates close shading simulations, calculates detailed
system losses and makes economic evaluations, and presents them in the form of graphical tables and reports.

In this study, a grid-connected rooftop photovoltaic system with energy storage is realized to meet the energy
needs of a family staying in a temporary shelter located in Osmaniye, Turkiye. The proposed system is
designed with the specific goal of addressing the electrical energy needs of a family consisting of four
individuals, utilizing photovoltaic panels positioned a top the container house that serves as their temporary
dwelling. The system was simulated and discussed.

Materials and Methods

In this study, the PVsyst 7.4 software demo is used and realized in order to design the proposed system.
Selected simulation program is a widely used program for the design, simulation, and performance analysis of
PV systems, was utilized in the system design for this study. This study was conducted at the container city
located in the Dereobasi district of Osmaniye, at the geographical coordinates shown in Figure 1. Coordinate
information of the selected region is Latitude: 37° 2'53.42" N, Longitude: 36°14'49.60"E.

Wigr Locauy. | Searcn Locality
Derecbas
. Count
> SR
ey
Latitude (*)
37,0494
Covgs 1 “ v | | Longitude (*)
0"\",1 A g ' h, 2428
° — Y Altitude (m)
c""-y(mevmuwwl e

Tune zone

|- - 4

Figure 1. Selected location for temporary shelters

For the meteorological data of the designated location, synthetic data was generated using Meteonorm 8.1.
Details regarding the weather conditions can be found in Table 1. The panels integrated into the system are
positioned on fixed tilted planes, with the following parameters: tilt angle of 7° and azimuth angle of 17°.
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Table 1. Meteorological data for the selected location

Glo_bal H_orizontal Wind iGnIc(:(tjz:\t

_honzpn?al gilffus_e _ T;emperature Velocity in  coll. Albedo

irradiation irradiation (°C) (mis) plane (kKWh/m2)

(kWh/m?)  (kWh/m?) (KWh/m?)
January 69.9 36.26 9.35 24 79.1 0.052
February  81.0 42.27 11.15 2.3 88.7 0.060
March 128.6 62.89 14.52 2.3 136.2 0.096
April 158.3 78.31 17.82 2.2 163.6 0.118
May 196.2 87.96 22.20 2.1 198.6 0.146
June 220.8 74.54 26.04 2.5 221.7 0.162
July 221.5 77.97 29.15 2.6 223.0 0.164
August 203.1 67.40 29.79 2.4 208.8 0.152
September  167.8 48.26 26.45 2.1 178.3 0.124
October 121.9 50.40 22.31 2.2 1334 0.091
November 83.6 30.58 16.04 1.8 96.1 0.063
December  68.4 30.09 11.14 2.2 80.1 0.051
Year 1721.2 686.93 19.71 2.3 1807.5 1.279

The block diagram of the system is shown in Figure 2. PV panels are mounted on a standard container with
dimensions of 3m in width and 7m in length (Type D, 3x7m), commonly used in our country (Tanyer,
Tavukcuoglu, & Bekboliev, 2018). The primary purpose of the PV panels is to generate electricity energy to
meet the energy demands of the users residing in the container. The energy provided from the PV panels is
used both for consumption and for charging the battery storage system. During periods when the electricity
generated by the PV panels is insufficient for immediate usage or when there is no solar energy generation
(e.g., during nighttime), the system draws power from both the battery storage and the main electricity grid, as
necessary, to meet the energy requirements of the users.

GRID

&
-

BATTERY

Figure 2. Proposed block diagram of the grid-connected photovoltaic energy storage system
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This integrated approach ensures a reliable and continuous power supply to the occupants, utilizing solar
energy efficiently during sunny hours, storing excess energy for later use, and seamlessly switching to
alternative power sources when needed, providing a reliable energy solution for the container-based living
arrangement.

In the system whose single line diagram illustrated in Figure 3. A total of 6 PV panels arranged in 2 strings of
3 modules connected in series. The chosen PV modules are AE Solar, Si-Mono technology with a nominal
power of 600Wp, known for their high energy production per square meter. These modules were manufactured
in 2022, and their current-voltage characteristics are displayed in Figure 4. The energy obtained from the
modules is converted into AC energy by the 3.8 kW Inverter. Manufactured by Tesla inverter operating voltage
is 60-480 V and max. efficiency is 98.40 %. In addition, it has 2 MPPT inputs and maximum current per MPPT
25.8 A. and absolute maximum PV input DC voltage value is 600 V.

2 MMEPT

S ) - v [oe1 vy 1
/ Lé i AL o
3 x AE 600ME-120BD i Inverter (3 kW)
——— (2 MPPT) Injection point
Battery

Figure 3. Proposed system project diagram
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Incident Irrad. = 400 W/m=

Incident Irrad. = 200 Wim=
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Figure 4. Current-voltage characteristics of the selected PV panel

The electricity consumption of the proposed system was established based on the average daily electrical
energy requirement of a family of four, which is assumed to be 8 kWh according to the study by Sahin (2022).
As a result, the annual electricity consumption is calculated to be 2.92 MWh. This value represents a constant
electricity consumption rate throughout the year.

An important component of the system is the battery system. This system uses Lithium-ion battery
manufactured by Huawei. The parameters of the battery are as follows: It has a nominal voltage of 48.0V and
reaches a capacity of 200.00 Ah capacity (at C10). It consists of 30 cells in total. As can be seen in Figure 5.
The charge cut-off voltage of the battery is 54.0 V, the discharge cut-off voltage is 40.5 V. The battery stored
energy (80% DOD) is 7.79 kWh, the total stored energy (5000 cycles) is 38.9 MWh. In addition, the specific
energy of the battery is 68 Wh/kg, its total weight is 107 kg. The summary of the proposed model technical
properties is given in Table 2.
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e 48.0 V, Nominal capacity at C10 = 200 Ah, Temp.= 20°C

- T T T T
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Figure 5. Voltage-SOC characteristics of the battery

Table 2. Proposed system general summary

Battery Nominal

Nb. of Module Nb. of i Nominal Pnom

modules area inverters Nominal By AC Power ratio
Voltage Power

6 17m? 1 48.0V 3.6 kWp 3.3kWAC 1.081

The block diagram of the system is shown in Figure 2. PV panels are mounted on a standard container with
dimensions of 3m in width and 7m in length (Type D, 3x7m), commonly used in our country (Tanyer,
Tavukcuoglu, & Bekboliev, 2018). The primary purpose of the PV panels is to generate electricity energy to
meet the energy demands of the users residing in the container. The energy provided from the PV panels is
used both for consumption and for charging the battery storage system. During periods when the electricity
generated by the PV panels is insufficient for immediate usage or when there is no solar energy generation
(e.g., during nighttime), the system draws power from both the battery storage and the main electricity grid, as
necessary, to meet the energy requirements of the users.

Findings and Discussion

The designed simulation was run with the values determined according to numerical calculations. The annual
average performance rate of the system was found to be 82.3%. Normalized production values in the system
and inverter and panel losses in the system are given in Figure 6. Average production value is calculated as
4.25 kwWh/kWhp/day per system. System loss was determined as 0.09 kWh/kWp on average per day and string
loss was calculated as 0.61 kWh/kWp on average daily.
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Nommalized Energy [KWh/kWp/day]

Normalized productions (per installed kWp): Nominal power 3600 Wp

)

0.61 kWh/kWp/day
0.09 kWh/kWp/day

Lc: Collection Loss (PV-array losses)
| Ls: System Loss (inverter, ...
Yf. Produced useful energy (inverter output) 4.25 kWh/kWp/day

Figure 6. Normalized electricity generation and losses for the proposed model.

The system was exposed to about 1721 kwWh/m2 of global radiation. However, not all of this radiation can be
utilized for energy production due to various losses: loss rate due to reflection is 2.8 %, panel weak light loss
rate is 0.9%, panel temperature loss rate is 7.6%, panel mismatch loss is 1.1%, wiring loss is 1% and inverter
loss is 2.1%. After accounting for these losses, the available energy at the inverter output is 5.59 MWh. 1.4%
is lost in the batteries charging process of this energy. Additionally, 32.1% of the energy is stored in the
batteries, while 67.9% is used directly.

For consumption, approximately 3.1% of the time, energy was met from the grid. In summary, the system is
capable of producing a total of 5.36 MWh/year of energy, while the actual energy usage is 2.92 MWh/year.
Fig. 7 illustrates the main results of the entire system and provides a summary of its performance throughout
the year. The data shows that from April to October, the system did not rely on the grid for meeting its energy

needs.

Balances and main results

GlobHor | DiffHor T_Amb | Globinc | GlobEff EArray E_User E_Solar E_Grid EFrGrid

KWim? KWhm® ‘C KWhim? KWhin? kWh Kvh KWh kWh KWh
January 699 3626 9.35 791 755 2631 2478 2237 127 2404
February 81.0 4227 1115 887 8586 2945 2238 2068 618 17.00
March 1286 6289 1452 1362 1322 4451 2478 2487 167.7 1.03
April 1583 %N 17.82 1636 159.3 S27.5 2398 2398 2581 0.00
May 196.2 87.98 2220 1986 1929 626.7 2478 2478 3492 0.00
June 2208 7454 26.04 221.7 2169 6352 2398 2398 4158 0.00
July 2215 7797 29.15 223.0 218.0 682.1 2478 2478 4042 0.00
August 203.1 67.40 29.79 2088 204.1 8368 2478 2478 3s8.7 0.00
September 167.8 4826 26.45 1783 1738 5613 2398 2398 2817 0.00
October 1218 $0.40 2N 1334 1291 4225 2478 2478 1453 0.00
November 836 30.58 16.04 96.1 921 32 2398 2271 8.1 1267
December 634 30.09 11.14 80.1 76.0 2633 2478 218 134 2591
Year 17212 686.93 197 1807.S 1756.5 §709.5 29171 2835.4 2524 5 8064
Legends
GlobHor Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse iradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for IAM and shadings EFrGrid Energy from the grid

Figure 7. Summary of the proposed system performance
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Conclusion and Recommendations

In this study, we designed a grid-connected energy storage solar energy system. It is considered the average
daily electrical energy requirement of a family of four residing in a container after an earthquake to be 8 kWh.
Ensuring a safe, efficient, and sustainable energy supply for those staying in temporary shelters after natural
disasters, such as earthquakes, is of critical importance in assisting emergency management efforts. Solar
energy plays a crucial role in providing a secure and sustainable energy source in such shelters. Therefore, this
study can serve as an exemplary model for meeting energy needs during emergency situations. Simulations
made on a single container can be applied to larger scales.

When installing these systems in open areas with no obstructions like buildings or trees that could create
shading, the efficiency of the solar panels will be high, as there won't be any shading on the panels. Moreover,
the flat area on top of the container houses makes it advantageous for easy panel placement.

Since energy is stored in the system with batteries, it is important that the user's energy needs can be met with
a hybrid system. Batteries reduce the dependency on the grid when the energy produced from the sun is
insufficient. From April to October, the system was able to generate enough energy from the solar panels and
stored the excess energy in batteries, allowing it to operate independently without drawing power from the
grid. In this way, most of the energy is provided by energy obtained from renewable sources. In this way,
sustainable and harmless to the nature (6,17 tons CO? emissions) are provided.

References

Dinger, F. & Ozer, E. (2023). . Assessing the Potential of a Rooftop Grid-Connected Photovoltaic System for
Gaziantep Islamic Science and Technology University/ Turkey. Jordan Journal of Electrical Engineering.
Volume, 9(2), p.149-165. DOI: 10.5455/jjee.204-1670146602

Kristiansen, A., Zhao, B., Ma, T., & Wang, R. (2021). The viability of solar photovoltaic powered off-grid
Zero Energy Buildings based on a container home. Journal of Cleaner Production, 286, 125312.

Mansur, T., Baharudin, N., & Ali, R. (2018). Design and Performance Analysis of Solar PV DC Power System
for Disaster Relief Centre using PVsyst. Paper presented at the Journal of Physics: Conference Series. vol.
1019, no. 1: IOP Publishing, p. 012029.

Presidency of the Republic of Turkiye Presidency of Strategy and Budget (SBB). (2023). 2023
Kahramanmaras Ve Hatay Depremleri Raporu. Access Address (21.07.2023): https://www.sbb.gov.tr/wp-
content/uploads/2023/03/2023-Kahramanmaras-ve-Hatay-Depremleri-Raporu.pdf

Sahin, Z. R., Dincer, F. & Yilmaz, A.S. (2022). 4 Kisilik Bir Ailenin Elektrik Enerjisi Ihtlya01 I(;ln Sebeke
Baglantili Gunes Enerjisi Santrali Tasarimi Ve Simiilasyonu. Kahramanmaras Siitcii Imam Universitesi
Miihendislik Bilimleri Dergisi, 25(0Ozel Say1), 46-56.

Tanyer, A. M., Tavukcuoglu, A., & Bekboliev, M. (2018). Assessing the airtightness performance of container
houses in relation to its effect on energy efficiency. Building and Environment, 134, 59-73.

Proceedings Book 223



ll. International Energy Days
September 27", 2023 / Sivas-Tirkiye
Sivas Cumhuriyet University

DESIGN AND SIMULATION OF PHOTOVOLTAIC PANEL INTEGRATED WATER PUMPING
SYSTEM: A CASE STUDY IN CEYHAN, ADANA CORN FIELD

Emre OZER

Ogr. Gor. Gaziantep Islam Bilim ve Teknoloji Universitesi, Gaziantep -Tiirkiye
(Sorumlu Yazar) ORCID: 0000-0001-5881-2253

Furkan Dinger

Dog. Dr., Kahramanmaras Siit¢ii imam Universitesi, Miihendislik ve Mimarhik Fakiiltesi, Elektrik-Elektronik Miihendisligi ,
Kahramanmarag -Tlrkiye, ORCID: 0000-0001-6787-0850

ABSTRACT

In this study, a photovoltaic water pumping system was designed and simulated. As the first step, the amount
of water required for irrigation of the corn plant to be planted on one hectare of agricultural land in Ceyhan
district of Adana province was determined. Then, the water to be used for irrigation was transferred to the tank
through the pumping unit from the water channel near the field. Due to the high solar energy potential of the
determined region, the energy requirement of the system was met by two panels with a nominal power of
260Wp. As a result of the simulation, the system worked effectively and the water requirement was met in
May-August, when the plant needed water. These results show that the photovoltaic water pumping system
can work efficiently and can be used as a sustainable energy source in agricultural irrigation.

FOTOVOLTAIK PANEL ENTEGRELI SU POMPALAMA SISTEMI TASARIMI VE
SIMULASYONU: CEYHAN, ADANA MISIR TARLASI ORNEGI

OZET

Bu ¢aligmada fotovoltaik su pompalama sistemi tasarimi ve simiilasyonu yapilmustir. ilk adimda Adana ili
Ceyhan ilgesinde bir hektarlik tarim arazisine dikilecek misir bitkisinin sulama i¢in gerekli olan su miktar
belirlenmistir. Daha sonra, sulamada kullanilacak su, tarla yakinindaki su kanalindan pompalama {initesi
araciligiyla tanka aktarilmistir. Belirlenen bolgenin yiiksek gilines enerjisi potansiyelinden dolay: sistemin
enerji ihtiyac1 260Wp nominal giice sahip iki panelden saglanmistir. Yapilan simiilasyon sonucunda bitkinin
su ihtiyacinin oldugu Mayis —Agustos aylarinda sistem etkin bir sekilde ¢alismig ve su ihtiyaci karsilanmistir.
Bu sonuglar, fotovoltaik su pompalama sisteminin verimli bir sekilde c¢alisabilecegini ve tarim sulamasinda
strdardlebilir bir enerji kaynagi olarak kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Sulama, fotovoltaik, pompalama

Giris

Tarim arazilerinin sulanmasi, verimliligin ve siirdiiriilebilirligi arttirilmasi i¢in son derece Onemlidir.
Sulamanin tarimsal iiretim {izerinde olumlu etkileri vardir. Fotovoltaik su pompalama sistemi, giines
enerjisiyle calisan bir pompa sistemidir. Bu sistemler dogrudan giines enerjisini kullanacaklarindan fosil
yakitlarin kullanimini azaltan ve ¢evre dostu sistemlerdir. Ayrica elektrik enerjisi sebekesine bagimli olmadan
dogrudan giines enerjisiyle calistigindan, enerji maliyetlerini diisiiriir. Ozellikle uzak veya elektrik sebekesinin

ulasamadigi kirsal bolgelerde, giines enerjisiyle calisan pompalar ekonomiklik ve pratiklik saglayacaktir
(Aliyu ve ark. , 2018).

Tiirkiye’de Adana ilinde yer alan Ceyhan Nehri havzasindaki tarimsal alanlar genis yer kaplamakta ve tarim
arazilerine sulama kanallar1 yolula su iletimi yapilmaktadir. Bolgede bugday, yerfistig1 ve misir gibi {irlinlerin
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tarim1 yapilmaktadir. Ceyhan Kaymakamligir (2023) sitesi incelendiginde musir (dane) en ¢ok iiretilen
iirlinlerden 2. sirada yer almaktadir.

Literatiirde fotovoltaik su pompalama tizerine yapilmis ¢alismalar bulunmaktadir. Bu ¢aligmalardan bazilar
su sekildedir; Sekmen ve ark. (2022) tarafindan yapilan ¢alismada Kayseri ilinin su ihtiyacinin karsilanmasi
icin acilan kuyularda yaygin olarak kullanilan dalgi¢c pompalarin enerjisinin sebekeden daha az enerji ¢ekilerek
fotovoltaik enerji kullanip karsilanmasi amaglanmigtir. Allumi ve ark.(2019) Fas'ta uzak bolgede bulunan
evlerin su ihtiyacin1 karsilamak i¢in PVsyst programiyla bir sistem tasarlamislardir. Mohamed (2019)
Somalide bulunan bir sehirdeki giinliik 7,5 m3 su kullanan kiigiik bir bahgenin su ihtiyacini karsilamak i¢in bir
sistem tasarlamistir. Isak (2021) Giiney Somali'de bir muz ¢iftligi sulamada kullanilmak iizere sistem tasarimi
ve ekonomik degerlendirmesi yapmustir.

Materyal ve Metot

Sekil 1’de goriilecegi lizere cografi koordinatlari; Enlem: 37° 3'29.20"K, Boylam: 35° 54' 12.49"D olan Adana
ili Ceyhan ilcesinde yer alan bir tarim arazisi secilmistir. Arazi yol kenarinda ve yola paralel sulama
kanallarinin hemen yanindadir. Kirmizi dikdortgenle 1 hektar alan belirlenmis ve bu alana misir bitkisi
dikilmesi diigtiniilmiistiir. Belirlenen konuma ait Metenorm 8.1 veri tabanindan olusturulmus aylik meterolojik
veriler Sekil 2°de goriilmektedir. Yapilan tasarim belirlenen lokasyonun meteorolojik verileri dikkate alinarak
gergeklestirilmektedir.

‘Mlsusulama

Google Earth

Sekil 1.Alan belirlenmesi ve se¢imi
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Konum Hamdilli (Tirkiye)

Veri kaynadi Meteonorm 8.1 (2006-2013), Sat=% 100

Global yatay Yatay difiiz Sicaklik Riizgar hzi Linke bulamkhg: Bagil nem

kwh/m?2fay kWh/mz2fay °C m/s [ %
Ocak
Subat
Mart 129.3
Nisan
Mayis 193.3
Haziran
Temmuz
Adustos
Eyldl 163.7 53.3 26.3 2.50 3.925 62.7
Ekim
Kasim 81.3 32.8 15.8 2.21 3.584 55.6
Aralik

Yil 1704.5 716.1 19.5 26 4.150 62.7

Global yatay isinlama yildan yila degiskenlik 4.5%

Sekil 2. Secilen lokasyona ait aylik meteorolojik veriler

Misir bitkisi Mart aymin ortalarinda dikimi yapilan ve Agustos ayinda da hasadi yapilan bir bitkidir.
Programda bitkilerin su ihtiyact metrekiip olarak girilmesi gerekmektedir. Bu sebeple (TAGEM,2017)
tarafindan ¢aligmadan bitkilerin sulama suyu ihtiyaci hesab1 yapilabilir. Bu calismadaki verilerden misira ait
bilgileri kullanilarak Tablo 1 olusturulmustur. Tablo 1’de Adana ilindeki istasyondan elde edilen musir
bitkisinin su tiiketimi degerleri her ay icin 10 giinlik dénemler halinde verilmistir. Ayrica programa aylik
degerler girileceginden bu {i¢ donemin ortalamasi hesaplanarak aylik ortalama degerler de belirlenmistir.
Goriilecegi tizere bitki yaz aylar1 yogun suya ihtiya¢ duyar.

Tablo 1. Bitki su tuketimleri (mm) (TAGEM,2017,225)

Bitki Aylar |.donem I1.donem 111.donem Ortalama

(mm) (mm) (mm) (mm)
Misir Ocak - - - -
(Dane) Subat ) ) ) )
Mart - 6 13 6.3
Nisan 14 17 25 18.7
Mayis 34 44 59 45.7
Haziran 57 59 62 59.3
Temmuz 63 56 43 54
Agustos 22 1 - 7.7
Eylil - - - -
Ekim - - - -
Kasim - - - -
Aralik - - - -
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(TAGEM,2017,211) ¢alismasinda Ceyhan igin ortalama yagis miktarlar1 (mm) Tablo 2’de belirtilen degerler
verilmistir. Yaz aylarinda yagislar azalsa da y1l boyunca yagis goriilmektedir.

Bitkinin su ihtiyaci bitki su tiiketiminden ortalama yagis miktari ¢ikarilarak bulunabilir. Buna gore Tablo 3’te
aylik su ihtiyaci1 profili olusturulmustur. Burada (mm) ifadesi bir metrekarelik (m2) alana diisen yagis miktarini
ifade eder. Calismada misirin 1 hektar (10000 m?) alana dikildigi varsayildigindan tiim degerleri 10000 ile
capilmalidir. Aylik m3 su ihtiyaci bulmak icin bir metrekarelik (m?) alana diisen yagis miktarmi temsil eden
(mm) ifadesinin metreye déniistiiriilmeli ve istenilen parsel alani ile ¢arpilmalidir. Ornegin 1 hektar misir
bitkisinin May1s ayinda ihtiyag duydugu su ihtiyaci 28 (mm)=0,028(m)*10000 m? =280 m3 seklinde elde
edilir. Tablo 3. de son siitunda sadece sulama yapilan zamanlar (mayis-agustos) diigiiniilerek su ihtiyaci
hesaplanmis ve programa bu degerler girilmistir.

Tablo 2. Ceyhan ortalama yagis miktarlart (mm) (TAGEM,2017,211)

Aylar l.donem  Il.dénem Ill.d6bnem  Ortalama
(mm) (mm) (mm) (mm)

Ocak 39 23 35 32.3

Subat 34 42 26 34

Mart 28 26 28 27.3

Nisan 24 19 22 21.7

Mayis 23 17 13 17.7

Haziran 7 12 5 8

Temmuz 2 2 3 2.3

Agustos - 3 2 1.7

Eyll 7 3 10 6.7

Ekim 10 19 21 16.7

Kasim 29 26 37 30.7

Aralik 27 58 38 41

Tablo 3. Aylik su ihtiyaci

Aylar l.donem Il.donem Ill.dénem  Ortalama
(mm) (mm) (mm) (mm)

Ocak - 32.3 -32.3

Subat - 34 -34

Mart 6.3 27.3 -21

Nisan 18.7 21.7 -3

Mayis 45.7 17.7 28 280

Haziran  59.3 8 51.3 513

Temmuz 54 2.3 51.7 517

Agustos 7.7 1.7 6 60

Eylil - 6.7 -6.7

Ekim - 16.7 -16.7

Kasim - 30.7 -30.7

Aralik - 41 -41
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Sistemde Onemli birlesenlerden birisi de pompa, su depolama tanki ve boru sec¢imine ait detaylarin
belirlenmesidir. Sekil 3’te pompalama sistemine ait bilgiler gorulmektedir. Programda kuyudan depoya ve gol
veya akarsudan depoya seklinde tanimli iki sistem tipi se¢enegi yer almaktadir. Gl veya akarsudan depoya
sistem tipi secilmistir. Tasarlanan sistemde ekim alaninin yakininda yer alan su kanallarindaki suyun polietilen
(PE32) bir boru yardimiyla 10 metre ileriye taginarak 100 m3 hacimli bir tanki1 doldurdugu diistiniilmiistiir.

Sistem tipi | GOl veya akarsudan depoya

—Gol veya akarsu 6zellikleri - ~Tank Bottom feeding |
Su seviyesi -2.0 m Hacdm 100.0 | m3
(zemine gore) Cap 3.16 m
Pompa seviyesi 2.0 m Dolu su yuksekligi 12273 | m
Immersed pump
(gbl seviyesinden 4-5 metreden Dip yUksekligi 0.00 m (recommended)
daha yiksek olamaz)
Y Alttan doldurma vyl
25 T T T T T
- - 2.0F
Hidrolik devre -
- ~v = [
Boru secimi PE32 (171/9) = 15 5
= s
Ozel boru § 1.0 :_ 3
2 s
Boru uzunlugu 10 m -
- 0.5k Sortanme kaybi toplam 3
0 || — Enjeksiyon - statik yukseklik fark
— ook 1 1 1 ! !
0.00 d 0.0 0.2 0.4 06 08 1.0 1.2

akim [m*/sa]

Sekil 3. Secilen lokasyon icin tasarlanan pompalama sistemi 6zellikleri

Kullanilan pompa, Lorentz marka 340 W maksimum giice ve 48 V nominal gerilime sahip MPPT
doniistiirticiilii firgasiz DC motordur. Hidrolik kismi1 batik pompa tipi, ilerici bosluk pompa teknolojisine sahip,
nominal ¢aligma basinc1 30 metreW ve buna tekabiil eden akis 1.21 m3/ sa’dir.

Secilen fotovoltaik modiiliine ait bilgiler de Tablo 4’te gosterilmistir. Sistemin elektrik enerjisi ihtiyaci paralel
bagh iki adet fotovoltaik panelden saglanmaktadir. Panel diizleme 10° sabit bir aciyla yerlestirilmistir.
Tasarlanan sisteme ait bilgiler ise 6zet seklinde Tablo 5’te verilmistir. Ihtiyactan fazla suyun sisteme
pompalanmasi sebebiyle eksik su miktari (-) olarak gosterilmistir.

Tablo 4. Fotovoltaik moddle ait elektriksel 6zellikler

Ozellik Degeri

Uretici ET Solar

Model numarasi ET-M660260WW
Teknoloji Si-mono

Nominal Gii¢ 260Wp

Acik devre voltaji 37.86 V
Kisa devre akimi 8.960 A

Panel sayis1 2

Yiizey alani 3m?
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Tablo 5. Onerilen sistemin dzeti

Pompalanan Su ihtivact Eksik  Pompada Kullamlmayan Sistem

Su y Su Enerji PV Enerji verimliligi

1420m3/y1l 1370m3/y1l %-3.6 200 561 kWh/yil % 24.5
kWh/yil

Sonu¢ ve Degerlendirme

Belirlenen tasarim igin simiilasyon ger¢eklenmis ve sistemin normalize iiretim degerleri Sekil 4’te
gosterilmistir. Sekilden de goriilecegi lizere sistemde tiim y1l boyunca elektrik enerjisi iiretilebilmistir. Ancak
bu iiretilen elektrik enerjisi y1l boyunca Ocak, Mayis, Haziran, Temmuz ve Agustos aylarinda pompayi aktif
hale getirerek kullanilmigtir. Ocak ayinda tanki doldurmak i¢in Mayis, Haziran, Temmuz ve Agustos aylarinda
da sulama yapildigi igin kullanilmistir. Diger aylarda depo dolu oldugundan kullanilmamistir. Pompada etkin
enerji 1,05 kWh/kWp/giin diir. Sistem kayb1 giinliik ortalama 0,11 kWh/kWp, dizi kaybi ise giinliik ortalama
0,23 kWh/kWp olarak hesaplanmastir.

Sistemin performansina ait sonuglar Sekil 5’te gosterilmistir. Pompanin ¢aligtigi zamanlarda sistem
performansi goriilmektedir. Tiim y1l boyunca performans orani % 21.1 olarak hesaplansa da sulamanin en fazla
oldugu Haziran ve Temmuz aylarinda % 60 iizerinde performans gorulmektedir.

Sekil 6’da tiim sisteme ait sonuglar &zet olarak gosterilmistir. Toplam pompalanan su miktari, toplam
kullanilan su miktarindan yillik 50 m® fazladir. Sistemin su ihtiyac1 karsilandigindan yil boyunca hi¢ su
eksikligi yasanmamustir.

Normalize iiretim (kWp basi): Nominal giig 520 Wp

12 T | T T T T T T T
Lu: Kullanimayan enerji (depo dolu) 3.61 KWh/kWp/gan
Lc: Kolektor kaybi (PV-dizi kayiplar) 0.23 kWh/kWp/gin

ok Ls: Sistem kayiplan (donlstiricd, esik) 011 kWh/kWip/giin ]
Y. Pompada etkin enerji 1.05 KWh/kWp/gin

Monmalize enecji kWl W i)

Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara

Sekil 4. Normalize edilmis elektrik enerjisi tiretimi ve kayiplar
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Performans orani PR

1.2r T T T T T T T T
] 1: - PR: Performans orani (Yf/Yr): 0.211
1.0 .
091 5
08 e
z t
= 0T e
g s
=) N
8 06 s
g s
g
v 05F s
0.4F ]
03 5
02F 5
01 E
0.0 L 1 L l 1 1 | | 1
Oca Sub Mar His May Haz Tem Agu Eyl Eki Kas Ara
Sekil 5. Sisteme ait aylara gore performans Orani
GlobEff EArrfMPP | E_PmpOp ETkFull H_Pump | WPumped | W_Used W_Miss
KWhim® K¥Wh KWh KWh MetreWv miay mrilay melay
Ocak 78.7 40.13 6.90 3154 2.060 50.0 0.0 0.000
$ubat 88.9 4429 0.00 4231 0.000 0.0 0.0 0.000
Mart 135.8 65.85 0.00 61.70 0.000 0.0 0.0 0.000
Nisan 1586 75.11 0.00 69.73 0.000 0.0 0.0 0.000
Mayis 190.9 87.51 38.57 41.98 2.059 2781 280.0 0.000
Haziran 215.3 95.78 72.79 13.77 2.088 5112 513.0 0.000
Temmuz 218.0 95.36 73.55 13.28 2.085 516.9 517.0 0.000
Ajustos 203.2 89.21 8.29 74.50 2032 63.3 60.0 0.000
Eylial 1726 77.32 0.05 71.69 2.021 0.4 0.0 0.000
Ekim 130.8 61.12 0.00 58.39 0.000 0.0 0.0 0.000
Kasim 93.4 4557 0.00 43.65 0.000 0.0 0.0 0.000
Arahk 79.9 40.36 0.00 38.70 0.000 0.0 0.0 0.000
Yil 1766.0 817.61 20013 561.22 2075 1420.0 1370.0 0.000
Aciklama
GlobEff 1AM ve gdlgeleme icin diizeltiimis etkin Global WPumped Pompalanan su hacmi
EAmMMPP  MPP'de varsayilan dizi enerjisi W_Used  Tuketilen su
E_PmpOp Pompa calisma enerjisi W_Miss Eksik su
ETkFull Kullanilmayan enerji (depo dolu)
H_Pump  Pompadaki ortalama toplam basing

Sekil 6. Sisteme ait genel sonuclar

Bu ¢aligmada 1 hektar alana dikilen misir bitkisinin sulanmasi igin fotovoltaik sulama sistemi PVsyst demo
programinda tasarlanmigtir. Calisma fotovoltaik panel sistemi kullanilarak tarimsal sulama yapmay1
amaglayan arastirmacilar i¢in literatiirde Tiirkge bir kaynak olmasi agisindan 6nemlidir. Misir bitkisinin suya
en fazla ihtiya¢ duydugu zamanlar ayn1 zamanda giines enerjisi i¢inde yogun igimanin gerceklestigi
zamanlardir. Bu sebeple sulama, fotovoltaik sisteminden elde edilen elektrik enerjisiyle kolaylikla saglanabilir.
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Calismada kullanilan bitki 6zellikle yaz aylarinda su ihtiyaci yiiksek olan bir bitkidir ancak su ihtiyaci farkli
zaman dilimi olan bitkiler i¢in ya da daha biiyiik 6l¢ekli alanlarin sulanmasi i¢in yapilacak ¢aligmalarda bu
calisma Ornek olarak alinabilir. Sistemde tiim yil boyunca iiretilen enerjinin biiyiik miktar1 (%68.6’s1)
kullanilmadigindan, bu enerjinin kullanilmasi durumunda yil boyunca sulamali tarima imkén saglanir.

Iki adet nominal giicii (260Wp) yiiksek olmayan panel kullanilarak tiim sulama ihtiyac1 karsilandigindan
fotovoltaik sistemi kurulum maliyeti ¢ok yiiksek olmayacaktir. Ayrica panellerin 3 m? bir alan1 kullanmasi
tarimsal arazinin daha fazla kullanilabilmesine olanak tanir.
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ABSTRACT

In today's rapidly evolving industrial landscape, ensuring the uninterrupted quality of electrical power has
emerged as a paramount concern due to the potential for power quality issues such as voltage sags, surges,
harmonics, and flicker. These issues can inflict damage upon equipment and disrupt operations, emphasizing
the critical importance of detecting power quality problems. The power quality detection has predominantly
relied on manual methods, often involving visual inspection of waveforms on oscilloscopes and the use of
handheld meters to measure voltage and current characteristics. However, manual classification of power
guality is prone to human error and is a time-consuming process. This paper proposes an XGBoost-based
method for the automatic detection of five different power quality classes based on signal data. In this proposed
method, the signal data is divided into 128 data points, with each point defined as a feature of the dataset. Pre-
processing steps such as Fourier transform and normalization were applied to the dataset samples. The model
is then trained using the five-fold cross-validation method and its performance is validated on each test set.
Remarkably, the proposed XGBoost-based method demonstrated exceptional performance, achieving 100%
classification accuracy across all five distinct test sets. This outcome signifies its potential as a robust and
reliable solution for automated power quality assessment in today's dynamic industrial landscape.

