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IMPORTANT, PLEASE READ CAREFULLY
e To be able to make a meeting online, login via hitps://zoom.us/join site, enter ID instead
of “Meeting ID
or Personal Link Name™" and solidify the session.
The presentation will have 15 minutes (including questions and answers).
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.
Speakers must be connected to the session 10 minutes before the presentation time.
All congress participants can connect live and listen fo all sessions.
During the session, your camera should be turned on at least %70 of session period
Moderator is responsible for the presentation and scientific discussion (question-answer)
section of the session.

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

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

ONEMLI, DIKKATLE OKUYUNUZ LUTFEN
» Kongremizde Yazim Kurallarina uygun génderilmis ve bilim kurulundan gegen bildiriler igin
online (video konferans sistemi Uzerinden) sunum imkani saglanmistir.
Sunumlaricin 15 dakika (soru ve cevaplar dahil) sGre ayrilmistir.
Online sunum yapabilmek icin https://zoom.us/join sitesi Uzerinden giris yaparak “Meeting
ID or Personal Link Name" yerine ID numarasini girerek oturuma katilabilirsiniz.
Zoom uygulamasi Ucretsizdir ve hesap olusturmaya gerek yoktur.
Zoom uygulamasi kaydolmadan kullanilabilir.
Uygulama tablet, telefon ve PC’lerde calisiyor.
Her oturumdaki sunucular, sunum saafinden 10 dk 6ncesinde ofuruma baglanmis olmalar
gerekmektedir.
Tum kongre katiimcilan canl baglanarak t0m oturumlarn dinleyebilir.
Moderatér — oturumdaki sunum ve bilimsel tarfisma (soru-cevap) kismindan sorumludur.

YV VvV

YV VYV

\ 24

TEKNIK BILGILER
Bilgisayarinizda mikrofon olduguna ve calistigina emin olun.
Zoom'da ekran paylasma 6ézelligine kullanabilmelisiniz.
Katiim belgeleri kongre sonunda tarafiniza pdf olarak génderilecektir
Kongre programinda yer ve saat dedisikligi gibi talepler dikkate alinmayacaktir

YV VYV

Zoom'a giris yaparken oénce litfen adinizi, soyadinizi ve SALON numaranizi yaziniz
Ornek: Salon-1, Shahla Tahirgizi

Zoom meeting link:
https://us02web.zoom.us/j/87107139228?pwd=ZGhQTIFDd3p3Q0MwTWo2V
HpBOFkvUT09
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Meeting ID: 871 0713 9228
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Session-1 / Hall-1

New York Time: 0800-1(000
Ankara Time: 1500-7700

HEAD OF SESSION: Assist. Prof. Prof. Dr. Halil AKBAS

TOPIC TITLE
ENERGY AND THERMAL COMFORT

AUTHORS

AFFILIATION

EVALUATIONS OF HISTORICAL Neriman Giil CELEBI Mimar Sinan Fine Arts University,
ANATOLIAN SELJUK MOSQUES IN Umit ARPACIOGLU Tiirkiye
KONYA
EXPERIMENTAL INVESTIGATION OF
SINGLE SLOPE AND DOUBLE SLOPE Volkan TUGAN Munzur University, Tiirkiye
SOLAR STILLS IN TUNCELI CLIMATE Mustafa INALLI Firat University, Tiirkiye
CONDITIONS

Hamza ALAHMAD
HYDROELECTRIC ENERGY Edip TASKESEN
POTENTIAL ASSESSMENT: A CASE Elif Nur BILEN Sirnak University, Tiirkiye.
STUDY OF SIRNAK PROVINCE Fatih ARLI

Hakan DUMRUL

OPTIMIZATION MODELS IN Halil AKBAS Siileyman Demirel University,
RENEWABLE ENERGY SYSTEMS Giiltekin OZDEMIR Tiirkiye
THE IMPORTANCE OF THE
RENEWABLE ENERGY RESOURCES s Istanbul University- Cerrahpasa
AND THE SUSTAINABILITY Aynur ONUR ASLAN Tirkine pasa,
PRINCIPLE IN TURKIYE'S FOREIGN Y
TRADE
THE IMPACT OF DIFFERENT
MARKET STRUCTURES AND ENERGY Hakki Can ERGUN Ercives Universitv. Tiirki
RESOURCES ON THE ELECTRICITY Saltuk Bugra SELCUKLU retyes University, Lurkiye

MARKETS
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03.06.2024 * Session-1 / Hall-2

New York Time: 0800-7(Q00
Ankara Time: 1500.7700
HEAD OF SESSION: Prof. Dr. Miisliime NARIN

TOPICTITLE { AUTHORS AFFILIATION

EFFECTS OF THE RUSSIA-UKRAINE e st .
WAR ON NATURAL GAS MARKETS AT 1\/? 'Oslﬁlrlr%esﬁng Anlg‘r‘;?‘ g"z?l BE‘FY." am Xeh
GLOBAL AND REGIONAL LEVELS usit Iversity, Lurkly
ENERGY EFFICIENCY: STUDIES ON Miisliime NARiN Ankara Hac1 Bayram Veli
ENERGY EFFICIENCY IN TURKIYE Goktug SAHIN University, Tiirkiye
UTILIZATION OF SOLAR PANELS FOR .

MEETING THE ELECTRICITY Enes MAVI Dumlubmar University. Tirki
DEMAND OF A FACULTY BUILDING Halit ARAT umfupinar University, Turkiye
AND COST ANALYSIS

2053 NET ZERO EMISSIONS AND A . :

LOOK AT POSSIBLE NEW THERMAL g?;‘;‘gf&gﬁ“&% Kiitahya Dumlupinar University,
POWER POWERS IN TURKEY FOR u ERGULER Tiirkiye
DEVELOPMENT

LITERATURE REVIEW OF STUDIES '

CONDUCTED IN THE FIELD OF Betiil SAHIN Trabson University. Tiickive
RENEWABLE ENERGY RESOURCES Yagar SAHIN Y, LUK
AND GREEN FINANCE

BIOMASS AND BIOMASS . - .
CONVERSION PROCESSES Betiil SAHIN Trabzon University, Tiirkiye
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03.06.2024 * Session-1/ Hall-3

New York Time: 0800-7(Q00
Ankara Time: 1500-7700

HEAD OF SESSION: Prof. Karim

SYNTHESIS AND
CHARACTERIZATION OF CHROMIUM
SUBSTITUTED COPPER GALLIUM
OXIDE NANOPARTICLES FOR
PHOTOVOLTAIC APPLICATIONS

Kinza Zulfiqar, Hafeez
Anwar

Negadi

University of Agriculture,
Faisalabad, Pakistan

DESIGN AND SIMULATION OF A
POINT ABSORBER BASED ON POWER
INVERTER AND MAGNETIC LEAD
SCREW

Prof. Karim Negadi
Ikram Nouari
Prof. Fabrizio Marignetti

University of Tiaret, Algeria
University of Cassino, Italy

A COMPARATIVE STUDY BETWEEN
SPWM AND SHE-PWM MODULATION
TECHNIQUES FOR A SINGLE-PHASE
INVERTER

Ramzi EL IDRISSI
Abdelkabir BACHA
Fatima LMAI

Hassan II University, Morocco.

DFT AND TD-DFT INVESTIGATIONS
OF NON-FULLERENE ELECTRON
ACCEPTORS BASED ON THIOPHENE
DERIVATIVES FOR ORGANIC
PHOTOVOLTAICS

M.K. Atouailaa, A. Arif M.,
Boulghallat, M. El idrissi

Sultan Moulay Slimane University,
Morocco

BIOPOLYMER-ENCAPSULATED
PHASE CHANGE MATERIALS FOR
LOW TEMPERATURE HEAT STORAGE

Abdelkoddouss El Majd,
Said Sair, Hanane Ait
Ousaleh, Zohir Younsi,
Naoual Belouaggadia,

Hassan II University of Casablanca,
Morocco.
LIMSET University Mohammed VI
Polytechnic, Benguerir, Morocco.
Laboratoire de Génie Civil et géo-

Abdeslam El Bouari Environnement (LGCgE), France
MATHEMATICAL MODEL FOR
ENHANCING PASSIVE INDOOR
THERMAL AND VISUAL COMFORT IN . L .
DOUBLE-BANKED OFFICE Muhammad Aminu Musa Ahmadu Bello University, Zaria
BUILDINGS IN THE TEMPERATE DRY
CLIMATE OF NIGERIA
CHEMICAL
SYNTHESIS,CHARACTERIZATION Abdullahi Ahmad Umara Musa Yaradua universit
AND INVITRO ANTIBACTERIAL Muhammad, Muhammadu ard “SaNia ‘ii ud university,
STUDIES OF IRON OXIDE Marwana Yusuf geria
NANOPARTICLES
WATER MANAGEMENT IN COMMUNES Zbigniew Grzymala MBASGH-Warsaw School of

IN POLAND

Agnieszka Wojcik-Czerniawska

Economics, Warsaw, Poland




Meeting ID: 871 0713 9228
Passcode: 010203

7 Session-1 / Hall-4

03.06.2024

New York Time: 0800-7(Q00
Ankara Time: 1500-7700

HEAD OF SESSION: Chaimaa Moukhfi

TOPICTITLE

THE SYNTHESIS AND
COMPREHENSIVE ANALYSIS OF
Sr2FeWO6 COMPOUND: A STUDY OF
ITS PROPERTIES AND
CHARACTERISTICS

AUTHORS

Chaimaa Moukhfi, Hamza

Ouachtouk, Youssef Ghandi,
Soufiane Zerraf,
Mohammed Elalaoui
Belghit, S. Belaaouad

AFFILIATION

Hassan II University of Casablanca,
Casablanca, Morocco.
Laboratory of Nernest Technology,
Canada

ECONOMICALLY ANALYSIS OF HEAT
TRANSFER IN BUILDING WALL
INTEGRATION WITH PHASE CHANGE
MATERIAL AND THERMAL
INSULATION

Humam Kareem Jalghaf,
Endre Kovacs

University of Miskolc, 3515
Miskolc, Hungary
University of Technology-Iraq, Iraq

STRUCTURAL AND DYNAMICAL
PROPERTIES OF LITHIUM

Othman El Kssiri, Sara
Aqdim, Abdellah Tahiri,

University of Sidi Mohamed Ben
Abdellah, Morocco

ALUMINUM PHOSPHATE GLASSES: A Mohammed Filali, University Hassan II of Casablanca,

MOLECULAR DYNAMICS STUDY Mohamed Naji Casablanca, Morocco

COMPUTATIONAL AND YOKISOij e‘tﬁgjgN ’

EXPERIMENTAL STUDIES ON THE . Ibn Zohr University, Agadir,
IDLAHOUSSAINE, Brahim

CORROSION INHIBITION EL IBRAHIMI. Nada Kheira Morocco

PERFORMANCE OF PEANUT SHELL SEBB AR’ Hassan Mohammed V University in Rabat,

EXTRACT ON THE ACIDIC ’ Morocco

CORROSION OF CARBON STEEL

OUACHTAK, Abdelaziz AIT
ADDI

ADSORPTIVE REMOVAL OF
REACTIVE BLACK-5 DYE FROM
AQUEOUS SOLUTIONS USING
BACTERIA-MEDIATED SILVER
NANOPARTICLES: A KINETIC STUDY

Akeem Adebayo Jimoh,

Samsudeen Olanrewaju

Azeez, Mojeed Olalekan
Bello, Nasiru AbdusSalam

Kwara State University, Nigeria.
University of Ilorin, Nigeria

STRUCTURAL, VIBRATIONAL,
MAGNETIC, AND ELECTRONIC
PROPERTIES OF La2MMnO6 DOUBLE
PEROVSKITES WITH M = Ni, Co, and
7n

Hamza Ouachtouk, Amine
Harbi, Chaimaa Moukhfi,
Said Azerblou, Youssef
Naimi, El Mostafa Tace

University Hassan II of Casablanca,
Morocco.