Keywords: Power quality, XGBoost, Signal classification, Automatic detection.

Introduction

Electrical power quality is a critical aspect of electrical power that ensures the effective and efficient operation
of electrical equipment (Kumar et al., 2017). With the increasing reliance on electronic devices and sensitive
equipment, maintaining high power quality is crucial in preventing operational disruptions, equipment damage,
and financial losses (Khan et al., 2023). Power quality issues manifest as voltage fluctuations, harmonic
distortions, transients, flicker, and other deviations from the ideal sinusoidal waveform (Mahfoud et al., 2019).
The effects of inadequate power quality extend to various domains, including industrial processes, commercial
operations, and residential environments. In industrial environments, power quality problems can result in
significant production losses, while in the healthcare sector, a flawless power supply is indispensable for
accurate medical diagnosis and patient safety (Bajaj & Singh, 2020). Therefore, it is imperative to address
power quality issues to prevent significant consequences.

Industries highly value consistent power quality to ensure unbroken production processes, minimize downtime,
and optimize overall efficiency (Sinwar et al., 2023). The maintenance of sensitive electrical equipment is of
utmost importance, and achieving optimal power quality is crucial for achieving this. VVoltage fluctuations and
harmonics are potential anomalies that can lead to premature failures and operational disruptions (Zjavka,
2023). To evaluate power quality, one fundamental method is voltage and current waveform analysis. This
involves analyzing the characteristics of voltage and current waveforms, including their shape, magnitude, and
timing, to identify deviations from the ideal sinusoidal pattern (Sanjan et al., 2020).

The utilization of manual voltage and current waveform analysis has inherent limitations due to human errors,
such as misinterpretations, miscalculations, and oversight, which can lead to inaccuracies in identifying flaws
and suggesting system modifications. The processing speed constraints of manual analysis can result in

www.iensci.org 232



ll. International Energy Days September 27, 2023

bottlenecks and extended system downtime, particularly in situations requiring swift responses. The challenge
is further compounded when dealing with extensive datasets, as professionals may struggle to extract essential
insights from vast amounts of information. Moreover, the absence of continuous monitoring inherent in manual
analysis can result in blind spots, allowing transient events to go unnoticed and potentially escalate into more
significant issues. However, the integration of artificial intelligence (Al) into this process offers numerous
benefits that significantly enhance the accuracy, speed, and cost-effectiveness of waveform analysis (Mishra,
2019).

Al-powered waveform analysis provides a higher level of accuracy and consistency compared to human
operators (Ozcanli et al., 2020). Human operators may be prone to fatigue, distraction, or biases that can impact
the interpretation of waveforms. Al, on the other hand, remains consistently vigilant and objective, eliminating
the risk of human-related errors. This leads to more precise fault diagnosis, reducing false positives and
negatives, and ultimately minimizing unnecessary maintenance and repairs. Given these advantages, the
exploration of Al-based automatic electrical power quality detection remains an active research field.

Ma et al. proposed the use of stacked autoencoder for power quality classification (Ma et al., 2017). The
proposed method achieved 99.75% accuracy in classifying 7 different types of power quality. Wang et al.
proposed a 1D convolutional neural network (CNN) model for the detection of power quality disturbances
(Wang & Chen, 2019). The proposed deep model can extract features automatically without the need for
manual feature extraction. The model achieved 99.96% accuracy on 16 different power quality classes in the
test phase. Mohan et al. proposed a hybrid model for power quality classification (Mohan et al., 2017). The
hybrid model, created by combining CNN and LSTM, achieved an accuracy rate of 91.90%. Sindi et al.
proposed a hybrid model based on 1D and 2D CNN to classify power quality (Sindi et al., 2021). In their
proposed method, firstly, 1D power signals are processed in 1D CNN model. Then, these signals are directly
converted into images and processed in the 2D CNN model. The features from both CNN models are combined
and classified with the help of a fully connected layer. The proposed method achieved 99.97% accuracy rate
in the test phase.

While CNN-based methods have achieved notable success in automatic power quality classification studies,
their effectiveness relies on ample labeled data, which can be a challenge in domains with limited annotated
information, such as signal detection. This scarcity of data significantly limits their practicality. Additionally,
the substantial parameter count within CNNs contributes to increased computational requirements during the
critical feature extraction process, making real-time systems with lighter computational capabilities a
challenge. As a result, classical machine learning methods are emerging as potentially more efficient
alternatives for power quality classification.

In this study, an XGBoost classifier model was utilized to classify power quality signals. Initially, the dataset
samples underwent a Fourier transform (FT) and were subsequently normalized using the StandardScaler
function. The performance of the model was evaluated through a 5-fold cross-validation method.

The primary contributions of this research can be summarized as follows:

e The application of pre-processing techniques, including FT and normalization, enabled the dataset samples
to be compatible with classification models.

o The XGBoost classifier utilized only 128 data points from each signal as features.
o The model achieved significant performance levels with a low training cost for power quality classification.

e The robustness of the proposed method was validated through a 5-fold cross-validation process.

Materials and Methods

This paper presents a model for automatic classification of power quality using XGBoost, which involves the
extraction of 128 data points from signals as features to be processed. The method includes preprocessing
techniques such as FT and normalization, followed by the division of preprocessed samples into training and
testing sets. The model is trained on a dataset of 9,599 samples and assessed through predictions on test data,
with the process repeated across five folds. The proposed method is illustrated in Figure 1.
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Figure 1. The proposed method

Dataset

In this study, we employed a public dataset containing 11,998 samples (Power Quality Classification Dataset
- 1, 2021). Each signal in the dataset was characterized by 128 features, and the final column indicated the
guality scale of the signal. The dataset consisted of 129 columns in total, and five distinct quality labels were
present. The quality scale ranged from 1 to 5, with 1 representing the highest quality power signal and 5
denoting the lowest. Illustrative samples of each category within the dataset were provided in Figure 2.

Power Quality Classification Dataset

— PQ=1
10000 A PQ=2
—— PQ=3
— PQ=14
7500 - — PQ=5

5000 1

2500 1

Value

—2500 1

—5000 A

0 64 128
Paint Index

Figure 2. Dataset samples

128 features are extracted from each signal and recorded in a CSV file. Each line in the CSV file corresponds
to a signal, and the expert labels the classes to which the signals belong. Figure 3 illustrates the process of
creating a CSV row from a signal.
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Figure 3. Extraction of signal features

The dataset exhibits imbalanced distribution as the number of samples belonging to classes 3 and 5 is greater
than those in other classes. The class distribution graph of the samples in the dataset is given in Figure 4.

Class Distribution
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1 3 4 5
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Figure 4. Distribution of dataset

In certain instances where the distribution of classes is imbalanced, the training process of a machine learning
model can be faced with several challenges. This is often caused by the limited number of instances belonging
to minority classes, which results in a bias towards the majority class. This inclination can lead to a decrease
in the overall classification accuracy. To address this issue, data augmentation techniques can be employed.
However, in the context of this study, data augmentation was intentionally excluded. The purpose was to
evaluate the performance of the XGBoost model under the demanding conditions posed by class imbalance.

Classifier Model

Ensemble learning method eXtreme Gradient Boosting (XGBoost) is a highly effective and powerful model
for structural data analysis. As a tree-based model, XGBoost strives to enhance its predictive capabilities
through the reinforcement of weaker predictions (Chen et al., 2015). The fundamental strategy utilized by
XGBoost is depicted in Figure 5.
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Figure 5. XGBoost architecture

XGBoost is a powerful machine learning model known for its high performance, scalability, fast training
processes, and unbalanced data handling capabilities. Its key features include regularization mechanisms, fast

learning algorithms, and the ability to handle special loss functions. The hyper-parameters used in this study
are listed in Table 1.

Table 1. The hyperparameters of XGBoost

Parameter Value
Learning Rate 0.1
Number of Estimators 100
Maximum Depth 3
Minimum Child Weight 1
Gamma 0
Eval Metric Log Loss

Performance Evoulation

The dataset samples are divided into five equal parts with random samples to be used in the model training
and testing phase. Each of the divided parts is called a fold. Each fold is used as test data in turn, while the
other four folds are combined and used as training data. In this case, the first fold is used as test data, while the
other four folds are combined to train the model and the performance of the first fold is evaluated. This process
is repeated five times, each time a different fold is used as test data. In this way, each fold is used as both test
and training data to evaluate how the model performs on the whole dataset. The block representation of the
method used for separating the dataset samples as training and test is given in Figure 6.
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Figure 6. 5-Fold Cross Validation

To evaluate the performance of the model, predictions are made on each test fold. These predictions are placed
in a table called a confusion matrix and various performance measures are calculated. Confusion matrices are
a fundamental tool for evaluating the performance of classification models. These matrices provide a detailed
analysis of the predictions made by the model against the true ground truth labels. In classification studies, the
confusion matrix consists of four basic metrics: true positives (TP), true negatives (TN), false positives (FP)

and false negatives (FN). The areas represented by the TP, TN, FP and FN metrics on the confusion matrix in
a 5-class classification scenario are given in Figure 7.
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Figure 7. The confusion matrix in a 5-class scenario

Using these four criteria, statistical measures can be utilized to ascertain the efficacy of the classifier models.
These performance measures and equations are summarized in Table 2.
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Table 2. Performance measures and equations

Measures

Description

Equation

Accuracy (Acc)

The ratio of  correct
predictions to all predictions.

TP+ TN
TP+FP+FN+TN

The ratio of positive

.. . TP
Precision (Pre) predictions to actual TP T FP
positives.
. TP
Sensitivity (Sen) The_ rate  of _a_lccurately
predicted true positives. TP + FN
- The rate of accurately TN
Specificity (Spe) predicted true negatives. TN + FP
F-1 Score The harmonic mean of Pre 2« (Pre « Sen)
and Sen. {(Pre + Sen)

Results

The XGBoost classifier was trained on the train set and subsequently utilized for predicting the power quality
classes of the test set that it had not encountered during the training phase. This procedure was repeated five
times, with each iteration involving the use of five distinct training and test folds. The confusion matrices
obtained from each of these test folds are same and are depicted in Figure 8.

PQI

PQ2 PQI

PQ3

Fold-1 to Fold-5

PQ2 PQ3 PQ4

PQ5

PQ4

PQ5

Figure 8.Test folds predictions

The proposed method demonstrated highly effective results in the power quality detection task, achieving a
strong classification capability. Our model correctly classified all five classes, as confirmed by the confusion
matrix analysis, which showed that the model provided high accuracy and classification ability. The ratios of
other performance metrics are presented in Table 2.
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Table 2. Test results

Test PQ1 PQ2 PQ3 PQ4 PQ5
Fold Pre Rec F-1 Pre Rec F-1 Pre Rec F-1 Pre Rec F-1 Pre Rec F-1
Fold-1 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%
Fold-2 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%
Fold-3 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Fold-4 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Fold-5 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%

Conclusions

This paper focuses on the development and evaluation of a model for power quality classification. The results
obtained using the XGBoost algorithm provide important findings. Firstly, the data preprocessing steps of
Fourier Transform (FT) and normalization helped to process the signals efficiently. These preprocessing steps
enabled 128 feature points to be given as input to any machine learning classifier. The obtained data was split
into training and test datasets and the XGBoost model was trained. The training dataset contained 9,599
samples and the success of the model was evaluated on the test data. This process was repeated with five
different layers of cross-validation. In this way, the reliability and generalisation ability of the model were
robustly measured. The proposed method showed 100% accuracy on each test fold, and other performance
metrics conclusively show that the method has a strong classification performance. This study has developed
a powerful classification model that can be used as an important tool for power quality monitoring and
assessment. Future studies with larger data sets and different signal types can contribute to the advancement
of research in this field.
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OZET

Biyodizel yakitlar, setan sayilarinin yiiksek olmasi, parlama noktasi sicakliklarinin diisiik olmasi gibi bir takim
avantajlari ile 6n plana ¢ikmaktadirlar. Bununla birlikte, biyodizel veya biyodizel yakit karigimlarinin motor
materyalleri iizerindeki korozif etkisi ise iizerinde cokca c¢alisilan dezavantajlarindan olmaya devam
etmektedir. Literatiirde yapilan ¢alismalar incelendiginde; 6zellikle yakita temas eden yiizeyleri basta olmak
iizere, biyodizele maruz birakilan motorda kullanilan materyallerin korozyon siireclerini irdeleyen ve bu
materyallerin biyodizele maruz kaldiktan sonra mekanik 6zelliklerinde ve yakit dzelliklerinde meydana gelen
degisiklik siireclerini konu edinen calismalarin azinligi ve eksikligi dikkat ¢ekmektedir. Tiim bu nedenlere
dayanarak ¢alismamizda, atik lastik piroliz yagi temin edilmis ve dizel yakit ile; hacimsel olarak % 0, % 10,
% 20 ve % 100 oranlarinda kanstirilarak K 0, K 10, K 20 ve K 100 seklinde adlandirilan karisimlar elde
edilmistir. K 0 karisimi, % 0 atik lastik piroliz yag1 igeren saf motorin, K 100 karisim1 % 100 atik lastik piroliz
yag1 igeren saf atik lastik piroliz yagidir. Elde edilen tiim yakit karigimlart ASTM standartlar1 uyarinca analiz
edilmistir. Otomobil materyallerinden piring, paslanmaz ¢elik ve aliiminyum alasim; farkli oranlarda
karistirilarak elde edilmis olan pirolize lastik yagi-dizel yakit karigimlarina statik daldirma yontemi ile maruz
birakilmis ve akabinde korozyon 6zellikleri tespit edilmistir. ASTM standartlarina gore yapilan bu korozyon
analizi Oncesi ve sonrasinda materyallerin mekanik ozellikleri tespit edilmistir. Yine ¢alismamiza konu
otomobil materyallerinin ylzeylerindeki morfolojik degisimler de incelenmistir. Calismamizda, 1440 saat (60
Giin) boyunca degisik oranlarda hazirlanmig yakit karigimlarimiza statik daldirma yontemi ile maruz kalmis
olan piring, paslanmaz ¢elik ve aliiminyum alagimlarda dikkat ¢eken sonuglar elde edilmistir. K 100°e maruz
kalan piring materyaldeki korozyon orani (0,102 mpy), K 0’a maruz kalan pirin¢ materyaldeki korozyon
oranindan (0,042 mpy) ¢ok daha yiliksek bulunmustur. K 100’e maruz kalan aliiminyum alasim materyaldeki
korozyon orani (0,187 mpy), K 0’a maruz kalan aliiminyum alagim materyaldeki korozyon oranindan (0,022
mpy) ¢ok daha yiiksek bulunmustur. Ve yine K 100’e maruz kalan paslanmaz ¢elik materyaldeki korozyon
orani (0,020 mpy), K 0’a maruz kalan paslanmaz ¢elik materyaldeki korozyon oranindan (0,018 mpy) daha
yiiksek bulunmakla birlikte bu fark, piring ve aliminyum alagima oranla daha az kalmistir. Birinell Sertlik
olctmleri; piring icin KO, K10, K20 ve K100 i¢in sirasiyla 100, 109, 100 ve 110 N/mm2, aliiminyum alasim
icin KO, K10, K20 ve K100 i¢in sirastyla 68, 73, 75 ve 81 N/mm2, paslanmaz celik i¢in KO, K10, K20 ve K100
icin sirasiyla 156, 159, 164 ve 175 N/mm2, ¢ekme dayanimlart (TS) ise; piring icin KO, K10, K20 ve K100
i¢in sirasiyla 340, 370,6, 340 ve 374 MPa, aliiminyum alasim i¢in K0, K10, K20 ve K100 igin sirasiyla 231,2,
248,2, 255 ve 275,4 MPa, paslanmaz celik icin K0, K10, K20 ve K100 i¢in sirasiyla 530,4, 540,6, 557,6 ve
595 MPa olarak belirlenmistir. Tiim bu analizler ve ayn1 zamanda elektron mikroskobunda yapilan incelemeler
neticesinde en biiylik korozyonun piring materyalde, ardindan aliiminyum alasim ve ardindan da en az
korozyonun paslanmaz ¢elik materyalde oldugu tespit edilmistir. Deney Oncesi ve sonrasinda yapilan
yogunluk, su tayini, kiikiirt tayini, parlama noktasi tespiti ve setan indisi hesaplar1 da géz oniine alinarak K
10’un yakat 6zelligi ve korozyon karakteristigi anlaminda diger oranlara nazaran dizel yakita daha yakin bir
alternatif oldugu gozlemlenmistir. Calismamiz, ¢esitli biyoyakitlarin termo-fiziksel &zelliklerinin
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aragtirilmasina 6ncli ve dizel-biyodizel karigimlarinin endiistriyel uygulamalarinda karsilasilan korozyon
sorunlart ile ilgili calismalara bir rehber olabilir.

Anahtar Sozcikler: Dizel, Atik Lastik Piroliz Yagi, Mekanik Ozellikler, Piring, Paslanmaz Celik,
Aliiminyum Alasim

THE INVESTIGATION OF MECHANICAL AND CORROSIVE PROPERTIES OF PYROLYSIS
OIL ON AUTOMOTIVE MATERIALS

ABSTRACT

Biodiesel fuels stand out with a number of advantages such as their high cetane number and low flash point
temperatures. However, the corrosive effect of biodiesel or biodiesel fuel blends on engine materials continues
to be one of the most studied disadvantages. When the studies in the literature are examined, it is noteworthy
that there is a lack of studies that examine the corrosion processes of the materials used in the engine exposed
to biodiesel, especially the surfaces in contact with the fuel, and the changes in the mechanical properties and
fuel properties of these materials after exposure to biodiesel. Based on all these reasons, waste tire pyrolysis
oil was obtained and mixed with diesel fuel at the ratios of 0%, 10%, 20% and 100% by volume to obtain
blends named as K 0, K 10, K 20 and K 100. The K 0 blend is pure diesel fuel containing 0% waste tire
pyrolysis oil, while the K 100 blend is pure waste tire pyrolysis oil containing 100% waste tire pyrolysis oil.
All fuel blends obtained were analyzed according to ASTM standards. With static immersion method; brass,
stainless steel and aluminium alloy from automobile laterials; were exposed to pyrolyzed tire oil-diesel fuel
mixures obtained by mixing in different ratios and then its corrosion properties were determined. The
mechanical properties of the materials were determined before and after this corrosion analysis, which was
carried out according to ASTM standards. Morphological changes on the surfaces of the automobile materials
subject to our study were also examined. In our study, remarkable results were obtained in brass, stainless steel
and aluminum alloys that were exposed to our fuel mixtures prepared in different ratios for 1440 hours (60
days) by static immersion method. The corrosion rate of the brass material exposed to K 100 (0.102 mpy) was
much higher than the corrosion rate of the brass material exposed to K 0 (0.042 mpy). The corrosion rate of
aluminum alloy material exposed to K 100 (0.187 mpy) was much higher than the corrosion rate of aluminum
alloy material exposed to K 0 (0.022 mpy). And again, the corrosion rate of stainless steel material exposed to
K 100 (0.020 mpy) was higher than the corrosion rate of stainless steel material exposed to K 0 (0.018 mpy),
but this difference was less than that of brass and aluminum alloy. Birinell Hardness measurements were 100,
109, 100 and 110 N/mm2 for brass KO, K10, K20 and K100 respectively, 68, 73, 75 and 81 N/mm2 for
aluminum alloy KO, K10, K20 and K100 respectively, 156, 159, 164 and 175 N/mm2 for stainless steel KO,
K10, K20 and K100 respectively, and tensile strength (TS); 340, 370.6, 340 and 374 MPa for brass KO, K10,
K20 and K100 respectively, 231.2, 248.2, 255 and 275.4 MPa for aluminum alloy KO, K10, K20 and K100
respectively, 530.4, 540.6, 557.6 and 595 MPa for stainless steel KO, K10, K20 and K100 respectively. As a
result of all these analyzes and also the examinations made under the electron microscope, it was determined
that the greatest corrosion was in the brass material, followed by the aluminum alloy and then the least
corrosion in the stainless steel material. Considering the density, water determination, sulfur determination,
flash point determination and cetane index calculations made before and after the experiment, it was observed
that K10 is a closer alternative to diesel fuel in terms of fuel properties and corrosion characteristics compared
to other ratios. Our study can be a pioneer in investigating the thermo-physical properties of various biofuels
and a guide for studies on corrosion problems encountered in industrial applications of diesel-biodiesel blends.

Keywords: Diesel, Waste Tire Pyrolysis Oil, Mechanical Properties, Brass, Stainless Steel, Aluminum Alloy

Giris
Diinyada gerceklesen niifus artisi, ekonomik bilylime ve teknolojik gelismeler enerji ihtiyacini her gecen giin

artirmakta olup s6z konusu artis, iilkemizde de ihtiya¢ duyulan enerji miktarinin artmas1 yaninda bu ihtiyaci
karsilamak iizere {iretilen ve tiiketilen enerji miktarlarini da ayn1 dogrultuda artirmaktadir. Yalnizca Tiirkiye’de
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1990-2020 yillar1 arasinda gergeklesen enerji tiikketimi sektdrel bazda olmak tizere hemen tiim sektorlerde gozle
goriiliir bir artis, neredeyse her yil gerceklesmistir. (EIGM, 2023)

Ayni zamanda her gecen giin artan enerji tiiketiminin direkt gostergelerinden birisi olan kisi basina enerji
tilketimi de ayn1 sekilde dikkat cekmektedir. Insanlar artik artan hayat konforu nedeni ile farkli tiir enerjilere
ihtiya¢ duymaktadir. Buna paralel olarak da enerji tiiketim miktarlari ve ¢esitliligi de her gegen giin artmaktadr.

Tiirkiye’de 1990 yilinda enerji tiikketiminin kisi basina diisen miktar1 0,94 TEP (Ton Esdeger Petrol) iken 2017
yilinda bu deger 1,80 TEP olarak neredeyse iki kat1 olarak gerceklesmistir. (EIGM, 2023)

Insanlik enerji ihtiyacim karsilamak amaciyla bugiin dahi agirlikl olarak fosil kaynaklari kullanmaktadir. S6z
konusu bu kaynaklar ise gun gectikge azalmakta olup, yerlerini doldurabilecek alternatif enerji kaynaklarina
yonelim artmaktadir. Insanoglu bir taraftan artan bu enerji ihtiyacini, diger taraftan azal fosil kaynaklari ikame
edebilmek i¢in her gecen giin farkli ve yenilenebilir enerji kaynaklarina 6nem vermekte ve uygulamaya
almaktadir. 1980-2035 yillar1 arasindaki 55 yillik projeksiyonda petrol tiiketimi %16’k bir azalig
gostermektedir. S6z konusu bu azaligin zamanla diger fosil kaynaklarn tiimiinde ger¢eklesecegi ve enerji ikmali
icin zora girecegimiz agiktir. (EIGM, 2023)

Gelismis tilkelerde enerji tilkketiminin gorece esasli kismini binalar olusturmaktadir. Yine elektrik enerjisinin de
cok biiytik bir kism1 konutlarda kullamilmaktadir. Ekonomik gelismelere paralel olarak enerjinin temel tiiketim
alanlar1 yapilagma ve ticari, sanayi, ulasim ve konutlar seklinde sayilmaktadir. Son yillarda yapilasmaya olan
talep ¢ok hizl1 bir sekilde artmakta ve bu talebin karsilanabilmesi igin gerceklesen biiyiik ebat ve sayidaki binalar
enerji tiikketimi iizerinde esasli bir etki yaratmaktadir. Dolayisiyla biiyiik miktarlarda gerceklesen bu enerji
ihtiyacini karsilamak icin 6zellikle alternatif enerji kaynaklarina olan talebin konutlarda da 6n plana ¢iktigi
goriilmektedir. Bu baglamda, fosil yakitlarin hizli bir sekilde titkenmesi, fiyatlarindaki artis ve yanmalari sonucu
ortaya cikan zararli gazlarin olusturdugu cevre kirliligi insanoglunu farkli enerji kaynaklari arayigina
yonlendirmistir. Giiniimiize degin bir¢ok alternatif enerji kaynaklar1 arastirmalari ve uygulamalari ¢alisilmigtir.
Ancak bu alternatif yakit calismalar1 pahali olmalar1, verimlerinin diigiik olmasi ve depolama giigliikleri gibi bir
takim zorluklar nedeni ile higbirinde petroliin muadili olabilecek bir sonug elde edilememistir.

Alternatif yakit kaynaklarindan birisi olarak piroliz yagi dikkat ¢ekicidir. Cok degisik biyokiitleler kullanilarak
imal edilen piroliz yaglan farkli yakit sistemlerinde hem alternatif yakit olarak hemde alternatif yakit katkisi
olarak kullanilagelmislerdir. Piroliz islemi, temel olarak oksijensiz ortamda organik maddelerin 1s1 yardimiyla
bozulmasidir. Bu tepkime soncunda kati, sivi ve gaz olmak iizere maddeler meydana gelmektedir. Bu iglemin
en 6nemli 6zelligi atik statiisiinde bulunan atik malzemelerin tekrar tiretime kazandirilmasidir.

Piroliz i¢in kullanilan atik malzemelerden birisi de émriinii tamamlamis lastiklerdir (OTL). Lastikler petrol ve
mamullerinden iiretilmistir. Diinyada her yil milyarlarca lastik atik olarak ortaya ¢ikmaktadir. Kullanilmamis
bir otomobil lastigi yaklasik olarak 11 kg, kullanilmig bir otomobil lastigi ise 9 kg’dir. Otobiisler ve kamyonlar
gibi biiylik vasitalarin ise lastik kiitleleri kullanilmamis iseler 54 kg, kullanilmis iseler 45 kg’dir. Dogaya
birakilan bu biiyiikliikteki atiklarin yonetilmesi ¢ok zordur. Bu lastiklerin direkt olarak yakilmasi ¢evreye ¢cok
zararli maddeler ortaya ¢ikardigindan depolanmalarinin dahi yasaklandig iilkeler vardir. Omriinii tamamlamis
lastiklerin pirolizi sonucunda ortaya komiir, pirolitik yag ve gaz ¢ikmaktadir. Pirolitik yag dogrudan kazanlarda
yakit olarak kullanilabilmelerinin yani sira dizel yakitla karigtirilmasi gibi islemlerden gecirildikten sonra igten
yanmali motorlarda da yakit olarak kullanilabildigine dair literatiirde ¢alismalar mevcuttur. S6z konusu pirolitik
yag-dizel karisiminin otomobil sistemlerindeki etkileri lizerine yapilan arastirmalarda c¢esitlenmektedir.

Kateryal ve Method

Calismamiz temel olarak; belli bagli otomobil materyallerinin, 6mriinii tamamlamis atik lastiklerden elde edilen
pirolitik yagin dizel yakita katki maddesi olarak karigtirilmasi sonucunda elde edilen atik lastik pirolitik yag-
dizel yakit karisimina statik olarak maruz birakilmalari neticesinde, sdz konusu bu otomobil materyallerinde
meydana gelmesi muhtemel mekanik ve korozif etkilerinin aragtirilmasini kapsamaktadir. Pirolitik yag olarak,
iilkemiz Adiyaman ilinde faaliyet gosteren Viollas Pirolitik Yag Fabrikasi tarafindan, dmriinii tamamlamus atik
lastiklerden piroliz yontemi ile imal edilen atik lastik pirolitik yag kullanilmistir. Temin edilen s6z konusu
Oomriinii tamamlamis atik lastiklerden elde edilen bu atik lastik pirolitik yag, yine piyasadan temin edilen standart
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ozelliklere haiz bir dizel yakit ile %0 (Saf Motorin), % 10, % 20 ve %100 (Saf Atik Lastik Pirolitik Yag)
oranlarinda karistirilarak ¢alismamiza esas atik lastik pirolitik yag-dizel yakit karisimlar: elde edilmistir.

Otomobil materyalleri oldukca cesitlilik gostermekte olup bunlarin arasindan c¢alismamizda kullanilacak
materyallerin belirlenmesinde ise; calismamiza esas olarak belirli oranlarda karistirarak ortaya ¢ikardigimiz atik
lastik pirolitik yag-dizel yakit karisiminin otomobilde, bilhassa motorda siirekli temasta bulundugu yiizeyler
tercih edilmistir.

Sekil 4.1.°de goriildiigii lizere otomobil materyallerinin yakit karigimi ile temas edecegi yiizeyler karmasik bir
bilesime sahip olmasi yaninda temel olarak piston, silindir ve enjeksiyon pompasindan olusmaktadir. Motor
icinde yakit ile temas halindeki bu ii¢ temel yapinin ise sirasiyla aliminyum alasim, paslanmaz celik ve piring
gibi bakir alagimlardan olustugu goriilmektedir (Hoang, vd., 2020). Bu sekilde tespiti gerceklestirilen
materyallerin elde edilen yakit karigimlarina statik daldirma yontemi ile maruz birakilmalari neticesinde ortaya
cikacak olan korozif ve mekanik degisiklikler ortaya konulacaktir.

Enjeksiyon Pompasi
(Al Alasim,
Cu Alasim,
Piring)

Enjektor
(Celik)

Q \‘ . 9

Cikis Valfi *\ A Giris Valfi

E ") A (Gelik)
L

(Gelik)

Piston

Yanma Odasi
(Paslanmaz Celik)

(Al Alasim)

J Silindir

(Dékme Demir)
4 l’

Sekil 1. Bir dizel motorun farkli mekanik pargalarinin tiretiminde kullanilan materyaller (Hoang, vd., 2020)

Calismamizda numune olarak kullanilmak {izere otomobil sektoriinde paslanmaz gelik olarak o6zellikle
kullanilagelmekte olan 316 Paslanmaz Celik tercih edilmistir. Piring alasim ise gerek kullanim alaninin
genisligi, gerekse de kolay ulasilabilirligi nedeni ile sanayide kullanilagelen ortak piring tercih edilmistir.
Aliiminyum alagim olarak ise; Sekil 4.2. ve Sekil 4.3.’de goriildigii gibi orijinal bir otomobil pistonundan
testimiz i¢in gerekli boyut ve dl¢iilerde numuneler elde edilmistir.

% 0, % 10, % 20 ve % 100 oranlarinda hazirlanan atik lastik pirolitik yag-dizel yakit karigimlar ve piring,
paslanmaz ¢elik ve aliiminyum alagim olarak belirlenen otomotiv materyalleri yukarida izah edildigi {izere bir
kisim analizlerden gegirildikten sonra ¢aligmamizin uygulamali kismi olan statik daldirma islemine gegilmistir.

Sekil 4.17.’de goriildiigli lizere calismamiza temel olarak belirlenen oranlarda hazirlanan yakit karisimlarina;
yine tespiti yapilip hazirlanan otomotiv materyalleri statik daldirmaya maruz birakilmislardir.
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Sekil 2. Statik daldirma yonteminin sematik gdsterimi (Aquino, vd 2012)

Calismamizin temelini olusturan statik daldirma islemi 6ncesinde yukarida ayrintili bir sekilde agiklanmis olan
analizler numunelerimiz tizerinde gergeklestirilmistir. Statik daldirma islemi 50 giin, 1200 saat boyunca
stirdiiriilmiistiir. Calismamizda otomobil materyalleri iizerinde meydana gelen korozyon miktart ve hizinin
tespiti icin ASTM G1 standartlarina gore her 10 giinde bir, yani her 240 saatte bir metal otomobil numuneleri
tizerinde kiitle dlgtim islemleri gergeklestirilmistir. (Samuel & Gulum, 2019)

Bulgular ve Tartisma

Calismamizin bu boliimiinde 6ncelikle farkli oranlarda hazirlanan yakit karisimlarina statik daldirma islemi
oncesinde ve sonrasinda yapilan testlerde elde edilen veriler ayrintili olarak incelenecek ve irdelenecektir.
Temel olarak iki ana baglk altinda, otomobil materyalleri {izerinde yapilan analizler ve yakit karigimlar
iizerinde yapilan analizler olmak iizere bulgular ve tartisma gergeklestirilecektir.

Yakit karigimlari, igerigindeki atik lastik pirolitik yag oranina gore degiskenlik gdsteren birtakim 6zelliklere
sahip olduklar1 gézlemlenmistir. Asagida Tablo 5.1.de gosterildigi lizere yakit karisimlarinin statik daldirma
islemi Oncesindeki fiziksel Ozellikleri tespit edilmistir. Tablo 5. 1. incelenecek olursa; herhangi bir islem
yapilmaksizin elde edilen karisimlarin yogunluklarinin, igeriklerindeki pirolitik yag orani ile dogru orantili
olarak arttig1 goriilmektedir.

Tablo 1. Statik Daldirma Oncesi Yakit Karisimlarinin Fiziksel Ozellikleri

Ozellikler ASTM (M(*)(toorin) K 10 K 20 (ﬁ_lgg)
Yogunluk (kg/m?, @15°C) D1298 830,7 839,7 845,0 923,3
Kinematik Viskozite (mm?/s, D445 2,9 3.2 3,9 45
Setan Indisi D613 50,6 47 4 45,7 27,5
Parlama Noktasi (°C) D93 62,5 55,5 54,5 54,5
Su Igerigi % (m/m) - 0,004 0,02 0,01 0,07
Kikurt (mg/Kg) - 6,6 >500 >500 >500
CFPP (°C) D6371 -18 -7 -7 -3
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Tablo 2. Igerisine Piring Numune Daldirilan Yakit Karisimlarinin Daldirma Sonrasi Fiziksel Ozellikleri

Ozellikler ASTM (M;ioorin) K 10 K 20 (TKngg)
Yogunluk (kg/m3, @15°C) D1298 830,7 839,9 845,3 925,2
Klnematlkélzrsolﬁcéz)lte (mm?/s, D445 35 3.7 42 5
Setan Indisi D613 50,2 47,4 45,6 -
Parlama Noktasi (°C) D93 62,0 55,0 51,0 27,0
Su Igerigi % (m/m) - 0,004 0,006 0,007 0,036
Kukurt (mg/Kg) - 6,7 >500 >500 >500
CFPP (°C) D6371 -20 -8 -7 -

Tablo 3. Icerisine Paslanmaz Celik Numune Daldirilan Yakit Karisimlarinin Daldirma Sonras: Fiziksel

Ozellikleri
Ozellikler ASTM (M(ﬁoorm) K 10 K 20 a‘-(fﬁ%
Yogunluk (kg/m®, @15°C) D1298 830,7 839,38 845,1 924,4
Kinematik Viskozite (mm?s, D445 2,9 33 3,9 4,6
Setan Indisi D613 50,5 47,4 455 -
Parlama Noktasi (°C) D93 62,0 56,0 54,0 53,0
Su igerigi % (m/m) - 0,004 0,006 0,007 0,038
Kukurt (mg/Kg) - 6,7 >500 >500 >500
CFPP (°C) D6371 -20 -7 -7 -

Tablo 4. Igerisine Aliiminyum Alasim Numune Daldirilan Yakit Karisimlarinin Daldirma Sonrasi Fiziksel

Ozellikleri
Ozellikler ASTM (M('ftoorin) K 10 K 20 (TKngg)
Yogunluk (kg/m®, @15°C) D1298 830,7 839,8 845,3 924,5
Kinematik Viskozite (mm?/s, D4450 3 3,5 4 47

Setan Indisi D613 50,9 47,1 454 -
Parlama Noktasi (°C) D93 62,0 55,0 53,0 29,0
Su icerigi % (m/m) - 0,004 0,005 0,007 0,042
Kikurt (mg/Kg) - 6,7 >500 >500 >500

CFPP (°C) D6371 -20 -8 -7 -
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Tablo 5. Sirastyla piring (1-4), paslanmaz celik (5-8) ve aliminyum alasim (9-12) materyallerinin kiitle
kayiplari

1(K0) 2(K10) 3(K20) 4 (K100) 5(K0) 6(K10) 7 (K20) 8 (K100) 9 (KO) (Klfo) (Klzlo) (K11%0)

Osaat 20,1615 20,13 20,346 20,1562 19,3488 19,437 19,3095 19,392 6,6704 6,1234 6,6705 6,256

5:; 20,1624 20,1306 20,3483 20,156 19,35 19,4379 19,3095 19,391 6,6712 6,1242 6,6687 6,2538
s:aﬁ 20,1595 20,1295 20,3478 20,1556 19,35 19,4354 19,3093 19,3898 6,671 6,1231 6,6695 6,2538
57:; 20,1605 20,131 20,346 20,1548 19,349 19,4367 19,3086 19,3909 6,6707 6,123 6,6696 6,2536
ga?t 20,1592 20,1287 20,3455 20,1543 19,3484 19,4356 19,3085 19,3909 6,6702 6,1226 6,6696 6,2531
];ig? 20,159 20,1287 20,3447 20,153 19,3481 19,4354 19,3085 19,3909 6,6702 6,1224 6,6694 6,2531
l;;i? 20,159 20,1283 20,3439 20,15 19,3478 19,4351 19,3085 19,3909 6,67 6,1222 6,6686 6,2526

PiRINC KOROZYON ORANI

0.12
0.1
0.08
0.06
0.04
0.02
0
1 (K0) 2 (K10) 3 (K20) 4 (K100)
Sekil 3. Piring numune korozyon orant
PASLANMAZ CELIK KOROZYON
ORANI
0.04
0.03
0.02 P alniniai C XN
0.01
0
5 (KO) 6 (K10) 7 (K20) 8 (K100)

Sekil 4. Paslanmaz celik numune korozyon orani
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ALUMINYUM ALASIM KOROZYON
ORANI

0.2

0.15

0.1

0.05

9 (K0) 10 (K10) 11 (K20) 12 (K100)

Sekil 5. Aliiminyum alasim korozyon oram

Tablo 5 de materyallerdeki kiitle degerleri verilmektedir. ASTM standartlarina gére yapilan analizlere gore
elde edilen veriler 15181nda Sekil 3, Sekil 4 ve Sekil 5 de gosterildigi lizere korozyon oranlari gergeklesmistir.

Yine agagida sertlik 6l¢lim sonuglar1 verilmistir.

. o . Piring-Daldirma islemi Sonrasi
Daldirma Islemi Oncesi

. KO 103,1 HBW
Aliminyum 74,15 HBW K10 107,1 HBW
Paslanmaz Celik 155,82 HBW -

Piring 100,72 HBW K20 107,4 HBW
K100 110,2 HBW

Altminyum-Daldirma islemi Sonrasi Paslanmaz Gelik-Daldirma islemi Sonrasi
KO 70,4 HBW KO 156,3 HBW
K10 73,4 HBW K10 159,1 HBW
K20 75,5 HBW K20 160,4 HBW
K100 81,2 HBW K100 175,2 HBW

Asagida ise SEM analiz goriintiileri verilmistir. Korozyon bu goriintiilerde agik bir sekilde goriilmektedir.
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Sonugclar ve Oneriler

Bu calismada sonug¢ olarak atik lastik piroliz yagimin kullaniminin artirilmasi amaciyla cesitli otomotiv
materyalleri lizerindeki etkileri incelenmistir. ASTM standartlarina gore 6lglim islemleri gergeklestirilmistir.
Uluslararasi daldirma standartlarina uygun olarak; farkli oranlarda hacimsel metod ile karistirilarak elde edilen
atik lastik pirolitik yag-dizel yakit karisimlarina maruz birakilan materyallerde basta korozyon oranlari
belirlenmistir. Daha sonra sertlik 6lgtimleri, SEM analizleri yapilmistir. Tiim bunlar 1s18inda elde edilen veriler
gelecek calismalara 1g1k olacaktir.

Caligmamizdan asagidaki sonuglar elde edilmistir:
-Siilfiir icerigi azalirken diger 6nemli yakit 6zellikleri yag orani ile birlikte artis gostermektedir.

-Tiim materyal tiirlerinde maruz kaldiklar1 yakit karigimindaki yag oranmi arttikca korozyon oranlari da
artmistir.

-Dizel yakita oranla lastik pirolitik yag-dizel karigimlarinin neden oldugu korozyon oranlar1 daha yiiksek
olmustur.

-Otomotiv materyalleri arasinda korozyon orani en yliksek materyal piring, ardindan aliiminyum alasim ve son
olarak da paslanmaz ¢elik olarak gerceklesmistir.

-Lastik pirolitik yag orani arttik¢a materyallerdeki sertlik oran1 da artis gostermektedir. Ayn1 zamanda ¢ekme
mukavemeti ve nispeten koyu yiizey morfolojisi goriinlimleri de yag oranlari ile artig gostermektedir.

-Yakit 6zellikleri anlaminda tiim degiskenler birlikte degerlendirildiginde K 10 karisiminin dizele en yakin
yakiat 6zelliklerine haiz oldugu gézlemlenmistir.
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ABSTRACT

Energy-efficient smart cities embody a forward-thinking paradigm for urban development in the 21st century.
It has emerged as a possible solution for current global issues, including excessive resource consumption, as
well as the scarcity of energy resources. Given that buildings account for approximately 30-40% of the
worldwide energy consumption and residential buildings alone contribute to nearly 40% of the annual
anthropogenic greenhouse gas emissions, it is crucial to initiate the process of creating smart cities at the
architectural design stage. Architectural designs play a pivotal role in shaping sustainable and intelligent urban
environments. By prioritizing architectural design, energy efficiency and being “smart” can be achieved.

The article highlights the importance of architectural design in reducing energy usage, decreasing carbon
emissions, fostering energy-efficient smart cities.

Keywords: energy efficiency, smart cities, architectural design

Introduction

The phenomenon of climate change has resulted in a notable acceleration of annual mean temperatures on
Earth, surpassing initial predictions (NASA, 2023). Humanity, when confronted with abrupt climate change,
is exhibiting a suboptimal and ineffective response. Conversely, the global challenges of population growth,
rapid urbanization, resource overconsumption, and scarcities in water and energy sources have emerged (IPCC,
2023).

It is widely observed that the global population residing in urban areas surpasses that residing in rural areas.
In the year 2007, a significant milestone was reached as the global urban population surpassed the global rural
population, marking a notable shift in the demographic landscape (Ritchie & Roser, 2018). Since then, the
world population has predominantly resided in urban areas, signifying a sustained trend towards urbanization.
The planet has experienced a notable phenomenon of accelerated urbanization within the last six decades. In
the year 1950, the global population was predominantly residing in rural areas, with approximately 70 percent
of individuals living in such settlements (United Nations, 2014). Conversely, urban settlements were inhabited
by less than one-third, accounting for approximately 30 percent of the population. According to data from
2014, more than half of the global population, specifically 54 percent, resided in urban areas. It is projected
that the urban population will experience further expansion, resulting in a global distribution by 2050 where
approximately two-thirds (68 percent) will reside in urban areas, while one-third (32 percent) will reside in
rural areas (United Nations, 2014). This anticipated shift represents a reversal of the rural-urban population
distribution observed in the mid-twentieth century (United Nations, 2022). Based on the observed growth rates,
it can be inferred that over the course of the next four decades, there is a projection of constructing a city with
a population of one million residents on a weekly basis. The pattern of accelerated urban expansion from the
mid-20th century to the present has resulted in a rise in economic and social prosperity in certain regions, while
simultaneously perpetuating persistent poverty in others (UN, 2023). Urban areas are intricate systems that
exhibit high levels of energy consumption. The excessive utilization of energy, water, materials, and both
natural and man-made resources has a significant impact on the environment (IEA, 2021).

The emergence of the Smart City concept has arisen in response to a range of pressing global challenges that
have unfolded over the past four decades (Obringer & Nateghi, 2021). These challenges include climate
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change, rapid urbanization, and unsustainable resource consumption, among others (Emekci, 2022a). The
concept encompasses a comprehensive range of interdisciplinary measures, ideas, and policies that are
designed to promote the advancement of human and technological resources within urban areas. Its primary
objective is to facilitate sustainable development and enhance the overall quality of life for the population
residing in these areas (Emekci, 2022b).

In the global context of energy efficiency, it is crucial to emphasize that buildings account for 40% of the
overall energy consumption in Europe and contribute to 36% of greenhouse gas emissions (EU Commission,
2020). This highlights the necessity of attaining energy-efficient structures in order to mitigate their CO2
emissions and minimize their energy usage. Additionally, the built environment has a significant impact on
the overall quality of life and productivity of individuals within a community. Therefore, it is imperative for
buildings to possess the ability to not only incorporate measures that reduce their energy consumption,
including the integration of self-sustaining energy sources, but also enhance the well-being and productivity
of occupants. The architectural possibilities for energy-efficient smart cities are vast and diverse. Therefore,
architectural designs have a significant impact on the development of sustainable and intelligent urban
environments. Achieving energy efficiency and using smart technologies can be facilitated by placing
emphasis on architectural design. The article emphasizes the significance of architectural design level in
mitigating energy consumption, minimizing carbon emissions, and fostering being “smart”.

Exploring the Interplay between Architectural Design and Smart Cities

The availability of energy is a crucial factor in determining the expansion of urban, national, and international
areas. Additionally, this reliance poses obstacles to endeavors aimed at enhancing environmental quality and
promoting sustainability. Due to escalated energy consumption within a growing economy, there will be a
corresponding surge in CO2 emissions, leading to a subsequent elevation in world temperatures. On the
contrary, the process of urbanisation and the subsequent increase in population density have presented cities
with greater difficulties in managing their energy consumption and mitigating their environmental footprint
(Moubarak et al., 2018). Approximately 70% of worldwide carbon dioxide (CO2) emissions and two-thirds of
global energy use can be linked to urban zones (EU Commission, 2020). Governments worldwide have made
commitments to engage in cooperative efforts aimed at addressing global challenges pertaining to energy,
climate, and the environment. Following the ratification of the initial international climate agreement in 2015,
the European Union, the United States, and China made a commitment to reduce their greenhouse gas
emissions in the subsequent decades. Smart city have the potential to mitigate CO2 emissions and improve
environmental conditions (Li, 2022).

Smart cities represent a novel concept aimed at effectively managing urban areas with the objective of
enhancing sustainability and elevating the quality of life for residents (Oberascher et al., 2022). In addition, it
is imperative for projects pertaining to digitalization and smart cities to contribute value in order to enhance
both ecological and economic sustainability(Almihat et al., 2022). Nevertheless, this enhanced worth can be
expressed in a more direct manner by initially deducting the advantages from the exertion(Trindade et al.,
2017). Despite the fact that the concept of Smart City has been introduced and utilized in a systematic manner
for several years, there remains a lack of consensus, although some degree of convergence can be observed in
recent discourse. Caragliu et al. (2011) defined smart city as “... when investments in human and social capital
and traditional (transport) and modern (ICT) communication infrastructure fuel sustainable economic growth
and a high quality of life, with a wise management of natural resources, through participatory governance.”
Cocchia (2014) added valuable contributions to the definition. According to him, it can be inferred that
innovation and technology are significantly contributing to the enhancement of quality of life. Furthermore,
the essence of the definition is contingent upon the academic or societal context, encompassing areas such as
research, economy, administration, and politics. Nam and Pardo (2011) provide a comprehensive analysis of
the concept, highlighting three key dimensions. Firstly, the dimension of 'technology' emphasizes the role of
mediated services in enhancing the efficiency of infrastructure utilization. Secondly, the dimension of ‘people’
underscores the importance of well-educated individuals in bolstering human infrastructure and facilitating
collective decision-making processes. Lastly, the dimension of ‘institutions' emphasizes the proactive
involvement of institutions, in conjunction with citizen engagement, in promoting effective smart city
development (Nam & Pardo, 2011). Therefore, the concept of the 'Smart City' should be considered as the
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amalgamation of all pertinent dimensions (Giffinger, 2015). In addition to all this, In order to attain the
objective of establishing a sustainable global environment, it is imperative for smart cities to effectively tackle
the challenge of constructing their infrastructure by incorporating state-of-the-art technologies that optimize
energy consumption and minimize adverse environmental consequences (Almihat et al., 2022).

The level of intelligence exhibited by an entity is derived from the collective intelligence of its individual
components. In the context of smart cities, it is imperative that the constituent buildings possess “smart”
capabilities. The establishment of "smart” and “sustainable” building is of utmost importance in addressing
the challenges posed by climate change and many environmental concerns. Throughout history, the
development of buildings has progressed from fundamental constructions to intricate structures that serve as
both shelters and spaces for the production of goods and services. The emergence of smart houses and smart
buildings has become a prominent area of research in the past decade from an academic perspective (i.e. Alam
et al., 2012; Aldrich, 2003; Ghosh, 2018; Radha, 2022). The concept of smart managed housing is closely
linked to the ideas of enhanced comfort, economic advantages, and, in contemporary times, decreased energy
usage (Kastner et al., 2005).

The energy crisis and limitations experienced throughout the 1970s brought attention to the significant energy
consumption associated with creating comfortable indoor environments in buildings. Consequently, this
renewed focus on climatic design and energy efficiency as crucial considerations. Architects and designers
have historically been required to incorporate considerations for the natural environment and local climatic
conditions into their designs. Additionally, this strategy has the potential to reduce environmental pollutants
and minimize energy use (Emekci, 2023). Subsequently, architectural design strategies had a resurgence in
favor (Du et al., 2020). Although technology is frequently associated with these strategies, there have been
instances where simple strategies have successfully accomplished this objective (i.e vernacular architecture).
This task necessitates the reintegration of architectural design at the forefront of discussions, ensuring its
alignment with smart technologies, and striving to enhance their influence.

Housing as “smart”

The “home” serves as the foundational entity whereby its inhabitants engage in the consumption of water and
energy, the generation of waste, and the pursuit of a safe and healthy environment, mobility, security, and
sustainable living (Ghosh, 2018). Therefore, prioritizing residential areas is a fundamental necessity for the
achievement of a prosperous Smart city. A home can be considered intelligent or "smart" when it actively and
efficiently contributes to the broader society. In the contemporary era of digital connectivity, smart homes are
frequently associated with internet-enabled, sensor-driven intelligent electro-physical appliances and
applications that regulate several facets of residential environments. In order to truly embody the concept of
being "Smart," smart homes must possess the capability to support the various elements associated with smart
cities. The table 1 presented below provides a visual representation of the architectural inputs required for
smart homes that support the facilities and services of a smart city.
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Table 1 Architectural Considerations for the Implementation of Smart Homes.

Components of Smart City [Architectural Contributions

(Features) (Examples, not limited to)
Adequate water supply Rainwater harvesting
Assured electnic supply Green building
Samtation & Sohd Waste FZonming planning for

redevelopment and
greenfield development

Mobility Space Planming

Affordable housing Design re-engineering, Eco-
friendly and low cost local
materials

IT connectivity Zoning for better line of
sight

Sustamable environment Green Zone, Green
Buildings

Safety CCTV gnds

Health Zoning, easy access to

buldings, cycling and
walking zones, parking

Source:(Ministry of Urban Development, 2015)

Based on the information presented in the Tablel, it is apparent that the integration of architectural planning
and technology can provide more ecologically favorable outcomes in relation to the ultimate product, despite
the prevailing belief that technology alone can accomplish many of these objectives. There has been a notable
increase in the utilization and implementation of passive design strategies, along with its associated concepts
and principles (Fadli, 2019). Many countries, regions, and governments have been motivated to develop their
own methods for labeling and evaluating building (i.e.Larsson, 1999; Zhu et al., 2013) . The predominant
emphasis of these standards and models lies in performance-oriented aspects, rather than prioritizing the
technology. According to Amato and Skelhorn (2014), a building constructed with passive strategies aims to
achieve a minimum of a 50% decrease in cooling load annually, while also reducing electrical energy and
water consumption. The building also seeks to decrease investment expenses by one-fifth. Furthermore, there
is a notable emphasis on the interplay between users and spaces, as well as the exploration of innovative
approaches to sustainability through the development of integrated smart systems.

Integrating Intelligence into Architectural Design

The development of a building project is guided by overarching criteria that govern its progression in
subsequent stages. Typically, these criteria encompass functional, economic, social, and temporal
considerations. In order to achieve sustainability and being “smart, a comprehensive design process that
beyond the standard method is required. Ensuring the high quality of design entails adopting an approach that
prioritizes building performance. This involves assembling an integrated and interdisciplinary project team
that collaboratively engages in integrated planning and meticulous project preparation to optimize performance
outcomes. Therefore, the design process holds significant importance as it is during this stage that the majority
of decisions impacting the performance of a building during its usage are made. Some criteria for this are listed
below.

e The design of space layout holds significant importance in architectural design, occurring at the initial
stages of "scheme design" and "design development" in the early part of the design process. The design
variables associated with space layouts encompass function allocation, space dimension, space form,
interior partition, and interior opening (Musau & Steemers, 2008; Yi, 2016). If space layouts are planned
within a flexible border, the dimensions, form, and orientation of the boundary can be altered accordingly
(Zawidzki et al., 2011). Table 2 shows design variable of space layouts.
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Table 2 Design variables

Design Variables of Space Layouts (with a Non-Fixed Boundary) Space Properties Envelope Design

Space layout design
(within a fixed boundary)

Functional requirements. Use of spaces « Thermal transmittance

« Boundary dimension
« Boundary form « Window area

« Orientation « Window location
« Function allocation « Sef-point temperature for heating « Occupancy, activity and schedule « Glazing type

« Space dimension « Set-point temperature for cooling « Internal gains from appliances and lighting « Shading type and effactivensss
« Space form « Lighting requirements (e.g., illuminance) « Opening state of windows and doors « Airtightness

« Interior partition « Ventilation requirement (e.g., air flow rate)
« Interior opening « Control types

Source: (Du et al., 2020)

The variables that were taken into account in assessing sustainability throughout the conceptual design phase

were those relating to energy consumption and being “smart”, as these factors were deemed to have a
significant influence on sustainability.

Smart architectural design is distinguished by its ability to provide an impartial assessment of the
functionalities of building facilities. Architecture has evolved into a platform for the collection, processing,
and examination of information. The intelligent design architecture is capable of monitoring and detecting
flaws or vulnerabilities in the construction of buildings, so ensuring the safety and comfort of the residents.
Reducing the total operating cost is advantageous due to the provision of dependable, real-time monitoring
or onsite tracking (Rashdan & Mhatre, 2019). Smart architectural design can be defined as the outcome of
employing strategies aimed at enhancing the adaptability of the structural compartments, with the objective
of reducing the number of designed compartments while however conforming to all necessary
specifications.

Spatial flexibility ensures the ability to make adjustments to spatial configurations and compositions in
accordance with the specific requirements and capabilities of inhabitants. The design philosophy promotes
the adaptability and flexible configurations of architectural structures, empowering people to exert greater
influence over spatial arrangements. Space is defined by its physical dimensions, its flexibility, and its
utilization. Houses primarily offer essential provisions such as protection from the elements, an area for
dining, a venue for socializing with others and communicating with loved ones, a space for mobility,
dressing, and unwinding. The fundamental components of effective design result in significant alterations
in physical environments, regardless of personal style preferences. Each space has the potential to be
designed with confidence and individuality. The initial step in creating a smart and aesthetically pleasing
room that reflects your personality and accommodates your family is to begin with space planning. This
involves determining the layout and organization of the room before proceeding with the addition of
furniture and decorative elements (Yi, 2016).

Smart interior design refers to a comprehensive approach that integrates various innovative and
technological solutions, such as digital materials, decorations, electronics, and sensors. The term "interior
design" originates from the practice of implementing decorative elements and arranging the interior space.
In order to improve living conditions, it is important to manage various functions such as ventilation,
lighting, temperature control, alarms, occupancy control, and social contact in an IP environment using a
mobile app on a PC. This allows for prompt response to residents' requests and the ability to make efficient
decisions that will create a clear, pleasant, productive, and healthy living environment (Brown et al., 2017).
Intelligent interior design offers effective and adaptable solutions to meet the diverse and complex needs
of occupants. It aims to identify the most efficient strategies for creating a pleasant, comfortable, and
enjoyable environment while also considering cost-effectiveness. Furthermore, the incorporation of
construction structures that employ interior design technology can enhance the occupants' experience by
addressing their needs and preferences. This can result in more intricate operations, improved comfort
levels, enhanced energy efficiency, and reduced costs, ultimately leading to a more efficient interior design
(Radha, 2022).
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Conclusion

The occurrence of climate change has led to a significant increase in average annual temperatures on our planet,
exceeding the initial projections as reported by NASA in 2023. The global community's response to sudden
climate change has been deemed suboptimal and ineffective. On the other hand, it is worth noting that there
are significant global challenges that have arisen, namely population growth, rapid urbanization, resource
overconsumption, and scarcities in water and energy sources (IPCC, 2023). The development of the Smart
City concept has been prompted by a multitude of significant global challenges that have unfolded during the
course of the last four decades. Some of the challenges that society currently faces encompass climate change,
the rapid process of urbanization, and the issue of unsustainable resource consumption, among various others.

The built environment plays a crucial role in influencing the overall quality of life and energy efficiency.
Hence, it is crucial for buildings to possess the capacity to not only integrate strategies that mitigate their
energy consumption, such as the incorporation of self-sustaining energy sources, but also enhance the overall
well-being and productivity of their occupants. The architectural potential for the development of energy-
efficient smart cities is extensive and characterized by a wide range of possibilities. Hence, it can be argued
that architectural designs play a pivotal role in shaping the progress of sustainable and intelligent urban
environments.

There is a significant focus on the interaction between architectural design and spaces, as well as the
investigation of novel strategies for sustainability through the creation of integrated smart systems. Re-
evaluation of architectural design variables with "smart" technologies, reconsidering the adaptability and
flexible configurations of architectural structures, driving “Smart Architectural Design”, and “Smart Interior
Design” keywords to the future academic studies, “Smartization” can be done starting from the architectural
design level.
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ABSTRACT

Starting from an already published tri-state step-up converter, a modified one is presented and treated which
overcomes the disadvantages of the original circuit. This new converter has no inrush-current, the original
converter, however, has, when connected to a stable DC supply (e.g. car batteries or a DC micro-grid buffered
by batteries or large capacitors), a large inrush current. The converter consists of two coupled windings, two
active switches, two diodes and a capacitor. In the stationary case the converter has three modes. During mode
M1 both active switches are turned on and energy is taken from the input voltage source. When the first switch
is turned off, the first diode turns on and the converter is in the idling mode (mode M2) and the flux in the coils
are constant. When the second switch is turned off too, the first diode turns off too and the second diode turns
on (mode M3). Now both windings are in series, and because the flux in the magnetic device must be steady,
the current through the first winding is reduced and the current through the second winding must be equal to
the one in the first winding. The differences between the original and the modified topologies are explained,
the steady-state is described and the large and the small signal models of the converter are derived. The transfer
functions are calculated and shown for an operating point. The start-up is analyzed. The investigations are
proved by LTSpice simulations. Other possible topological changes are also shown which improve the
efficiency of the converter.

Keywords: DC/DC converter, step-up converter, modelling, simulation, coupled coils

I. INTRODUCTION

A new tri-state Boost converter with coupled coils is presented in [1] and depicted in Fig. 1 and is the starting
point for this investigation. It is a modification of the well-known Boost converter, which is described in all the
textbooks on Power Electronics (e.g. [2-4]). Another concept to change the voltage transformation ratio of a
DC/DC converter which leads also to tri-state converters is described and applied to several converters in [5].
It should be mentioned that the voltage transformation ratio differs from the one treated here.

Making a literature review about tri-state converters one finds several topologies. The bidirectional noninverting
Buck-Boost converter can be used [6, 7, 8,]. When both low side switches are on, the converter coil is short
circuited and the third state occurs. [9] shows a topology with five switches and a pair of couple coils which can
work as a step-up-down converter.

The topology used in [1] without coupled coils can be found in [10, 11, 12]. A controller design is shown in
[13]. A tri-state Boost converter (but also without coupled coils) with a topology with little reduced forward-
losses is treated in [14, 15] and an extension with zero-voltage switching (ZVS) can be found in [16]. Another
ZVS concept is treated in [17]. In [18] the position of the zero is discussed and in [19] a controller design is
treated. An interesting topology for an inverting tri-state Buck-Boost converter is shown in [20]. The concept
[1] is a new converter topology, and in this paper another improvements and modifications are done.

A. Original converter

The circuit consists of two electronic switches S1 and S2, two diodes D1 and D2, two magnetically coupled
windings N1 and N2 and a capacitor. The input voltage U1 is applied to the converter on the left side, and on
the right side the output voltage U2 is connected to the load, here represented by the resistor R1. The converter
has three modes which follow one after another during a switching period. During mode M1 both active switches
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S1and S2 are turned on and the current through N1 increases. Mode M2 starts when S1 is turned off. Now the
current through N1 commutates into the diode D1 and free-wheels. When S2 is also turned off, the current
commutates into the second winding N2 and therefore D2 turns on and feeds energy to the output. When the
switching period is over, S1 and S2 are turned on again.

D2

N1 N2

s2

1177

—
Jerse
Ul — u2

Fig. 1. Original tri-state converter with coupled coils according to [1].

When the converter is applied to a stable input voltage (e.g. strong batteries or to a stable DC micro-grid), a
large inrush current occurs. The two windings N1 and N2 are in series and form the inductor L12. To get an
easy idea of the inrush current, the load R1 and all parasitic losses are omitted. The inrush current can be
described by

t

di 1.
Ul:LlZE+C_.[Idt. (1)

1%

To solve this differential-integral equation it is transformed by Laplace to

YU _ 11
s - Ly,sI(s) + C.s 1(s). 2

Rearranging to I(s) and back transformation leads to

. C, . 1
i=U; [—Lsin t|. (3)
iy, (canJ

=Up . (4)

The peak current is given by

The duration of this input peak is half of the period of the sinus wave (when the current reaches zero after a half
period, the diode D2 turns off)

Tin =74/CiLy, - (5)

Fig. 2 shows the inrush, when the active switches S1 and S2 are blocked.

rains2
ni N2 D2 out
igma2 » .
40p 40p D
.tran 20m \NE] KN1N21
thodeD2
s

52
c1 §R1
330p § 10

IPP16CN10L
in—4

PULSE(D 10 10 100n 100n 5u 10u)

E
¥ l:']E
1§

igmal

Vi

v2 c |:: s1
- sigma1——Jj—| PPPLECNI0L
v

PWL(0 0 10u 24)

PULSE(O 10 10 100n 100n 3.3u 10u)

Proceedings Book 263



ll. International Energy Days September 27, 2023

48V- 3 IN1) (N2) 36A
22 N =17A
-4V 1 3A

L] L]
Oms 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms 20ms

Fig. 2. Inrush: simulation circuit, (up tp down): inrush current (red) and output voltage (green).

The coupled windings form an inductor of 160 pH (keep in mind that the inductance is proportional to the
square of the number of turns). With the values of the components one gets

Inrush frequency fy = ! =693 Hz

277+/160e —6-330e —6

Duration of the inrush peak T, = % =722 ps

In

n C
Peak current v =U, C L —345A

ges

which are in good accordance with the simulation. The green line in Fig. 2 shows the output voltage. The
capacitor is first charged up to about double of the input voltage and then discharged by the load resistor. When
the voltage across the capacitor is lower than the input voltage, D2 turns on again and some damped ringing
occurs.

B. Modification of the converter according to Fig. 1

To avoid the inrush current a modification can be done. The capacitor C1 is not connected across the output,
but between the positive input and the output connectors. With this small change not only the inrush current is
avoided, but also the necessary voltage of the capacitor is reduced (which leads often to a cheaper capacitor).
Fig. 3 shows the topology of the converter. In the continuous mode this converter has again the three modes as
the original converter according to Fig. 1. Fig. 4 shows the simulation circuit and the inrush. The output voltage
reaches nearly the input voltage and the current supplies the load and some ringing occurs.

U2

~

Fig. 3. Modified tri-state Boost converter with coupled coils.
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Fig. 4. Modified tri-state Boost converter with coupled coils, (up to down): inrush current (red) through winding
N1, load current (turquoise); input voltage (blue), output voltage (green).

1. BASIC ANALYSES OF THE MODIFIED TRI-STATE BOOST CONVERTER

The basic analyses are done with ideal components, that means no parasitic resistors, no forward voltage across
the diodes and the transistors, and ideal switching of the semiconductor devices.

A. Voltage transformation ratio

During steady-state the voltage across an inductor or across a magnetic winding must be zero in the mean. This
characteristic can be used to achieve the voltage transformation ratio of the converter. The duty cycles of the
switches d1 and d2 are the on-times of the respected switches referred to the switching period. The voltage time
balance across N1

N,

U1d1:|U1‘U2|N1+N2(1‘d2)- (6)
leads to
U :d1(N1+N2)+(1—d2)N1U1’ d; <d,, )
1-d;)N;
d, N;+N
Ug=U,—L —1- 2 d,<d,. 8
@ 11_d2 N, 1 2 ( )
For N;=N,=N one gets
U, =220y, i<y, (9)
1-d,
d
Ue. =2—1-u,, d,<d,.
C 1-d 1s Y1 2 (10)

2

For d; >d, the converter works as a normal tapped inductor converter with the voltage time balance across N1
according to

N;

ud,=U,-U 1-d 11
12 |1 2|N1+N2( 2) ( )
and the output and the capacitor voltages according to
d,N, +N
u,=-2-2_1u,, 12
TNA-d) 4
d, N;+N,
=———-=U,. 13
g N U (13)
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For N;=N,=N one gets

1+d
U, = Zu,, 14
=g Y (14)
d,

Fig. 5 shows the voltage transformation ratio in dependence on the duty cycles for a converter with a winding
ratio of 1:1. The duty cycle of the second switch d> must be higher than di. The diagram shows the stationary
behavior. The curves show the duty cycle for d, as parameter and d; as variable. The duty cycle of switch S1 d;
must be lower than d,. One can notice that the graphs for the voltage transformation ratios with d as parameter
are linear! The nonlinear graph is the voltage transformation ratio of a Boost converter with coupled coils and
again with a winding ratio of 1:1.

—o1

6,00 —02
s 03
—04
—05
0.6

0.7

0.3

Boost with 1:1

Fig.5. Stationary voltage transformation ratio for N1=N2 in dependence on d1 with d2 as parameter.

B. Charge balance of the capacitor

The characteristic of a capacitor is the fact that the current through it is zero in the mean during steady-state.
Therefore, one can write

IRdzz(l_Nz,s—le(l—dz) (16)
and gets for the mean value of the current through N2 referred only to the off-time of S2
- I
Ings=—FR—. 17
N2,3 1— d2 ( )

The mean value of the current through N1 referred to the duration of M1 is

_tr Ni+Np (18)

Inig =

The current ripple of the current through N1 during M1 depends on the input voltage and the inductivity, which
is the A_-value of the used core multiplied by the square of the number of windings

Aly, = 20T Yl (19)
L fly
leading to a peak current of
/|\N1,l: e Ni+N, +Uldl (20)

1-d, N, 2fL,
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Fig. 6 shows a steady state. When both switches are on, the current through N1 increases. When only S2 is on,
the current is nearly constant (only the negative forward voltage of D1 and the very low on-voltage of the
MOSFET S2 (also negative) is across N1) leading to only a very slow reduction of the current.

1{C1)

1{N2)

] I{N1) -

Fig.6. Steady state (up to down): current through the capacitor (black); current through the second winding
(violet); current through the first winding (red), load current (brown); output voltage (green), input voltage
(blue), control signals for S2 (grey) and S1 (turquoise).

From Fig. 6 one can see that the coupled windings can be smaller. Fig. 7 and Fig. 8 show the steady state for
smaller windings (both have 7.7 uH). They depict the current through the source, the current through the
capacitor, the current through winding N1, the current through winding N2, the current through the diode D2,
and the current through the diode D1, and the voltages across the components.