SYNTHESIS, CHARACTERIZATION
AND CATALYTIC PERFORMANCE OF
CADMIUM MOLYBDATE CdMoO4

Yousra Taoudi, Hicham
Oudghiri Hassani,
Mohammed Lachkar

Sidi Mohamed Ben Abdellah
University, 30000 Fez, Morocco
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03.06.2024 * Session-1 / Hall-5

New York Time: 0800-7(Q00
Ankara Time: 1500-7700
HEAD OF SESSION: Hassan BADAOQOUI

TOPICTITLE { AUTHORS AFFILIATION

Hassan BADAOUI,
QUINAZOLINE DERIVATIVES AS Mohamed OUABANE,
POTENTIAL EGFR INHIBITORS: 2D Mohamed ELBOUHI, Moy Ismail Universitv. Mek
and 3D-QSAR, MOLECULAR M’barek CHOUKRAD, y Ismail University, Meknes,

DOCKING, DRUGLIKENESS, AND MD
SIMULATIONS

Chakib SEKKATE, Tahar
LAKHLIFI, Mohammed

Morocco.

BOUACHRINE

ENVIRONMENTAL ASSESSMENT OF
AN ENERGY MANAGEMENT SYSTEM
BASED ON POWER HYBRID SOLAR,
WIND, AND BATTERY

Ikram NOUARI, Karim
NEGADI, Mostefa
KOULALI

Laboratory of L2GEGI, Algeria

Swami Vivekanand Subharti
University, Meerut, Uttar Pradesh,
India.

Mahamaya Government Degree
College, Sherkot, Bijnore, Uttar
Pradesh, India.

STUDY OF STRUCTURAL,
ELECTRONIC, MAGNETIC AND
OPTICAL PROPERTIES OF BaAlO3
COMPOUND WITH USING GGA
APPROACHES

Aman Kumar, Anuj Kumar

COMPARISON STUDY BETWEEN

Abdelghafour HERIZI,
SLIDING MODE CONTROL AND Riyadh ROUABHI, Al University of M’sila, BP 166
BACKSTEPPING CONTROL OF A hassan BOUSSAG Ichbilia 28000, Algeria
WIND POWER SYSTEM BASED ON Abdesattar DJALAB

THE DFIG GENERATOR

Farhad Pirmohammadi
Alishah, Mehdi
Mohammadrezaei

MAN, ENERGY, ENVIRONMENT AND
VISION FOR THE FUTURE

Islamic Azad University, Tasuj,
Iran

Omar Britel, Asmae Fitri,
Adil Touimi Benjelloun,
Mohammed Benzakour,

CARBAZOLE-BASED D-A-IT-A DYES
FOR DYE SENSITIZED SOLAR CELLS

Sidi Mohamed Ben Abdellah
University, Fez, Morocco

Mohammed Mcharfi
DEVELOPMENT AND
CHARACTERIZATION OF NEW Doha Doughri. Boubker
MATERIALS WITH COMPLEX ghrl, University Hassan II of Casablanca,

Mehdaoui, Abdeslam El

STRUCTURES, AND STUDY OF THEIR .
Bouari

ELECTRICAL, MAGNETIC AND
OPTICAL PROPERTIES

Casablanca, Morocco.
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ABSTRACT

Historical and monumental mosques are valuable elements of cultural and religious architectural
heritage. This heritage needs to be documented and protected. Mosgues are characterized by their unique
working hours, and they are used simultaneously in a specific region and time zone. This characteristic
property affects the energy demand of the masjid building during the heating and cooling periods,
depending on the climate zones. Climate-related design properties of buildings affect the building's
comfort conditions and thermal performance. In addition, the comfort of the user in a religious building
is important for a sense of sacred worship. In this respect, providing the comfort conditions in the interior
space in an energy-efficient method is an important subject. In this context, in this study, monumental
mosques built in the Anatolian Seljuk Period in Konya are investigated in terms of thermal comfort and
energy efficiency. Firstly, The mosques’ architectural design properties and construction techniques are
explained and energy and thermal comfort analyses are made by modeling them through the
DesignBuilder simulation software. The relationship between architectural design properties and the
energy demands of mosques is handled. It is aimed to show the importance of historical religious
buildings in terms of energy efficiency.

Keywords: Historical mosques, energy efficiency, thermal comfort.

INTRODUCTION

Throughout its history, Konya has been one of the most important main centers of Turkish-Islamic
culture and art in Anatolia. The city has preserved its importance for many years as the capital of the
Anatolian Seljuk Civilization and as it is one of the important state centers of the Ottoman Empire. It
has been an architectural center throughout its history and has valuable elements of cultural and
architectural heritage (Baykara, 2002). Religious buildings such as mosques or masjids built during the
Anatolian Seljuk and Ottoman periods are important buildings that provide the formation of city
morphology. At that time, mosques were built on a large scale in the main centers of cities and were an
important social center where people came together. Masjids were built to provide services on a
neighborhood scale. In this respect, monumental religious buildings can be handled as mosgues and
masjids. Monumental religious buildings are valuable elements of religious and cultural architectural
heritage. Creating an inventory of these buildings is important for the protection of cultural heritage.

Mosques are characterized by their unique working hours. They are used simultaneously in a specific
region and time zone. This situation has an impact on the energy demand depending on the climatic
regions during the heating and cooling periods of the building (Al-Homoud vd., 2005). In addition, The
comfort of the user in a religious building is important. Worshipers should be able to feel a sense of
peace and tranquility. Seasonal characteristics and indoor activities are important factors affecting
thermal comfort. Thermal comfort parameters can be classified as environmental and user-related.
Environmental parameters include air temperature, air humidity (relative humidity), average radiant
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temperature, and air speed. User-related parameters include users' clothing and physical activity status.
Worship in a mosque is done in two ways. Various models have been developed to relate human feelings
of comfort to relevant factors. ASHRAE is used and important to evaluate thermal comfort conditions
(Al-Homoud ve dig., 2009). The climate-related design features of mosques affect the interior comfort
conditions in the interior and the thermal performance of the building (Abdou vd, 2005). In this respect,
providing comfort conditions in the interior of religious mosque buildings within the scope of energy
efficiency is an issue that should be carefully evaluated.

In the study of Al-Homoud et al., indoor comfort conditions were analyzed for three mosques located
in the hot humid climate zone of Damman, Saudi Arabia. The relationship between comfort conditions
and the consumed energy levels was evaluated. It was determined that only one of the mosques had a
thermal insulation layer in the envelope. It was reported that two uninsulated mosques had higher levels
of energy consumption and dissatisfaction in terms of thermal comfort (Al-Homoud vd., 2009). This
study aims to create and document the inventory of monumental mosques and to research the masjids
in terms of energy efficiency. The relationship between design properties and the energy demands of
mosques is handled. It is aimed to show the importance of monumental religious buildings in terms of
energy efficiency. There is not enough research in the literature about the basic design and energy
performance of mosques. In this respect, it is important to create an inventory of the religious
architectural heritage and investigate it in terms of energy and thermal comfort.

METHODS

This study is prepared within the scope of the Scientific Research Project (BAP) and among the analyzed
religious buildings, Kadi izzettin (13th century) and ve Haci Hasan (15th century) Mosques built in
Konya during the Anatolian Seljuk Period are handled. First of all, information about the mosques
belonging to the Anatolian Seljuk Period period and Konya City are collected using the analyzing
technique in the literature. The mosques are visualized with the drone and their features are documented
with photographs. Drawings in the electronic environment are taken from the Konya Regional
Directorate of Foundations and colored, and their current situation is based on on-site determinations,
and their relations with their immediate surroundings are processed on the drawings. The plan, section,
facade, roof cover, and interior space elements are explained and design typologies are determined in
the light of the information in the literature, drawings, and visuals. At the same time, the construction
technique and material properties are explained. Mosques’ architectural design properties were
documented are modeled in the Design-Builder simulation program. According to the simulation results,
the heating-cooling and total energy loads of the mosques are analyzed. An evaluation is explained
according to the findings.

FINDINGS

In this section, the architectural design properties of the Kadi izzettin and ve Hac1 Hasan Mosques built
in the Anatolian Seljuk Period and their energy loads according to simulation results are explained.

Historical Anatolian Seljuk Mosques’ Architectural Design Properties

Kad1 Izzettin Mosque was built by Kadi izzeddin in 1252. The construction technique was masonry.
Hac1 Hasan Mosque was built using masonry technique in the 15th century and was repaired in 1907
during the Ottoman Period (Konyali, 2007). Photographs of Kadi izzettin and Hac1 Hasan Mosques are
shown in Figure 1. The architectural design properties of Kadi izzettin Mosque are shown in Table 1,
and the architectural design properties of Hac1t Hasan Mosque are shown in Table 2.
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Figure 1. Kad1 Izzettin Mosque and Hac1 Hasan Mosque (Photographs by the authors, 2019)

Table 1. Kadi Izzettin Mosque’s Construction Techniques and Material Properties

Design Typology

Period 13th Century, Anatolian Seljuk Period
Building Form Rectangle
Plan Organization | Two Spaces
. Top Cover Pitched Roof
i Building Order Detached Order

Mosque height (h)

9.11m

Total Area of
Mosque m?

298.35 m2

Construction Techniques and Material Properties

Bond Technique Masonry Wall
Material Stone
Wall Thickness 75cm
Openings Windgws ratios
WALL are mixed.
Window- | South | 16.13
Wall North | 13.96
Ratio (%) | East 12.01
West 12.05
FLOORING Material Wood flooring
Wooden
Bond Technique construction
pitched roof
TOP COVER Material Brick (Roof tile)
. There are no
Openings ;
openings.
Bond Technique Masonry
MINARET Material Cut-stone
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Table 2. Haci Hasan Mosque’s Construction Techniques and Material Properties
Design Typology
Period 15th Century, Anatolian Seljuk Period
| ¢ g &% A—
T ©¢© ¢ | Building Form Rectangle
/ ggﬂ - | Plan Organization | Three Spaces
/ Wt i \_ | [ Top Cover Pitched Roof
—— ) | Building Order Detached Order
— y  © \ -
| BE 1| Mosque height (h) | 12.00m
\‘ ‘ ‘:‘ v“\ -
= ‘ } Total Agea of 33031 m?
Mosque m

Construction Techniques and Material Properties

Bond Technique Masonry Wall
Material Stone
Wall Thickness 90 cm
Openings Windpws ratios
WALL are mixed.
Window- L South | 9.61
Wall North | 16.10
Ratio (%) | East 6.19
West 14.41
FLOORING Material Wood flooring
Wooden
Bond Technique construction
pitched roof
TOP COVER Material Brick (Roof tile)
. There are no
Openings ;
openings.
Bond Technique Masonry
MINARET Material Stone and brick

Historical Anatolian Seljuk Mosques’ Energy and Thermal Comfort Analysis

The Kadi Izzettin and Hact Hasan Mosques belonging to the Anatolian Seljuk Civilization, are analyzed
in terms of energy efficiency and thermal comfort in light of the simulation results. Mosques are
modeled using Design Builder simulation software. Design Builder is an EnergyPlus-based software
tool developed to measure and analyze the performance of building design in terms of energy, carbon,
lighting, and comfort (Zhang, 2014). Models specific to mosque buildings that have characteristic
features are developed in the DesignBuilder simulation program, taking into account the users,
occupancy rate, and usage times.

e Energy Analysis

Energy-efficient building design parameters, passive parameters, are handled as the location of the
building, the distance between other buildings, building orientation and space design, building form,
building envelope optical and thermophysical properties, solar control, and natural ventilation layout
(Lechner, 2015). Konya is located in the temperate-dry climate zone of Tiirkiye. The period in which
heating is important in temperate-dry climatic regions. It can be said that energy-efficient design
parameters are also valid for a mosque building. However, mosque buildings have elements that direct
their basic design such as gibla, gibla wall, mihrab, and minbar. In this respect, the orientation of
mosques with a characteristic design approach is the direction of the gibla. The orientation of the Konya
mosques (their gibla), which are handled within the scope of the study, is in the south direction.

In terms of building form, the form of mosque buildings is square or rectangular, which should be in a
temperate-dry climate zone. The distance between the buildings, the heights of the buildings, and their
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locations according to each other affect solar radiation and wind factors. Therefore, passively benefiting
from or being protected from the effects of sun and wind changes depending on the settlement texture
and distance between buildings. In this respect, it is one of the parameters that directly affect the energy
load of a building. Both mosques have a detached order property. Kadi izzettin and Hac1 Hasan Mosques'
energy loads are shown in Table 3.

Table 3. The Monumental Religious Buildings’ Energy Loads

Mosaue Name Kadi izzettin Mosque | Haci1 Hasan Mosque
q 13th Century 15th Century

Cooling Load per m? kWh 12.24 9.24

Heating Load per m? kWh 155.29 62.17

Energy Consumed per m?

(heating-cooling-lighting) kWh DUt e

Stone building material has the qualification to contribute to the heating and cooling loads of buildings
in terms of thermal performance. It should be noted that the thermal conductivity properties of the
opaque and transparent components of the building envelope are important parameters that can affect
the energy loads of the buildings. The thermal conductivity of the wall varies depending on the building
material properties and wall thickness. Period differences between analyzed mosques, differences in
wall thickness of mosques, and the type of glass used in the openings should be handled as factors
affecting the thermal conductivity of the wall. It can be stated that the building materials used in the
analyzed mosques qualify for reducing the energy load of the buildings. According to top cover
properties, both mosques have wooden construction pitched roofs. In this respect, mosques’ envelope
properties should be evaluated as the parameter that affects their energy needs.

The opening ratios of the buildings are different depending on the directions. It should be noted that
openings in the south direction provide direct solar radiation gain, but multi-directional openings,
especially in the north direction, cause heat losses. In this respect, it can be said that the openings
depending on the directions are the reasons for the differences between the energy loads of the mosques.
Design properties such as building materials, wall thicknesses, top cover properties, directional
openings, and thermal conductivity are the properties that make a difference between the energy loads
of the mosques. In addition, building volume should be handled and evaluated as an important factor.

e Thermal Comfort Analysis

Kadi izzettin Mosque’s thermal comfort results are shown in Graphic 1 and Hac1 Hasan Mosque’s
thermal comfort results are shown in Graphic 2. According to the temperature graphs, it was seen that
the outdoor air temperature, radiant temperature, and indoor air temperature values were generally close
to each other for the buildings examined. The main reason for this situation can be stated as phase
canceling. Thermophysical properties and thickness of the building wall are factors that affect phase
shift. Phase shift is a condition that supports thermal comfort, and the wall thickness and material
properties of the structures examined provide this situation.
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Graphic 1. Kadi izzettin Mosque’s Thermal Comfort Graphic
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Graphic 2. Hac1 Hasan Mosque’s Thermal Comfort Graphic

According to the results regarding heat balance, heat transfer in mosques consists especially in cold
periods when heating is required. It can be stated that this is due to the openings in the building envelope.
Window elements, old joinery due to construction dates, and wall compositions can cause heat transfer.
Solar gain from windows varies depending on the building. In particular, it has been observed that the
solar gain rate of Hact Hasan Mosque is higher than other structures. The size of the windows, their
thermal conductivity properties, and whether they are single or double-glazed are among the reasons for
these differences.

Although the total fresh air rate in the interior spaces of the examined buildings varies, it is seen that
these rates are higher between June and September compared to other months. The important factor of
indoor air circulation is natural ventilation. Differences in results are related to factors such as the
location and size of openings that affect natural ventilation.

CONCLUSION

In this study, monumental mosques built during the Anatolian Seljuk Period in the city of Konya, one
of the most important main centers of Turkish-Islamic culture and art, are investigated in terms of energy
efficiency. The plan, section, facade, and interior properties of historical religious buildings have been
documented. The energy consumption of the mosques is analyzed. As a result, it can be said that more
positive results are obtained in terms of energy efficiency for both mosques although the differences
between the energy loads.

It can be said that mosque buildings, which are important elements of the monumental architectural
heritage built in the Anatolian Seljuk period, are energy-efficient in line with today's energy needs and
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traditional design features and construction techniques. In terms of material use, the use of traditional
materials with thermal mass suitable for climatic conditions is a sustainable approach that affects the
energy needs of a building. At the same time, it is concluded that building volume is an important
parameter for these building types in terms of energy efficiency. The DesignBuilder simulation program
calculates the energy loads per m It has been determined that this is inadequate for buildings where
volume is an important factor, such as monumental mosques, and that volume-related analysis results
are required.

As aresult, it can be said that historical mosques are valuable and important buildings in terms of energy
efficiency in line with the energy loads consumed per m?. Considering the deficiency of studies in the
field of monumental mosque structures and energy efficiency, it is expected that this study will create
potential research scopes for future research. Documenting and analyzing cultural-historical heritage in
terms of energy efficiency is a pioneering work and will throw light on future studies.

INFORMATION NOTE

This study is reproduced from the Mimar Sinan Fine Arts University Scientific Research Project (BAP)
titled “Research of the Monumental Architectural Heritage in terms of Comfort Parameters and Energy
Efficiency, Seljuk-Ottoman Period” coordinated by Assoc. Prof. Dr. Umit ARPACIOGLU.
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EXPERIMENTAL INVESTIGATION OF SINGLE SLOPE AND DOUBLE SLOPE SOLAR
STILLS IN TUNCELI CLIMATE CONDITIONS

Ars. Gor. Volkan TUGAN
Munzur Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Tunceli, Tiirkiye.
Prof. Dr. Mustafa INALLI
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OZET

Kiiresel capta enerji talebinin artmasi iilkelerin fosil yakitlar gibi geleneksel enerji kaynaklarina bagimli
hale gelmesine ve ekonomik biiyiimelerinin Oniine gegmesine sebep olmaktadir. Fosil yakitlar smirls,
sabit ve yenilenemez oldugundan son zamanlarda yenilenebilir enerji kaynaklarina yogun bir ilgi oldugu
goriilmektedir. Tathh su kaynaklarinin smirli olmasi sebebiyle en oOnemli yenilenebilir enerji
kaynaklarindan biri olan giines enerjisiyle tuzlu suyun tathh suya doniistiiriilmesi biiyiik 6nem
tagimaktadir. Bu ¢aligmada, tuzlu sudan tatli su iiretmek amaciyla tek egimli ve ¢ift egimli olmak tizere
iki farkli giines enerjili damiticinin tath su tiretkenligi ve termal verimi deneysel olarak arastirilmustir.
Bununla birlikte, tuzlu su sicakliginin, cam sicakliginin, ¢evre hava sicakliginin, giines 1sinim siddetinin
ve riizgar hizinin zamana gore degisimi grafikler halinde sunulmustur. Her iki damitici da galvaniz
sacdan {iiretilmis olup aymi taban alanina sahiptir. Damuticilarin iiretkenligini ve termal verimini
arastirmak amaciyla yiriitiilen deneysel c¢alisma, Tiirkiye’nin Dogu Anadolu Bolgesi’nde bulunan
Tunceli sehrinin iklim sartlar altinda yiiriitiilmistir. Calismadan elde edilen sonuglara gore, her iki
damitici i¢in de giin igerisindeki en yiiksek tatlh su iiretkenligi saat 14:00°da elde edilmistir. Cift egimli
giines enerjili damiticinin giinliik tatli su tiretkenliginin tek egimli glines enerjili damiticiya kiyasla %6,6
daha fazla oldugu goriilmiistiir. Ek olarak, tek egimli glines enerjili damiticinin termal veriminin %15,1,
cift egimli giines enerjili damiticinin termal veriminin %16,1 oldugu tespit edilmistir.

Anahtar kelimeler: Giines enerjili damitic, tatl su tiretkenligi, termal verim.

ABSTRACT

Increasing global energy demand causes countries to become dependent on traditional energy sources
such as fossil fuels and hinders their economic growth. Since fossil fuels are limited, fixed and non-
renewable, there has been an intense interest in renewable energy sources recently. Since fresh water
resources are limited, it is of great importance to convert salt water into fresh water with solar energy,
one of the most important renewable energy sources. In this study, the fresh water productivity and
thermal efficiency of two different solar stills, single slope and double slope, were experimentally
investigated to produce fresh water from salt water. In addition, the changes in salt water temperature,
glass temperature, ambient air temperature, solar radiation intensity and wind speed over time are
presented in graphs. Both stills are made of galvanized sheet metal and have the same floor area. The
experimental study was carried out under the climate conditions of the city of Tunceli, located in the
Eastern Anatolia Region of Turkey, to investigate the productivity and thermal efficiency of solar stills.
According to the results obtained from the study, the highest fresh water productivity was achieved at
14:00 during the day in both solar stills. The daily fresh water productivity of the double slope solar still
was found to be 6.6% higher than that of the single slope solar still. Additionally, the thermal efficiency
of the single slope solar still was found to be 15.1%, and the thermal efficiency of the double slope solar
still was 16.1%.

Keywords: Solar still, fresh water productivity, thermal efficiency.
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GIRIS

Su, tiim canlilar i¢in en temel ihtiyagtir. Diinya’nin yaklasik doértte tigli su ile kaplhidir ancak bunun
sadece %1’1 canlilar tarafindan kullanilabilir niteliktedir (Al-Kayiem vd., 2023; Edalatpour vd., 2016).
Kullanilabilir nitelikteki tatli su kaynaklarinin hizla tiiketilmesi ve kirletilmesi, kiiresel ¢apta niifus
artis1, endiistriyel uygulamalarin siirekli olarak artmasi gibi faktorler tatli su kaynaklarinin giin gectikce
azalmasina sebep olmaktadir (Abujazar vd., 2016). Bu olumsuz durumun 6niine gegebilmek amaciyla
Diinya’da bol miktarda bulunan tuzlu suyun tatli suya doniistiiriilebilmesi ig¢in yogun ¢aba
gosterilmektedir.

Dogalgaz, kdmiir ve petrol gibi fosil yakitlar dogada smirli miktarda bulunduklarindan giin gegtikce
tikenmektedir. Bununla birlikte, fosil yakitlar siirekli olarak ¢evreye zararli gaz yayarak ¢evre kirliligine
yol agmaktadir. Bu olumsuzluklarla basa ¢ikmanin yollarindan bir tanesi fosil yakitlarin kullanildig
uygulamalarda enerji verimini artirarak daha az yakit kullanilmasini1 saglamaktadir. Digeri ise fosil
yakitlar yerine yenilenebilir enerji kaynaklarindan birini kullanmaktadir (Kanoglu vd., 2020).
Yenilenebilir enerji kaynagi, dogal kaynaklardan siirekli olarak elde edilebilen ve tiikkenmeyen enerji
kaynagidir. En 6nemli yenilenebilir enerji kaynaklarindan biri olan giines enerjisiyle tuzlu suyun tath
suya doniistiiriilmesi, tatli su kaynaklarinin tiikenmesinin 6niine gegebilmek agisindan biiylik 6nem
tagimaktadir. Giines enerjisini kullanarak tuzlu sudan tath su elde etmek amaciyla kullanilan cihazlara
giines enerjili damitic1 ad1 verilmektedir. Glines enerji damiticilar, absorber yiizey tarafindan emilen
giines enerjisiyle tuzlu suyun 1sitilarak buharlastirilmasi ve daha sonra yogusturulmasi prensibine gore
caligmaktadir. Boylece tuzlu su, tuzdan ve diger kirli maddelerden arinmaktadir. Yogusan suyun bir
kanal araciligiyla toplanmasiyla tath su elde edilir (Edalatpour vd., 2016). Tuzlu suyun tatli suya
doniistiiriilebilmesi agisindan bu cihazlarin kullanilmasi, en ekonomik ve uygulanabilir yontemlerden
biridir (Singh vd., 2019). Bu nedenle, son yillarda giines enerjili damuiticilari konu alan birgok ¢aligma
yuritiilmiistiir. Attia vd., 2021, enerji depolama malzemesi olarak kum torbalarinin kullanildigi bir tek
egimli giines enerjili damiticinin performansini deneysel olarak arastirmistir. Gelistirilen gilines enerjili
damiticinin tatl su iiretkenliginin geleneksel gilines enerjili damaiticiya kiyasla %34,57 daha fazla oldugu
gozlemlenmistir. Balachandran vd., 2020, giines enerjili damitcinin emici yiizeyine mikropartikiil ve
nanopartikiil olarak Fe203 kaplanmasinin iretilen tatli su miktarina etkisini deneysel olarak
aragtirmistir. Calismadan elde edilen sonuglara gore, mikropartikiil ve nanopartikiil kaplanmasi
durumunda tatli su iiretkenliginin sirastyla 3,23 kg/m2 ve 4,39 kg/m2 oldugu goézlemlenmistir.
Chandrika vd., 2021, tek egimli giines enerjili damitma cihazinin i¢ yiizeylerinde yansitici ayna ve
alliminyum folyo levhalarin kullaniminin tath su iiretkenligine etkisini deneysel olarak arastirmistir.
Yansitict ayna ve aliiminyum folyo levha kullanilmasi durumunda geleneksel giines enerjili damitictya
kiyasla tathi su tretkenliginde sirasiyla %68,57 ve %48,57 artis oldugu tespit edilmistir. Darabi vd.,
2022, tek egimli glines enerjili damiticida reflektdr kullaniminin tath su iiretkenligine ve termal verimine
etkisini deneysel olarak arastirmiglardir. Reflektorsiiz ve reflektorle damiticilar i¢in iiretilen giinliik tath
suyun sirasiyla 1095 ml ve 1710 ml oldugunu tespit etmislerdir. Ek olarak, reflektorsiiz ve reflektorlii
sistemlerin giinliikk verimlerinin sirasiyla %30,10 ve %46,13 oldugu sonucuna ulagsmislardir. EIshamy
& EI-Said, 2018, boru seklindeki giines enerjili damiticinin tath su iiretimini ve verimini deneysel olarak
incelemiglerdir. Calismadan elde edilen sonuglara gore, boru seklindeki giines enerjili damiticinin tath
su Uretkenliginin ve termal veriminin diiz plakali olana kiyasla sirasiyla %26,47 ve %25,9 daha ytiksek
oldugu goriilmistir. Muthu Manokar vd., 2020, cam sogutma ve havuz isitmanin giines enerjili
damiticinin performansina etkisini deneysel olarak arastirmistir. Geleneksel, havuz 1sitmali, cam
sogutmali ve hem havuz 1sitma hem de cam sogutmali giines enerjili damiticilarin tath su iiretkenliginin
sirastyla 1,89 kg/m2, 2,49 kg/m2, 3,79 kg/m2 ve 4,56 kg/m2 oldugu tespit edilmistir. Cam sogutma ve
havuz 1sitmanin birlikte kullanildig1 giines enerjili damiticinin tatli su iiretkenliginin geleneksel giines
enerjili damiticiya kiyasla %58,57 daha fazla oldugu goriilmistiir. Nayagam vd., 2022, boru seklindeki
bir gilines enerjili damiticida harici bir 1siticinin kullanilmasinin tath su iiretkenligine etkisi deneysel
olarak aragtirilmistir. Harici 1siticinin kullanildigi damaitici iiretkenliginin 1siticisiz damiticiya kiyasla
%32,67 daha fazla oldugu sonucuna ulasilmistir. Saadi vd., 2018, geleneksel ve kademeli giines enerjili
damiticilarin giinliik verimini artirmak amaciyla deneysel ¢alisma yiiriitmiistiir. Elde edilen sonuglara
gore, kademeli giines enerjili damitma cihazinin giinliik veriminin geleneksel giines enerjili damitma
cihazina kiyasla en diisiik %47,18, en yiiksek %104,73 arttig1 tespit edilmistir.
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Bu ¢alismada, tek egimli ve ¢ift egimli olmak iizere iki farkli giines enerjili damitici tasarlanda, tiretildi
ve tatli su tretkenlikleri deneysel olarak arastirildi. Ek olarak, giines enerjili damiticilarin termal
verimleri incelendi. Calismanin ilerleyen boliimlerinde damuticilarin iiretimi, deneysel olarak test
edilmesi, elde edilen bulgular ve bulgularin yorumlanmasi ile ilgili detayli bilgiler alt basliklar halinde
sunuldu.