1(V1)

NA

ol e ~
-20A I(C1)
i !\‘" r\"“‘
I(N1)
] ]
'/ | —
I(N2)
P M r——
i | |
I(D2)
r—— =
l | |
I(D1)

Fig. 7. Steady state (up to down):: current through the source (this current is negative because LTSpice counts
current and voltage across a component always in the same direction), current through the capacitor, current
through winding N1, current through winding N2, current through the diode D2, current through the diode D1.
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It should be mentioned that, as for most step-up converters, the circuit is not short- and open-circuit proved.
Fact is further that the coupled coils should have a low stray inductance to avoid over-voltages across the
switches. Therefore, a winding ratio of one to one, realized by a bifilar winding, is advantageous. When other
winding ratios are necessary, a recuperating turn-off snubber which feeds the energy, stored in the stray inductor,
back to the source or to the output (c.f. e.g. [21, 22]) should be used.

o V(in) V(out)
75
25V-
- V(DrainS2,DrainS1)
| h
V(drains1)
| I L
V(in,DrainS2)
V(DrainS2,CathodeD2)
!_—I — L
V(CathodeD2,0ut)
| |
I I—
V(Drain$1,in)
J J

Fig.8. Steady state, up to down: output voltage, input voltage; voltage across S2; voltage across S1; voltage
across N1; voltage across N2; voltage across D2; voltage across D1.

I1l. MODEL OF THE CONVERTER
The state variables are the flux connected to one turn and the voltage across the capacitor.

During M1 both active switches are on

dg _u  dugy (g +u)/Ry ' (21)

During M2 S1 is off, S2 is on and the current through N1 is free-wheeling through D1

4 _, ’ duc; _ —(ucy +u)/Ry _ (22)

The flux does not change and the load is supplied by the capacitor and the input source.

During M3 both active switches are turned off; the flux is now produced by both windings and the diode D2
transfers charge to the output. The state equations are now

%: —Uc1 duc, _ iN2 —(Uep +U) /R . (23)
dt N;+N, dt C,

The flux is linked with the current and the proportional factor between flux and current is the inductance. For a
given iron core with the value A_ (which depends on the air gap) one can write for the current

“Ng=Li i=N¢__No _ 4
w=Ng=Li,i= L ANE AN (24)

With
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S @
INl_INZ_—AL(Nl+N2) (25)

one can write for the second state equation in mode M3

duc; _ 1AL Ny +Np)]— (ues +uy) /R

(26)

Mode M1 must be weighted by d1, mode M3 must be weighted by (1-d2) and the discharge of the capacitor by
the load current is valid all the time. This leads to the large signal model

d( ¢ N,+N, | ¢ N,
dtlue ) 7| 1-d 1 H o (w)
dt\ucy 2 _ Ucy =
AL(Nl + NZ)Cl RC, 1
. (27)
Linearization leads to

A 0 —_— A
i ¢ |_ Ni+Ny | ¢ +
A 1-D 1 A

ot uci —20 -—= uci

A (N, +N,)C RC

AN (28)
Dig Uyp Ucio ui
“RC. AN AN [ d2

With abbreviations

A A u
dl ¢ |_ { 0 Ay } ¢ |, { By By B13} al (29)
dt| Ay Al By 0 Byjn

uci uci do
one can write for the Laplace transformed equation
s —A, 06 By B, Byl 2
|: 2 :|[ J+|: 11 12 13:| Dl(S) ) (30)
—Ay S— Ay [Uc(s) By 0 By D, (s)
2

With the help of Crammer’s law one can calculate the transfer functions (Fig. 9 till Fig. 14).
The denominator

is the same for all transfer functions. The numerators are different. The values used are C=330 pF, N1=N2=12,
AL=280nH, AFe=289 mm? U10=24V, UC10=28.8V, U20=52.8V, R=10Q, ®0=69 uVs, D10=0.3,
D20=0.5.

The numerator of the capacitor voltage in dependence on the duty cycle of switch S2 d2 GUCD?2 is

The zero is on the right side of the complex plane at

Proceedings Book 269



ll. International Energy Days September 27, 2023

Sy =— ApBys _ (1_ Dzopco ' (33)
B3 (N1+ Nz)q)o

A smaller flux shifts the zero to the right and reduces its influence! The transfer function describes a non-phase-
minimum system.

56dB: Miuc) 30°
48d e 0°
40d ’ \\ 30°
32d VIN -60°
24d . g -90°
16d v \\ 120°
8d| 3 \\ 150°
0d o =% 180°
s
-8d i Y 210°
-16d o 240°
LTS B
24d Vossabes 270°
-32dB- 300°
10Hz 100Hz 1KHz 10KHz 100KHz

Fig.9. Bode plot between capacitor voltage UC and duty cycle D2 (solid line: gain response, dotted line: phase
response).

The numerator of the capacitor voltage in dependence on the duty cycle of switch S1 d1 GUCDL1 is

The transfer function is a phase minimum system of second order.
60dB Yiuc) 40°
50d 20°
40dB T 0°
30d °, o -20°
20d : N -40°
10d o 60°
od 3 § -80°
-10d s & 100°
-20d + 120°
-30d % 140°
-40d ; NG 160°
-50d s e f=-180°
-60dB o--200°
10Hz 100Hz 1KHz 10KHz 100KHz

Fig. 10. Bode plot between capacitor voltage UC and duty cycle D1 (solid line: gain response, dotted line: phase
response).

The numerator of the capacitor voltage in dependence on the input voltage GUCUL is
Num_UcU; = Bys+ Ay By . (35)

The transfer function is now a non-phase minimum system of second order (Fig. 11). The influence of the right
half plane zero is low (the frequency of the zero is at about 3.1 kHz).

30dB V) 30°
20d vy 0°
10d A - -30°
od % - -60°
-10d 4N ; - 9
-20d S ™ 120
_30d : N L150°
W L 180°

-40di AP gy 210
_50d TN L 5400
-60dB~ oo eofor0e
-70dB 300°

10Hz 100Hz 1KHz 10KHz 100KHz

Fig. 11. Bode plot between capacitor voltage UC and the input voltage U1 (solid line: gain response, dotted line:
phase response).
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To control the output voltage one will choose a constant duty cycle d. and control the converter with the duty
cycle di. A phase-minimum system is easier to control than a non-phase-minimum system (the positive zero

leads to an additional phase shift of -90 degrees).
The numerator of the flux in dependence on the duty cycle of switch S2 d> GPHID2 is

This transfer function (Fig. 12) has a zero on the left side at

_ (1_D20)q30 +Uco
A (N, +N,)C  RC
N = : (36)
UCO _U10

V(phi) 60°

0dB
-20dB~
-40dB=4+
-60dB=

-80dB---t

-100dB~

Rt m — Yo T bt R TR
Fig. 12. Bode plot between flux PHI and duty cycle D2 and flux density and duty cycle D2 (red) (solid line: gain
response, dotted line: phase response).

The numerator of the flux in dependence on the duty cycle of switch S1 GPHID1 is

Num_ PHID; = By,s — Ay,B,, . (37)

One can calculate the position of the zero according to

AxBiy 1
Sy = —==~% = =——, 38
N B, Ay RC (38)

In this graph (Fig. 13) not only the flux is shown, but also the flux density

3048 V(phi)/276e-6 V(phi) 140°
10d N % 100°
o T—
-10d Gemeantitte, T— 60°
..,.0 . P—
-30dB=]ie0btt s L 20°
L] P 8Y
-50d| s -20°
o Ny
-70d| UM -60°
— “ \___.
00dBd L Toeeeeeads 4 1000
-110dE Tev rp-140°
10Hz 100Hz 1KHz 10KHz 100KHz

Fig. 13. Bode plot between flux PHI and duty cycle D2 (blue) and flux density and duty cycle D2 (red) (solid
line: gain response, dotted line: phase response).

The numerator of the flux in dependence on the input voltage GPHIUL is

Num_ PHIU; = B;;s+ A»By — AyBy; . (39)
The zero is again on the left side.
S = AzBu — AipBay __ 14 Ny 1-Dy |. (40)
N B RC,|” Ny+N, Dy
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V(phi) V(b)
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150dB- L i S N I S L .. PPN
10Hz 100Hz 1KHz 10KHz 100KHz

Fig. 14. Bode plot between flux PHI (blue) and flux density (red) (solid line: gain response, dotted line: phase
response).

IV. SIMULATIONS

A comparison of the input current of the tri-state Boost and the modified tri-state Boost with coupled coils are
shown in Fig. 15.

Ay m

124 / 10

£ /. o
/ M~ / I~

~

-------

Fig. 15. Input current: left: converter according to Fig. 1, right: converter according to Fig. 3.
The soft-start and the reaction of changes of the duty cycle are shown in Fig. 16. The duty cycles for the two

switches are increased slowly during start-up to achieve a soft-start and no current overshot occurs. The reaction
of the currents through the windings and of the output voltage can be seen for steps of the duty cycle d;.

Vidi) i i _V(d2)

T T T T T T T T T
oms 8ms 16ms  24ms  32ms  40ms  48ms  56ms  64ms  72ms  80ms

Fig. 16. Start-up and duty cycle steps, up to down: duty cycle of switch S2 (black), duty cycle of switch S1
(turquoise); current through N2 (violet); current through N1 (red); output voltage (green), input voltage (blue).

V. OTHER MODIFICATIONS TO GET A MODIFIED TRI-STATE BOOST CONVERTER WITH COUPLED COILS
A. Replacement of diode D1

To reduce the losses during the short circuit of N1, a current bidirectional active switch can replace the diode
D1 (Fig. 17). This switch S3 is turned on, when switch S1 is turned off. If it is turned on later, the parallel diode
(in case of a MOSFET the body diode) turns on and the current can free-wheel.
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Fig. 17. Tri-state Boost converter with coupled coils with replaced diode D1 by a current bidirectional active
switch S3.

B. Replacement of diode D2

To reduce the onward losses of the converter, diode D2 can also be replaced by a current bidirectional switch
S4 (Fig. 18). S4 is turned on, when S2 is turned off. To avoid a short circuit, a small dead-time between the turn
off of S2 and the turn-on of S4 is used. In the case when both diodes are replaced by current bidirectional
switches, the converter is now bidirectional and energy can be transferred from the input side to the output side
and also the other way around.

When working from the output to the input side S4, S2 and S1 are turned on to magnetize N2. When S4 is
turned off, the current through N2 commutates into N1 and energy is transferred into the input source or free-
wheels through S3, when this switch is turned on. Another way to control the circuit during back operation is
when S1 and S2 are off. When S4 is turned on, both windings get magnetized. When S4 turns off, the current
commutates from N2 also into N1, energy is fed back and the circuit is closed by the body diodes of S1 and S2
(which can be turned on to reduce losses). A third mode can be achieved by turning on S3.

Cl
I
N1 N2 sS4
J"* S2
'—
S3
107 Sra
LI ]
IJ"" S1
Ul [ U2
v v
~

Fig. 18. Tri-state Boost converter with coupled coils, replaced diodes by current bidirectional active switches.

C. Cascaded converter

When higher output voltages are to be produced, converters can be connected in series. Fig. 19 shows two
modified tri-state converters in series (with diodes, but naturally they can be replaced by active switches).
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- TWT ..1

Fig. 19. Cascaded tri-state modified Boost converters with coupled coils.

1(N4) I(R1)

I(N2)

V(out1) V(in) V(sigma1) V(sigma2)+5

150Vey

50
0!

Ops 2us dus 6ps 8ps 10ps  12ps  1dps  16ps  18ps

Fig. 20. Cascaded tri-state modified Boost converters with coupled coils in steady-state, (up to down): current
through N4 (dark green), load current (dark blue); current through N3 (grey); current through N2 (violet);
current through N1 (red); output voltage (green), output of stage 1 (turquoise), input voltage (blue), control
signal for S2 (dark violet), control signal for S1 (brown).

Fig. 20 shows the cascaded converter in the steady state. The currents through the four windings are drawn in
the same scale. Furthermore, the output voltage, the input voltage and the control signals of the switches S1 and
S2 are depicted. In the simulation the two switches of the second stage are driven by the same signals.

D. Little change in the topolgy variant |

To reduce the on-losses the position of S2 and D1 can be changed (Fig. 21). Now current is flowing only through
S1 during mode M1 and not through both active switches.

a
Iﬂ T
I

J_Sl §R1

U1 = u2

%

Fig. 21. Modification of the topogy variant I.
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Diode D1 and the second switch S2 are in series and in parallel to the winding N1. This reduces the losses
during M1. S2 can be turned on during the on-time of S1, but the current through it starts only after S1 is turned
off.

Fig. 22 show the input current, the current through the second winding, the current through the first winding,
the output voltage, the input voltage, the control signal for S2, and the control signal for S1 in steady-state.

-I(V1)

I(N2)

I(N1)

V(in) V{sigma1) V(sigma2)+5

Fig. 22. Variant | according Fig. 21 (up to down): input current (brown); current through the second winding
(violet); current through the first winding (red); output voltage (green), input voltage (blue), control signal for
S2 (black), control signal for S1 (turquoise).

E. Little change in the topolgy variant Il

The diode D1 is replaced by a third active switch S3 which is anti-serial to the switch S2. Both can be turned
on and off together, so only one high side driver is necessary. Transistors with low onward resistor have lower
losses than the diode. Therefore, the efficiency of the converter can be improved. The switches which make the
short circuit of N1 must not be turned on, when the main switch S1 is on! The circuit diagram is shown in
Fig. 23.

$3 . s2

. Skt
s1
U1 J'<=' u2

V

Fig. 23. Modification of the topogy variant I1.

Fig. 24 shows the input current, the current through the second winding, the current through the first winding,
the output voltage, the input voltage, the control signal for S2, and the control signal for S1 in steady-state.
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Fig. 24. Variant Il according Fig. 23 (up to down): input current (brown); current through the second winding
(violet); current through the first winding (red); output voltage (green), input voltage (blue), control signal for
S2 (black), control signal for S1 (turquoise)

VI. CONCLUSIONS

The modified Boost converter with coupled inductors has several interesting features:
» No inrush current, when applied to a stable input voltage source

 Additional degree of freedom in the voltage transformation ratio

» Reduced voltage stress across the capacitor

» Linearized voltage transformation ratio

* Phase minimum system for constant duty cycle of the second switch

+ Continuous input current

» High step-up ratios possible

Some interesting modifications of the converter are shown. The converter is especially useful for driving loads
which need a higher supply voltage in DC micro grids or in cars (electro mobility).
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IMPLEMENTATION AND TESTING OF A SOLAR DECLINATORWITH WATER
PREHEATING
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ABSTRACT

The primary aim of this study was to develop a novel approach for obtaining drinking water in arid regions
that are severely affected by droughts, by utilising brackish water sourced from pre-existing wells. The study
focused on developing an active solar desalination unit, which aimed to preheat water using a flat solar
collector, and subsequently perform boiling desalination through an evaporation and condensation chamber.

A prototype active solar desalination unit was constructed, utilising Ferro-cement and masonry collector to
desalinate brackish water. The unit composed of a flat solar collector, which is used to preheat water, and an
evaporation and condensation chamber, which perform the boiling desalination process. Upon conducting
several tests, it was observed that the unit produced an average of 3.3 litres of desalinated water per square
metre on a daily basis.
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ELECTRIC VEHICLE CHARGER BASED ON PID CONTROLLER
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(ISASTM), Department of Physics, Polydisciplinary Faculty (FPBM), Sultan Moulay Slimane University (USMS), Beni-Mellal,
Morocco

ABSTRACT

As the usage of electric vehicles (EVs) continues to rise worldwide, the proliferation of EV chargers is
becoming increasingly common. The interaction between vehicle-to-grid (V2G) and grid-to-vehicle (G2V)
presents complex challenges within the realm of the Smart Grid. Precise management of power exchange
between EVs and the grid is essential to effectively regulate the quality of the Smart Grid's power supply. The
integration of vehicle-to-grid technology necessitates the use of specialized electric vehicle battery chargers
that enable bidirectional power transfer between the power grid and the EV battery.

In light of these considerations, this paper introduces a novel control strategy for bidirectional battery chargers.
This proposed control strategy enables both the charging and discharging of electric vehicle batteries in
Constant Current (CC) and Constant VVoltage (CV) modes. The charging process involves drawing power from
the grid via a bidirectional AC-DC inverter and a cascaded DC-DC converter. The inverter's operations are
governed by a PID controller, generating Sinusoidal Pulse Width Modulation (SPWM) for charging and
discharging operations. Additionally, the converter is regulated to charge the battery with a specified current
reference, employing another PID controller. By utilizing current and State of Charge (SOC) references, the
battery charging process ensures that the SOC can be accurately adjusted according to the user's preferences.
this process has been simulated in MATLAB-Simulink.

Keywords: PID controller; AC-DC Inverter, DC-DC converter. MATLAB-Simulink, Vehicle-to-Grid, Grid-
to-Vehicle.
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ABSTRACT

In a hybrid renewable energy system leveraging photovoltaic technology, batteries play a pivotal role as energy
storage. This system operates under two distinct scenarios: stable conditions, where the photovoltaic (PV)
system generates energy, and unstable conditions, where energy is simultaneously generated by both the PV
system and the batteries. This paper proposes the design of a charging circuit for lithium-ion batteries, tailored
to maintain the maximum power point (MPP) across a range of variable solar radiation levels spanning 0 to
1000 W/m2, while operating at a consistent temperature of 25°C. The control of the converter is achieved
through the utilization of Artificial Neural Network (ANN) and Perturb and Observe (P&O) techniques,
ensuring precise regulation of the output voltage from the solar panels to match the battery's nominal voltage.
To validate the proposed approach, a simulation-based investigation was conducted using the
MATLAB/Simulink toolset.

Keywords: ANN controller; P&O algorithm; DC-DC converter. MATLAB-Simulink.
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ANALYSIS OF REDUCED SWITCH MULTILEVEL INVERTERS FOR ELECTRIC VEHICLE
APPLICATIONS
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ABSTRACT

The efficient and compact design of multilevel inverters (MLI) serves as a driving force across various
applications, notably in solar photovoltaic (PV) systems and electric vehicles (EVs). Multilevel inverters have
garnered increasing attention as they strive to meet specific requirements and offer an attractive alternative for
delivering high-quality power. They present a range of advantages, including a reduced device count, operation
at lower switching frequencies, decreased dv/dt stress, and lower harmonic distortions. Recent advancements
in multilevel inverter topologies have led to designs with fewer components compared to conventional
inverters like the flying capacitor type (FC), cascaded H-bridge type (CHB), and neutral point clamped type
(NPC). The number of components in the circuit is directly linked to the number of levels in the multilevel
inverter, which can increase both cost and structural complexity. In the case of FC MLI and NPC MLI,
maintaining capacitor voltage balance presents a formidable challenge, limiting them to five levels and
preventing further cascading. This limitation results in an output voltage that is only half of the input voltage,
leading to higher switching frequencies and increased losses. To address these issues, a wide range of research
efforts has been dedicated to reducing the component count in multilevel inverters, resulting in the proposal of
various topologies tailored to different levels, each with its unique set of challenges. In this study, a novel
multilevel inverter architecture utilizing a switched capacitor approach is presented. The proposed
configuration is distinguished by its simplicity and ease of implementation, especially for higher-level
applications. A key advantage is the reduced number of active switches, resulting in a corresponding reduction
in driver circuitry. This reduction translates into cost savings, reduced device count, and a smaller overall MLI
footprint. In the context of solar energy systems, the integration of solar panels, alongside a perturb and observe
(P&O) algorithm, ensures a stable DC voltage. Furthermore, a single input and multi-output converter is
employed to boost the DC link voltage. A comprehensive comparative analysis is conducted, encompassing
parameters such as switch count, gate driver boards, source count, diode and capacitor quantities, and overall
component count. For the proposed MLI configurations, simulation results are meticulously aligned with
experimental data. The total harmonic distortion (THD) consistently remains below 5%, conforming to IEEE
standards. To corroborate our findings, we have implemented a hardware prototype in our laboratory,
subjecting it to dynamic load variations, while the simulations have been executed using MATLAB/Simulink.

Keywords: Multilevel Inverter, Reduced switch count, Symmetrical, Asymmetrical, Photovoltaic, P&O
algorithm, THD

www.iensci.org 282



ll. International Energy Days
September 27", 2023 / Sivas-Tirkiye
Sivas Cumhuriyet University

2 ™
So'al ¥ A 7,
10 N E
1 ITH ; :
Z S
’o"’a S . v N
Foreniinu OTAN

AN ENSEMBLE HARD VOTING MODEL FOR ELECTRICAL FAULT DETECTION

Oguzhan KATAR

Research Assistant, Firat University, Faculty of Technology, Department of Software Engineering, Elazig-TUrkiye
(Responsible Author) ORCID: 0000-0002-5628-3543

Ozal YILDIRIM

Assoc. Prof., Firat University, Faculty of Engineering, Department of Artificial Intelligence and Data Engineering, Elazig-Turkiye
ORCID: 0000-0001-5375-3012

ABSTRACT

Electrical faults are abnormalities or malfunctions in an electrical system that can disrupt its normal operation.
They can be caused by factors such as overloading circuits or equipment, insulation breakdown, short circuits,
loose connections, and equipment failure, leading to potential electrical hazards or system failures. While
methods such as visual inspections, using multimeters, and thermography have traditionally been employed to
identify abnormal temperature patterns and detect these faults. Manual detection can be challenging due to the
need for trained personnel, time-consuming inspections, and the potential for human error. This makes it less
reliable for large or complex electrical systems. However, machine learning methods offer the advantage of
automating the detection of electrical faults by analyzing vast amounts of data, identifying subtle patterns
indicative of faults. This paper proposes an ensemble hard voting model designed for the automatic detection
of electrical faults. This ensemble model incorporates five distinct machine learning classifiers: decision tree
(DT), random forest (RF), support vector machine (SVM), logistic regression (LR), and K-nearest neighbors
(KNN). The ensemble model's final output is determined through the implementation of a hard voting strategy
on the predictions generated by each individual model. To validate the effectiveness of our proposed ensemble
model, we conducted experiments on a publicly available dataset comprising 12,001 samples of current and
voltage values from a 3-phase system. Our training phase utilizes 80% of the dataset, with the remaining 20%
reserved for testing. Our experimental results demonstrate that the proposed ensemble model attains an
impressive accuracy rate of 99.75%, with just six misclassifications observed in the test data. The proposed
model has the potential to be an efficient tool for the detection of electrical faults due to its high accuracy and
low cost.

Keywords: electrical faults, ensemble model, hard voting, automatic detection, machine learning.

Introduction

An electrical fault refers to any anomaly or malfunction in an electrical circuit or system that can disrupt its
normal operation and potentially result in equipment damage, power outages, or safety hazards (Furse et al.,
2020). Electrical faults can arise from various causes and are generally classified into two primary categories:
symmetric faults and asymmetric faults (Rivas & Abrao, 2020).

Symmetric faults occur when the fault current is equally distributed across all three phases of a three-phase
electrical system. These faults typically result from a short circuit between conductors or a ground fault where
the fault current is uniformly distributed among the phases (Raj & Bhattacharjee, 2020). Symmetric faults are
generally easier to analyze and remediate because the fault currents are evenly distributed across all phases,
making it simpler to predict the behavior of the electrical system during the fault condition.

Conversely, asymmetric faults, also referred to as unbalanced faults, occur when the fault current is unevenly
distributed across different phases of a three-phase electrical system. These faults often result from irregular
or asymmetrical conditions within the electrical system (Tu’uau et al., 2020). Asymmetric faults can be more
challenging to analyze and may lead to unpredictable system behavior. They are also more difficult to diagnose
and remediate because they create unbalanced conditions in the electrical system, which can result in voltage
imbalances, increased stress on equipment, and potential damage to the system.
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Electrical faults are generally detected by experts through a combination of visual inspections, testing
equipment, and expertise. These experts perform visual inspections of electrical components and wiring to
identify signs of wear, damage, or overheating, such as discolored insulation or burnt connections (Rajawat et
al., 2022). They also use a variety of testing tools, including multimeters and circuit testers, to measure voltage,
current, and resistance at various points in the electrical system to pinpoint abnormalities. In addition, experts
perform insulation resistance tests to identify potential insulation breakdowns. This process relies on the
experience and knowledge of specialists to recognize irregularities and diagnose electrical faults accurately,
ensuring the safety and reliability of electrical systems (Yao et al., 2021).

However, machine learning methods have the potential to detect electrical faults more effectively than
traditional methods (Alimi et al., 2020). This is because machine learning algorithms can analyze vast amounts
of data from sensors and historical records to identify patterns indicative of faults, even in complex and hidden
issues. Machine learning models can detect faults by training on labeled datasets containing examples of both
normal and faulty electrical behavior. They can then classify new data based on these learned patterns.
Additionally, machine learning can continuously monitor electrical systems in real-time, providing early
detection and predictive maintenance capabilities, thus reducing downtime and improving safety.

Electrical fault detection using machine learning-based ensemble methods is a subject of considerable research
interest, yet the number of studies utilizing such methods is limited. In this study, we propose an ensemble
hard voting model for the automatic detection of electrical faults. The model incorporates five distinct machine
learning classifiers: decision tree (DT), random forest (RF), support vector machine (SVM), logistic regression
(LR), and K-nearest neighbors (KNN). The predictions generated by each individual model are aggregated
through a hard voting strategy, resulting in a more accurate and robust final output.

The primary contributions of this study are as follows:
e A system that detects the presence of electrical faults without the need for expensive hardware is presented.

e The use of a hard voting strategy enhances the accuracy and robustness of the model by combining the
individual predictions of multiple classifiers.

e Our research expands the application of ensemble methods in the field of electrical fault detection,
providing a versatile framework that can be adapted for various electrical systems.

Materials and Methods

In this paper, we propose an ensemble model that is specifically designed for the automatic detection of
electrical faults. The proposed model utilizes both current and voltage measurements as input, and employs a
combination of five distinct machine learning classifiers to predict the presence or absence of electrical faults.
These classifiers include DT, RF, SVM, LR, and KNN. The predictions generated by each classifier are
subsequently combined through a hard voting strategy, resulting in a final output that is both accurate and
reliable. Figure 1 depicts the block diagram of the proposed method.

O DT—> Fault

—> la
3 Currents — Ib O RF » Fault
Power S o Faul
ower System va > O SVM —>» Fault — Fault
—>» Voltages ——>» Vb O IR Fault
—>» Ve
© KNN —>» No Fault
Inputs Classifiers Output

Figure 1. The proposed hard voting method
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Dataset

In this study, a public dataset containing 12,001 samples was utilized (Electrical Fault Detection and
Classification, 2021). The dataset was obtained from a power system modeled in the MATLAB environment.
The dataset comprises of 6 distinct classes, namely:

1. Line-Line (LL) Fault

2. Line-Ground (LG) Fault

3. Line-Line-Ground (LLG) Fault

4. Line-Line-Line-Ground (LLLG) Fault
5. Line-Line-Line (LLL) Fault

6. No Fault

In this study, the focus was solely on detecting the presence or absence of electrical faults, leading to the
consolidation of five fault classes into a single class. The class-based distribution of the organized dataset is
presented in Figure 2. The dataset comprises of 7 columns in total, with 6 of them being numerical
characteristics, namely la, Ib, Ic, Va, Vb and Vc. The remaining column is a label value (0 or 1) indicating the
presence or absence of a fault.

8000
7000
6000
5000
4000
3000 [~
2000
1000

0

6505

Fault No Fault

Figure 2. Distribution of dataset samples

Hard Voting Ensemble Model

An efficacious voting ensemble model, which utilizes multiple individual classifiers to arrive at a definitive
decision, has been implemented in this investigation. Each classifier in the ensemble submits its prediction,
and the most populous vote among them determines the ultimate output. The classifiers incorporated in this
study can be summarized as follows:

e DT partition data into subsets based on feature conditions, forming a tree-like structure, and make
predictions by traversing the tree (Zenga & Colapinto, 2023).

o RF combines multiple DT to reduce overfitting and improve generalization by constructing a forest of trees
and aggregating their predictions through majority voting (Fawagreh et al., 2014).

e SVM aim to find the hyperplane that best separates different classes in the data, and are particularly
effective in high-dimensional spaces (Erfani et al., 2016).

o LR models the probability of a data point belonging to a particular class using a logistic function, and can
handle both numerical and categorical features (Maalouf, 2011).

¢ KNN is a non-parametric classification algorithm that assigns a data point to the class most common among
its K nearest neighbors in the feature space (Peterson, 2009).
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Performance Evaluation

Evaluating the performance of our ensemble model requires a thorough examination using multiple metrics
and the confusion matrix. This matrix provides an in-depth analysis of true positives (TP), true negatives (TN),
false positives (FP), and false negatives (FN). The standard structure of a two-class confusion matrix is
presented in Figure 3.

Predicted Class
No Fault Fault
E
v B TN FP
s 2
9
S
]
S =
= 3 FN TP
(S

Figure 3. Two-class structure of the confusion matrix

Various performance metrics are calculated using the confusion matrix elements. These metrics and their
mathematical equations are given in Table 1.

Table 1. Performance evaluation metrics

Measures Description Equation
Accuracy Accuracy is the ratio of correctly classified instances to the total TP+ TN
(Acc) number of instances. TP+FP +FN+TN
. Precision measures the proportion of correctly predicted positive TP
Precision (Pre) . . - 2.
instances out of all instances predicted to be positive. TP+ FP
Recall measures the proportion of correctly predicted positive TP
Recall (Rec) . A
instances out of all actual positive instances. TP +FN
. . .. 2 « (Pre * Rec)
F-1 Score The F1 score is the harmonic mean of precision and recall. —_
(Pre + Rec)

Experimental Results

The proposed ensemble hard voting model was trained using 80% of the dataset samples, utilizing the default
hyper-parameters of the classifiers. The training processes were carried out in the Python 3.10.11 version
within the Google Colab environment. Subsequently, the model was tested using unseen test data, and the
predictions made by the model were recorded. The confusion matrix of the predictions is presented in Figure
4.
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Hard Voting Model

Figure 4. Test phase results

The proposed model demonstrated an impressive level of accuracy by achieving a 99.75% accuracy rate on
the test data, with only 6 misclassifications out of 2401 instances. However, the model experienced difficulty
in certain instances, specifically when predicting "no fault" when the actual class was "fault". The performance
rates of the proposed model in the test phase are given in Figure 5.

99.75%
Accuracy

99.77%
F-1 Score

99.92%
Precision

Recall
99.62%

Figure 5. The performance rates of the test predictions

Conclusions

Our study has demonstrated the potential of machine learning techniques in automating the detection of
electrical faults within complex systems. Electrical faults pose significant risks to both equipment and
personnel, making their early detection and mitigation crucial. Traditional methods of fault detection, while
effective to some extent, have limitations in terms of scalability, reliability, and time efficiency. The ensemble
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hard voting model we proposed in this study, combining five machine learning classifiers (Decision Tree,
Random Forest, Support Vector Machine, Logistic Regression, and K-Nearest Neighbors), has proven to be
highly effective. Our experiments on a dataset of 12,001 samples of current and voltage values from a 3-phase
system revealed an outstanding accuracy rate of 99.75%. The model exhibited remarkable performance, with
only six misclassifications in the test data. These results indicate that our ensemble model has the potential to
significantly improve the efficiency and accuracy of electrical fault detection in various settings, from
industrial complexes to residential electrical systems. Its automation capabilities not only reduce the reliance
on manual inspections but also enhance the overall safety and reliability of electrical systems.
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OZET

Modern giig sistemlerinde elektrigin iretiminden konutlara iletimine kadar olan siiregte siirekliligin saglanmasi
esastir. Genel olarak elektrigin iiretimi, iletimi ve dagitimi simetrik bir yapiya sahiptir. Ug fazli sistemlerde
iletkenler arasindaki gerilim ile her bir fazdan gecen akim mutlak deger olarak esittir. Tek fazli yiikler {i¢ fazin
her birine esit olarak dagitilir. Ancak ii¢ fazli simetrik kisa devre olusumu diginda, elektrik sisteminde dengesiz
yiikler veya iletken degerler, iletken ve toprak gibi arizalar, iletkenlerin kendi aralarinda kisa devre olugmasi,
faz iletkenlerinin simetrik olmayan akimlar akmasi gibi nedenlerle elektrik sisteminde farkli biiyiikliikte
gerilimler. Sonug olarak enerji sabit, kesintisiz veya ayni frekansta olamaz. Bu istenmeyen senaryonun éniine
gecebilmek icin elektrik gili¢ sistemlerinin nominal ¢alisma kosullarinin ve arizalariin iyi anlasilmasi
gerekmektedir. Enerji sistemi modellerinin anlagilmasini kolaylastirmak igin bilgisayar arayiizlerini kullanir.

Bu motivasyonla ¢aligsma, gii¢ sistemlerinde elektrik ariza tespitinin makine 6grenmesi ile siniflandirilmasini
amaglamaktadir. Pilot bolge i¢in enerji sisteminin modeli bir grup aragtirmaci tarafindan MATLAB/Simulink
platformunda olusturulmus ve veri seti internette kullanima sunulmustur. Bu modelle elde edilen veri seti bu
calismaya dayanmaktadir. Makine 6grenimi, bir bilgisayarin dogrudan talimatlar olmadan Ggrenmesine
yardimci olmak i¢in matematiksel modelleri kullanma siirecidir. Yapay sinir aglar1 yontemi makine 6grenmesi
kapsaminda yer alan bir yontemdir. Yapay sinir aglari, dogrusal olmayan ve karmagik girdi ve ¢ikt1 verileri
arasindaki iligkileri 6grenme ve modelleme yetenegine sahiptir. Bu nedenle bu ¢alismada yapay sinir aglari
yontemi tercih edilmistir. Hat akimlar1 ve gerilimleri, ¢esitli ariza senaryolar1 ve bir arizanin gergekten
meydana gelip gelmedigi icin veri setine dahil edilir. Calismada 6rnek modelden elde edilen veri setleri ile bir
arizanin olup olmadig1 yapay sinir ag1 yontemiyle tespit edilmistir. Simiilasyon tabanli veri seti egitim ve test
olmak {izere iki sete ayrilmistir. Agimiz egitim veri seti kullanilarak egitildi ve test seti performansini
degerlendirmek i¢in kullanildi. Sonuglar gesitli kriterler 15181inda gdzden gegirildi ve en az hata igeren sonuglar
degerlendirildi. Gézlem sonucunun diisiik ¢ikmasi durumunda farkli mimariler denenerek en basarilit model
belirlendi.