MATERYAL VE METOT

Bu deneysel ¢alisma, Tiirkiye’nin Dogu Anadolu Boélgesi’nde bulunan Tunceli sehrinin iklim sartlari
altinda yuritilmiistiir. Deneyler 08.00 ile 19.00 arasinda yapilmistir. Mevcut ¢alisma kapsaminda
tasarlanan ve iiretilen tek egimli ve ¢ift egimli glines enerjili damiticilarin goriintiileri sirastyla Sekil 1
ve Sekil 2’de verilmistir. Her iki damitict da 1 mm’lik galvaniz sacdan {iretilmis olup, yerden
yiikseklikleri ve taban alanlar1 esittir. Tek egimli giines enerjili damiticinin her bir kenar1 720 mm
uzunluga sahiptir. Cift egimli gilines enerjili damitict havuzunun kisa kenar1 650 mm, uzun kenar1 800
mm’dir. Tek egimli ve ¢ift egimli giines enerjili damiticilar yerden 400 mm yiikseklikte olacak sekilde
demir kutu profiller ile desteklenmistir. Yalitim malzemesi olarak damiticilarin cam kapak hari¢ tiim
ylizeylerine 25 mm kalinliginda kaucuk levha kaplanmistir. Giines enerjili damiticilarin giines
1simmindan maksimum diizeyde yararlanabilmesi i¢in damiticit havuzlari 1siya dayanikli siyah boya ile
boyanmustir. Her iki damiticida da 6 mm kalinliginda cam kapak kullanilmis ve yatayla 39° egimli
olacak sekilde yerlestirilmistir. Giines enerjili damiticilarin her birine 12,5 L deniz suyu doldurulmustur.
Deniz suyu, Tirkiye’nin Akdeniz Bolgesi’nde bulunan Mersin sehrinin deniz kiyisindan temin
edilmistir. Tek egimli damiticida bir adet ve ¢ift egimli damiticida iki adet tath su toplama kanali
kullanilmistir. Toplama kanallar1 25,4 mm dis ¢apa sahip olup, krom malzemeden iiretilmistir. Giines
enerjili damitma cihazlarindan elde edilen tatli suyu biriktirmek i¢in 1,5 L’lik cam malzemeden
iiretilmis tatli su toplama kaplar1 kullanilmistir.

Sekil 1. Tek egimli giines enerjili damaitict
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Deney diizeneginde kullanilan malzeme ve cihazlar, Firat Universitesi Bilimsel Arastirma Projeleri
Koordinasyon Biriminin (FUBAP) destegiyle satin alinmustir. Ayrica, deneyler igin gerekli olan bazi
olgiim aletleri Munzur Universitesi’nden temin edilmistir. Sicakhik 6lgiimleri K tip termokupl
kullanilarak yapilmistir. Sicaklik 6lgiim aletlerinden (K tip termokupl) elde edilen verileri toplamak ve
kaydetmek amaciyla datalogger kullanilmistir. Giines 1s1n1m siddetini ve riizgar hizin1 6l¢gmek amaciyla
kullanilan cihazlar sirastyla Sekil 3 ve Sekil 4’te verilmistir. Damiticilardan elde edilen tatli su miktar

Sekil 3. Isinim dlger
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Sekil 4. Riizgar hiz1 6lger
BULGULAR VE TARTISMA

Bu boliimde, tek egimli ve ¢ift egimli giines enerjili damiticilarin deneysel analizlerinden elde edilen
veriler detayli bir sekilde sunulmustur. 08.00 ile 19.00 arasinda yiiriitiilen deneylerden elde edilen giines
1sinim siddeti, riizgar hizi, sicaklik, {iretkenlik ve termal verim degerleri grafikler halinde verilmistir.
Giines 151im siddetinin ve riizgar hizinin zamanla degisimini gosteren grafik Sekil 5’te gosterilmistir.
Giin igerisinde en yiiksek giines 1s1n1m siddetinin (977,9 W/m?) saat 12.00°da elde edildigi goriilmiistiir.
Riizgar hizinin deneylerin yapildig: siire boyunca siirekli olarak degiskenlik gosterdigi ve en yiiksek
degerinin (2 m/s) saat 11.00’da elde edildigi gozlemlenmistir.
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Sekil 5. Isinim siddetinin ve riizgar hizinin zamanla degisimi

Tek egimli ve ¢ift egimli giines enerjili damuticilar i¢in sicakliklarin zamana gore degisimini gosteren
grafikler sirasiyla Sekil 6 ve Sekil 7°de verilmistir. Sekil 6’da goriildigii lizere ¢cevre hava sicakligi giin
icerisinde en yiiksek degerine (38,4 °C) saat 15.00’da ulasmistir. Tek egimli gilines enerjili damiticidaki
deniz suyu sicakliginin 13.00’a kadar arttig1 ve 13.00’dan sonra yavas yavas azaldig1 gézlemlenmistir.
Bunun sebebi, 6glen saatlerinde giines 1simim siddetinin maksimum degerine ulagmasidir. Sekil 7°de
goriildiigli lizere, ¢ift egimli damiticidaki deniz suyu sicakligi en yiiksek degerine tek egimli
damiticidakine benzer olarak 13.00°da ulasmistir. Sabahin ilk saatlerinde dogu tarafi cam sicakliginin
bat1 tarafi cam sicakligindan yiiksek olmasinin sebebi giinesin sabah saatlerinde dogu tarafi cam yiizeye
dogrudan vurmasindan kaynaklanmaktadir. Ayni durum giines batarken bati tarafi cam igin gecerlidir.
Tek egimli ve ¢ift egimli giines enerjili damiticilar deniz suyu sicakligi agisindan kiyaslandiginda sabah
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ve aksam saatlerinde ¢ift egimli damiticidaki deniz suyu sicakliginin, 6glen saatlerinde ise tek egimli
damiticidaki deniz suyu sicakliginin daha yiiksek oldugu gozlemlenmistir.
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Sekil 6. Tek egimli giines enerjili damaitici i¢in sicakliklarin zamana gore degisimi
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Sekil 7. Cift egimli giines enerjili damutici i¢in sicakliklarin zamana goére degisimi

Tek egimli ve ¢ift egimli giines enerjili damiticilarin saatlik ve toplam tiretkenlik degerleri sirasiyla
Sekil 8 ve Sekil 9°da gosterilmistir. Sekil 8’de goriildiigii iizere tek egimli ve ¢ift egimli giines enerjili
damiticilar icin elde edilen en yiiksek saatlik iiretkenlik degeri 14.00’da elde edilmis olup, sirasiyla
201,5 gr/saat ve 185,5 gr/saat’tir. Bununla birlikte, sabah ve aksam saatlerinde ¢ift egimli giines enerjili
damiticinin, 6glen saatlerinde ise tek egimli giines enerjili damiticinin tath su tiretkenliginin daha fazla
oldugu gozlemlenmistir. Sekil 9°da goriildiigii izere tek egimli ve ¢ift egimli giines enerjili damiticilarin
her saat i¢in toplanarak elde edilen iiretkenlik degerleri verilmistir. Tek egimli ve ¢ift egimli giines
enerjili damiticilar i¢in giinliik tath su iiretkenliginin sirasiyla 979,6 kg/giin ve 1044,4 kg/giin oldugu
gozlemlenmistir. Giinliik tath su iiretkenligi agisindan kiyaslandiginda ¢ift egimli giines enerjili
damiticidan elde edilen tath su tiretkenliginin tek egimli giines enerjili damiticiya kiyasla %6,6 daha
fazla oldugu goriilmiistir.

PROCEEDINGS BOOK
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Sekil 8. Giines enerjili damiticilarin saatlik iiretkenlik degerlerinin zamanla degisimi
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Sekil 9. Giines enerjili damiticilarin toplam iiretkenlik degerlerinin zamanla degisimi

Her iki damitici igin elde edilen termal verim degerlerinin kiyaslandigi grafik, Sekil 10’da sunulmustur.
Tek egimli ve ¢ift egimli giines enerjili damiticilarin giinliik termal veriminin sirasiyla %15,1 ve %16,1
oldugu tespit edilmistir. Bu, ayn1 taban alanma sahip olmalara ragmen ¢ift egimli giines enerjili
damiticinin  iiretkenliginin  tek egimli gilines enerjili damiticininkinden yiiksek olmasindan
kaynaklanmaktadir.
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Sekil 10. Giines enerjili damiticilarin termal verimleri

June 1-3, 2024 / New York 14



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

SONUCLAR

Bu caligmada, tuzlu sudan tath su iiretmek amaciyla tek egimli ve ¢ift egimli olmak {izere iki farkli
giines enerjili damiticinin tath su tiretkenligi ve termal verimi deneysel olarak arastirilmistir. Bununla
birlikte, tuzlu su sicakliginin, cam sicakliginin, ¢gevre hava sicakliginin, giines 1s1n1m siddetinin ve riizgar
hizinin zamana gore degisimi grafikler halinde sunulmustur. Deneysel ¢calismadan elde edilen sonuglar
asagida maddeler halinde sunulmustur:

> Giines 1s1mim siddetinin giines enerjili damitici igerisindeki tuzlu su sicakligini énemli Slglide
etkiledigi ve 1s1n1m siddetinin artmasinin tuzlu su sicakligini artirdig1 goriilmiistiir.