Anahtar Kelimeler: Gii¢ Sistemi, Ariza Tespiti; Siniflandirma, Makine Ogrenmesi

1. Giris

fletim hatti, gii¢ sisteminin en 6nemli pargasidir. Giig gerekliligi ve bagliligi modern ¢agda katlanarak
artmaktadir. Bir iletim hattinin 6ne ¢ikan roli, elektrik enerjisini kaynak bdlgeden dagitim sebekesine
iletmesidir. Elektrik gii¢ sistemi, ¢cok sayida etkilesimli 6geden kaynakli olarak bozulmaya veya arizalanmaya
egilimli bir dinamik yapidir. Yiiksek kapasiteli elektrik iiretim santrallerinde ve sebekelerde, stabil kalabilmek
i¢in miimkiin olan en kisa siirede arizanin tespiti ve koruma ekipmanlarinin ¢alistirilmasi gerekmektedir.

Elektrik gii¢ sisteminin iletim hatlarindaki arizalarinin 6ncelikle tespit edilip dogru siniflandirilmasi ve
miimkiin olan en kisa siirede sorunun giderilmesi gerekmektedir. Bu agamada iletim hattinda ariza tespiti ve
kontrolii ise isleme alinan oncelikli is paketi olarak karsimiza ¢ikar. Arizalarin kisa devreden kaynakli veya
yildirim, deprem gibi doga olaylarindan kaynakli oldugu kayitlardan goriilmektedir. Olusabilecek arizalarin
onceden tespit edilmesi veya tespit edildigi gibi olaya miidahale edilmesi; enerji iletiminin kesintisiz olarak
stirdiiriilebilirligini artirmakla birlikte, olusabilecek maddi sikintilarin 6niine gecebilecektir. Arizalarin ilk
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asamada tespiti, s6z konusu sikintilarin hizli miidahalesine olanak saglayacaktir. Bu motivasyonla, bu
calismada elektrik arizalarinin tespiti amaglanmis olup, arastirmacilarin erisimine agik olan bir veri seti
iizerinden farkli siniflandirma yaklagimlart ile basarim performanslart degerlendirilmistir. Siniflandirma
amagli kullanilan makine 6grenmesi yontemlerinin basarili olabilmesi, ancak sistemin dengesiz bir durumda
olmast ile miimkiindiir ki bu durum simetrik ve asimetrik kategori olarak adlandirilir. Cogunlukla iletim
hattinda asimetrik arizalar meydana gelir; L-G Arizas1 (tekli hat toprak arizasi) ve L-L Arnizasi (Hat Hat
arizasi). Bu ¢alismada ar1za var / yok olacak sekilde bir siniflandirma yapilmis olup, ariza tespiti icin kullanilan
siiflandirma yontemi olarak farkli makine 6grenmesi yaklagimlari kullanilmistir. (Janarthanam K, Kamalesh
P et all, 2022).

2. Literatiir Calismalar:

[letim hatlarindaki gii¢ kalitesinin artirilmasi; hatanin tespiti ve siniflandirilmas ile iliskilidir. Bu minvalde
(N. A. M. Leh, F. M. Zain, Z. Muhammad et all., 2022). ¢alismasinda, yapay sinir aglar1 kullanilarak, gii¢
kalitesi iyilestirilmis ve iletim hatlarinda gériilen soru ¢dziime kavusturulmustur. Oncelikle empedans teknigi
ile hata olusturulmus ve ¢esitli uyarimlar (stimulation) ile akim/gerilimler Ol¢iilmustiir. Caligmada, ileri
besleme geri yayilim algoritmasi kullanilarak iletim arizalariin tespiti ve siiflandirilmasi gergeklenmistir.
Tespit ve smiflandirma performansinda %100 dogruluk oram ile ariza tespit islemi gergeklenmis ve
siniflandirma performansinin ise %70 oldugu goriilmiistiir.

Diger bir ¢alismada, elektrik iletim sisteminden alinan gercek ariza kayitlari dncelikle tasarlanan filtreden
gegirilmis ve ardindan ayrik dalgacik enerjisi hesaplanmistir. Elde edilen veriler yapay sinir agi ile ariza tespiti
yapilmistir. Farklt 6rnekleme frekanslari ile elde edilen verilerin basar1 performanslarinin [%92 %94]
araliginda oldugu goriilmiistiir. (Omer Faruk Ertugrul et all., 2011).

Derin 6grenme destekli yapilan diger bir ¢aligmada, arizanin tespiti icin LSTM (uzun kisa siireli bellek) agi
onerilmistir. Arizanm simiflandirilmasi icin akim degiskeni, agm girisine uygulanmistir. Onerilen modelin
glirbiizliiglinii artirmak amaciyla, giris isaretine Gaussian giiriiltiisii eklenmistir. Yapilan simiilasyon
caligmasinda, toplam 11 smif ilizerinde ¢alisilmis olup, O ¢ikisi ile ariza olmadigi ve 1-10 arasi ise 10 farkli
ariza smifin1 isaret ettigi belirtilmistir. Onerilen model ile %100 oraninda tespit ve simiflandirma isleminin
yapildig1 gortlmistiir . (Abdul Malek Saidina Omar et all., 2020).

3. Materyal ve Metod
3.1 Veri Seti

Bu ¢alismada MATLAB Simulink tabanli simiilasyon ¢er¢evesinde olusturulan “Electrical Fault detection and
classification" etiketli kaggle veri seti kullanmilmistir (Jamil M., Sharma S.K et all., 2015). Ariza analizini
simule etmek icin MATLAB'da bir gii¢ sistemi modellenmis ve Sekil 1°de gdsterilen gii¢ sisteminde her bir
cift iletim hattinin her iki ucuna 11000V'luk 4 jenerator konumlandirilmistir. Transformatdrler cesitli arizalar
simule etmek ve incelemek i¢in iletim hattinin orta noktasina konumlandirilmistir. Devre normal kosullar
altinda ve cesitli ariza kosullart altinda simule edilmis ve gii¢ sisteminin ¢ikiginda hattin gerilim ve akim
degerleri kayda alimmustir. Veri seti i¢in yaklasik 12000 veri noktasi kayda alinmis ve etiketlenmistir (Jamil
M., Sharma S.K et all., 2015).Uc fazin gerilim ve akimlarindan olusan toplam alt1 giris (Ia,Ib,Ic,Va,Vb,Vc),
olusturulan makine dgrenmesi modellerinin girisine uygulanmustir.
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Sekil 1 . Tletim hattinin MATLAB/Simulink modeli kullanilmistir(Jamil M., Sharma S.K et all., 2015).

Ariza Oncesi ve sonrasi ii¢ faz gerilim ve akim degerleri farklidir ve ariza tiiriine gore farklilik arz eder.
Kullanilan veri setinin gerilim ve akim degerleri incelendiginde, gerilim ve akim genliklerinin normal ve ariza
durumlarinda nasil bir degisime girdikleri sekil 2°de gosterilmistir. Giris gerilim degerleri sirasiyla ariza 6ncesi
degerlerine gore normallestirildi. Sekil 2a gerilim normalize edilmis degerleri ile grafik ¢izilmistir.

Gerilimlerin degisim grafigi Akimlarin degisim grafigi
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Sekil 2. (a) Ug fazli gerilimin normal ve ariza durumlarindaki degisim drnekleri (b) Ug fazli akimin normal
ve ariza durumlarindaki degisim 6rnekleri

3.2 Onerilen Ariza Tespit Modeli

Onerilen ariza sistem model taslag1 Sekil 3°de gosterilmistir. Modelde goriildiigii iizere, ii¢ faz gerilim ve akim
degerleri modelin giris parametreleri olup, ¢ikista iletim hattinda arizanin var olup olmadig: tespit edilmistir.

Makine Arza
Ia, Ib, Ie, Va, Vb, Ve |:> Ogrenmesi var / yok
ile Tespit

Sekil 3. Olusturulan model taslagi. Arizanin var / yok durumu, modelde 0: normal, 1: ariza olarak
etiketlenmistir.
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uygulanarak, her parametrenin ortalamasi sifir ve standart sapmasi bir olacak yapiya donistiirtilmistir ve
dolayistyla veri seti yeniden Olceklendirilmistir. Olgeklenen veriler, olusturulan makine O6grenmesi
modellerinin girigsine uygulanmustir.

12001 tane oriintiiden olusan veri setinin %80’lik kismi1 (9600 oriintii) egitim igin ve kalan %20’lik kisim
(2400 oriintii) ise test i¢in ayrilmistir. Egitim verisinin ayrica modele gore %20’si dogrulama veri seti olarak
ayrilmistir. Olusturulan modellerin detaylar1 bir sonraki boliimde kisaca agiklanmugtir.

a) K-En Yakin Komsu Algoritmasi (KNN): Parametrik olmayan siniflandirma ve regresyon algoritmasidir.
Basit bir matematiksel temele sahip olmakla birlikte, uygulanabilme kolayligi olmasi nedeniyle tahmin
modellerinde siklikla tercih edilmektedir. Bu algoritmanin amaci, test veri setinde yer alan ve sinifi bilinmeyen
bir 6rnegin egitim veri setindeki drneklere olan uzaklhigini dlgerek simiflandirmaktir (Diizgun Akmaz, 2022).
Oklit, Chebyshev, Manhattan ve Minkowski gibi uzaklik élgiileri, KNN uygulamalarinda goriilebilen mesafe
fonksiyonlaridir. Bu yontemin tiim egitim veri setinin depolanmasi i¢in genis bir alana ihtiya¢ duymasi, sistem
bellegi agisindan maliyetli olmaktadir.

Calismada uzaklik olgiiti olarak Oklit kullamlmakla birlikte, komsuluk k degeri farkli degerlerde
(3,5,7,9,11,13,..) denenmistir. Analiz sonunda en iyi performansin k=3’de elde edildigi tespit edilmistir.

b) Destek Vektor Makinesi (SVM): Yontem; siniflandirma ve Ortintii tanima problemlerinin ¢oziimii igin
Vapnik tarafindan gelistirilmistir (Sevgi AYHAN et all., 2014). Siniflar1 birbirinden ayiracak optimal ayirma
hiper diizleminin elde edilmesi, yontemin temel amacidir. Bu islem, farkli simiflara ait destek vektorleri
arasindaki uzakligin maksimize edilmesi ile saglanir (Wu X, Kumar V et all., 2008). Verileri dogrusal olarak
ayrilabilir forma doniistiirmek icin, verilerin giris uzayindan daha yiiksek boyutlu bir 6znitelik uzayina
dogrusal olmayan doniisiimiine olanak saglayan ve i¢ carpima dayanan uygun bir ¢ekirdek (kernel) fonksiyonu
tanmimlanir(Cortes, C et all., 1995).Bu c¢alismada; lineer, sigmoid, polynomial ve radial basis ¢ekirdek
fonksiyonlar1 denenmis olup, en iyi performansi radial basis ¢ekirdek fonksiyonunun verdigi tespit edilmistir.

¢) Naive Bayes (NB) Simiflandirma: Bu tahmin yontemi, Bayes teoremine dayali basit bir olasilik tabanl
siiflandirma yontemi olup, olasilik tabanli olarak bir olayin gerceklesme ihtimalini hesaplar (Emrah Aydemir
etall., 2021) ,(Mustafa SU et all., 2023).Denetimli 6grenmeye dayali ¢alisan bu yontemde, her bir nitelik sinif
icerisindeki diger niteliklerden bagimsiz oldugu kabul edilir. Kosullu olasilik ile dnceki olaylarin bilgileri géz
oniine aliarak, bagka olaylarin gergeklesebilme olasiligi hesaplanabilmektedir.

d) LSTM Derin Ogrenme Modeli: Ozyinelemeli Sinir Aglarinin (Recurrent Neural Network-RNN) 6zel bir
tirt olan Uzun-Kisa Siireli Bellek (Long-Short Term Memory-LSTM), derin 6grenme alaninda kullanilan
yapay bir yinelemeli sinir ag1 mimarisidir. RNN iirettigi her ¢ikisi bir 6nceki adima bagl olarak ilerlemesini
saglar ki bu durum, 6nceki adimlarda hesaplanan sonuglarin bellekte tutulmasini gerektirir. Mimari yapisindan
kaynakli olarak RNN'de kisa vadeli bellek olmasi nedeniyle uygulamalarda beklenen performansi
saglayamamaktadir. Ayrica hesaplama siirecinde gradyan degerinin kiigiilmesi nedeniyle, LSTM ve GRU
(Gegitlenmis Ozyinelemeli Birimler) mimarileri énerilmistir (Jing Xia et all., 2019).LSTM’in kapsaminda yer
alan Cell State ile oriintiilere iliskin 6znitelik bilgileri hiicreler boyunca tagiir ki bu durum mimarinin bellegi
olarak aciklanabilir. Bu mimari yaklasim, kisa siireli bellek probleminin ¢oziimiinii saglar. Cell State icin
gerekli bilgiler kapilar tarafindan saglanir (Sekil 4a).
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Sekil 4. (a) LSTM aginin mimari yapisi (Jing Xia et all., 2019). (b) ¢aligmada kullanilan model

Sekilden goriildiigii tizere mimaride; unut, girdi ve ¢ikt1 olmak iizere 3 kap1 yer almaktadir. Unut kapisi, gelen
bilginin unutulup unutulmayacagina karar veren birimdir. Girdi kapisi, bellekte depolanacak bilgiye karar
veren birimdir ve ¢ikt1 kapisi ise hangi bilginin ¢ikiga aktarilacagin belirleyen birim olarak gorev alir. LSTM
mimarisinin literatiirde hem tahmin ve hem de siniflandirma amaciyla kullanilabildigi ve yiiksek performans
sergilemesi nedeniyle siklikla tercih edildigi goriilmektedir.

Bu ¢alismada LSTM mimarisi, siniflandirma amaclh kullanilmis ve farkli LSTM modelleri denenerek, en iyi
performans veren mimari tespit edilmeye calisiimistir. Caligmada en iyi performansa sahip olan LSTM modeli
iki katmandan olusmaktadir. Her katmanda sirasiyla bulunan noron sayisi 4 ve 32 dir (Sekil 4b). Sonugclar
Tensorflow paketi ile Keras framework kullanilarak elde edilmistir. Egitim iglemi 100 iterasyon, ikili
siniflandirmada kayip fonksiyonu olarak ikili ¢apraz entropi (binary crosst entropy), agin agirliklarini
giincellemek amaciyla optimizasyon algoritmasi olarak Adam fonksiyonu ve aktivasyon fonksiyonu olarak
sigmoid tercih edilmistir.

3.3 Modelde Performans Olgutleri

Literatiirde, siiflandirma modellerinin dogrulugunu belirlemek i¢in farkli performans 6lgiitleri kullanilir. Bu
calismada karmagiklik (hata) matrisi ile birlikte elde edilen parametreler (dogruluk orani, hassasiyet, duyarlilik
ve F1 skoru) ve ROC egrisi altinda kalan AUC degeri modellerin basar1 olgiitleri olarak degerlendirilmistir.
Karmasiklik tahmin matrisi Tablo 1°de gosterilmis olup, diger gerekli agiklamalar asagida verilmistir.

Tablo 1. Ornek karmagiklik matrisi tablosu ve agiklamalari (J. P. Tan et all., 2022).

Dogru Pozitif (DP): Gercek degeri pozitif olup, pozitif olarak

Tah degertor tahmin edilenler Yanlig Negatif (YN): Gergek degeri po_zi_tif olup,

Dogra  Yanls negatif olarak tahmin edilenler Yanlis Pozitif (YP): Pozitif olarak

Gergek _Dogru___ DP YN tahmin edilmis gercek degeri negatif olanlar

degerler ~ Yanls _ ¥P DN Dogru Negatif (DN): Negatif olarak tahmin edilmis gercek degeri
negatif olanlar

Karmagiklik matrisi kullanilarak elde edilen kategorik degerler, basar1 Slgiit parametreleri olarak bilinir ki
matematiksel ifadeleri denklem (1-4) de verilmistir (Mustafa SU et all., 2023).
DP+DN

Dogruluk Orant (Accuracy) = —————
DP+YN+YP+DN

@)

Dogruluk orani; olusturulan modelin hedef siniflarini hangi oranda tahmin edebildigini ifade eder.
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DF
DP+YP (2)

Kesinlik (Precision) =

Kesinlik; olusturulan model ile elde edilen sonucun ne kadar dogru oldugunu gosterir.

DP

Duyarlhilik (Recall) = EYSETT (3)

Duyarlilik; olusturulan modelin dogru drnekleri bulma yetenegini gosterir.

2-Kesinlik-Duyarliik
Kesinlik+Duyarlilik

F1 skoru (F1 Score) = 4

F1 skoru; kesinlik ve duyarliligin harmonik ortalamasini ifade eder.

4. Bulgular

Olusturulan her dort model i¢in yapilan siniflandirma c¢aligmasi ile elde edilen sonuglar bu boliimde
aciklanmigtir. KNN, SVM, NB ve LSTM modelleri ile elde edilen performans oOlgiitleri Tablo 2’de
gosterilmistir.

Tablo 2. KNN, SVM, NB ve LSTM modelleri basar1 performanslari

Dogruluk Orani Kesinlik Duyarlilik (%) F1-Skoru (%) AUC

(%) (%) (%)

KNN 99.4 99.9 99 99.4 99.3
NB 97.7 100 95.9 97.9 97.4
SVM 97.8 100 96.2 98.1 97.6
LSTM 99.2 99.9 98.7 99.3 99.1

Siiflandirma siirecinde denemeler neticesinde en iyi performans sergileyen yontemler (KNN, SVM, NB ve
LSTM) ile elde karmagiklik matrisleri Tablo 3’de gosterilmistir.
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Tablo 3. Olusturulan modellerin karmagiklik matrisleri

Hata (Confusion) Matrisi Hata (Confusicn) Matrisi
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Caligmada kullanilan KNN, SVM, NB ve LSTM yo6ntemlerinin elektrik ariza tespiti konusunda en iyi dogruluk
performansinin KNN ve LSTM ile saglanabildigi goriilmistiir. Elde edilen sonuglar literatiirde var olan benzer
calismalarin sonuglarina yakin degerler elde edildigi goriilmiistiir.

Sonug ve Oneri

Bu galigmada elektrik arizalarinin makine 6grenmesi yontemleri ile tespiti amaglanmigtir. Calismada erigimine
acitk olan bir veri seti {izerinden farkli siniflandirma yaklasimlar1 ile basarim performanslar
degerlendirilmistir. Calismada kullanilan KNN, SVM, NB ve LSTM yontemlerinin elektrik ariza tespiti
konusunda [97.7-- 99.4] araliklarinda bir basar1 performans: sergiledikleri tespit edilmistir. En iyi dogruluk
performansinin sirasiyla %99.4 ile KNN ve arkasindan %99.2 ile LSTM yaklasimlari ile elde edildigi tespit
edilmistir. Ayrica elektrik ariza tespiti konusunda kullanilan LSTM yo6nteminin, s6z konusu alanda basariyla
kullanilabilecegi tespit edilmistir.
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ABSTRACT

Photovoltaic energy is currently considered among the most used renewable energies. Given these advantages
and rapid development, their integration and connection in the electrical system have become very important.
This connection is usually made by the intervention of power electronic devices. The use of these devices
degrades the quality of the energy and generates harmonics. In this paper we have presented the integration
of a photovoltaic system in an electrical network (low voltage) in two scenarios, the first one without the
polluting load (three-phase rectifier), and the second one with the presence of this non-linear load. In this
study, we employ the Maximum Power Point Tracking (MPPT) controller to regulate the boost converter and
Pulse-width modulation (PWM) control for the three-phase inverter, facilitating the connection. The simulation
outcomes, excluding the non-linear load, demonstrate that the current waveforms in the photovoltaic (PV)
system and the power grid closely resemble sin waves. The total harmonic distortion (THD) rates also conform
to the specified standards. However, when the non-linear load is introduced, we observe a deformation in the
current waveforms' quality, leading to elevated THD values surpassing the predefined standard

Keywords: Electrical Grid, Harmonic, Power system, Power Quality, MPPT, Renewable Energy Systems
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ABSTRACT

Surrounding the amount of traffic on the roads and the number of cars on the road, serious problems with
traffic safety are emerging. Intelligent modes of transport (ITSs) and advanced driver assistance systems
(ADASSs) have been proposed globally in response to serious traffic accidents and environmental challenges.
ADASs are technologies designed to increase active safety and provide drivers a better driving experience,
however they have recently sparked worries from a variety of perspectives. This research study discusses the
adaptive cruise control (ACC) technology, which lightens the driver's load. The ACC system manages the
vehicle's acceleration and deceleration in order to maintain a certain speed or to avoid a collision. It primarily
supports four driving modes on the road. In addition to managing the gap between cars, this research suggests
more precise techniques for seeing the vehicle in front of you on radar while you're turning. This study further
gives an overview of the adaptive cruise control system, its workings, and the benefits of including it in cars.
Additionally, for the system to work at its best, it must be stable. To assess the stability of a close loop system,
of which the cruise system is an example, the controller gain (K1, K2, K3) was calculated and then substituted
into the characteristic equations. When simulated ACC cars with commercial availability are used, the traffic
flow is very unstable and the bottleneck capacity falls with larger rates of market penetration, with some
scenarios leading to a reduction in capacity of up to 35%. The research shows that string stability and inter-
vehicle time gap have a significant impact on bottleneck capacity, whereas time gap is the only factor that
affects downstream throughput. However, when K1, K2, and K3 values were swapped into the characteristic
equation, the stability of a closed loop system led to a negative real component.

Keywords: Adaptive Cruise Control, Close Loop System, Car Speed, Intelligent Transport System

1. INTRODUCTION

With the amount of traffic on the roads and the number of cars on the road, serious problems with traffic safety
are emerging. The deployment of Intelligent transportation systems (ITSs) and advanced driver assistance
systems (ADASS) have been proposed globally in response to serious traffic accidents and environmental
challenges. ADASSs are systems designed to increase active safety and give drivers a better driving experience,
however they have recently sparked worries from a variety of sources (Guo et al.,2020; He et al.,2017; Jiang
et al.,2017). Adaptive cruise control, also known as speed control or autocruise, is a system that efficiently
maintains the driver's desired set speed, without any intervention from the driver, by actuating and controlling
the throttle accelerator pedal linkage. In other words, the system takes control of the car's throttle and maintains
a steady speed limit desired by the driver. Over the past few years, a lot of research has been done on smart
vehicles to address problems including pollution networks, pressure relief for drivers, crash avoidance, and
more. In the modern automotive business, there are continuing initiatives to achieve autonomy (AVSs). In recent
years, cooperative adaptive cruise control (CACC) systems have garnered a lot of scientific interest. It is one
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of the first connected and automated vehicle (CAV) applications designed for close-spaced cooperative vehicle
following. The throughput of traffic can be significantly increased with a properly-designed CACC system,
and fuel use and emissions can be decreased as well (Soufyane et al.,2020; Junejo et al.,2020; Gunter et
al.,2020).

Preventing accidents is the main challenge when deploying autonomous technologies to assure safety (Singh
& Bhattacharya,2020; Bharmal & Rashid, 2019). When activated, a vehicle's adaptive cruise control (ACC)
system, according to Hunter [2], considers the traffic situation and steers the vehicle accordingly. In contrast
to traditional cruise control systems, the ACC system also maintains a consistent distance between the
automobile and the vehicle in front by adjusting to the flow of traffic on the road. As shown in the control loop
block diagram in Figure 1, when the setting is programmed to run at a specific set point (desired speed),
additional response (illustrated by the dotted and bold arrows in Figure 1) occurs sequentially to fully provide
the necessary feedback needed to initiate the operation.

) ErSreEn Car speed
Controler Transmission

Vs=1set

Cruise
Controller

Vr=Road
speed

Vehicle speed P8
SENS0r
Figure 1: Block Diagram of a typical Car Cruise control Loop

A cable that is attached to an actuator during cruise control opens the throttle valve. By restricting the amount
of air, the engine can intake, the throttle valve manages the engine's power and speed. Figure 2 depicts how
two wires are attached to a pivot that rotates the throttle valve. The accelerator pedal and the actuator each
produce one cable (Vi et al.,2015).

Figure 2: Cruise Control Acceleration

B r e
==
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Figure 3: Controlling the cruise control

A little computer that is typically placed under the hood or beneath the dashboard serves as the brain of a cruise
control system. It is connected to various sensors as well as the throttle control that was seen in the previous
section. The inputs and outputs of a typical cruise control system are depicted in the diagram in figure 3. No
matter how much weight is in the car or how steep the hill is that you are driving up, a strong cruise control
system accelerates rapidly to the desired speed without overshooting and then maintains that pace with little
deviation. Control system theory is frequently used to regulate a car's speed. The throttle position is adjusted
by the cruise control system to manage the vehicle's speed; hence sensors are required to provide this
information. In order to determine the appropriate speed and when to disengage, it must also keep an eye on
the controls (Li et al.,2021; Makridis et al.,2021).

2. METHODOLOGY

The stability of a close loop system was calculated for K1, K2 and K3 and the results were substituted into the
characteristic equation to generate real values in order to ascertain whether or not the ACC close loop system
in this study is stable. This was done by taking into consideration the close loop transfer function of a typical
ACC system as shown in Figure 4. With a step of 15% and a damping ratio of { = 0.7, this was done for peak
overshoot.
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VII. 2.1 CONSIDERING CLOSED Loor ACC SYSTEM

Xls) _..4.— —ﬂ Yels)

Figure 4: A schematic of Close Loop Transfer Function of a Typical ACC

From figure 3,

G1(S) = Transfer function of an actuator

G2 S = Transfer function of a plant

H (S) = Transfer function of a measurement plant
G0(S) = Open loop transfer function

Gl = close loop transfer function

The transfer function of the closed loop is:

It is possible to combine the summing node, the G(s), and the H(s) blocks into a single block, which would
have the following transfer function:

vis) k6,865

Ger = Xs  1+kG, ()G H(S) @

Where G, (s) = ﬁ and G,(s) = Hi H(S)=1

2 1
Substituting the following values with the previous equation 1 we have

10K
st+145+24+10k

Ga = (2)

VIII. 2.2 CONSIDERATION OF THE DAMPING RATIO
If the damping ratio & = 0.7
G(S)=

K

()

s2+2EwnS+w.on

Thus, comparing equation 2 we have

28mn = 14 4
wi =24+ 10k (5)
Substituting the damping value &= 0.7 in 4

2(0.7)xw, = 14

W, = % = 10 thus when w,, is substituted in 5 we have

n

10k = wZ — 24 = 10> — 24 =76
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K:=76/10=7.6

IX. 2.3 CONSIDERING PEAK OVERSHOOT OF 15% STEP

i . _ -m§
Power overshoot = exp (1_52) (6)
0.15 = exp (1__”;2) taking the logarithm of both sides
- T Pt
In0.15 = exp (1_52) e
mo-15(y1-¢2) =-ut

3.5991(1-¢?) =(-n&)?
£=v0.26772 =0.5169
substituting & = 0.5169 in equation 4
we have 2(0.5169)m, = 14
1.033my, =14

on = 14/1.033

on = 13.55

by substituting ®, = 13.55 in (5)
0?=24 +10k

10k = ©? -24

K =13.552-24/10

K2 =15.96

Then considering settling time of 4 seconds within 2% accuracy of the steady state value of the damping ratio
0.7 and employing the equation t, = EL

We can evaluate for m,= 3/4x’0.7 = 1.071

Thus substituting the of wn in equation (5) we have
wi = 24+10K

Thus K =1.071? - 24/10

There K3 =-2.285

3. ADAPTIVE CRUISE CONTROL SYSTEM CONFIGURATION

The Stop & Go (S&G) and Adaptive Cruise Control (ACC) systems can be seen as the first steps of such
systems that try to aid the driver in highway or urban traffic. They have to regulate the speed and headway of
the car in front of them. The system alone controls the speed and the safe distance from the car in front as the
driver only has control over the vehicle's direction. The operating speed scale is what distinguishes the ACC
and S&G systems:
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X. FIGURE 5: ADAPTIVE CRUISE CONTROL SYSTEMS PRINCIPALS

Although ACC is intended for highways with greater speeds, S&G is responsible for speeds below 40 km/h,
including the halting operation and in more congested traffic (Patole et al.,2017; Hakobyan & Yang, 2019;
Bilik et al.,2019). Figure 2 shows the principal of the S&G and ACC systems as well as the pace at which
those systems operate: A forward-looking sensor is used by ACC and S&G systems to identify the target
vehicle, and throttle and brake actuators are used to provide the necessary acceleration and deceleration during
a subsequent operation. Their ability to function makes driving safer and more comfortable while also
lightening the driver's workload. Thus, the functioning of these devices reduces driver fatigue and enables the
driver to react more quickly in an emergency.

The ACC system should be able to carry out two distinct duties depending on the environment. If a lead vehicle
is found, the ACC system should follow it while keeping a suitable relative distance. Like a traditional cruise
control system, the ACC system should maintain the intended speed when no lead cars are detected in front of
the host vehicle. It is crucial that not only do both modes function correctly and steadily, but that the transition
between them is also seamless and secure.

Xl. 4. CONCEPT OF THE VIRTUAL LEAD VEHICLE SCHEME

The ACC system need to be capable of operating in two modes: distance control and speed control. The
distance between the lead and host cars, both desired and real, affects the modes. Creating two different
controllers and switching between them is one method of putting these two modes into practice. However, this
may result in a number of issues. A different approach is the virtual lead vehicle system, which eliminates the
need to switch between the distance control algorithm and the speed control algorithm (Kim ,2009). The virtual
lead vehicle approach simplifies the structure of the control system.
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Figure 6: Mode switching logic

Thus, the mode decision can be inferred as follows; when the host vehicle follows a lead vehicle the desired
distance is given by:

XII. Doesireo = Thw Viost + Do ser (8)
where
dottset = the safety distance to be maintained in the event of a complete stop
Vhost = the host vehicle's velocity
tw = the time headway.

When the lead car abruptly stops and the host vehicle continues its speed, the time headway is the amount of
time it will take for the two vehicles to crash. When the ACC system is engaged, the driver selects the required
time headway. Using Figure 6, the following formula may be used to identify the correct mode:

= "
O ®
where
DC = Distance control
SC = Speed control,
Drel = relative distance to the lead vehicle.

However, if the distance between the lead and host vehicles is too near to the intended distance, using this
technique may result in chattering in the algorithm. Marginal distances are introduced as: to stop chattering.
SC - DC drel —dmy = djesired

DC — SC drel + dm, > dgesivea (0

mode = {

Thus,
dmy and dm; = marginal distances.

As seen in Figure 6, this causes hysteresis in the mode switching. Drel is limitless and the speed control
mode is used if there is no lead vehicle.
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5. Virtual Lead Vehicle Scheme and Control of the Virtual Lead Vehicle in Transient
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Figure 7: Block diagram of the mode switching scheme

The virtual lead vehicle scheme's conceptual drawing is shown in Figure 3.3. In the virtual lead vehicle system,
the host vehicle uses a distance control algorithm to follow the virtual lead vehicle in the absence of the real
lead vehicle. The location and velocity of the virtual lead vehicle are adjusted to match those of the real lead
vehicle when a lead vehicle is identified within the appropriate relative distance and its speed is less than the
desired speed.

Host Vehicle Virtual Vehicle  Lead Vehicle

AT
)
Figure 8: Concept of the virtual lead vehicle scheme

The virtual lead vehicle technigue prevents switching to the speed control algorithm by capping the velocity
of the virtual lead vehicle at the appropriate speed when no lead vehicle is identified or if the speed of the
lead vehicle is too high. In that situation, integrating the velocity updates the location of the virtual lead
vehicle.

As a result, the virtual lead vehicle strategy does not use the speed control algorithm, and the total controller
structure only includes one loop, the distance control algorithm, as shown in Figure 3.4.
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Figure 9: Block diagram of the virtual lead vehicle scheme

XII. 6. STABILITY

The most crucial component of all control systems is stability. Ineffective feedback controllers have the
potential to turn stable systems unstable. When it comes to ACC systems, stability implies that the host
vehicle's speed and the lead vehicle's distance from it converge to the required values. String stability should
be accomplished for a platoon of vehicles in addition to the stability of a single vehicle. If not, it can become
problematic if a platoon of cars all have the same ACC system installed. When the first vehicle in the platoon
accelerates or decelerates, the distance errors along the vehicle stream rise if the feedback controller is not
appropriately configured. The appropriate relative distance must be accurately calculated (Rajamani &
Rajamani ,2012) or vehicle-to-vehicle communication is necessary to ensure string stability (Nair, 2013).

XIV. 7. DISTANCE CONTROL & SPEED CONTROL

If the lead vehicle is travelling faster than the desired pace or cannot be detected by sensors, ACC systems,
like conventional cruise control systems, should maintain the target speed set by the driver. Not only must the
speed controller and distance controller function correctly and steadily, but also the transient performance must
be stable. For instance, if a lead vehicle cuts out, the relative distance to the replacement lead vehicle may be
quite large, causing the speed control to be engaged without the proper transient controller. In that situation,
the host car accelerates needlessly, which is uncomfortable for the driver and wasteful of gasoline. (Rajamani
& Rajamani ,2012).

XV. 8. CONCLUSION

The development of the automotive intelligent cruise system provided some background on the study that was
conducted to help fatigued drivers who were traveling long distances safely and accident-free. It has also
provided a chance for research on driving assistance technologies. Systems like adaptive cruise control and
intelligent cruise control allow drivers to specify a specific speed range so the vehicle may drive itself without
hitting the vehicles in front of it, providing the cruise system's control loops are reliable. Maintaining constant
driving speeds helps reduce the cost of fuel. The majority of drivers are not very good at keeping a set pace;
instead, they gradually increase and decrease their speed as they go down the road, manually adjusting for the
posted speed limit and any unusual road features like hills. Continuous acceleration and braking uses a lot
more fuel than maintaining a constant speed. The coming of Artificial intelligence will definitely enhance the
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deployment of ACC and other trends in the automobile industry in order to reduce road fatalities and ensure
the robust safety of commuters.
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ABSTRACT

There is a strong need to increase the share of renewables in energy generation plants in order to decrease
electricity prices and for decarbonization. Coupling of renewable energy and energy storage techniques is a
must in order to stabilize power networks and to close the gap between energy supply and demand by avoiding
intermittent nature of renewable facilities like wind and solar plants. However, the employment of rare earth
materials such as Li, Co, and Mn in electrochemical batteries or Pt catalysts in fuel cells makes it difficult to
store electricity from large-scale renewable sources directly in an economical way. Thermal energy storage of
Phase Change Materials (PCMs) is a crucial alternative due to their energy storage capacity associated with
latent heat for storing renewable electricity or heat cheaper than batteries and hydrogen. However, minimizing
the high-conductive material for heat transfer enhancement of PCMs, which suffer from low thermal
conductivity, is desired. The current study aims to numerically investigate the effects of T-shaped fin structures
on the PCM melting process for various mother-fin lengths and locations of fins on the tube. The melting
process is modeled in ANSY'S Fluent, which governs the enthalpy-porosity technique, and the performance of
distinct fin lengths is compared for the 30 min. melting time. Erythritol and copper fins are used as PCM and
thermal enhancers in the shell-and-tube storage tank, respectively. The results showed that variations on T-
shaped fin length do not change the melting ratio when located at the bottom region, and liquid fraction values
are around 23.6%. But, if the fins are attached to the top region, mother fins with different lengths may perform
better or worse depending on the natural convection characteristics. T-shaped fins can increase melting
performance without using more expensive conductive materials depending on the fin attachment location.

Keywords: T-shaped fin; Phase Change Material; Latent Heat Thermal Energy Storage; Computational Fluid
Dynamics.
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ABSTRACT

Composite materials are well known for engineering usage due to their directional properties, corrosion and
fatigue resistance. It consists of fibres within a matrix material that performs better than metals and alloys and
has a high strength-to-weight ratio. Conversely, composite materials are difficult to cut as the variation of
material properties and the abrasive nature of the fibres leads to lower tool life in conventional machining
operations along with conditions of fibre pull out of the matrix. Therefore, unconventional machining
processes like laser drilling are more suitable than conventional ones. Laser drilling is a thermal process in
which the composite material gets melted and burnt to produce holes. The holes produced by the laser drilling
process are tapered depending on the fibre and matrix material distribution and the laser parameters. Hence in
this article, Nd: YAG laser drilling operation on a newly developed hybrid composite material of basalt and
PTFE-coated glass woven fibres is reported and followed by parametric optimization of the process for hole
taper using a Teaching Learning-based optimization algorithm. The lamp current, pulse width, stand-off
distance and compressed air pressures were considered as the laser drilling process parameters. The
optimization of the laser drilling process yielded a parametric setting of 180 A of lamp current, 3 m-s of pulse
width, 1 mm of stand-off distance and 12 kg/cm? of compressed air pressure with a predicted value of hole
taper 0.017 degrees.

Keywords: Laser drilling; Hybrid-composite; Fibre-reinforced composite; Optimization; TLBO
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ABSTRACT

Lithium-lon Batteries (Li-ion) are the advance form of batteries recently utilized in various applications. Li-
ion batteries are the preferred technology for hybrid and fully electric vehicles, power tools, and portable
gadgets due to their unmatched combination of high energy and power density. In this battery the electrolyte
acts as a conduit for the ion exchange that generates electricity. Batteries of all shapes and sizes are thought to
be one of the best methods for storing energy; nonetheless, the environmental effects of widespread battery
use continue to be a significant issue that needs further research. The high-energy materials and the organic
components of a Li-ion battery are unstable at temperatures above 130—150 °C and are prone to produce greater
heat. The battery temperature will rise further and the heat-releasing process will quicken if the created heat is
not expelled. The main Li-ion battery components are presented and contrasted in this study, along with the
accompanying battery management systems and methods for enhancing battery efficiency, capacity, and
lifespan. The thermal runaway mechanism is discussed in this work, along with a number of thermal runaway
mitigation strategies, such as separators, flame retardants, and safety vents.

Keywords: Battery efficiency, Li-ion batteries, Battery Management Systems, Electrode Materials, and
Thermal Runaway
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ABSTRACT

The increase in fuel oil (BBM) prices is a problem that often affects family budgets in Indonesia. This research
aims to identify the impact of rising fuel prices on family budgets and their lifestyles. This research method
involves surveys and analysis of household budget data from various families in various regions of Indonesia.

The research results show that the increase in fuel prices has a significant impact on the family budget. Higher
fuel prices lead to increased transportation costs, which in turn reduces the amount of money available for
other needs such as food, education and health. Families with lower incomes tend to be more affected by rising
fuel prices, while families with higher incomes may have more leeway in dealing with rising transportation
costs.

Apart from that, rising fuel prices can also affect family lifestyles. Some families may be forced to reduce their
social or recreational activities to save money, while others may seek cheaper transportation alternatives. The
impact of rising fuel prices can also stimulate behavioral changes such as using public transportation more
frequently or switching to alternative fuel vehicles.

This research provides a better understanding of how rising fuel prices affect family budgets and their lifestyles
in Indonesia. These results could be useful in designing better policies to protect low-income families from
these adverse economic impacts

Keywords: Impact,Indonesia,Lifestyles,Survey,Education,and Health Policies
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ABSTRACT

Lithium is the lightest and least dense element at a temperature of 20°C, a very soft alkali metal that does not
occur in elemental form in nature due to its high reactivity. Due to its crucial role in contemporary technology
and its use in a number of different industries, including batteries, ceramics and glass, medicines, and
lubricating greases, lithium is currently in high demand. Battery demand is predicted to increase as the UN
works to reach net-zero greenhouse gas emissions, which can be accomplished by introducing electrically
powered vehicles (EPV) and grid battery storage systems. Lithium is extracted from pegmatites, sedimentary
rocks, and brines. Building a mine, removing the clay or ore, and isolating the metal through a convoluted
process are required to extract lithium from pegmatites and sedimentary rocks. This process will have an
impact on the environment because it frequently entails shifting thousands of acres of dirt and rock (known as
overburden material), disrupting nearby land, and eradicating plant life. Extraction from brines, on the other
hand, necessitates pumping the brine to the surface and then evaporating it to concentrate the lithium. The
process necessitates a significant amount of fresh water, which is frequently obtained from wells, streams, or
aquifers that are also used for agricultural or drinking water. As a result, fresh water is a vital resource in the
dry regions where lithium deposits are located. Chemicals used in lithium production can pollute soil and
water, endangering both the environment and human health. Lithium extraction and processing are energy-
intensive processes that increase carbon emissions, especially in areas with fossil fuel-based energy sources.
Sustainable mining techniques, resource recycling, policy and regulation, and community engagement will be
used to address these issues.
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ABSTRACT

The field of economics and business administration pertaining to electric cars encompasses a range of
elements, such as market analysis, consumer behavior, supply chain management, business models, financing
and investment, and infrastructure development. Among these elements, infrastructure development is of
utmost importance for the growth and sustainability of the electric car industry. It involves the establishment
of networks of charging stations, advancements in battery technology, and the integration of smart grid
systems. These three components, which we will define and explore as the latest technology in this field
evolves, play a critical role in ensuring the success of electric cars as a practical alternative to gasoline-powered
vehicles. The availability of charging stations, advancements in battery technology, and the integration of
smart grid systems contribute to increased convenience and practicality of electric cars, reduced ownership
costs, and enhanced sustainability within the industry.

Keywords- Electric cars, Infrastructure development, Charging station networks, Advancements in battery
technology, Sustainability.

Introduction

Infrastructure development plays a crucial role in the electric car ecosystem, enabling the widespread adoption
and effective operation of electric vehicles (EVSs). It encompasses several key components, including the
establishment of charging station networks, advancements in battery technology, and the integration of smart
grid systems.

1.charging stations

It play a pivotal role in supporting the usability and practicality of electric cars by providing a reliable and
convenient means of recharging. They are an essential component of the infrastructure necessary for the
widespread adoption and success of electric vehicles because facilities or points where electric vehicles (EVS)
can be charged.

1.1 Types of Charging Stations:

Charging stations come in different forms and charging capabilities, catering to various needs and charging
speeds. Here are some common types:

1.1.1 Level 1 Charging:

This is the simplest and slowest form of charging, typically using a standard household electrical outlet (120
volts AC). Level 1 chargers are portable and come with most electric vehicles. However, they provide the
slowest charging rate and are best suited for overnight charging at home.
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1.1.2 Level 2 Charging:

Level 2 chargers operate at higher power levels (240 volts AC) and provide faster charging compared to Level
1. They require specialized charging equipment and are commonly installed in public locations, workplaces,
and residential areas. Level 2 chargers can fully charge an electric vehicle in a few hours, depending on the
battery capacity.

1.1.3 DC Fast Charging:

DC fast chargers, also known as Level 3 chargers, offer the fastest charging speeds for electric cars. They
operate at much higher power levels (typically 400 volts or higher) and can charge an EV to 80% or more in
around 30 minutes. DC fast chargers are commonly found along highways, commercial areas, and EV charging
networks.

1.2 Charging Station Components:

1.2.1 Charging Unit:

The charging unit is the main component of a charging station. It contains the necessary hardware and software
to provide electricity to the electric vehicle's battery.

1.2.2 Connector:
We have several type :

«+ J1772 Connector: The J1772 connector is the standard connector for Level 1 and Level 2 charging in North
America. It features a plug and socket design, allowing for the safe and secure connection between the
charging station and the electric vehicle.

++ CCS (Combined Charging System) Connector: CCS connectors are used for DC fast charging and are
widely adopted in Europe and North America. They combine the AC charging pins of the J1772 connector
with additional DC charging pins for high-speed charging.

+ CHAdeMO Connector: CHAdeMO connectors are primarily used for DC fast charging and are common
in Asian markets. They have a distinct plug design and enable high-power charging for compatible electric
vehicles.

+«»+ Tesla Supercharger Connector: Tesla vehicles use their proprietary connector for high-speed charging at
Tesla Supercharger stations. Tesla vehicles also come with an adapter that allows them to be charged using
other charging connectors.

1.2.3 Display and Payment System:

Charging stations often feature a display panel that provides information such as charging status, energy
consumption, and sometimes payment options. Payment systems can include credit card readers, mobile
payment apps, or RFID cards.

1.2.4 Networking and Communication:

Many charging stations are connected to a network, allowing for remote monitoring, maintenance, and
payment processing. Networked charging stations provide real-time information on availability, usage, and
charging rates.
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2. Examples of smart grid systems being integrated with electric car infrastructure

Integrating smart grid systems with electric car infrastructure is an important step towards optimizing the
charging process, managing energy flow, and enhancing the overall efficiency of the electric grid. Here are
some examples of how smart grid systems can be integrated with electric car infrastructure:

1. Demand Response Programs: Smart grid systems can enable demand response programs, where charging
stations can adjust their charging rates or schedules based on the grid's supply and demand conditions. This
allows for better load management and can help prevent grid congestion during peak periods.

2. Vehicle-to-Grid (V2G) Technology: V2G technology enables bidirectional energy flow between electric
vehicles and the grid. Electric vehicles can not only draw electricity from the grid but also send excess
energy back to the grid when needed. This capability can help balance the grid, support renewable energy
integration, and provide grid services such as frequency regulation.

3. Smart Charging Management: Smart grid systems can facilitate intelligent charging management, allowing
for optimized and coordinated charging of electric vehicles. Charging stations can communicate with the
grid to determine the best charging times, considering factors such as electricity prices, grid load, and
renewable energy availability.

4. Grid-Friendly Charging Infrastructure: Smart grid systems can enable the development of grid-friendly
charging infrastructure. This includes features such as load balancing, where charging stations distribute
the load evenly across the grid to prevent localized overloads. It can also include the capability to
communicate with the grid to receive real-time grid status updates and adjust charging accordingly.

5. Grid Integration with Renewable Energy Sources: Smart grid systems can integrate electric vehicle
charging with renewable energy sources. Charging stations can prioritize charging when renewable energy
generation is high, promoting clean energy utilization and reducing the reliance on fossil fuel-based power
generation.

3. Advancements in battery technology:
The potential to significantly improve the efficiency and range of electric vehicles (EVS) in several ways:

1. Increased Energy Density: Battery technology advancements can lead to higher energy density, allowing
for more energy storage within the same physical size or weight of the battery pack. This means that EVs
can store more energy, resulting in longer driving ranges without the need for frequent recharging.

2. Improved Energy Efficiency: Enhanced battery technology can improve the overall energy efficiency of
EVs. This includes reducing energy losses during charging and discharging processes, minimizing internal
resistance within the battery cells, and optimizing the battery management system. By improving efficiency,
more energy can be effectively used to propel the vehicle, resulting in longer ranges for the same amount
of stored energy.

3. Rapid Charging Capability: Advancements in battery technology can enable faster charging times. This
includes the development of fast-charging technologies and the ability to handle higher charging currents
without negatively impacting battery life. Rapid charging capabilities reduce the time required to recharge
an EV, making them more convenient and comparable to refueling a gasoline-powered vehicle.

4. Longer Battery Lifespan: Battery technology advancements can improve the durability and longevity of
EV batteries. This includes advancements in electrode materials, cell chemistry, and thermal management
systems. Longer battery lifespan reduces the need for frequent battery replacements, lowering the overall
cost of ownership and improving the practicality of EVs.

5. Enhanced Thermal Management: Efficient thermal management systems for batteries can prevent
overheating and thermal degradation, ensuring optimal battery performance and longevity. Improved
cooling and heating mechanisms can maintain the battery within an optimal temperature range, maximizing
its efficiency and extending its lifespan.

6. Solid-State Batteries: The development of solid-state batteries, which replace the liquid electrolyte with a
solid-state electrolyte, shows promise for higher energy density, improved safety, and faster charging times.

Proceedings Book 316



ll. International Energy Days September 27, 2023

Solid-state batteries have the potential to revolutionize EVs by addressing current limitations and unlocking
even greater efficiency and range.

Conclusion

The field of economics and business administration related to electric cars encompasses various elements,
including market analysis, consumer behavior, supply chain management, business models, financing and
investment, and infrastructure development. Infrastructure development, particularly the establishment of
charging station networks, advancements in battery technology, and integration of smart grid systems, is
crucial for the growth and sustainability of the electric car industry.

The availability of charging stations ensures that electric car owners have convenient access to charging
facilities, addressing concerns about range anxiety and promoting widespread adoption. Advancements in
battery technology improve the efficiency, range, and charging capabilities of electric vehicles, making them
more practical and comparable to traditional gasoline-powered cars. Integration of smart grid systems allows
for intelligent management of energy flow and optimization of charging processes, enhancing the overall
efficiency and sustainability of the electric car ecosystem.

By focusing on these three components, the electric car industry can achieve increased convenience, reduced
ownership costs, and improved sustainability. Continued research and technological advancements will
undoubtedly shape the future of electric cars, making them a viable and attractive alternative to conventional
vehicles.
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OZET

Enerji tuketimi ve iklim degisikligi sorunlarinin artmasina ¢6ztim olarak glinimiizde enerji verimliligini tegvik
etmek, fosil enerji tilketimini azaltmak ve yenilenebilir enerji kaynaklarini kullanarak ¢evreye duyarli enerji
sistemleri kurmak en 6nemli unsurlari biridir. Universiteler; biiyiik boyutlari, niifuslar1 ve gerceklestirdikleri
pek cok is ve eylemleriyle kiiciik birer sehir gibidir ve ¢esitli birimlerinden hizmet alan kisiler de sayiya dahil
edildiginde, tiniversitelerin bulundugu kente sagladigi yararlarin yani sira hem dogal ¢evreye hem de sosyal
cevreye dogrudan ve dolayli olumsuz etkileri bulunmaktadir. Buradan hareketle bu ¢alismada, literatiirdeki
verimlilik optimizasyon ¢alismalar1 incelenerek kampiis binalar1 ve ulagimi igin kapsamli bir enerji planlama
ve optimizasyon modeli kurulmustur. Model, karisik tamsayili dogrusal olmayan programlama (MINLP)
modelidir ve kesin optimizasyon saglayan ¢ozuculerle GAMS yaziliminda ve optimumlugu garanti etmeyen
ama hizli ¢6ziim saglayan ve birer sezgisel algoritma olan Pareto Uncertain Genetic Algorithm (PUGA) ve
Artificial Bee Colony (ABC) algoritmalarinda ¢zdiiriilmiistiir. Erciyes Universitesi drneginde veri toplanarak
arastirmanin ilk kismi tamamlanmustir.

Anahtar Kelimeler: Enerji planlama, Optimizasyon, Enerji verimliligi

1. GIRIS

Universiteler, gegmisten bugiine sosyal, ekonomik ve politik yasamdaki degisimlerde énemli role sahip
olmustur. Ulusal ve kiiresel boyuttaki bu dnemli konumlari, {iniversiteleri siirdiiriilebilir gelismeyi farkli
Olceklerde ve tiim boyutlari ile basarmada anahtar kuruluslardan biri yapmaktadir. Siirdiiriilebilir iiniversite
kampiisleri tasarlamak, kapsamli ve uzun vadeli bir siire¢ yoOnetimini gerektirmektedir. Bu siirecte,
yesil/stirdiiriilebilir tiniversite kampiislerine yonelik kriterleri olusturmak, altyapisal, yonetimsel ve isletmeye
dair diigiinmeyi gerektiren en 6nemli birlesenlerden biridir. Bu anlayisla, tiim diinyada, ¢evreye duyarli, enerji
etkin yontemleri kullanan, {iniversite personeli ve Ogrencilerinin yani sira bulundugu sehre toplumsal ve
ekonomik boyutta kalkinma saglamayr amaclayan siirdiiriilebilir tiniversite kampiisii tasarimlar1 ve
uygulamalar1 yayginlasmalidir. Universitelerde enerjinin verimli kullamlmasi ve YEK ten faydalanmlmas: ile
hem enerji maliyetlerinin Gniversite bitgesi lizerindeki yiiki hafifletilebilecek, hem surddrulebilir Gniversite
kriterleri i¢in 6nemli bir adim atilacak, hem de {iniversite kampiisleri daha ¢evreci sehirler i¢cin model olacaktir.
Bu arastirmada amag, Paris Iklim Anlagmasi'ni onaylayan ve Avrupa Birligi (AB) ile Yesil Mutabakat siirecine
dahil olan Tirkiye’nin yesil doniisiim adimlarimi destekleyici nitelikte tiniversite kampiisleri i¢in modiiler ve
biitiinlesik enerji planlama ve optimizasyon modeli gelisgtirmektir.

2. LITERTUR TARAMASI

Birincil enerji tiiketiminin artmasi ve iklim degisikligi, 21. yiizyilda karsilastigimiz en biiyiikk zorluklar
arasindadir. Bir¢ok {iilkede, hiikiimetlerin enerji verimliligini (EV) tesvik ederek birincil enerji tiiketimini
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azaltmay1 ve yenilenebilir enerji kaynaklarimi (YEK) kullanmay1 amaglayan politikalar1 vardir [1]. Ulkemizde,
son yillarda artan niifus ve sanayi faaliyetleri ile yiikselen enerji talebimiz ve mevcut enerji kaynaklarimizin
sinirli olusu, EV ve YEK imkanlarindan faydalanilmasina iligkin ¢alismalari zorunlu hale getirmistir.
Universiteler; biiyiik boyutlari, niifuslar1 ve gerceklestirdikleri pek cok is ve eylemleriyle kiiciik birer sehir
gibidir ve cesitli birimlerinden hizmet alan kisiler de sayrya dahil edildiginde, tiniversitelerin bulundugu kente
sagladigi yararlarin yani sira hem dogal ¢evreye hem de sosyal ¢evreye dogrudan ve dolayli olumsuz etkileri
bulunmaktadir [2, 3]. Universiteler, gecmisten bugiine sosyal, ekonomik ve politik yasamdaki degisimlerde
onemli role sahip olmustur. Ulusal ve kiiresel boyuttaki bu dnemli konumlari, {iniversiteleri, stirdiirtilebilir
gelismeyi farkli Ol¢eklerde ve tiim boyutlar1 ile basarmada anahtar kuruluglardan biri yapmaktadir.
Siirdiiriilebilir tiniversite kampisleri tasarlamak, kapsamli ve uzun vadeli bir slre¢ yonetimini
gerektirmektedir. Bu siirecte, yesil/siirdiiriilebilir iiniversite kampiislerine yonelik kriterleri olusturmak,
altyapisal, yonetimsel ve isletmeye dair diislinmeyi gerektiren en 6nemli birlesenlerden biridir. Bu anlayisla,
tlm diinyada, ¢evreye duyarli, enerji etkin yontemleri kullanan, tiniversite personeli ve 6grencilerinin yani sira
bulundugu sehre toplumsal ve ekonomik boyutta kalkinma saglamay1 amaglayan siirdiiriilebilir {iniversite
kampiisii tasarimlar1 ve uygulamalar yayginlagsmalidir.

Universiteler gerek calisanlar gerekse dgrencileriyle oldukca kalabalik bir niifusa ve binalar gibi enerji tiiketen
yapisal alanlara sahiptirler. Egitim-6gretim faaliyetlerinin gerceklestirildigi binalarda tiikenebilir kaynak
kullanimina alternatif iiretmek, harcanan enerjinin ve malzemenin daha verimli bir sekilde kullanilmasin
tesvik etmek, her tiirlii israfin 6niine gegmek ve gevre dostu bina tasarimlari gergeklestirmek 6nem tasimaktadir
[3]. Artan enerji maliyetleri ve ¢evresel endiseler, binalarda enerjinin verimli kullanimini zorunlu kilmigtir.
Yap1 sektoriinde enerji tasarrufu saglamak amaciyla yiiksek enerji tiiketimi olan {iniversiteler odak haline
gelmistir. Olgiilen ve hesaplanan sonuglar {iniversitelerin yiiksek enerji verimliligi potansiyeli oldugunu
gosterir [3, 4]. Egitim binalar1 igin, 1sitma sogutma ve havalandirma ekipmani ve aydinlatma sistemine
odaklanan enerji verimliligi onlemleri, enerji tasarrufu ve verimliligi ve c¢evresel faydalar acisindan biiyiik
potansiyele sahiptir [4-9]. incelenen ¢aligmalarda, bina kabuklarmin yalitilmasi, 1s1 merkezine kojenerasyon
sisteminin kurulmasi, aydinlatma sistemlerinin verimlilestirilmesi, PV kurulumuyla birlikte ¢at1 giiclendirme
ve yaliimi, pencere degisimi ve renkli pencere kullanimi, 1sitma sistemlerinde biyokiitle veya 1s1 pompalari
kullanilmasi, klima ayarlarinin optimizasyonu, 1s1 geri kazanim sistemlerinin kurulumu, HVAC ig¢in
diizenlemeler ve LED lambalariin otomatik kontrolii gibi enerjinin verimli kullanilabilecegi noktalar tespit
edilmistir. Bu noktalardaki potansiyelin kullanilmasi ile enerji kullaniminda %41 ve toplam maliyette %36
civarinda diistis saglanabilir [4, 5]. Enerji verimliligindeki potansiyelin kampiislerde en iyi sekilde
kullanilabilmesi i¢in ¢esitli ¢alismalarda optimizasyon modelleri kullanilmistir [1, 5, 6, 8, 10-15]. Literattrdeki
caligmalardan gorildigi tizere, kampiis binalarinda EV ve YEK i¢in en uygun uygulamalarin belirlenmesinde,
enerji tikketimi, emisyon degerleri ve ilk yatirim maliyeti gibi amag¢ fonksiyonlar1 dogrultusunda ¢ok amach
optimizasyon modellerinden faydalanmak karar vericiler i¢in ¢ok faydali olacaktir. Yap:1 kabugu, 1sitma,
sogutma ve sicak su saglayan enerji sistemleri, elektrikli cihazlar, aydinlatma sistemleri ve YEK uygulamalari
karar degiskenleri olarak secilebilir.

Binalardan sonra kampiiste énemli enerji tilketim ve zararli gaz saliim sebeplerinden biri de ulasimdir.
Malezya Teknoloji Universitesinde yapilan bir ¢alismada [16], elektrik enerjisi tiiketimi yaklasik %74 ile
kampiisiin karbon emisyonunun en biiylik bilesenini olustururken, yillik karbon emisyonunun %26'sin1
olusturan ikinci CO2 emisyonu ve enerji tiiketimi bileseni ulagimdir. Ulagim emisyonunun %75’ini personel
ve Ozel ara¢ kullanan Ggrencilerin yakit tiiketimi olusturmaktadir. ABD’nin orta batisindaki biiyiikk bir
kampiiste yapilan bir ¢alismada, kampiise insanlarin %51'inin tek basina araba ile gittigini, %18'inin toplu
tasima kullandigini, %8'inin yiiriidiiglint, %10 unun bisiklete bindigini, %9’unun araba paylasimi yaptigi,
% 1'inin motosiklet kullandigini ve %3'iinlin diger kategorisine diistiigiinii ortaya koyar [17]. Nanjing Teknoloji
Universitesi kampiisiinde gerceklestirilen bir calismada [18], bisiklet park noktalarinin yerlesim ve planlamasi
i¢in bir optimizasyon modeli gelistirilmistir. Optimizasyondan sonra kullanicilarin seyahat siiresi %6 oraninda
azaltilmis ve paylasilan bisiklet park yeri sayis1 51'den 35'e disiiriilmiistiir. Boylece bisiklet park yerlerinin
isletme ve bakim maliyetleri etkili bir sekilde azaltilmistir. Balikesir Universitesi Kampiisiinde yapilan bir
calismada da [19] kampiis i¢i 6grenci ve personel ulasim hareketliligine kolaylik saglayacak elektrik bisiklet
paylagim sistemi Onerilmistir. Elektrikli bisikletlerin sarj ihtiyaclarin1 PV sistemle karsilamak igin bir sarj
istasyon tasarimi da yapilmistir. Caligmada, elektrikli bisiklet sayis1 belirlenmis, enerjinin saglanmasi igin
gerekli olan PV panel sayisi ile batarya sayisi hesaplanmigtir. Bu sistemin 6nemli avantajlarindan biri de PV
panellerde tretilen ihtiyag fazlasi enerjinin sebekeye aktarilabilmesi ve bu sayede katma deger saglanabilecek
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olmasidir. Zimmer vd. ise [20] bir tiniversite kampiisiinde toplu tasimay1 optimize etmek i¢in veri analitigi
yontemini kullanmaktadir. Yolcu ve arag bekleme siirelerini azaltarak hem yakit maliyetlerinde azalma hem
de yolcu memnuniyetinde artis hedeflenmis ve sonugta %2.7'lik yakit tasarrufu saglanmistir. ODTU
kampiisiinde yapilan bir ¢alismada da [21] 6zel ara¢ sayilarindaki potansiyel azalma, toplu tagima potansiyel
artig1 ve bunlara karsilik gelen karbon emisyonlari hesaplanmis ve sonucun karbon ayak izine net etkisi
gosterilmistir. Benzer bir yontemle, Bustillos vd. [22], kampiis trafigi ve park planlamasini simiilasyon tabanli
trafik analizi ile incelemistir. Calismanin amaci kampiis i¢i yolculugun merkez-varis tahmini ve park yeri
secim kalibrasyonudur. Merkez-varig tahmini yapilirken tek amagh dogrusal bir optimizasyon modelinden
faydalanilmigtir. Nematchoua vd.’ne [23] gore ise bir sehir veya bolgedeki elektrikli araglarin sayisini
artirmak, enerji tiiketimi ve emisyonlar1 azaltmanin en etkili yollarindan biridir. Nitekim, ABD’de bir
kampiiste, kamplis i¢ci gezen araglar elektrikli hizmet araglarina doniistiiriilerek karbon ayak izi kismen
azaltmastir [24].

3. YONTEM

Bu c¢alismada enerji planlama ve optimizasyon modeli kurulumu ve bu modeli modiiler ve biitiinlesik
programlama ile bir yazilim paketi hazirlama yontemleri arastirilmistir. Bu amag¢ dogrultusunda asagidaki
maddeler halinde 6zetlenebilir:

Binalarda enerji verimliligi optimizasyon modeli kurmak,

e Ulasimda enerji verimliligi optimizasyon modeli kurmak,

e Binalar ve otoparklar igin yenilenebilir enerji planlama ve optimizasyon modeli kurmak,
o Kampiis ici enerji depolama igin planlama ve optimizasyon modeli kurmak,

e Kurulan modelleri biitiinlesik calisabilir hale getirmek.

Sekil 1°de goriildiigii tizere model cesitli katmanlardan olusmaktadir. Kullanicilar, bir web ara yiizii vasitasiyla
veri girisi, haritalama ve genel optimizasyon ayarlar1 yapabilecektir. Kullanicinin degisik dosya formatlarinda
yaptig1 girigler bir veri tabaninda depolanacaktir. Tiim veriler, optimizasyon ara ylziine génderilmeden 6nce
veri igleme icin Python programinda hazirlanacak kod ile islenecek, tek bir formata doniistiiriilecek ve
optimizasyon modellerinde kullanilmak tizere hazir hale getirilecektir. Modelin kurulma asamasinda 3 farkl
optimizasyon yazilimi kullanilacaktir. Bir karigik tamsayili dogrusal olmayan programlama (MINLP) modeli,
kesin optimizasyon saglayan GAMS yaziliminda ve optimumlugu garanti etmeyen ama hizli ¢6ziim saglayan
ve birer sezgisel algoritma olan Pareto Uncertain Genetic Algorithm (PUGA) ve Artificial Bee Colony (ABC)
algoritmalarinda ¢ozdiiriilecektir. PUGA ve ABC’nin sonuglart GAMS sonuglar1 ile karsilastirilacak,
gerektiginde iyilestirmeler yapilacak ve performansi en iyi olan nihai modelde kullanilacaktir.

Sekil 1°de verilen model bilesenlerinin detayli anlatilmasi ve uygulama kapsaminda {i¢ ana baslik altinda
sunulabilir: i) Optimizasyon ara yiizii ve modelleri, ii) Kullanici ara yiizi, iii) Kampiis binasinda uygulama.
Bu on caligma kapsaminda, kampiis binalarinda ve ulasgiminda enerji verimliligi artirma ydntemleri,
yenilenebilir enerji tiretimi ve depolamasi ve bunlar igin optimizasyon modelleri kurma kisimlari tizerine
calisilmistir. Sekil-1’deki merkezi 1sitma-sogutma optimizasyonu ve optimizasyon modellerinin GreenMetric
sistemine entegrasyonu bu asamada dahil edilmemistir.
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Sekil 1 - Kampiis Enerji Planlama ve Optimizasyon Modeli Bilesenleri

3.1 Optimizasyon Modelleri

Bir optimizasyon modelinin dort ana unsuru vardir: i) karar degiskenleri, i) kisitlar, iii) parametreler ve iv)
amag fonksiyonlari. Binalarda enerji verimliligi optimizasyon modelinde, literatiirdeki drnekler taranarak, (1)
bina dis kabugu, (2) binanin enerji sistemi, (3) aydinlatma sistemi ve (4) elektrikli aletler kapsaminda 20 grup
karar degiskeni belirlenmistir.

1) Karar degiskenleri

(1) Bina dis kabugu kapsaminda karar degiskenleri: Farkli tipte malzeme katmanlarina sahip kapr tipi,
pencere tipi, duvar tipi i¢in karar degiskenleri bulunmaktadir. Ornegin her duvar tipi bir dizi bilinen ve
eklenecek olan katmandan olugur. Ayni durum tavan ve zemin tipini ifade eden karar degiskenleri igin de
gecerlidir.

(2) Bina enerji sistemi kapsaminda karar degiskenleri: Elektrikli veya elektriksiz 1sitma sistemleri (sadece
1sitma), elektrikli sogutma sistemleri (yalnizca elektrikli sogutma), elektrikli veya elektriksiz sicak su
sistemleri, 1sitma-sogutma sistemleri (hem 1sitma hem sogutma), 1sitma—sicak su sistemleri (hem mekan
1sitma hem sicak su besleme), gilines enerjisi sistemleri (sicak su icin), yenilenebilir elektrik {iretim
sistemleri.