> Sabah ve aksam saatlerinde c¢ift egimli giines enerjili damiticidaki, 6glen saatlerinde ise tek
egimli gilines enerjili damiticidaki tuzlu su sicakliginin daha yiiksek oldugu gozlemlenmistir. Boylece,
sabah ve aksam saatlerinde ¢ift egimli glines enerjili damiticinin, 6glen saatlerinde ise tek egimli giines
enerjili damiticinin tath su tiretkenliginin daha fazla oldugu goriilmiistiir.

> Tek egimli ve ¢ift egimli gilines enerjili damiticilar i¢in giinliik tatli su firetkenliginin sirasiyla
979,6 kg/giin ve 1044,4 kg/giin oldugu gozlemlenmistir. Cift egimli giines enerjili damiticidan elde
edilen tatli su tiretkenliginin tek egimli giines enerjili damiticiya kiyasla %6,6 daha fazla oldugu
gorilmiistiir.

> Tek egimli ve ¢ift egimli giines enerjili damiticilarin giinliik termal veriminin sirasiyla %15,1
ve %16,1 oldugu tespit edilmistir.

Ilerleyen ¢alismalarda, giines enerjili damitma cihazlarinin tatl su iiretkenligini artirmak amaciyla emici
yiizeylerin ¢esitli nanomalzemelerle kaplanmasi, cam Ortliniin ¢esitli yontemlerle sogutulmasi gibi
yontemler incelenebilir.
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ABSTRACT

This study provides an in-depth analysis of the hydroelectric energy potential in Tirkiye, with a specific
focus on Sirnak province. Energy demand globally is on the rise, with a notable increase observed
between 1990 and 2022. Hydroelectric energy stands as a significant contributor to the world's electricity
production, making up 15% in 2022. In Tiirkiye, hydroelectric power generation ranks 11th globally,
indicating its importance in the country's energy landscape. The study delves into the technical and
theoretical hydroelectric potentials of Tiirkiye, highlighting the nation's substantial hydroelectric
capacity, equivalent to 18% of Europe's technical potential. Furthermore, the study evaluates the status
and prospects of hydroelectric power plants in Sirnak province, detailing operational, under-
construction, and planned projects. Key findings reveal that Sirnak possesses a growing hydroelectric
potential, with seven operational power plants and several projects in various stages of development.
Large-scale projects such as Cizre Dam and HEPP significantly contribute to regional energy
production. The study underscores the significance of hydroelectric energy in diversifying Tiirkiye's
energy sources, emphasizing the need for strategic planning to harness the full potential of this
renewable and sustainable energy resource.

Keywords: Energy, Hydroelectric, Production, Potential, Tiirkiye

June 1-3, 2024 / New York 17


https://orcid.org/0000-0002-6261-3449
https://orcid.org/0000-0002-3052-9883
https://orcid.org/0000-0002-7385-3704

INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

INTRODUCTION

Energy is an increasing need for everyday life. This need affects humanity and is in a decisive position
in creating and performing vital human activities. The demand for trustee energy emerges from this
position, and various energy production methods meet this demand. However, energy demand is used
as a scale that classifies the development status of societies based on energy consumption. Demand for
energy increases to 2-3% in developing countries and up to 10% in developed countries (Ergiin Biilbiil
& Cokluk, 2017; Firat & Stime, 2020). The exchange values of world energy demand between 1990 and
2022, shown in Figure 1°, indicate an increase in the demand for energy. In 2022, total energy demand
worldwide reached 14,585 Mtoe. 10% of this total energy demand is due to electrical energy demand
(Figure 2).

The chart presented in Figure 3 shows the change in electricity demand worldwide in 2022. This year,
total electricity consumption worldwide reached 25.530 TWh. Distribution of production that meets the
world's electrical energy consumption in the same year by sources is 35.8% from coal, 22.2% from
natural gas, 15% from hydroelectric sources, 9.2% from nuclear energy, 7.5% from wind, 4.5'i is
supplied from solar energy, 3% from other fossil fuels, 2.4% from biomass and 0.4% from different
renewable energy sources. Figure 4 shows the Distribution of World electricity generation by source in
2022.
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Figure 1. World Total Energy Consumption 1990-2022 Annual Distribution (*Mtoe: Millions of
tonnes of oil equivalent) (World Energy & Climate Statistics- Yearbook 2023 (Total energy
consumption), 2023).
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Figure 2. Distribution of World Energy Consumption By Source in 2022 (World Energy & Climate
Statistics- Yearbook 2023 (Total energy consumption), 2023).
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Figure 3. Electrical Energy Consumption Distribution Worldwide in 2022 (World Energy & Climate
Statistics- Yearbook 2023 (Electricity production), 2023).
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Figure 4. Distribution of Electricity Generation Worldwide in 2022 by energy source (‘Distribution of
electricity generation worldwide in 2022°, 2023).

Hydroelectric energy has an essential place with a share of 15%’ and is third in world electrical power
generation. Hydroelectric energy is produced by a method that converts the kinetic energy of water into
electrical energy. The importance of this energy source stands out as it is environmentally friendly and
sustainable. They can also be used as a stable resource in energy production thanks to the water storage
capacities of hydroelectric power plants. For this reason, hydroelectric energy plays an important role
in world energy production and makes a sustainable and clean contribution to energy consumption.

The facilities abbreviated as HPP are called hydroelectric power plants, and today, modern electricity
generation with water power is carried out in these facilities. It is known that the first example of these
power plants was established in 1771 in the Derwent Valley of Richart Akwrite, England, and the first
tribune hydraulic power plant was established in 1827 by the French engineer Benoit Fourneyron
(Firidin, 2017).

HPP structures are usually installed in the form of dam type, the structure that brings water to a certain
height, and the damless type, usually built on rivers, with a regulator that swells flowing water. These
structures are used in electricity production in various parts of the World (Veli & Firat, 2020).

A wide variety of energy sources are used in electricity production. Water power, coal, oil, natural gas,
solar, wind, geothermal, biomass and nuclear energy sources are the main ones. Although the cost factor
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is important in resource preference, it is observed that countries often turn to their resources and try to
increase the variety of resources. In addition, clean and renewable energy sources are preferred due to
environmental problems caused by fossil fuels. Located between developing countries, Tiirkiye, in order
to meet the rapidly increasing electricity needs, it has to turn primarily towards domestic and renewable
energy sources. Undoubtedly, at the beginning of these, water power, which has been evaluated as of
today, is only 25 (Akpinar, 2005; Pamir, 2003).

Hydroelectric power generation in 2022 worldwide totaled 4,326.76 TWh (‘Hydropower Generation’,
2023; Kankal, Bayram, Uzlu, & Satilmis, 2014). In this production, China is in the leading position and
provided the highest production with approximately 1.318.22 TWh; Brazil and Canada follow China
with 400 TWh, respectively (See. Figure 5). Tiirkiye's hydroelectric power generation is 11th worldwide
and represents 1.55% of the total world production, with approximately 67.09 TWh production (See.
Figure 6).

The streams use the kinetic energy of the water that falls or falls from the height of electricity production.
It is possible to divide the hydroelectric power plants installed for this purpose into two: dam type
(decope) and river type (decomalienic) power plants. Electricity generation in storage power plants is
closely related to the current characteristics of the current as well as the water-holding capacity of the
dam. In contrast, production in non-storage power plants largely depends on the natural current
characteristics of the current. Hydroelectric power plants are generally divided into five categories:
micro (1 kwW-200 kW), mini (200 kW-1 MW), small (1 MW-10 MW), medium (10 MW-50 MW) and
large (50 MW and above). This classification is made according to the installed power capacity of the
power plants (Aslan, Yasar, & Karabork, 2004).

Total rainfall in Tirkiye is 508 billion m?, which is 186 billion m* (38%) flows through the flow of
streams. In our country, which is considered relatively rich in the stream network, there are about 600
streams, large and small (Atalay, 2004). Tiirkiye shows a large part of the open basin feature of streams,
and the indoor basins in the Eastern Anatolia Region and the indoor basins cover a small area. In the
coastal areas of the Mediterranean and Black Sea regions, short streams flow by taking their waters from
the sea-facing slopes of the mountains, which are the majority. In our other regions, there are medium
and tall streams, including transboundary rivers such as Coruh (Coruh), Aras, Tigris (Dicle) and
Euphrates (Firat).

China

n
United States _ 255.97 TWh
russia | 5552 v
ndia [ 27461 ™
Norway - 134,77 TWh
vietnam [ 10065 Twn
sapan [ 7272 7w
sweden [JJJj 671

Figure 5. Global Distribution of Countries Leading in Hydroelectric Power Generation in 2022
(‘Hydropower Generation’, 2023).
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Figure 6. Hydroelectric Energy Production Potential in Tiirkiye in 2022 (TWh) (‘Hydropower
Generation’, 2023).

Tiirkiye's water resources and electricity production HPP structures first started in 1902 in Tarsus in a
small-scale hydroelectric power plant in Istanbul in 1913, the first large-scale power plant, In 1933’ the
lighting and electricity grid provided with hydroelectric energy was established in Ydverti, and 1935
and afterward, relevant government agencies were created (Gékdemir, Kémiircii, & Evcimen, 2012).
Tiirkiye has reached an electricity consumption per capita of 3386 kWh as of 2021 (2022 Y1l Tiirkiye
Elektrik Dagitim Sektdr Raporu, 2023). In order to ensure this demand, which has increased in parallel
with the development of our country, various arrangements have been made in the energy sector after
2001 in order to ensure this demand is regularly (Ergiin Biilbiil & Cokluk, 2017).

This study, Tiirkiye's hydroelectric power potential with current production capacity by examining, aims
to assess the position and importance of this energy source in Tirkiye's electricity production. In
addition, it aims to contribute to future work in the relevant region by presenting data on the current
hydroelectric power status of Sirnak province.

HYDROELECTRIC ENERGY AND HYDROELECTRiIC POWER PLANT

There is potential energy owned by water, which is given a certain height. This energy is converted into
kinetic energy with a few processes, then into electrical energy with the help of machines. This energy
obtained is called hydroelectric energy (Balmer & Spreng, 2008).

The conversion scheme of hydroelectric power plants reflects a complex process in which the potential
energy of water is converted into mechanical energy and, ultimately, electrical energy. In this scheme,
water from water sources is converted from high-potential energy to kinetic energy through turbines.
The rotation movement of the turbines evolves into mechanical energy and is converted into electrical
energy by a generator. The electrical energy obtained as a result of this conversion process is converted
to appropriate voltage levels by transformers and integrated into the electrical network (Giiney &
Kaygusuz, 2010; Khan, Bhuyan, Igbal, & Quaicoe, 2009; Unver, Bilgin, & Giiven, 2015). Figure 7 also
shows the hydroelectric power plant energy conversion umbrella.

Potential Mechanical Kinetic Electrical
g -) -)
Energy Energy Energy Energy

Figure 7. Hydroelectric Power Plant Energy Conversion Scheme.

Hydroelectric power plants (HPP) convert the energies of streams into electricity. The amount of energy
that streams have is proportional to the flow height and rate of drop of water. Water flowing in a large
river carries a large amount of potential and kinetic energy. The water enclosed in the canal or pipes
flows into the turbines and hits the turbine wings, leaving its energy to the wings. The wings allow the
turbine shaft connected to the generator to rotate and convert mechanical energy into electrical energy.
In this way, electrical energy is obtained from the energy of the water (Unver et al., 2015). Figure 8’
shows the general energy conversion scheme of hydroelectric power plants.
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Figure 8. Hydroelectric Energy Transformation Scheme.

Hydroelectric power plants can often be classified according to various characteristics (Hidroelektrik
Enerji ve Tirbinleri, 2020). Some commonly used criteria for classification of hydroelectric power
plants are as follows:

o According to the installed Power Capacity:

- Small Hydroelectric Power Plants (SHPP): less than 100 kW,

- Mini Hydroelectric Power Plants (MHPP): 101 kW- 10.000 kW
- Small Hydroelectric Power Plants (SH): 10 MW- 50 MW,

- Large Hydroelectric Power Plants (BHE): 50 MW and above (Hidroelektrik Enerji ve
Tirbinleri, 2020).

o According to Water Flow:
- Fluid (Riverine) Power Plants: Power plants built on the stream,

o Reservoir (Reservoir) Power plants: Power plants using water storage systems created with
dams and ponds (Hidroelektrik Enerji ve Tiirbinleri, 2020).

o According to the Construction Shape:

- Stream Type (Run-of-River) Power plants: Power plants producing energy using natural water
flow without using dams,

- Dam Power Plants: Power plants that use dams to create the water reservoir (Hidroelektrik
Enerji ve Tiirbinleri, 2020).

o By Turbine Type:
- Tiger Turbine Power Plants: Used in rivers with high flow rates,
- Francis Turbine Power Plants: Used in rivers with medium flow rates,

- Pelton Turbine Power Plants: Used under high head (high water) conditions (Hidroelektrik
Enerji ve Tiirbinleri, 2020).

o According to their purpose:
- Power Plants for Energy Production: Power plants focused on electrical power generation,

- Irrigation Power Plants: Power plants used to support agricultural irrigation (Hidroelektrik
Enerji ve Tiirbinleri, 2020).

Today, hydroelectric power generation is carried out with HPPs established as a reservoir and regulator
type. The topographic and morphological characteristics of the type of HPP to be established due to its
height and flow dependence are affected (Firat & Siime, 2020; Uyar, 2018). The choice of HPP type is
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also affected by various issues, such as the population of the region to be established, its commercial
structure and the need for energy (Buttanri, 2006). In addition, HPP can be used to protect floods,
tourism, irrigation, energy storage, and aquaculture. It is preferred in energy and electricity production
in many regions as it can meet general and special needs such as this and that (Firat & Siime, 2020).

If a hydroelectric power plant is desired to be installed, the change in the annual amount of water in the
region to be established should be revealed. Transportation to the region where the power plant is
installed should not be very difficult. Before the plant is established, its effects on the environment
should be well analyzed, and the necessary measures should be taken before the plant is established.
Advantages of hydroelectric power plants: not creating air pollution, providing job opportunities to
people living around the power plant, and resisting sudden floods thanks to the sequels made in front of
the dams. It has benefits such as not only electricity generation but also agricultural land around it,
meeting the water needs, afforestation of the plant environment and preventing erosion. Disadvantages:
There are also negative parties, such as the transportation of settlements installed on the edge of the
stream with the rise of waters, cutting trees to ensure transportation during its construction, damaging
the ecological balance of the plant area (Dinger, Atik, Yilmaz, & Cingi, 2017).

HYDROELECTRIC ENERGY STATUS iN TURKIYE

Tiirkiye's electricity consumption in 2022 compared to the previous year, a decrease of 0.5% to 328.8
TWh (Figure 9). Electricity generation decreased by 1.9% compared to the previous year and reached
326.09 TWh (Figure 10). According to the results of the study of Tirkiye's National Energy Plan,
electricity consumption in 2025, 380.2 TWh, 455.3 TWh in 2030, is expected to reach 510.5 TWh in
2035 (‘Elektrik’, 2023).

According to data on Tiirkiye's electricity generation in 2022, electricity generation from coal was
34.6%, 22.9% natural gas, 20.3% hydraulic energy, 10.6% wind, 5.1% solar, 3.4'geothermal energy, and
3% were provided from other sources (‘Elektrik’, 2023). Figure 11 shows Tiirkiye's electricity
production ratio according to sources; Figure 12 shows the total production of electricity in Tiirkiye in
2022 by sources (TWh) expressed visually.
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Figure 9. Tiirkiye Between 1990-2022 Years Distribution of Electrical Energy Demand (‘Electricity
demand (1990 to 2022)’, 2024).
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Figure 10. Tirkiye 1985-2022 Years of Electricity Production Distribution (Annual Production
Change Distribution) (‘Electricity Generation’, 2024).
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Figure 11. Tirkiye 2022 Year Electricity Generation By Sources of The Rate Distribution.
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Figure 12. Tiirkiye in 2022 Total Production of Electricity Production By Sources (TWh).

Theoretical hydroelectric potential in Tiirkiye is 433 billion kWh/ year; technically, evaluable potential
is calculated as 216 billion kWh/ year. Tiirkiye's technical hydroelectric potential is 1.5% of the world's
technical hydroelectric potential and corresponds to 18% of the European technical hydroelectric
potential. US technical hydroelectric potential is 86%, Japan's 78%, Norway's 72%, Canada's 56%, and
Tiirkiye developed 50 (Bobat, 2021; ‘Electricity Sector Report-2022°, 2023).

As of the end of 2022, the hydroelectric potential has reached about 47,933 MW and corresponds to
about 160 billion kWh/year of energy production. This potential is constantly increasing with the
projects being developed. Work is continuing rapidly with the cooperation of the state-private sector in
order to evaluate Tirkiye's remaining hydroelectric potential. In 2002, the installed power in

June 1-3, 2024 / New York 24



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

hydroelectric power was 12,382 MW, while in 2022, it increased to 32,333,61 MW. Energy production
potential was 2002 billion kWh in 44, while in the last 20 years, 111.66 billion kWh was increased by
State-private cooperation (DSI, 2022). Table 1 presents the potential of Tiirkiye's hydroelectric power
plants (HPP), while Table 2 shows hydroelectric power plant projects developed and developed by the
private sector.

As of the end of September 2023, there are a total of 753 hydroelectric power plants being operated in
Tiirkiye (Including unlicensed power plants) (‘Hidrolik’, 2023). The number of registered plants is 709
units, the total installed capacity of these plants is 31,565 MW, and the annual average production
capacity is 78,431 GWh. This corresponds to approximately 31.35% of total electricity demand
(‘Hidroelektrik Santralleri’, 2023). Tiirkiye's hydraulic energy capacity is shown in Table 3.

Table 1. Potential state of hydroelectric power plants (HPP) in Tiirkiye (DSI, 2022).

Tiirkiye Hpp Potential Status

Power Plant Status Number of Total Average Annual

Hydroelectric Installed Production Rate
Power Plants Capacity (GWh/year)
(MW)

Online (working) 740 32.334 111.660 70.1%
Under Construction 22 465 1.715 1.1%
Construction Not Started Yet 498 15.240,0 45.813 28.8%
Total 1.260 48.039 159.188 100%

Table 2. Projects to be developed in the private sector within the framework of electricity market law
numbered 6446 (DSI, 2022).

Projects To Be Developed/Developed By The Private Sector Within The Framework Of
Electricity Market Law 6446

Faaliyet Average Annual | Rate | Total Installed Private Number of
% Production (%0) Capacity Sector Hydroelectric
o (GWhlyear) (MW) (MW) Power Plants
2]
8 Online 60.130 56 32.333,61 17.924 681
(working)
=
a Under 1.034 1 1.005,0 305 21
] Construction
S
4 Planning and 45.813 43 15.240,0 15.241 498
A Project
Total 106.977 100 48.578,61 33.470 1.200
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Table 3. Installed powers and project capacities of hydroelectric power plants (‘Hidroelektrik
Santralleri’, 2023).

Hydroelectric Power Plants Board Power and Project Capacities
Situation Installed Power (MWe) Rate
Online (working) 31.555 73.0%
Continuing installation 1.440 3.3%
Obtained production license 1.053 2.4%

Received production associate 2.831 0%

Project level 6.346 14.7%
Total 43.234 100%

HYDROELECTRIC POWER POTENTIAL AND CURRENT PRODUCTION POWER iN
SIRNAK PROVINCE

Sirnak province has significant potential in energy production, and hydroelectric power plants play a
major role in utilizing this potential. There are currently seven hydroelectric power plants in the
province, and the majority of these plants are in the operating phase. Among the power plants in the
operational phase, there are important projects such as Uludere Dam and HEPP (3.43 MW), Sirnak Dam
and HEPP (2.48 MW), Silopi Dam and HEPP (2.38 MW). These enterprises have a total capacity of
8.92 MW (Baz, Alp, & Bilgin, 2019; ‘EIGM Raporlarr’, 2023; ‘Sirnak Elektrik Santralleri’, 2023;
‘Sirnak HES Potansiyeli Haritas1’, 2023).

Additionally, four hydroelectric power plants are at the feasibility stage in Sirnak province. Among the
hydroelectric power plants that received associate licenses, high-capacity projects such as Cizre Dam
and HEPP (331 MW), Can Dam and HEPP (85 MW), Senova Dam and HEPP (47 MW) attract attention.
These pre-licensed projects have a total capacity of 463 MW (Baz, Alp, & Bilgin, 2019; ‘EIGM
Raporlart’, 2023; “Sirnak Elektrik Santralleri’, 2023; Sirnak HES Potansiyeli Haritas1’, 2023).

In addition, hydroelectric power plants are planned in Sirnak province. These projects include projects
with significant potential, such as Silopi Energy Group HEPP (148 MW), Yiiksekkaya Dam and HEPP
(80 MW), Mesetepe HEPP (79 MW), Caglayan HEPP (11 MW). The total capacity of the planned
projects is 318 MW. Table 4 shows the HEPPs located in Sirnak (Baz et al., 2019; ‘EIGM Raporlarr’,
2023; “Sirnak Elektrik Santralleri’, 2023; ‘Sirnak HES Potansiyeli Haritas1’, 2023).
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Table 4. Hydroelectric power plants in Sirnak province.
Palnt Status District Plant Name Power (MW)

Uludere Uludere Dam ve HPP 3,43

Online (working) Uludere Sirnak Dam ve HPP 2,48
Uludere Silopi Dam ve HPP 2,38
Uludere Uludere HPP 0,64

Total 4 3,43

Cizre Cizre Dam ve HPP 331

F',_: cl:)’guzthigzlz\l)_ei((::iir]vsii Beytiigsebap Can Dam ve HPP 85
Uludere Senova Dam ve HPP 47

Total 3 463

Current Total Production Power 7 471,92

Silopi Silopi Enerji Grubu HPP 148

Planned Yiiksekkaya Yiiksekkaya Dam ve HPP 80
Mesetepe Mesetepe HPP 79

Silopi Caglayan HPP 11

Total 4 318

Total Hydroelectric Energy Potential 11 789,92
CONCLUSION

This study revealed that it discussed Tiirkiye's hydroelectric energy potential from a general perspective
and made an evaluation specifically of Sirnak province. At the global level, hydroelectric energy
constitutes a significant part of world electricity production and will have a share of 15% in 2022.
Tiirkiye's geostrategic location and rich water resources bring with it a large hydroelectric potential with
a theoretical capacity of 433 billion kWh/year. As of 2022, Tiirkiye's hydroelectric energy production
ranks 11th in the global rankings.

The hydroelectric potential of Sirnak province is being developed; 7 hydroelectric power plants are
currently under operation, and the projects being developed in this field stand out. In addition to these
power plants with a total capacity of 8.92 MW, it is seen that those that work with a capacity of 781.92
MW are under development. Large projects such as Cizre Dam and HEPP especially increase their
contribution to regional hydroelectric energy production.

In addition to the product portfolio of hydroelectric energy, it is important to observe the potential
offered by this energy source. Factors such as environmental impact assessments, effective
communication with partners and infrastructure services are critical for success.

As a result, hydroelectric energy plays a critical role in diversifying Tiirkiye's energy portfolio and
achieving a sustainable energy future. A region with potential, like Sirnak, can especially maximize this
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advantage with correct planning and applications. Tiirkiye needs to take steps to realize the full potential
of hydroelectric energy, which is in line with its overall energy targets.
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OZET

Yenilenebilir enerji, sera gazi emisyonlar1 ve kiiresel 1sinmaya karsi diinya genelinde alinan 6nlemler
ve 2050 yili sonuna kadar ulasilmasi hedeflenen amaglar kapsaminda fosil yakitlarin yerini almaya
uygun en 6nemli enerji kaynagi olarak kabul edilmektedir. Yenilenebilir enerjiyi doniistiiren fiziksel,
biyolojik veya kimyasal siireglerden kaynaklanan karmagsik i¢sel dinamikler, yenilenebilir enerji
sistemlerinin sistem kararliligin1 olumsuz yonde etkilemekte, bu sistemlerin etkinlik ve verimliligini
saglamak ve isleyisini kontrol altinda tutmak i¢in oeniyileme modellerine ihtiya¢ duyulmasina neden
olmaktadir. Bu ¢aligmada, yenilenebilir enerji sistemleri ile ilgili gercek hayatta karsilasilan modelleme
ve karar verme problemlerinin amag¢ fonksiyonu ve kisit kosullarinin dogrusal olmayan, analitik
olmayan ve kara kutu ozelliklerine sahip olmast nedeniyle deterministik olmayan polinomsal (NP)
sinifta degerlendirilen yenilenebilir enerji sistemlerinin tek veya ¢ok amacl eniyileme problemleri i¢in
polinomsal bir zaman dilimi igerisinde global eniyi ¢oziime yakin ¢oziimler bulmak amaciyla
yaklastirma yontemlerinden olan metasezgisel algoritmalar kullanilmaktadir.