(3) Aydinlatma sistemi kapsaminda karar degiskenleri: Cesitli kategorilerde aydinlatma segenekleri
(4) Elektrikli aletler kapsaminda karar degiskenleri: Cesitli kategorilerde elektrikli alet secenekleri

Literatiirden incelenen 6rnekler karsilastirildiginda, yukarida listelenen karar degiskenlerinin daha gercekei
olmast i¢in siirekli degisken yerine ikili (binary) degiskenler olmasina karar verilmistir. Bina dis kabugu, farkli
tipte malzeme katmanlarina sahip duvar, tavan ve zemin, kapilar ve pencerelerden olusur. Katmanlarin
malzemeleri belirli bir 151l iletkenlige ve kalinliga sahiptir. Karar degiskenleri i¢in 6rnek modellemeler agagida
verilmistir. Benzer denklemler gdsterilmemistir.

a. Kapilar: Mevcut alternatif kapi sayisi D olsun. d = 1, ..., D olmak iizere , karar degiskeni x59°% su sekilde
tanimlanir:

DOOR _ {l, kam tipi olarak d secilirse @

d 0,digerleri icin _
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Onerilen mevcut kapilarin ayni tipte oldugu ve yalnizca birinin segilebilecegi varsayilir, bu da asagidaki
kisitlamaya yol agar:

o

Z xDOOR _ @)

d=1

Pencereler ve duvarlar kapilara benzer sekilde modellenmistir. Fakat, her duvar yapist NWLy, sayis1 bilinen

katmanlardan olusur ("wl =1, ..., NWLy,). Bu tabakalarin malzemelerinin 6zel is1l iletkenlikleri kk yrast” (W/m

K) ve kalinliklar1 I}V (m)’dir. Ayrica Y (y =1, ..., Yu), malzemelerinin mevcut olanlar arasindan segilmesi

gereken bilinmeyen katmanlarin (6rnegin yalitim) katman sayisi olsun. Yapinin bilinmeyen her y katmani i¢in
Pwy (p =1, ... ,Pwy) alternatif malzemeler mevcuttur ve ilgili yap1 igin yalnizca birinin se¢ilmesine izin verilir.
Bu nedenle, asagidaki karar degiskeni ve kisitlamasi tanimlanmaistir:

1, wduvar yvapisinin y katmant icin p malzemesi secilirse

mWALL _ §
Yuwyp = {{], digerleri i¢in ®
Py
Z FPWALL — xWALLY (y = 1; w3 Vo, Ww = 1. W) (4)

p=1
Tavanlar ve zeminler, duvarlara benzer sekilde modellenmistir.
Bu metodolojide varsayilan enerji sistemleri kategorileri sunlardir:

e [sitma sistemleri: Sadece 1sitma saglar ve giris yakitlarina gore elektrikli veya elektriksiz sistemler
olabilir.

e  Sogutma sistemleri: Yalnizca sogutma saglar (yalnizca elektrikli sistemlerin mevcut oldugu varsayilir).

e Dogrudan Sicak Su (DSS) sistemleri: Sadece sicak su saglar. Yakitlarina gore elektrikli veya elektriksiz
olabilirler. Modellemede DSS yerine DHW kullanilmigtir

e Isitma-sogutma sistemleri: Hem alan 1sitma hem de sogutma saglar (yalnizca elektrikli sistemlerin mevcut
oldugu varsayilir).

o Isitma-sogutma sistemleri: Hem alan 1sitma hem de sogutma saglar (yalnizca elektrikli sistemlerin mevcut
oldugu varsayilir).

o Isitma—DSS sistemleri: Hem alan 1sitma hem de DSS beslemesi saglar. Yakitlarina gore elektrikli veya
elektriksiz olabilirler.

e  Giines kolektor sistemleri: Glines enerjisini kullanarak DSS saglar.

e  Elektrik iiretim sistemleri: YEK kullanarak elektrik saglar.

Yukaridaki sistemlerle ilgili 6rnek karar degiskenleri asagidaki gibi tanimlanmistir.

1,ehsi kategorisinde bir elektrikli 15s1tma sistemi ehsj secilirse

EHS .
X ohet ehsj = = . ;
ehsi ghsj {{]J digerleri icin { )
| NEHS _ {Lnehsi kategorisindeki elektrikli olmayan bir isitma sistemi nehsj secilirse (18)
nehsinehsj 0,digerleri icin |
P - {lJ ecsi kategorisinde bir elektrikli sogutma sistemi ecsj secilirse (6)
gcsi,ecs] 0, digerleri icin |

Mevcut olanlar arasinda alan 1sitma sistemi se¢imini Denklem (7) saglar:

EHS[ EHS[eni NEHSI NERE]eni EHCSI EHCS [opci EHWSI EEWS[apysi
E E EHS E E NEHS E E EHCS E E EHWS
xshsi,shs_;l' + xnshsi,nshsj + xshc&'i,shcsj + xshws’i,shwsj
ghsi=l ghaj=1 nehsi=1 nehsj=1 ghesi=1 shesj=1 ehwsi=l sghwsj=1

NEHWSI NEHWS [ hyeri

NEHWS _ -
+ Z Z xnshwsz',nshwsj =1 {?}

nehwsi=1l nehwsj=1
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Sogutma sistemi se¢imi ve DSS sistemi se¢imi benzer sekilde modellenir. DSS saglamak i¢in giines kolektor
sistemi sec¢imi ise sdyledir:

sLer SLET

D) s ®)

slei=1slej=1

YEK elektrik sistemi secimi de buna benzerdir. Farkli lambalardan olugsan mevcut aydinlatma sistemi icin
karar degiskeni ve elektrikli ev aletleri kap1 ve pencelere benzer modellenmistir.

i) Kisitlar ve Hesaplamalar

Modelin kisitlari, 1sitma, sogutma, sicak su sistemi, aydinlatma sistemi ve elektrikli aletler igin gerekli enerji
taleplerinin karsilanmasi gibi enerji dengelerini ifade eden matematiksel formiillerdir. Ornegin, birincil enerji
tiiketimi hesabi i¢in tiim sistemlerin enerji tiikketimleri, verimlilik, enerji kayip ve kazanglari, 1s1 ve enerji
transferleri, ortam sicakliklar1 vb. parametreler kullanilarak detayli bir sekilde hesaplanmaktadir. Ayrica enerji
talebini karsilamak igin bir ekipmanin segimi ile ilgili kisitlamalar vardir. Ornegin, bir ekipman birden fazla
amag i¢in kullanildiginda bunu belirten kisit fonksiyonlart modellenmistir. Ek olarak, yatirim maliyeti her bir
kategori i¢in secilen ekipmana bagli olarak hesaplanir. Herhangi bir giiclendirme eyleminden dnce mevcut
binanin birincil enerji tiiketimi hesaplanmalidir. Bir binadaki toplam yillik birincil enerji tiiketimi, 1sitma,
sogutma, DSS, aydinlatma ve elektrikli ev aletleri i¢in kullanilan birincil enerjidir.

Qr=Qu+ Q¢+ Qpaw + QL+ Q4 9

Yillik olarak, 1sitma igin toplam yillik birincil enerji tiiketimi suna esit olacaktir:
0 H}cg:'i 4 FUEL
— el H i
QH - Ngria +ﬁ;’=1@nsl.fusl (-10}
Burada, QZ bir elektrik sistemi tarafindan 1sitma amactyla tiiketilen enerji (MJ/y1l), f97¢ sebekeden elektrik
arzinin ylizdesi (YEK elektrik arzi birincil enerji tiiketimine katkida bulunmaz), n_; sebekeden binaya elektrik
beslemesi icin ortalama verim, Q7 fuer yakit kullanan elektrik olmayan bir sistem tarafindan tiiketilen

enerjidir. Bir elektrikli ve elektriksiz sistem tarafindan tiiketilen enerji su sekilde hesaplanabilir:
Q% = QHPSEH, (11)

2 1 1= QHDSEHns!.fusl “-2}

nel.fusl

Q*® toplam yillik 1s1tma enerjisi talebi (MJ/y1l), SEH,; ve SEH,,,; fuel 151tma igin segilen sistemin verimliligi
olmak iizere sdyle hesaplanir:

EHSI EHSJopi E EHCS!I EHCSJapci EHWSI EHWSopwi (EHWS

¥ HS
_ ghsi,shs] shcsa Lahesj X shwesi shv.s_;l .
SEHg = E E (nsﬁs _)+ E E ( EHCS ERWS (13)
ghsi=l ghaj=1 shsi.ehs] ghosi=l ghesj=1 Yencsi «ehes] ghwsi=l ghwsj=1 Bhwﬂ shwsj
NEHSI NEHS[eni NEHWSI NEEWS[ehwsi | propme

nsi‘zsz nmehsj xnsi‘:wsi,nshwsj .
SEHHE!.J‘:JE{ = Z Z ( NEHS ) Z Z (n,\l‘EHW__‘.‘ ) “‘4‘)

nehsi=1 nahsj=1 usi‘zs:nsi‘z:} nehwsi=l nshwsj=1 nehwsinehws]
NEHS \EHCS EHW NEHS
Mnehsinehsj * Mehcsi.ehesjr Mehwiehw; 11 kategorilerdeki elektrik sistemlerinin verimliligi, nyg5s nehs;
EHW

n elektriksiz sistemlerin ilgili kategorilerinin verimliligidir. Yillik 1sitma talebi, her aym talebi

nehwi.nehwj
toplanarak hesaplanabilir. Her ay i¢in 1sitma talebi aylik iletim, Qr,m (kW h/ay) ve havalandirma kayiplari,
Quenm (kWh/ay) ile dahili 1s1 kazanglari, Qinnem (KW h/ay) ve giinesten 1s1 kazanci, Qsm (kW sa/ay) farki
kadardir. Giines kazanglar ile ilgili olarak, sadece az miktarda bir 1s1 kazanci sunmalarina ragmen, sadece
pencereden dogrudan gelen gines kazanglari dikkate alinir, dolayli olan (duvarlarin giines ismlarmin
sogurulmasi gibi) kazanimlar dikkate alinmaz. Ilgili hesaplamalar soyledir:

HD _— Hsm FCD?!L'{QT,FH + QUE,'\-',m - QL\-’HG,m - Q.’-’.‘I_,m }J ESE" pGZitifSE {15}
™ 0, digerleri icin )

Qf,m = BLC{?}H - To,m}tm (16)
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{TIH - To,m}tm

er'E.'v',m = pﬁir'cpﬁg,-ACH' V. 3600 {l?}
QL\-’HG,m = {npsoplstsppls,m + Qsﬁh,m}tm “-8}
WN z Iz
QS‘L,m = Z A&'?;N FF,W:I: FB‘,W:: FCM,W:I: IB‘L,\-\'::,:H rd Z Z( anl.g?;”. “—9)
wn=1 g=1t=1

iii) Parametreler

Modelin parametreleri, genel olarak meteorolojik veriler, teknik katsayilar, talep ve tiikketim verileri, verimlilik
oran veya katsayilari, boyutlar ve maliyetlerdir. Bu verilerin gogunun kullanicilar tarafindan eklenmesi gerekir.
Ornegin, enerji ihtiyacinin hesaplanmasi igin hava sicakligi, giines radyasyonu, su sicaklig, binay1 kullanan
kisi sayis1 ve binanin boyutlar1 gereklidir. Aydinlatma ve elektrikli ev aletlerinin birincil enerji tiikketiminin
hesaplanmasi i¢in lamba ve cihazlarin sayisi ve ¢alisma saatleri, hesaplamalar igin segilen ekipmanin ve
elektrik sebekesinin verimlilik katsayilari, toplam yatirim maliyetinin hesaplanmasi icin bilesenlerin
maliyetleri gibi parametreler kullanici tarafindan modele eklenmelidir. Kurulacak olan yazilimin kullanici
dostu olmasi ve kullanicinin veri girme yiikiinii azaltmasi agisindan, gerekli verilerin miimkiin oldugunca
otomatik olusturulmasi amaglanmaktadir.

iv) Amag fonksiyonlari

Literatiirde yapilan aragtirmalar sonucunda tez ¢alismasi i¢in hazirlanan optimizasyon modellerinin ¢ok amacglh
olmasi gerektigi gortilmistiir [1, 8, 14, 16]. Cok amagli optimizasyon hem daha gergekgi bir tasarim sunar hem
de karar vericilerin cesitli alternatifleri kiyaslamasini saglar. Ayrica, hedeflerimizden biri olan GreenMetric
uyumlu bir model i¢in de amag fonksiyonlarindan birinin GreenMetric puaninin maksimize edilmesi olacaktir.
Diger amag fonksiyonlari, yillik toplam birincil enerji tiiketiminin minimizasyonu ve toplam yatirim
maliyetinin minimizasyonu olarak belirlenmistir. Ornegin, bilesenlerin ilk satin alma maliyeti ve kurulum
maliyeti olarak tanimlanan ilk yatirim maliyeti kullanilir. nerilen bilesenler igin ilk yatirim maliyeti soyledir:

INVCOST = COSTpag + COSTyiy + COSTyay + -+ + COSTyour + COSTia (20)

Her bir bilegenin maliyeti birbirinden bagimsiz olarak, su sekilde hesaplanabilir:

COSTpoor = Z {ADOOR} Z{xnooxcﬂoox} (21)
dr=1
WIN 5 T
COSTyypy = Z (AWIN) Zz{xmwcmw) (22)
wn=1 s=1r=1
WAL NWL,, Y, /Puy
COSTywar = Z (alvar) Z (x“’ﬂ( Z (crpivaiL) +Z (Z(xw;gﬂlc;ﬂ;‘gﬂ )) (23)
nwl=1 »=1 \p=1

Burada C29°F d tipi bir kapi i¢in ilk yatinm maliyeti, C2y™ z tipi ve t alt tipi bir pencere i¢in ilk yatirm

maliyeti, CK w4t CKICE", CKvep duvar yapist w, ncl tavan yapist r ve nfl zemin yapisi h bilinen

w.nwl
katmanlarinda kullamlan malzemeler igin ilk yatirim maliyetleri, ClyA5, €05, Crafte

bilinmeyen y tabakasinda kullanilan p malzemesinin, r tavan yapisinin bilinmeyen tabakasinda kullanilan a
malzemesinin ve zeminin bilinmeyen e tabakasinda kullanilan g malzemesinin ilk yatirim maliyetleridir. Yeni
bir binada enerji verimliligi dnlemlerinin optimal 6nceliklendirilmesini belirlemek i¢in, birincil enerji tiiketimi
ve ilk yatirim maliyeti kriterleri en aza indirilmelidir:

W duvar yapisinin

min[g, (x)] = Q7
min[g,{(x)] = INVCOST (24)

Mevcut bir binay1 gii¢lendirme durumunda da metodoloji yeni bir binaninkine benzerdir. Ancak bu durumda
hedefler, minimum ilk yatirim maliyeti ile maksimum birincil enerji tasarrufu elde etmek olacaktir. Bu nedenle,
herhangi bir giiclendirme isleminden énce mevcut binanin birincil enerji tiiketimi hesaplanmalidir. Ayrica,
mevcut bir bina teorik olarak birden fazla kapi, pencere vb. igerebileceginden, bina kabugunun bilesenlerine
iligkin kisitlamalar gecerli olmayabilir. Mevcut bir binanin toplam yillik birincil enerji tiiketimi suna esittir:
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Qr—pre = Qu+ Qe+ Qpuw + QL+ Q4 (25)

Burada @r_,,, herhangi bir giiclendirme isleminden onceki yillik birincil enerji tiiketimini ifade eder. Bir
binada iyilestirmeler sonrasi birincil enerji tiiketimini (Qr_,,:) hesaplamak igin dnceki prosedr tekrar

izlenir. Ayrica, mevcut bir binanin giiclendirilmesi durumunda duvar, tavan ve doseme yapilarinin
degismeyecegi varsayilmaktadir. Yalitim katmanlari bazi bilesenlerde bulunabilecegi gibi diger bilesenlere de
uygulanabilir. Bir binanin giiglendirilmesi i¢in bilegenlerin ilk yatirim maliyeti, 6nerilen bilesenlerin maliyet

alimini ve kurulumunu temsil eder. Q% AH QIeEIL Q;*,f}? degiskenleri zaten var olduklar1 igin sifira esittir.

En iyi ¢oziimii bulma kriterleri, enerji tasarrufu ve yatirimin baslangi¢ maliyetidir. Bu durumda enerji tasarrufu
maksimize edilmeli ve yatirim maliyeti minimize edilmelidir:

max [gl (I)] =Q T—pre Q T—post
min[g,(x)] = INVCOST (26)

Qr-pre'nin modelin sabit bir parametresi oldugu goz 6niine alindiginda, denklem (26)'in birinci amag fonksiyonu
aslinda denklem (24)'in birinci amag fonksiyonuna esdegerdir.

4. SONUC

Kampiis binalar1 ve ulasimi i¢in enerji planlama ve optimizasyon modelleme c¢alismamizda genig literatiir
taramasi yapilarak, bina kabuklarinin yalitilmasi, 1s1 merkezine kojenerasyon sisteminin kurulmasi, aydinlatma
sistemlerinin verimlilestirilmesi, PV kurulumuyla birlikte cat1 gliclendirme ve yalitimi, pencere degisimi ve
renkli pencere kullanimi, 1sitma sistemlerinde biyokiitle veya 1s1 pompalar kullanilmasi, klima ayarlariin
optimizasyonu, 1s1 geri kazanim sistemlerinin kurulumu, HVAC igin diizenlemeler ve LED lambalarinin
otomatik kontrolii gibi enerjinin verimli kullanilabilecegi noktalar tespit edilmistir. Bina verimliligini arttirmak
icin gerekli optimizasyon modeli kurularak ilgili kodlamalar yapilmigtir. Kampus enerji planlama ve
optimizasyon modelinin yazilim olarak tamamlanmasinin ardindan model, Erciyes Universitesi kampiisiinde
enerji planlama ve optimizasyonu icin kullanilacaktir. Erciyes Universitesi, toplam 19 fakiilte, 1 yiiksekokul,
2 meslek yuksekokulu, 7 enstitii, 6 bolim, 42 arastirma merkezi ve 1350 yatakli geligsmis bir uygulama
hastanesi ile hizmet vermektedir. Fakat, aragtirmanin kapsami tiniversitenin tiim kampiisii olmayacaktir. Hedef
yazilim gergek bir kampiis i¢in test emek oldugundan, kampiisiin bir kismi iizerinde ¢alisilacaktir. Bu hedefin
basariyla tamamlanabilmesi i¢in, belirlenecek binalar, merkezi 1sitma sisteminin bir kismi, ulagim sisteminin
bir kismi, yenilenebilir enerji planlamasi, enerji depolama imkanlari vb. icin veriler toplanmalidir. Ornek
kampiis hesaplamasi i¢in Erciyes Universite kampiisiinden uygun bir bina secilerek tiim veriler toplanmistir.
Bina enerji verimliligi ve tasarrufu i¢in giincel malzeme fiyatlari, bu malzemelerin teknik ozellikleri
hesaplamalar i¢in hazirlanmistir. Bu asamada aragtirmanin sonuglanmasi i¢in ¢dzlimleme programlari
karsilagtirilmaktadir. Ayrica arastirmada yer alan kampiis i¢i ulagim optimizasyon yontemleri bulma
caligmalart devam etmektedir.
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ABSTRACT

The loT infrastructure has many different components within the network, such as cloud, big data, mobile
devices, and the Internet of Things, and is conditioned to be able to work with a complex structure that requires
these technologies to work synchronized. It is very important to ensure that each component is able to transmit
secure data and that security is permanent in order to ensure the continuous availability of these services. Every
component of the 10T infrastructure is mostly exposed to various security vulnerabilities and potential threats
in real time. The study examined security vulnerabilities and threats on each of the platforms in the
infrastructure in detail. 10T infrastructure components were discussed along with techniques and standards for
protecting them from these threats and security vulnerabilities. The various smart applications of 10T, smart
networks, smart transportation systems, smart water systems, intelligent buildings, and similar applications
also discussed security concerns and different ways to solve them, suggesting solutions.

Keywords: lot, Smart Applications, Security

I. Introduction

The Internet is essential in the dissemination of information. Technology also has a function in applications
such as data collecting and control. Consequently, a novel technology known as the Internet of Things (1oT)
arises. The Internet of Things (l0T) gathers, manages, evaluates, and links data [1]. Enhancing the quality of
life is a primary objective of the Internet of Things. In additioni, network systems are susceptible to numerous
security flaws [2] and face continuous attacks due to the implementation of network defence technologies such
as security software and network security barriers. Once again, the abundance of security software and network
security measures are insufficient at this point. Due to cyber threats, a comprehensive, current, efficient
security system is employed. Figure 1 shows general scheme of 10T applications.
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Figure 1. IoT Application General Scheme [2].

2. Security vulnerabilities in the Internet of Things (1oT)

This section explain the outline of growing concerns regarding the security aspects of Internet of Things
technologies. Hardware security pertains to the operational aspects of devices. Consequently, more
characteristics are incorporated at a later stage. Device integrity ensures that codes and fundamental data are
safely enabled for the operation of Internet of Things technologies [4]. About regulation, there is still a lack of
clarity about the secure utilisation of 10T data. However, any harm resulting from data misuse can potentially
be remedied by compensation. In order to guarantee the protection of this data, measures such as the
implementation of the General Data Protection Regulation (GDPR) [5] and HIPPA [6] have been put in place.
The HIPAA security application incorporates functionalities such as capturing heart rate, weight, blood
pressure, and other health metrics, along with advancements in device manufacturing and application.

Personnel, supervisors, and individuals are increasingly recognising the vulnerabilities associated with social
engineering and authentication as a result of insufficient security education. DoS and DDoS attacks, which
involve consuming resources, including as memory, communication channels, bandwidth, discs, and battery
power, are commonly targeted at loT devices [7].

A security concern in architectural layers involves covertly intercepting the regular data flow to extract
valuable information. Within this stratum, malicious software establishes connections with Internet of Things
(10T) systems [8].

Authentication requests are transmitted to 10T devices with limited resources in order to execute software
attacks, thereby preventing the device from entering sleep mode. Malicious data injection can also be employed
to render 10T systems inaccessible to consumers.

Expanding the number of devices might also give rise to security vulnerabilities. Devices can be replicated and
duplicated during the manufacturing and processing stages. An example of a security hazard is the illicit
acquisition of passwords and identity information utilised by manufacturers [9].

System developers worldwide prioritise product performance and service over security-oriented tasks.
Consequently, systems can be put at risk. One of the risks involved is the presence of malware. This malware
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deploys malicious code extracted from inaccessible devices onto various nodes in order to launch attacks on
other device systems.

3. Causes of vulnerabilities in the 10T (Internet of Things)

Internet of Things (IoT) apps have the capability to gather a substantial amount of data. Verilerin orijinalligi
ve gizliligi korundugunda, saglikli sonuglar elde edilebilir ve biiylik kazanglar saglanabilir.

Privacy: Due to the limited resources of 10T applications, conventional encryption techniques are unavailable.
Consequently, it is necessary to use unique passwords in order to guarantee confidentiality [10].

There is a balance between cost, performance, and security in different application domains of 10T [11]. As an
illustration, RFID labels attached to electronic tickets may possess limited security capabilities, although they
must meet high demands for low power consumption and minimal delays at this particular time.

The uniqueness of the nodes can be compromised by various physical assaults. In addition to verifying the
accuracy of the data output from the end nodes, it is also necessary to authenticate the uniqueness of these
nodes. Hence, a collection of authentication techniques is being devised to ensure the genuineness of 10T end
nodes. These verification techniques employ software methods to authenticate the legitimacy of end nodes. In
addition, there are authentication systems that rely on memory and those that rely on time.

SWATT [12], Pioneer [13], and SCUBA [14] are examples of time-based verification methodologies. Software
and hardware approaches are employed to ensure network security and facilitate hardware modifications [15].

Security elements like as authentication, access control, and encryption are necessary for devices and users in
the 10T system. Prior to authorization, authentication is necessary for these devices. Authentication is necessary
at this point in loT systems because to the varying end nodes, sensors, network architecture, and distinct source
structure of 10T devices.

“Authentication is necessary in 10T systems to establish the security protocols.”

Significant volumes of data are exchanged across diverse networks and subsequently transferred and gathered
by 10T network systems from end nodes through various loT systems. Users can be tracked and their
preferences determined by privacy-related measures, such as monitoring heartbeats and fingerprints [16].
Homomorphic encryption is employed in intelligent networks, network systems, and control centres to enable
the encryption of texts without the requirement of decrypting the data [17].

Forensic studies of loT system applications are necessary when the 10T infrastructure is centralised or utilised
for conducting an assault. The data, obtained through the use of 10T technology and stored in a centralised
system, provides information about the objectives and outcomes of criminal investigations. Given the
constraints of limited memory resources, it is necessary to transmit the discovered information to the central
hub prior to its storage in 10T devices. Researchers consider 10T forensic research to be a fusion of the network
and device-level legal system [18].

Within the realm of the Internet of Things, conventional forensic medical procedures can be partially
employed. Nevertheless, there is a lack of comprehensive integration in 10T systems for the purpose of criminal
investigation. The adoption of 10T has led to the emergence of certain social concerns in recent years. One of
the issues is the failure to meet the obligations of the intelligent services offered by the Internet of Things. To
mitigate these disparities in culpability, the liability stages are bolstered by new legislative statutes.

4. 10T Standards and Its effects of vulnerabilites

The Internet of Things (10T) has arisen as a powerful and revolutionary influence in the field of technology,
comprising a continuously growing network of networked gadgets. The integration of sensors and software
into physical objects enables swift communication, decision-making, and automation. Nevertheless, the
growing prevalence of 10T usage also entails a proportional surge in security susceptibilities. Hence, it is
imperative to establish acknowledged criteria for mitigating these susceptibilities.
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The 'ISO/IEC 27032:2012' is a key standard for mitigating security risks in 10T. This document is a globally
recognised standard that offers recommendations for ensuring the security of computer systems and networks.
The document delineates the technical measures, operational protocols, and risk mitigation strategies aimed at
safeguarding the security of 10T systems. The 'IEC 62443 standard is a crucial need for guaranteeing loT
security, specifically tailored for Industrial Control Systems. This methodology offers a methodical and
pragmatic way to ensure the security of ICS, encompassing activities such as risk assessment, system design,

and the establishment of security assurance levels.
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Figure 2. 10T Security Features and Vulnerabilites [20].

Furthermore, encryption protocols have a substantial impact on the security of IoT. AES and RSA are
frequently utilised in 10T devices to ensure data security. Figure 2 shows loT security features and
vulnerabilites. Adhering to these standards is essential for reducing vulnerabilities in 10T networks.
Nevertheless, adopting a proactive strategy that involves identifying and resolving potential risks and
vulnerabilities before they can be exploited is crucial for ensuring security. Ultimately, the establishment and
execution of acknowledged benchmarks are crucial for mitigating 10T security vulnerabilities. Given the
ongoing development of IoT technology, it is imperative to consistently evaluate these standards to ensure
their continued effectiveness in the face of constantly changing threats. Collaboration among global regulatory
entities, IT corporations, and governments is essential for attaining a more secure Internet of Things (loT)
ecosystem. This provides a comprehensive summary and there are other alternative standards and practices
accessible. Further research will yield comprehensive understanding of the precise criteria and directions that
these standards offer, hence mitigating 10T security threats.

The interconnected nature of devices in Internet of Things (loT) applications necessitates the utmost
importance of security. Multiple standards and protocols are utilised to guarantee the security of 10T systems.
Here are many fundamental criteria that are frequently employed:

1. Transport Layer Security (TLS): Objective: Facilitates the establishment of secure and encrypted
communication between devices and servers over a network.
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Function: Utilised for the purpose of encrypting data transmissions, verifying the authenticity of devices, and
thwarting eavesdropping or tampering.

2. MQTT (Message Queuing Telemetry Transport) is a lightweight messaging protocol designed for loT
devices.

Usage: TLS can be employed to ensure security by implementing authentication, encryption, and authorization
protocols for the purpose of secure message exchange.

3. DTLS (Datagram Transport Layer Security) is a protocol that serves the same purpose as TLS, but it is
specifically designed to work with unreliable transport protocols such as UDP.

Purpose: Provides a guarantee of safe communication for Internet of Things (10T) devices, particularly those
that function in networks with limited power or unreliable connections.

OAuth, also known as Open Authorization, is a standardised protocol that serves the purpose of token-based
authentication and authorization.

Purpose: Facilitates secure entry to 10T devices, permitting third-party apps to retrieve user data without
revealing passwords.

5. CoAP (Constrained Application Protocol): Purpose: Protocol designed for 10T devices with limited
resources.

Functionality: Facilitates the use of DTLS to establish secure connection, guaranteeing the preservation of data
integrity and confidentiality.

6. IEEE 802.1X is a network access control standard.

Purpose: Employed to verify the identity of devices prior to allowing network connectivity, hence deterring
unauthorised entry into 10T networks.

7. 1oT Security Frameworks: Objective: Inclusive frameworks that offer instructions and optimal methods for
ensuring loT security.

Frameworks such as 10T Security Foundation, IIC Security Framework (Industrial Internet Consortium), and
NIST loT Cybersecurity Framework provide rules for ensuring secure implementation of 10T.

8. Device-Specific Standards: Objective: Different businesses have established security standards specifically
designed for different types of 10T devices.

Examples of usage encompass the ISO/IEC 27000 series for comprehensive information security, the NERC
CIP for safeguarding critical infrastructure, and the IEC 62443 for protecting industrial control systems.

9. Blockchain: Objective: Offers distributed, immutable data storage and verification.

Application: Primarily utilised in 10T applications, particularly in supply chains and data transactions, to
facilitate safe data sharing, maintain traceability, and ensure data integrity.

10. Principles of Security by Design:

Obijective: Highlights the integration of security measures during the design and development of Internet of
Things (10T) devices and systems.

Usage: Ensures that security considerations are incorporated from the beginning, encompassing authentication,
encryption, access control, and firmware updates.

By incorporating a blend of these established norms, procedures, and structures, the security level of 10T
applications may be greatly improved, effectively protecting against any weaknesses and dangers in associated
devices and networks.

Implementing strong security standards is a crucial strategy for minimising risks in loT security. These
standards provide manufacturers, developers, and users with guidelines and best practices to guarantee the
secure design, deployment, and operation of 10T devices. By strictly following established security protocols,
the likelihood of potential weaknesses and malicious attacks can be greatly reduced. The NIST Cybersecurity
Framework is a highly acknowledged guideline for ensuring security in the Internet of Things (1oT). The NIST
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Cybersecurity Framework offers a systematic method for controlling and mitigating cybersecurity threats
associated with 10T devices.

The Internet of Things has fundamentally transformed our technological interactions by effortlessly
incorporating intelligent gadgets into our everyday routines. These gadgets possess the capacity to enhance
efficiency, convenience, and quality of life in diverse fields such as healthcare, agriculture, transportation, and
energy management. Nevertheless, the exponential expansion and widespread acceptance of 10T also give rise
to substantial apprehensions surrounding cybersecurity and privacy [19]. 10T devices suffer from a dearth of
all-encompassing security solutions [20].

5. Softwares and solutions for susceptible of security

To improve the overall security of 10T (Internet of Things) applications, a range of software tools and solutions
are used to address security issues. Below are many software categories and solutions employed to address
vulnerabilities in loT applications:

1. 10T Security Platforms: Purpose: These platforms provide a wide range of security services specifically
designed for 10T devices and networks.

Functions: Offer comprehensive security solutions for 10T environments, encompassing device authentication,
encryption, access control, and threat detection.

2. Security Testing and Assessment Tools: Objective: Software utilised to detect vulnerabilities and flaws in
loT devices and networks.

Tasks: Perform penetration testing, vulnerability scanning, and code analysis to identify and resolve security
vulnerabilities.

3. Device Authentication and identification Management Solutions: Objective: Authenticate the identification
of devices and guarantee authorised access.

Functions: Utilise authentication methods such as OAuth, certificates, or biometrics to verify the identities of
devices and regulate access control.

4. Purpose of safe Communication Protocols and Libraries: To guarantee the encrypted and safe transmission
of data between 10T devices and networks.

Functionalities: Incorporate robust communication protocols like TLS, DTLS, MQTT, and libraries that
provide encryption and secure transmission of data.

5. Security Analytics and Monitoring Tools: Objective: To oversee IoT networks for any suspicious behaviours
and potential security breaches.

Functions: Employ machine learning algorithms and analytics to identify anomalies, intrusions, or anomalous
behaviours, facilitating preemptive measures to mitigate threats.

6. Patch Management and Firmware Updates: Objective: Guarantee that devices are operating on the most up-
to-date and secure firmware and software versions.

Objective: Streamline the process of applying security fixes to devices in order to mitigate known
vulnerabilities and enhance defensive measures.

7. Blockchain-Based Solutions: Objective: Offer secure data storage and verification in decentralised
networks, ensuring data integrity.

Obijectives: Integrate blockchain technology to provide safe data exchange, transparent transactions, and
guarantee data integrity in Internet of Things (IoT) applications.

8. Frameworks and standards for securing the Internet of Things (IoT):
Objective: Recommendations and optimal methods for ensuring the security of 10T environments.

Functions: Comply with recognised security frameworks such as the 10T Security Foundation and NIST loT
Cybersecurity Framework to incorporate security-by-design principles and address vulnerabilities.
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9. Cloud Security Services: Objective: Guarantee the secure storage and administration of 10T data in cloud
environments.

Functions: Employ cloud security services that provide encryption, access control, and threat detection to
protect 10T data.

10. Solutions for Encryption that Cover the Entire Communication Process:

Objective: Employ encryption techniques to safeguard data while it is stored and while it is being transmitted,
thereby preventing unauthorised individuals from gaining Access. Develop and apply encryption techniques
to ensure the security and privacy of data throughout the whole Internet of Things (10T) network.

6. Results and Suggestions

The 10T infrastructure comprises various network components, including cloud, big data, mobile devices, and
the Internet of Things. It is designed to function within a complicated framework that necessitates the
synchronisation of these technologies. Each component must possess the capability to securely transmit data
and maintain everlasting security to guarantee the uninterrupted availability of these services. Each element of
the Internet of Things (loT) architecture is frequently susceptible to a range of security vulnerabilities and
potential threats in real-time. The study conducted a thorough analysis of the security vulnerabilities and threats
present on each platform of the infrastructure. The discussion has covered the various components of l1oT
infrastructure, as well as the approaches and standards used to safeguard it from potential threats and security
flaws. The discussion has also covered l1oT's diverse applications, such as smart networks, smart transportation
systems, smart water systems, and intelligent buildings. It has proposed answers to security issues and explored
alternative approaches to addressing them.

It is essential to utilise a combination of these software tools and solutions to effectively deal with weaknesses
and improve the security of 10T applications. This will guarantee the safeguarding of data, devices, and
networks in the interconnected 10T environment.

Enhancing 10T (Internet of Things) application security by following standards serves multiple important
functions, guaranteeing a strong and durable security structure inside loT ecosystems:

Setting Initial Security Guidelines:

Initial standards offer a collection of optimal methods and principles for creating, implementing, and
overseeing safe 10T systems. Furthermore, it provides a standardised framework that guarantees a uniform
foundation for security across various loT devices, networks, and applications.