Anahtar kelimeler: Yenilenebilir enerji, eniyileme, 6ngorii, metasezgisel algoritma, yapay zeka.

ABSTRACT

Renewable energy is recognized as the most important energy source suitable for replacing fossil fuels
within the scope of the measures taken worldwide against greenhouse gas emissions and global warming
and the targets set to be reached by the end of 2050. The complex intrinsic dynamics arising from the
physical, biological or chemical processes that transform renewable energy negatively affect the system
stability of renewable energy systems, leading to the need for optimization models to ensure the
efficiency and productivity of these systems and to keep their operation under control. In this research,
metaheuristic algorithms, which are approximate methods, are used to find solutions that are close to
the global optimal solution within a polynomial time period for single or multi-objective optimization
problems of renewable energy systems, which are considered to be in the non-deterministic polynomial
(NP) class due to the fact that the objective function and constraint conditions of the modeling and
decision-making problems encountered in real life related to renewable energy systems have nonlinear,
non-analytical and black box properties.

Keywords: Renewable Energy, Optimization, Prediction, Metaheuristic Algorithm, Artificial
Intelligence.

GIRIS
Yenilenebilir enerji sistemleri, yenilenebilir enerji kaynaklarinin elektrik, 1s1, vb. ikincil enerjilere
dontistirilmesini saglayan yiiksek teknolojiyle donatilmigs modern sistemlerdir. Bu sistemler riizgar,

giines, biyokiitle vb. yenilenebilir enerji kaynaklarinin 6zelliklerine bagli olarak ortaya ¢ikan karmasik,
dogrusal olmayan ve dinamik siiregler icermektedir. Dolayisiyla, en yiiksek etkinlik ve verimlilik
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seviyelerinde calistirilmalarin1 temin etmek igin sistem operatorlerinin hizli karar almasinda ve
eniyilenmis tesis ayarlarinin belirlenmesinde kullanilacak veriye dayali ongorii ve eniyileme
modellerinin tasarlanmasi ihtiyaci ortaya ¢ikmaktadir.

Veriye dayali modelleme yaklasimy, tesislerin ¢alistirilmasi esnasinda ihtiyag¢ duyulan tesadiifen olugan
ve karmasiklik igeren hizli karar alma islemleri igin uygulanmasi uzun zaman alan ve zor olan ya da
yenilenebilir enerji kaynagmnin tiiriine bagh olarak ortaya ¢ikan bir takim fiziksel, kimyasal veya
biyolojik reaksiyonlarin etkisi altindaki asamalar sebebiyle miimkiin olmayan matematiksel
denklemlere dayali deterministik modelleme yaklagimlarinin yerine onerilmektedir (Yin ve digerleri,
2010; Ranzi ve digerleri, 2011; Kusiak ve Wei, 2011; Martinez-Lopez ve digerleri, 2021). Metodolojik
acidan veriye dayali Ongérii ve eniyileme modelleri, ¢ok sayida alternatif iizerinden eniyi
konfigiirasyonlarin se¢ilmesine yardimci olmakta ve karmasiklik 6zelligine bagli olarak analizi zor olan
yenilenebilir enerji sistemlerinin analiz edilmesi agamasini daha elverisli bir hale getirmektedir (Alabi
ve digerleri, 2022; Entezari ve digerleri, 2023).

Yenilenebilir enerji sistemlerinde performans iyilestirmesi saglanmasi, diinya genelinde; sera gazi
emisyonlari, kiiresel 1sinma ve iklim degisikligine kars1 alian 6nlemlere, Paris iklim Anlagmasi (BM,
2015) kapsaminda 2050 yili sonuna kadar ulasilmasi hedeflenen amaglara ve enerji maliyetlerindeki
yiikselmeye bagl olarak enerji endiistrisinin ilgi alanina giren ¢ok 6nemli bir konudur. Bir yenilenebilir
enerji sisteminin performansi, tasarlanacak olan modelin dogruluguna ve model performansinin
degerlemesi icin segilen performans gostergelerine bagli olmaktadir.

Hesaplama teorisinde problemleri karmagiklik siniflarina ayirmak 6nemli bir iglemdir. Karmasiklik
sinifi problemlerden olusturulan bir kiimeyi temsil etmektedir. Bu kiime miktar: belirli olan hesaplama
kaynaklarinmi kullanarak ¢oziilebilen tiim problemlerin kiimesidir ve polinomsal (P) ve deterministik
olmayan polinomsal (NP) problem siniflarini igerir. P karmagiklik sinifi, deterministik bir algoritma
kullanarak polinomsal zamanda ¢6ziilebilen tiim karar problemlerinin kiimesini temsil ederken, NP
karmasiklik smifi ise polinomsal zamanda deterministik olmayan bir algoritma vasitasiyla ¢oziimii
bulunabilen tiim karar problemlerinin kiimesini gostermektedir. Karmagiklik teorisinde ele alinan
problemler karar problemlerinden olusmaktadir. Eniyileme problemleri ise karar problemlerine
indirgenebilmektedir (Talbi, 2009).

Cook (1971) NP karmasiklik simifindaki problemler iizerine odaklanmis ve uygulamada karsilasilan
goriiniiste zor problemlerin ¢ogunun NP smifina ait oldugunu ileri siirmiistiir. NP sinifinda en zor
problemler grubunun bulunduguna dair arastirmalar yapmigtir. Karp (1972) hesaplama agisindan
birbiriyle esdeger olan genis bir karar problemleri sinifi oldugu fikrini savunarak, P = NP varsayimi
altinda bu siniftaki her problemin polinom zamanli bir algoritmaya ¢6ziilebildigini veya problemlerden
higbirisinin boyle bir 6zellige sahip olmadigini aragtirmistir. Netice olarak, P = NP varsayimi altinda,
NP sinifindaki en zor problemlerin polinomsal zamanda c¢oziilemeyecegi sonucuna varmustir.
Hesaplama acisindan esdeger olan bu problemler sinfi NP-tam problemler smifi olarak
adlandirilmaktadir. NP-tam’lik teorisi, Cook (1971) ve Karp (1972) tarafindan yapilan arastirmalar
sonucunda gelistirilmistir. NP-zor problemler, baglantili karar problemleri NP-tam olan eniyileme
problemleridir (Talbi, 2009). NP-tam’lik teorisi {izerine yapilan uygulamalar, algoritma tasarimcilarina
problem ¢6zme cabalarini faydali algoritmalar gelistirme olasiligi en yiiksek olan yaklagimlara
yonlendirmelerini saglamaktadir.

Bu ¢alismada, yenilenebilir enerji sistemlerindeki karar problemleri esasen NP problem sinifinda ele
alinmakta, polinomsal zamanda deterministik olmayan bir algoritmayla karar problemlerinin
¢coziimlenmesi amaglanmaktadir. Ancak, yenilenebilir enerji sistemlerindeki yenilenebilir enerji kaynak
akiglarinin heterojen &zelliklere sahip birbirinden farkli ve dinamik bilesenlerle modellenmesinin
yenilenebilir enerji kaynaklar1 ve enerji doniisiim asamalari i¢in dogrusal olmayan denklemlere dayali
kisitlamalarin kullanimin1 gerektirdigi goriilmektedir. Yenilenebilir enerji sistemleri icin tasarlanan
modelin karmasikligimin artmasina yol a¢an dogrusal olmayan kisitlamalar nedeniyle NP-tam karar
problemiyle baglantili NP-zor eniyileme problemi oldugu diisiiniilen bir problem ¢esidiyle karsilasildig
sonucuna varilmaktadir.

Gergek hayatta karsilasilan eniyileme problemleri ¢ogunlukla NP-zor problem smifina girmektedir,
fakat NP-zor problemler igin verimliligi kanitlanmig olan algoritmalar heniiz gelistirilememistir. NP-zor
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eniyileme problemlerinin eniyi ¢éziimlerinin tepit edilmesinde P = NP varsayiminin saglanmamasi
durumunda iistel zaman igerisinde eniyi ¢6ziim bulunabilmektedir (Talbi, 2009). Graham (1966) mevcut
¢cOziim yontemleriyle eniyi ¢oziimii bulunamayan eniyileme problemleri icin eniyi ¢oziime yakin
¢ozlimler lireten yaklagtirma algoritmalarinin kullanilmasi fikrini bilimsel olarak ileri siirmiistiir. Cook
(1971) ve Karp (1972) gelistirdikleri NP-tam’lik teorisi kapsamindaki NP-zor problemlerin hizli bir
sekilde optimale yakin ¢dziimlerinin bulunmasinda yaklastirma algoritmalarini kullanmiglar, ancak bazi
problem tiirlerinde kanitlanabilir derecede eniyiye yakin ¢oziimlerin hizli bir sekilde iretilemedigini
gérmiislerdir. Zaman igerisinde yakinsama yapilamayan problemlere ¢ozebilmek i¢in metasezgisel
algoritmalar gelistirilerek yaklastirma algoritmalarinin kapsami genisletimistir. Giiniimiize kadar
yapilan ¢ok sayidaki bilimsel c¢aligmalarla birlikte saglanan ilerlemelerle giinimiizde metasezgisel
algoritmalar NP-zor sinifindaki problemleri ¢6zmek i¢in 6nemli bir se¢enek olusturmaktadir (Gonzalez,
2007).

Isletmelerde, fabrikalarda ve giinliik hayatta faaliyetlerin kesintisiz olarak devam edebilmesi igin ihtiyag
duyulan enerjinin fosil enerji kaynaklarin1 kullanmadan yalnizca yenilenebilir enerji kaynaklariyla
tiretilmesi amaglaniyorsa, yenilenebilir enerji sistemleri verimli ve iiretken bir sekilde siirekliligin
saglanmasi kosulu altinda ¢alistirilabilmelidir. Yenilenebilir enerji sistemlerinin ¢alistirilmasi anlik ve
hizli kararlar alinmasim gerektiren, dogrusal olmayan 6zelliklere sahip olan ve karmasik bir iglemdir.
Fiziksel, kimyasal veya biyolojik reaksiyonlara bagli olan iiretim agamalar1 bu sistemlerin siirekli olarak
izlenmesini ve kontroliinii gerektirmektedir. Dolayisiyla, bu ¢alisma kapsaminda NP sinifinda ele alinan
yenilenebilir enerji sistemleri karar problemleriyle iliskili olan NP-tam’lik teorisine gére NP-zor
problemler sinifi igerisindeki eniyileme problemlerinin eniyi ¢6ziime yakin ¢6ziimlerinin polinomsal
zamanda bulunmasi i¢in yaklastirma algoritmalar1 kapsamidaki metasezgisel algoritmalar
kullanilmaktadir.

VAKA CALISMASI

Yenilenebilir enerji kaynaklarindan olan biyokiitlenin tarimsal alanlara yakin olarak konumlandirilan
biyorafinerilerde islemlerden gegirilmesi neticesinde biyometan ve elektrik enerjisi iretilmesi
konusunda bir vaka caligmasi ele alinmaktadir. Biyorafinerilerde biyometan elde edilmesi i¢in anerobik
glriitiictiler kullanilmaktadir.

Biyogaz, enerji bitkileri ve tarimsal atiklardan olusan biyokiitlenin kapali bir ¢iiriitiicii igerisinde
oksijensiz ortamda anerobik ¢iiriitme isleminden gegirilmesiyle elde edilmektedir. Uygulamada
anerobik ciiriitiicti igerisindeki oksijensiz ortamda ger¢eklesen reaksiyon sirasinda mikroorganizmalar
biyokiitleyi parcalayip ayristirarak biyogaz ve camur iiretilmesini saglamaktadir. A¢iga ¢ikan biyogazin
bilesiminde CHa, CO», H,S, H20O ve diger bilesenler bulunmaktadir. Biyogazin saflastirma isleminden
gecirilmesiyle bilesimindeki CO,, H,S, H20 ve diger bilesenlerin giderilmesi neticesinde elde edilen
gaz biyometan olarak adlandirilmaktadir. Nihai {iriin olarak elde edilen biyometan kojenerasyon
sistemindeki motorlarda yakit olarak kullanilarak elektrik ve 1s1 enerjisi tiretilmektedir. Camur, kurutma
sisteminden gegirilerek pellet haline getirilir ve giibre veya yakma tesislerinde 1s1 ve buhar enerjisi
iretimi i¢in biyoyakit olarak kullanima sunulur.