Addressing Vulnerabilities and Threats:

Security standards provide guidelines for implementing methods to identify, address, and reduce
vulnerabilities and possible threats in 10T deployments. Furthermore, it aids in the prevention of the
exploitation of well-known vulnerabilities, hence diminishing the likelihood of unauthorised access, data
breaches, or compromise of the system.

Enabling Interoperability and Compatibility:

Establish protocols and interfaces that encourage the exchange of information and cooperation between various
0T devices and platforms, ensuring that different devices and systems can work together while adhering to
security standards, thus facilitating smooth communication and collaboration.

Guaranteeing Data Security and Confidentiality:

Establish mechanisms to safeguard sensitive data and protect user privacy in loT contexts. And also,
implements protocols for encrypting, controlling access to, and anonymizing data, thereby protecting user
information and avoiding unauthorised data disclosure.
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Facilitating adherence to regulatory requirements:

Conforming to established standards helps fulfil regulatory requirements and compliance duties for IoT
security. Facilitates organisational compliance with industry-specific requirements (such as GDPR, HIPAA,
etc.) by the implementation of mandated security measures and processes.

Encouraging Security-by-Design Principles:

Promote the integration of security considerations during the design and development stages of loT
applications. Addition, it promotes a proactive stance towards security, guaranteeing that security measures
are built into 10T systems from the beginning, hence reducing vulnerabilities.

Improving Trustworthiness and Dependability:

Compliance with security standards cultivates trust among users, stakeholders, and the wider 10T community.
And It exhibits dedication to security, dependability, and honesty, enhancing trust in the safety and durability
of 10T systems.

Enabling Risk Management and Resilience:

Standards offer structures for evaluating, controlling, and preparing for unexpected events in 10T settings. In
addition, facilitates organisations in effectively recognising, evaluating, and minimising potential security
hazards, hence improving the overall robustness of loT systems.

Promoting Industry Collaboration and Innovation:

It provides facilitate cooperation among stakeholders in the industry, stimulating innovation and the exchange
of information in 10T security. The facilitates the advancement of 10T security in the industry by fostering the
development of shared security practices, technology, and solutions.

Ensuring Long-Term Sustainability:

By implementing security standards, it is guaranteed that loT applications can withstand and adapt to emerging
threats, ensuring their long-term viability and enhances the security of 10T systems, enabling them to
effectively handle new security problems and technological breakthroughs. Adhering to established security
standards within 10T applications is fundamental in addressing vulnerabilities, protecting data, ensuring
compliance, and fostering a secure and trustworthy 0T ecosystem.

In conclusion, with and applications of mentioned solutions, it can be summarize with this points to enhance
security in next-generation loT applications, it is necessary to tackle a range of difficulties by implementing
targeted solutions:

¢ Implement multifactor authentication and strong access control techniques to authenticate devices and
control access.

e Utilise robust encryption mechanisms and secure channels to safeguard data during transmission.
o Guarantee the integrity of firmware and software by using secure boot and code signing procedures.

o Implement Security by Design: Incorporate security functionalities into 10T devices throughout the design
stage, adhering to secure development methodologies.

o Utilise Al-powered analytics to identify anomalous behaviours across 10T networks, facilitating swift
discovery of potential threats.

o Implement continuous monitoring by leveraging SIEM systems to actively monitor in real-time and build
comprehensive incident response strategies.

¢ Ensure conformity with loT security standards and regulatory mandates regarding data privacy and security.

o Supply Chain Security: Evaluate vulnerabilities in the Internet of Things (IoT) supply chain and guarantee
the procurement of components with robust security measures.

o Ultilise blockchain technology to provide secure storage of data and maintain transactional integrity.
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e Enhance education and raise awareness on loT security, while also offering comprehensive training on
optimal strategies.

¢ Promote industry collaboration and facilitate the exchange of information on security threats.

o Create flexible security solutions that can be adjusted to suit various 10T ecosystems and upcoming
developments.

e By using these solutions, the security of loT applications is improved, reducing vulnerabilities and
establishing a strong and secure 10T environment.
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ABSTRACT

The significant influence of anthropogenic greenhouse gas emissions, particularly carbon, on the initiation of
climate change cannot be overstated. In order to tackle this matter, Turkiye's first energy efficiency action plan,
the National Energy Efficiency Action Plan (NEEAP) (2017-2023) aims 14 per cent decrease in Turkiye's
primary energy consumption in 2023. One potential strategy for mitigating carbon emissions involves the
substitution of renewable energy sources for fossil fuel-based electricity production. A domestic solar panel
system possesses the capacity to fulfil the electrical requirements of a complete campus while exhibiting
around 80% reduced carbon emissions in comparison to fossil fuels. I conducted an investigation on household
solar systems in Sivas Cumhuriyet University and assessed their capacity to contribute towards NEEAP
objective. The objectives of this study were to ascertain the proportion of campus buildings that have presently
adopted solar energy systems and to quantify the corresponding reduction in carbon emissions. Additionally,
the aim was to determine the percentage of households that would need to adopt solar energy in order for Sivas
to achieve a substantial mitigation of carbon emissions relative to the current baseline. Lastly, the study sought
to identify specific groups of buildings that should be prioritised in government policies aimed at mitigating
emissions. According to my findings, the present adoption rate of solar systems in Sivas Cumhuriyet University
Campus is at 0.9%. However, to achieve a substantial reduction in carbon emissions by the year 2033, it is
imperative that a minimum of 60% of residential properties in the state embrace solar installations. The primary
impediment to the widespread adoption of solar energy is its high cost. Consequently, in order to achieve a
60% installation rate of solar systems in residential properties, it is imperative for the government to establish
and improve subsidy and feed-in tariff initiatives. However, it is imperative to acknowledge that achieving the
NEEAP necessitates a broader examination of emissions sources beyond solely concentrating on electricity
generation.

Keywords: Renewable energy; solar energy; Turkiye; University Campus Buildings

1.Introduction

The integration of photovoltaics is crucial in mitigating carbon emissions and tackling the environmental issues
linked to conventional energy sources. Amidst the global shift towards cleaner and more sustainable energy
options, the deployment of solar systems has garnered considerable interest. These systems are specifically
engineered to use solar energy and transform it into electrical power, providing a feasible substitute for
conventional energy sources that contribute to the release of greenhouse gases and damage of the environment.
Photovoltaic technologies can be categorised into distinct groups, including wafer-based and thin-film cells,
each possessing its own distinctive features and advantages. The extensive implementation of these
technologies holds the capacity to diminish carbon footprints, alleviate the consequences of global warming
and climate change, and foster a healthier and more sustainable environment on a local, national, and
worldwide scale. [1-3]

Currently, the primary source of electricity production is derived from fossil fuels. Oil, coal, and natural gas
are the prevailing fossil fuels, notorious for inflicting significant harm to the environment and projected to
deplete in the future. The demand for carbon emissions reduction has led to a growing reliance on renewable
energy sources as a result of limited reserves. Several states are actively working to reduce their reliance on
fossil fuels by promoting the use of renewable energy sources for electricity generation. Turkiye possesses
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significant potential for renewable energy sources, particularly solar energy, as depicted in Figure 1. Moreover,
our government provides substantial support for the development of renewable energy sources (RES). Solar
energy, being a widely utilised renewable energy source, is a significant contributor to our energy supply,
second only to wind power, which plays a crucial role in decreasing our reliance on fossil fuels [2].
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Figure 1. Photovoltaic power potential in Turkiye

Global energy-related CO2 emissions grew by 0.9% or 321 Mt in 2022, reaching a new high of over 36.8 Gt.
Following two years of exceptional oscillations in energy use and emissions, caused in part by the Covid-19
pandemic, last year’s growth was much slower than 2021°s rebound of more than 6%. Emissions from energy
combustion increased by 423 Mt, while emissions from industrial processes decreased by 102 Mt [4].

Although electricity generation from a solar PV system has almost zero emissions during its lifespan of 25-30
years, the manufacturing and installation of solar PV systems require energy/material inputs and produce
emissions. As it can be shown in Figure 2. over the years, solar power in Turkiye continues to grow, as
demonstrated by its built-in power. While replacing fossil fuels with renewable energy, such as solar
photovoltaic (PV) energy is the key to electric sector decarbonization.
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Figure 2. Turkiye's solar current installed power as of June 2022 [5].
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In addition to the economic and financial implications of this progress, the contribution to sustainability is a
very important issue. Each installed solar panel contributes to a certain amount of carbon emissions. Generally,
carbon emissions can be defined in form as explained below.

Carbon emissions, also known as greenhouse gas emissions, mostly arise from the combustion of fossil fuels
such as coal, oil, and gas. Upon combustion of these fuels for energy generation, carbon dioxide, methane, and
nitrous oxide (N20) are emitted into the atmosphere. The gases in question have the ability to capture and
retain the heat emitted by the Earth, resulting in a phenomenon known as the "greenhouse effect.” This, in turn,
contributes to the occurrence of global warming and climate change. Carbon emissions are commonly
quantified in metric tonnes of CO2 equivalent, which considers the varying global warming potentials of
greenhouse gases [6].

Primary contributors to carbon emissions encompass energy generation, forest depletion, transportation, and
industrial activities. The escalating carbon emissions are a significant factor in the elevation of global
temperatures, resulting in consequences such as the melting of ice caps, the rise in sea levels, and the
occurrence of extreme weather events. Minimising carbon emissions is crucial for decelerating the rate of
climate change. This can be accomplished by transitioning to renewable energy sources, implementing energy
efficiency measures, undertaking reforestation initiatives, and modifying consumption patterns. Installing
photovoltaics is an effective way to reduce dependence on fossil fuels and thereby minimise carbon emissions
[71.

An important benefit of solar installation is its capacity to generate electricity without emitting greenhouse
gases. Utilising solar electricity greatly diminishes the dependence on fossil fuels, which are the principal
culprits behind carbon emissions. With the increasing adoption of solar energy by businesses and homes, there
is a significant reduction in the overall carbon footprint, resulting in a beneficial effect on the environment [8].

2. Material and Methods

The study assessed the carbon dioxide emissions generated by the 2MW solar panel that is scheduled for
installation on the university premises. It thoroughly examined the long-term consequences of these emissions.
As per the rectorate of Sivas Cumhuriyet University (SCU), the proposed establishment of a solar power
facility on the main campus, which consumes over 21 MW of electricity each month, is projected to
significantly decrease carbon emissions on an annual basis. The objective of the study is to offer
recommendations for the construction of larger solar panels at the SCU in the near future. As each MW solar
panel generates the same amount of carbon emissions, the carbon emission data for the region remains
consistent over time and is unaffected by meteorological conditions. The meteorological data used for Sivas
are shown below in Figure 3. The meteorological data used for solar panel power generation are from the
official website of the General Directorate of Meteorology and also, calculation serves as the foundation for
future work in this particular environment.

Extreme Maximum, Minimum and Average Temperatures Measured in Long Period (°C)

SIVAS January  February  March  April  May Jume July  August  September October ~ November  December
Maximum Temp. 186 181 252 290 335 355 400 399 370 305 240 194
Minimum Temp. 312 344 26 M0 55 06 30 32 38 90 244 302
Average Temp. A6 38 93 137 177 28 21 170 16 47 2
Average Max. Temp. 17 35 95 159 207 251 200 297 255 193 1.1 42
Average Min.Temp. - 57 09 37 76 108 132 133 95 53 03 37

Figure 3. Meteorological data for Sivas City Centre.
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This will guarantee the quantification of CO2 emissions per MW of solar panels to be constructed, and will
also serve as the foundation for future expansions in solar panel capacity. And the city of Sivas which placed
in Sivas Cumhuriyet University, is one of the cities with the highest rates of sun potentials in Turkiye.

The formulas used in the calculation of carbon emissions are calculated using the following equations in the
MATLARB software. The quantification of carbon emissions reduction resulting from the utilisation of solar
photovoltaic technology can be obtained by analysing both direct and indirect data sources. The direct data
pertains to the power produced by the solar PV systems, while the indirect data refers to the emissions factor
of the grid on which the solar PV system is located.

The planning for the construction of a solar panel within the SCU settlement has been completed, using the
relevant data for the calculation.

The planning incorporates the following materials:
e Matlab calculation software,
e Meteorological data for the Central District of Sivas Province,
e Coordinates provided by of the Department of Construction at SCU,
e A settlement map.

The formula commonly employed with the amount of CO2 saved per year (in tonnes) can be calculated by
multiplying the electricity generated by the PV system per year (in kWh) by the emissions factor (in tonnes of
CO2 per kwh).

The equation for CO2 emissions can be represented as:

C0O2 Emissions = Y (EmissionsStage X QuantityStage)

o Emissions Stage = Emissions per unit (kg CO2 per unit) for each life cycle stage (manufacturing,
transportation, installation, etc.).

e Quantity Stage = Quantity of PV modules or components used in each stage.

The power produced by the PV system can be readily acquired from the system's data, however the emissions
component typically requires obtaining information from local or national energy authorities, as it fluctuates
based on the fuel composition of the local energy grid. It is crucial to remember that the measurement in
question pertains to the decrease in emissions relative to an alternative scenario, typically involving grid
electricity, rather than the complete avoidance of emissions. According to Figure 4. In 2022, global energy-
related carbon dioxide (COZ2) emissions increased by 0.9%, equivalent to 321 million metric tonnes, resulting
in a record-breaking total of more than 36.8 billion metric tonnes. After experiencing significant fluctuations
in energy consumption and emissions over the past two years, largely due to the impact of the Covid-19
epidemic, the growth rate in the previous year was considerably slower compared to the robust rebound of
over 6% saw in 2021. The emissions resulting from the combustion of energy sources experienced a rise of
423 million metric tonnes, whilst emissions stemming from industrial activities witnessed a decline of 102
million metric tonnes.
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Figure 4. Co2 Emissions changing during 2021 between 2022 in the World. [4]

The goal of the Tiirkiye’s Energy action plan for the years 2017-2023 is to use 55 measures divided into 6
categories—buildings and services, energy, transportation, industry and technology, agriculture, and cross-
cutting (horizontal) areas—to lower Turkiye's main energy consumption by 14% by 2023. Additionally, by
2023, it is anticipated to save 23.9 mtoe cumulatively, for which 10.9 billion USD would be invested. At 2017
pricing, the total savings by 2033 will be 30.2 billion USD, and some savings will still have an impact in 2040
[5]. A typical action's payback time is seven years. A total of 4.149 million USD was spent in energy efficiency
between 2017 and 2019, translating into 2,744 ktoe of energy savings, or 960 million USD in monetary
equivalent.

3. Results

The calculations made using the equations and data mentioned earlier in this study are given in detail in the
Table | below. The calculations have been completed with the data obtained from the Department of
Construction of SCU where has an annual electricity consumption capacity of 21.415.058 (Kwh). It is very
important that consumption-oriented production can be achieved in order to demand-demand balance. The
solar panel, which is planned to be installed within the University's campus, which produces approximately
25.250 tCo2 annually, could produce 3.587.20 MWh of energy. With an area of 19,430 m2, the central campus
has been planned to be installed in the form of 5,760 pieces of 450 Wp panels and 20 pieces of 100 kW
inverters. Together with these calculations, the 2 MW Solar Panel will reduce annual carbon emissions by
2.325,22 tCO2 and reduce electricity bills by 3,587,200 kWh. Under this scope, the relevant electricity
consumption will be reduced to 17.9 million. Further expansion of the pv plants in the future study could result
in zeroing the campus's electricity bill.
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Table I. Calculation Results.

INFORMATION REGARDING THE ELECTRICITY CONSUMPTION OF
SIVAS CUMHURIYET UNIVERSITY
ELECTRICITY CONSUMPTION (KWh/y) 21.415.058 (2022)
CONTRACTUAL CAPACITY (kW) 2.000
CAPACITY OF THE NEW PLANT (kWe / KWp) 2.000,00/2.593,00
THE UNIVERSITY CAMPUS INFORMATION
ROOF AREA (m?2) 19.430
Sivas Province, Central District, Kayseri
PROVINCE, DISTRICT, QUARTER street.
BLOCK, PLOT, LAYOUT NR OF LAND Block: 5443 Plot:8,9
LAND OWNERSHIP — RIGHT OF USE University
INFORMATION REGARDING THE PLANNED PLANT

NUMBERS - CAPACITY OF PANELS 5760 pieces of 450 Wp panel
NUMBER OF INVERTERS 20 pieces of 100 kKW inverters
ASSEMBLY TYPE Land

CONNECTION TO THE GRID
TRANSFORMER INFORMATION (NEW NEED) 72 KV 1250 MVA or 36KV 2500MVA
ENERGY TRANSMISSION LINE TYPE 8 X (1X95 mm2) XLPE Cable
DDISTANCE TO TRANSFORMER Insite

ECONOMIC ACHIEVEMENTS
ANMNUAL ELECTRICITY PRODUCTION 3.587,20 MWh
COz EMISSION REDUCTION 2.325,22 tCOy/year

4. Conclusion

PV installation not only provides environmental benefits but also aids to the mitigation of air pollution.
Conventional energy sources, including coal and natural gas, not only discharge carbon dioxide but also
produce detrimental pollutants such as sulphur dioxide, nitrogen oxides, and particulate matter. Through the
utilisation of solar energy, we can reduce the emission of these harmful substances, consequently enhancing
the quality of air and promoting public health.

The study calculated the impact of the CO2 emission of the 2MW solar panel, which is planned to be installed
within the university, and studied its long-term effects in detail. According to information from the rectorate
of Sivas Cumhuriyet University, the planned solar power plant, which consumes about 21 MW of power per
month, is estimated to reduce carbon emissions by 2.325,22 tCO2 per year.

According to the official information data, the present adoption rate of solar systems in Sivas Cumhuriyet
University Campus is at 0.9%. However, to achieve a substantial reduction in carbon emissions by the year
2033, it is imperative that a minimum of 60% of residential properties in the state embrace solar installations.
The primary impediment to the widespread adoption of solar energy is its high cost. With the integration of
2MW solar panels, the rate would have risen to about 10.9%.

The aim of the study is to provide guidance for larger solar panels that could be built within the University of
SCU in the coming years. Since each MW solar panel produces equal carbon emissions, the carbon emission
data for the region is stable over the years and meteorological data. In this context, calculation forms the basis
for future work.
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Moreover, the extensive implementation of photovoltaic (PV) installation promotes technological progress and
innovation in the renewable energy industry, resulting in enhancements in solar efficiency and cost-efficiency.
This facilitates the development of a more sustainable and robust energy infrastructure, especially in areas with
limited access to dependable electricity. Given the increasing need for environmentally friendly and
sustainable energy sources, it is crucial for governments and organisations to provide backing and offer
incentives for the implementation of solar systems. Government measures can expedite the adoption of solar
energy, thereby enhancing efforts to decrease carbon emissions and maintain ecological equilibrium. In
general, the incorporation of photovoltaics into the power grid has a substantial impact on decreasing carbon
emissions and advancing environmental sustainability. Ultimately, the implementation of solar systems has a
pivotal impact on mitigating the rate of carbon emissions at regional, national, and global scales. It aids in
mitigating climate change by diminishing dependence on fossil fuels, minimising air pollution, fostering
technological innovations in renewable energy, and advocating for a healthier and more sustainable future for
consumers of electrical energy.
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ATIK BITKISEL YAGLARDAN BIYODIZEL ELDESININ DEGERLENDIRILMESI
EVALUATION OF BIODIESEL OBTAINING FROM WASTE VEGETABLE OILS

Meltem Sarioglu Cebeci

Sivas Cumhuriyet Universitesi, Cevre Miih Bélimdi, Sivas

OZET

Fosil yakitlarin basta sera gazi olusuma yani atmosferde 6zellikle metan ve karbondioksit gazinin artigina
neden olarak kiiresel 1sinmaya yani iklim degisikligine neden oldugu bilinmektedir. Ayrica fosil yakitlarin
rezervleri azalmakta 6te yandan niifus artisi ile birlikte sanayilesme hizla artmaktadir. Bu nedenlerle alternatif
enerji kaynaklaria olan ihtiyag ve dnem gerek diinyada gerekse Ulkemizde gittikce artmaktadir.

Cagimizin en biiyiik sorunu olan kiiresel 1sinma ve iklim degisikliginde biiyiik rol oynayan fosil yakitlarin
yerine biyodizel gibi ¢evreci bir alternatif bulunmasi olduk¢a 6nemlidir. Biyodizel eldesi genellikle bitkisel ve
hayvansal yaglardan yapilmaktadir. Alict ortama verildiginde su kaynaklarina ciddi zarar veren atik yaglarin,
biyodizel tiretiminde kullanilarak ekonomiye kazandirilmast hem kalkinma hem de gevresel siirdiiriilebilirlik
acisindan onemli bir adimdir. Bu ¢alismada atik kizartma yagi ve rafine edilmemis aycicek yagindan
transesterifikasyon yontemi kullanilarak biyodizel elde edilmistir. Elde edilen biyodizellerin kinematik
viskozitesileri ve yogunluklar literatiire benzer degerler bulunmustur. Uretilen biyodizelin motorlarda yakit
olarak yakilmasiyla performans testleri yapilabilmektedir.

ABSTRACT

The reason of global warming is mainly fossil fuels . Increase of methane and carbon dioxide gas in the
atmosphere cause to climate change. In addition, because of population and industrial technological
developments, fossil fuel reserves are decreasing recently. For these reasons, needing and urgent of alternative
energy sources is increasing both in all over the world and in Turkey.

An environmentally friendly alternative such as biodiesel instead of fossil fuels are very important to decrease
the global warming and climate change. They are the major problems of our century. Generally vegetable and
animal oils can be used for biodiesel production. Use of waste oils is very important point in order to protect
receiving water and environment for both waste management and environmental sustainability. Otherwise
waste oil cause serious harmfull effects to water resources and environment In this study, transesterification
method was used to produce biodiesel using waste frying vegetable oil and unrefined sunflower oil . The
kinematic viscosities and densities of the obtained biodiesels were found to be similar to the literature.
Performance tests can be considered by using this biodiesel in engines.

1.INTRODUCTION

The reason of global warming is mainly fossil fuels . Increase of methane and carbon dioxide gas in the
atmosphere cause to climate change. In addition, because of population and industrial technological
developments, fossil fuel reserves are decreasing recently. For these reasons, needing and urgent of alternative
energy sources is increasing both in all over the world and in Turkey.

Due to reasons such as the energy need arising from population growth and technological developments, the
gradual reduce in oil sources, increasing oil prices and the enverimental effects of fossil fuel, most of the
researchers have started to investigate several alternative energy sources. Biodiesel is preferred as an
alternative due to renewable and 1t contains less hydrocarbon (HC), carbon monoxide (CO), sulfur dioxide
(SO2), mercury (Hg) and particles in emissions compared to fossil fuels. In addition, if produced on a large
scale, biodiesel will be preferred because it will reduce the demand for fossil fuels, reduce fossil fuel prices,
and create a new market for agricultural raw materials (Aksoy, 2010). Except fuel renewable energy source
alternatively should be economic, environmentally friendly, easy available called biodiesel obtained from
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plant derived such as vegetable oils Some researchers have shown that biodiesel has several advantages
compared to petroleum-based diesel. Biodiesel is renewable, biodegradable, non-toxic, miscible with
petrodiesel, has intrinsic lubricity, has no aromatic and sulfur content and has very low emission level. The
use of biodiesel will be very attractive alternative for the agriculture, economic development and the
environment (Kaya, 2006; Torres et al., 2013). Biofuels are produced from biological sources. In general,
biofuels can be usually divided into two groups : first-generation or conventional fuels produced from
vegetable oil, sugar and starch and second-generation fuels. First generation fuels or conventional biofuels
are generally obtained from a source of sugar, starch and vegetable oil. In contrast, second-generation biofuels
are sustainable feedstocks (Gnanaprakasam et al., 2013).

Vegetable or animal oils are used to produce biodiesel. Most of the world's energy needs are met by
petrochemical resources, coal, natural gas, hydroelectric and nuclear energy. Except for hydroelectric and
nuclear energy, all these resources are finite and will be exhausted in a short time at the current rate of use.
Diesel fuels have an important place in the industrial economy of a developing country. It is used to transport
industrial and agricultural goods and to operate diesel tractors and pump sets in the agricultural sector. Due to
its highly viscous nature, vegetable oil has been limited as a fuel in direct application compression ignition
engines (Gupta et al., 2007; Tshizanga et al., 2017 ). It is possible to reduce its viscosity by: converting
vegetable oil into alkyl esters using the transesterification reaction (Alamu et al., 2008; Fariku et al.,2007;
Connemann and Fischer, 1998). Today, biodiesel production has increased greatly to compete with fossil fuels.
Biofuels are mostly derived from cooking oil, inedible oils, fats, waste cooking oils and algae. The advantage
of using crude vegetable oil (edible oil) as raw material for biodiesel production is its low free fatty acid content
(Ullah et al., 2009). Similarly, the main advantage of biodiesel synthesis, an inedible oil source, is due to its
high free fatty acid content (Diwani et al., 2009). Instead of using pure vegetable oil, waste cooking oil can be
used as feedstock for biodiesel production (Canakci, 2007; Gnanaprakasam et al., 2013). Biodiesel is generally
made from vegetable oils (canola, safflower, soybean, cotton, sunflower, linseed, peanut, finished oil), as well
as vegetable waste oils (domestic waste oil, industrial waste oil, waste oils from consumption) and animal oils
(fish oil, It is the name given to diesel vehicle fuel produced by transesterification method (such as chicken
fat). Briefly, the first diesel engine produced by Rudolf Diesel was powered by vegetable oil. It was previously
used as lamp oil (Kaya, 2006).

Positive some properties of biodiesel: It is an alternative energy source. It allows the evaluation of used oils
such as domestic oils. Glycerin is obtained for commercial purposes as a by-product. t is environmentally
friendly and does not harm the environment, because it has no toxic effects and is biodegradable in natiire and
environmentally friendly and does not harm the environment, because it has no toxic effects and is
biodegradable in nature. Its some negative features are: Carbon accumulation. Reduces the lifespan of vehicle
engines; because its fat content is high and its iodine count is quite low. High viscosity (approximately 11-17
times higher than Diesel fuel), low volatility and improper evaporation properties that cause deposits in engines
resulting from insufficient combustion. Modified engines are made by Elsbett in Germany and Malaysia, and
by Diesel Morten und Geraetebau GmbH (DMS) in Germany and the USA, and these engines show good
performance when operated with plant oils of different composition and grade (Raymond et al., 2004; Kaya,
2006).

In this study, biodiesel was obtained from waste frying oil and unrefined sunflower oil using the
transesterification method. The kinematic viscosities and densities of the obtained biodiesels were found to be
similar to the literature.

2. BIODIESEL PRODUCTION

Many studies have been carried out so far to obtain fuel from vegetable oils with approximately the properties
and performance of hydrocarbon-based diesel fuel. There are four most used methods in order to reduce
viscosity (Arslan and Alibas, 2019; Demir, 2006; Aktas et al., 2020). These are Pyrolysis, Dilution,
Microemulsification and Transesterification. As of 2015, the Super Critical production method has been added
to these known methods. Scientific and technological developments show that it is possible to develop new
methods in the coming years (Arslan and Alibas, 2015).
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3. Comparison of Biodiesel Production Technologies

Dilution method: It is the process of diluting vegetable and waste oils by mixing them with a solvent or diesel
fuel in certain proportions. (Tippayawongvd., 2012). Oils used in the dilution method of biodiesel production;
peanut oil, rapeseed oil, sunflower oil and waste oils (Eryilmaz, 2014).

Microemulsion formation method: Microemulsion is a colloidal solution formed between two immiscible
liquids and ionic or non-ionic organic mixtures (1-150 nm in size). It is possible to produce alternative diesel
fuels with this method. The organic substances used in this method are short-chain aliphatic alcohols (MeOH,
EtOH) (Archarya et al., 2016).

Pyrolysis method: Generally, pyrolysis is done in two ways. In the first method, vegetable oils are broken down
by heat in a closed container. In the second method, vegetable and waste oils are thermally broken down by
distillation using standard prepared substances. Biodiesel obtained with the second method shows properties
closer to diesel fuels (Zhengi et al., 2004).

Transesterification method: It is the formation of biodiesel as a result of the reaction of animal and vegetable
oils with short-chain alcohols. Generally, MeOH and EtOH are used. The transesterification method was
mentioned in detail above (Chee Loong and Idris, 2014; Ozdemir and Mutlubas, 2016, Amenaghawon et al.,
2021).

4. MATERIALS AND METHOD
- *Transesterification Method

It is the esterification reaction of fatty acids (vegetable oils, domestic waste oils, animal fats) with alcohol
(methanol, ethanol, etc.) in the presence of a basic catalyst. The following process steps occur in biodiesel
production with this method:

Mixing alcohol and catalyst: The catalyst is typically sodium hydroxide (caustic soda) or potassium hydroxide.
The catalyst is dissolved in alcohol using a standard stirrer and mixer. High levels of free fatty acid or water
may cause problems with soap formation and downstream separation of the glycerin byproduct.

Separation: After the reaction is completed, the two main products are glycerin and biodiesel. Each contains a
significant amount of methanol left over from the amount used in the reaction. A centrifuge is used to separate
these two materials faster.

Removal of alcohol: After the glycerin and biodiesel phases are separated, excess alcohol in each phase is
removed by a flash evaporation or distillation process and the reaction mixture is neutralized.

Glycerin neutralization: The glycerin by-product contains unused catalyst and soaps neutralized with an acid
and is sent to the storage tank to be stored as crude glycerin. Water and alcohol are removed to obtain glycerin
of 80-88% purity, ready for sale as crude glycerin. t is distilled to higher purity and sold to the cosmetics and
pharmaceutical industry.

Methyl ester washing process: After being separated from glycerin, biodiesel is washed slowly with warm
water to remove residual catalyst and soaps, the water is removed and sent to storage.

* Production of Biodiesel

The transesterification method was chosen to convert crude oils and waste oils into biodiesel. To obtain higher
efficiency, the vegetable oil alcohol molar ratio was taken as 1:6 instead of 1:3. 300 g of vegetable oil, 60 g of
CH3OH (approximately 1:6 molar ratio) and 1.5 g of NaOH (sodium methoxide was used for vegetable oil)
were mixed under reflux at 60-70°C. When a glycerin layer formed at the bottom of the reaction vessel (after
approximately 2-2.5 hours), the mixture was placed in a 54 separating funnel. After waiting overnight, two
phases were obtained. The lower phase was taken as glycerin and centrifuged, and the upper phase (methyl
ester phase) was washed with hot water until neutralized and dried in a vacuum desiccator, then two phases
were obtained. The lower phase was taken as glycerin and centrifuged, and the upper phase (methyl ester
phase) was washed with hot water until neutralized and dried in a vacuum desiccator.

Proceedings Book 348



ll. International Energy Days September 27, 2023

NaOH |— methanol raw oil
it catalyst decomposition of methyl'est'er
7 N methyl ester “neutralization and —— drying
methanol methanol and glycerin washing (wash water)
raw oil glycerol biodiesel
centrifugation
glycerine

Figure 1. General biodiesel production scheme

To convert waste oils into biodiesel, a filtering process was performed to remove foreign substances before
the transesterification process. In addition, both NaOH and KOH catalysts were studied separately in waste
oils and the effect of the catalyst was examined.

waste ‘ filtering ~ filtered | = methanol + | mixing flask
vegetable oil ‘ and parsing waste oil NaOH and | for
! KOH transesterification
wastes  biodiesel - purification of ‘ separation of
methyl ester ‘ methyl ester
and glycerin

Figure 2. Obtaining biodiesel from waste oils

Viscosity Test

Viscosity is defined as the resistance of a flowing liquid to flow. As the chain length of hydrocarbons increases,
viscosity increases, and as the number of double bonds increases, viscosity decreases. Silt and oxidation
products of biodiesel increase viscosity. The kinematic viscosities of waste oils and biodiesels were measured
at 40 °C with the Viscosity Bath device. Flow times were determined with a stopwatch. Viscosities were
calculated from flow times.

Viscosity = C * t
C: Viscometer constant (Written on each viscometer tube)
t: Flow time (seconds)

It was calculated using the equation.

5. FINDINGS

The density of biodiesel (860-900 kg/m3, 15°C, EN1424) is higher than fossil diesel fuel (820-845 kg/m3, EN
590). Density affects fuel consumption and combustion heat. As the hydrocarbon chain lengthens, the density
decreases, and as the number of double bonds increases, the density increases.
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In this study, biodiesels were produced from waste frying oil and unrefined sunflower oil using the
transesterification method. The kinematic viscosity and specific gravity values of biodiesels produced from
waste frying oil and sunflower oil were tested. The kinematic viscosity of biodiesels obtained from waste
frying oil and unrefined sunflower oil was determined as 5.54 mm2/s and 6.0 mm2/s, respectively. Specific
gravity values were found to be 0.889g/cm3, 0.891g/cm3, respectively.

6. RESULTS AND DISCUSSION

Performance tests can be achieved by burning the produced biodiesels in engines as fuel. Because primary
energy sources are limited and not environmently friendly, renewable energy sources are needed to meet
energy needs and to protect the environment. Biodiesel production is also important economically when the
suitable production of biodiesel is started and continued. Since it is not a regional energy source, it can be
produced in mos of the place in the world. In addition, biodiesel will make a great contribution to the
development of the agricultural economy and the vegetable oil industry. Biodiesel is a non-toxic energy source
that can be easily biodegradable in environment without harming .Exhaust gas emission amounts of biodiesel,
which contains only NOx emissions, are low. Since there is no CO, emission, it does not create a greenhouse
effect. There is no need for any modification when used in diesel engines. It can also be mixed with diesel
fuels in desired proportions or used in pure form. Biodiesel fuels are more stable than diesel fuels. Biodiesel
fuel that has been kept too long during storage turns into an acidic structure and forms precipitates. Due to this
situation, NOy emissions partially increase. In cold weather, the cloud point is low. Countries in biodiesel
production should consider the growing of oilseed crops in the agricultural area.

The rapidly increasing population also increases the demand for energy. In order to meet the energy needs and
achieve economic sustainably , it is very important to focus on the "Biodiesel Fuels".
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