Anerobik ¢iriitiiciilerde gergeklesen biyokiitle ¢iiriitme iglemlerinin istikrarli ve verimli olarak
siirdiiriilmesi i¢in sistemin biitiinsel olarak diizenli bir sekilde izlenmesi ve analiz edilmesi
gerekmektedir. Boylece, biyogaz liretiminde siireklilik saglanmasi ve elde edilen biyogazin bilesiminin
kontrollii bir sekilde yoOnetilmesi saglanmaktadir. Biyokiitlenin anerobik ¢lirlitme isleminin
eniyilenmesiyle elde edilen biyometan miktarimim enbiiyiiklenmesinin saglanmasi NP-zor eniyileme
problemi siifinda ele alinmaktadir.

Veri Toplama Araclari

Bu aragtirma kapsaminda kullanilan veriler biyometan iiretim sisteminin denetimsel kontrol ve veri
toplama (SCADA) sisteminden temin edilmektedir. Biyometan iiretim sistemi anerobik c¢anur
ciiriitiiciiler, biyogaz tanklari, biyogaz saflastirma {initesi, ¢camur kurutma sistemi ve kojenerasyon
sisteminden olugmaktadir. Sistemdeki tiim alt birimler SCADA sistemiyle izlenmekte ve sensorlerle
algilanan veriler SCADA sistemi veri tabaninda saklanmaktadir.
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Veri Analizi

SCADA sisteminden alinan biyometan iiretim sisteminin giinliik verileri analizlerde kullanilmaktadir.
Ongorii ve eniyileme modellerinde giinliik veriler kullanilmaktadir. Bagimsiz degiskenler igin giinliik
degerler saatlik gbézlem degerlerinin ortalamasi alinarak hesaplanmaktadir. Bagimli degiskenler igin
saatlik gozlem degerlerinin toplami alinarak giinliik degerler belirlenmektedir.

Bagimh Degisken

Bagimli degiskenler biyometan iretim sisteminin modellemesinde kullanilan amag fonksiyonunu temsil
eden ¢ikt1 degiskenleridir. Ongorii ve eniyileme modelinde kullanilan bagimli degisken ise biyometan
iretimidir. Biyometan iiretimi igin gézlemlenen alt ve iist sinir degeleri Tablo 1°de gosterilmektedir.

Tablo 1
Bagimli degisken

Biyometan Uretimi (m%/Giin)

Cikti

Degiskeni Min Maks

1210 3543

Bagimsiz Degiskenler

Bagimsiz degiskenler biyometan iiretim sisteminin modellemesinde kullanilan karar degiskenleridir.
Ongorii ve eniyileme modelinde kullanilan bagimsiz degiskenler gamur yiikleme oran1 (SLR), sicaklik
(T), pH, toplam kat1 madde (TS), toplam ugucu kati madde (TVS), ugucu yag asidi (VFA), alkalinite
(ALK), camur bekletme siiresi (SRT) ve organik yiikleme orani (OLR) olarak belirlenmektedir.
Bagimsiz degiskenlere ait gozlemlenen alt ve iist sinir degeleri Tablo 2’°de gosterilmektedir.

Tablo 2

Bagimsiz degiskenler

SLR (m3/giin) T (°C) pH TS (mg/lt)  TVS (mg/lt)

Girdi

Degiskenleri Min Maks Min Maks Min Maks Min Maks Min Maks

212 602 34.12 3835 6.2 7.7 19970 36564 11436 27458

Tablo 2 (devam)

Bagimsiz degiskenler

VFA (mg/lt) ALK (mg/lt) SRT (Giin) OLR (kg/m3.giin)

Girdi

. . Min Maks Min Maks Min Maks Min Maks
Degiskenleri

40.2 188 1900 4189 165 325 0.75 3.14

June 1-3, 2024 / New York 33



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

Tablo 3

Girdi degiskenleri i¢in kullanilan kisaltmalar

Girdi No Girdi Adi Degisken  Girdi No Girdi Adx Degisken

1 SLR X1 6 VFA Xe
2 T Xy 7 ALK X7
3 pH X3 8 SRT Xg
4 TS Xa 9 OLR Xo
5 TVS X5

Verilerin Analizi

Ongorii modelinin  yiiksek boyutlulugu hizlandinlmis regresyon agaci algoritmasi kullamlarak
azaltilmaktadir (Breiman, 1996). Onemli degiskenlerin segilmesiyle boyut kiiglilmesi saglanmakta ve
6ngori modelinin tahmin dogrulugunun yiikseltilmesi amaglanmaktadir. Boyut kiigiiltme ihtiyacini
anlamak i¢in her bir karar degiskeninin egitim veri seti tizerindeki tahmin dogruluguna katkisi kontrol
edilmektedir. Girdi degiskenleri ve bunlara karsilik gelen 6nem degerleri Sekil 1'de gosterilmektedir.
0.9
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0.7

0.6

0.5
0.4
0.3
0.2
0.1
0

1 2 3 - 5 6 7 8 9

Ozellik numarast

Onem degeri

Sekil 1. Biyometan {iretim modeli i¢in 6zellik dnemi

Modelde kullanilacak girdi degiskenlerini belirlemek igin 6nem analizinde esik deger olarak 0,5
secilmektedir. Ozellik 6nem analizinin biyometan iiretim modelinin tahmin modeline de uygulanmasi
sonucunda onem degeri 0.5’ten biiylik olan SLR, T, pH, TS, SRT ve OLR girdi degiskenleri
modellemede kullanilan 6nemli karar degiskenleri olarak se¢ilmektedir.

Ongorii Modeli

Cok katmanl algilayicit (MLP) sinir ag1 6ngérii modelinde 6nemli karar degiskenleri olarak secilen SLR,
T, pH, TS, SRT ve OLR girdi degiskenleri kullanilmarak biyometan iiretim miktar1 tahminlemesi
yapilmaktadir. MLP sinir ag1 modeli tasarimi igin veri seti egitimi, dogrulama ve test verileri olarak
gruplandirilmaktadir. Yapay sinir ag1 egitim algoritmasi olarak Levenberg Marquardt (LM) algoritmasi
(Hagan ve Menhaj, 1994) ve hata fonksiyonu olarak ise ortalama karesel hata (MSE) kullanilmaktadir.
Gizli katman ve ¢ikis katmanindaki néron sayisi 5 ile 30 arasindaki degerlerde rastgele segilerek
denenmektedir. Gizli katman ve ¢ikis katmani i¢in aktivasyon fonksiyonlar1 olarak tanjant, purelin ve
logaritmik sigmoid fonksiyonlari denenmektedir.
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Hazirlanan veri seti 100 uygun veri noktasi icermektedir ve ii¢ béliime ayrilir. Ilk veri seti 75 veri
noktasina sahiptir ve yapay sinir ag1 ile bir tahmin modelini egitmek i¢in kullanilmaktadir. Ikinci veri
seti model dogrulama i¢in 10 veri noktas: igermektedir. Uciincii veri seti 15 veri noktasi igerir ve
modelin tahmin performansini test etmek i¢in kullanimaktadir.

Tablo 4'te gosterilen MLP sinir ag1 modeli en yiiksek tahmin dogrulugunu saglayan yapay sinir agi
yapisini belirlemek i¢in 100 kez deneme yapilarak bulunmustur. Biyometan tiretim modeli i¢in girdi
katmaninda 6 girdi degiskeni, gizli katmanda 10 ndron ve ¢ikti katmaninda tek ¢ikti degiskeni
kullanilarak en yiikek tahmin dogruluguna sahip olan yapay sinir ag1 yapisi tespit edilmistir.

MLP sinir agi modeli i¢in tahminleme dogrulugunun &l¢iilmesinde ortalama mutlak hata (MAE) ve
regresyon katsayis1 (R?) statistiksel gostergeleri kullanilmaktadir (Kusiak ve Wei, 2011). Hesaplanan
MAE ve R? degeleri Tablo 5'te sunulmaktadir. MLP sinir ag1 modeli biyometan iiretiminin tahmininde
yiiksek tahminleme dogrulugu saglamaktadir.

Onerilen tahminleme modeli Matlab R2022b siiriimiinde uygulanmigtir. Denemeler 2.80 GHz Intel (R)
Core™ iglemcili ve 16.00 GB RAM'li bir diziistii bilgisayar kullanilarak ger¢eklestirilmistir.

Tablo 4
MLP sinir ag1 modeli

Gizli Katman Cikti Katmani

MLP Ag Egitim Hata : X
Model Adi Yapisi Algoritmas1 Fonksiyonu Aktlva}syon Aktlva}syon
Fonksiyonu Fonksiyonu
Biyometan Uretim . .
Modeli 6-10-1 LM MSE Tansig Tansig
Tablo 5

MLP yapay sinir ag1 modelinin tahmin dogrulugu

Model Adi Cikt1 MAE R?
. S Biyometan
f,}gggl‘ieta“ Uretim vy timi 55.12 0.98
(m3/Day)

Eniyileme Modeli

Yenilenebilir enerji tiretim sistemleri igin tasarlanan yapay sinir agi-metasezgisel algoritma eniyileme
modelinin genel akis diyagrami Sekil 2°de gosterilmektedir (Akbas, 2022). Yenilenebilir enerji tiretim
sistemleri i¢in eniyileme modeli olarak gelistirilen biitiinlesik eniyileme modeli biyometan iiretim
sisteminin eniyilenmesinde kullanilmaktadir.

Metasezgisel algoritmadan elde edilen karar degiskeni degerleri MLP sinir ag1 modelinden gegirilerek
eniyilme kriterine gére amag fonksiyonu degerleri hesaplanmakta, amag¢ fonksiyonu degeri ve bagh
oldugu karar degiskenlerinin degerleriyle birlikte amag fonksiyonunu eniyilme kriterine gore enbiiyiik
ya da enkii¢iik amag fonksiyonu degeri biyometan iiretim sisteminin eniyilendigi ¢6zlim kiimesi olarak
secilmektedir (Akbas, 2022).

Vaka ¢alismasinda MLP sinir agi-pargacik siiriisii eniyileme (PSO) modeli uygulanmaktadir. Amag
fonksiyonu biyometan {iretiminin enbiiyiiklenmesidir. Biitinlesik tahminleme ve eniyileme
modellerinin uygulanmasinin biyogaz {iretimini enbiiyiiklemesi, buna bagli olarak kojenerasyon
sisteminde elektrik ve 1s1 {iretim miktarina katkida bulunmasi hedeflenmektedir.
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Sekil 2. Yenilenebilir enerji tiretim sistemleri i¢in tasarlanan yapay sinir agi-metasezgisel algoritma
eniyileme modellerinin genel akis diyagrami (Akbas, 2022)

Parcaciklardan olusan bir siirli, arama uzaymda keyfi olarak diizenlenir. Amag fonksiyonunun degeri
her parcacik i¢in tahmin edilir. Her par¢acik, amag fonksiyonunun mevcut degerinin, yerel olarak en iyi
¢Oziimiiniin, siirliniin en iyi ¢0zlimiiniin ve kendi hizinin farkindadir. Bu nedenle, tiim siirii mevcut hizi
g6z oniinde bulundurarak global olarak en iyi deger yoniinde hareket eder. Parcaciklar asamali olarak
farkli konumlar ve bagka bir yerel veya global en iyi ¢6ziim arayis1 i¢indedir. (Talbi, 2009).

BULGULAR

Biyometan {iiretimi i¢in enbiiyilkleme modeli ve kisitlar1 Denklem-1’de asagidaki gibi formiile
edilmektedir:

maks. y = (X1, X2, X3, X4, Xs, Xo) 1)
kisit kosullart: 212 <x; <602; 34.12 <x, <38.35; 6.2 <x3<7.7; 19970 < x4 < 36564,
16.5 <x3<32.5;0.75<x9<3.14
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Onerilen biitiinlesik tahminleme ve eniyileme modeli Matlab R2022b siiriimiinde uygulanmustir.
Denemeler 2.80 GHz Intel (R) Core™ iglemcili ve 16.00 GB RAM'li bir diziistii bilgisayar kullanilarak
gerceklestirilmistir. Eniyileme modelinde 100 veri noktasindan olusan verilerin tamami kullanilmstir.
Test donemi verileri igin MLP sinir ag1 modeliyle elde edilen biyometan enerji {iretiminin tahmin edilen
degerlerine karsilik ayni donemdeki gozlemlenen degerleri Sekil 3’te gosterilmektedir. Biyometan
iiretiminin test donemindeki goézlem ve tahmin degerlerinin hemen hemen tiim noktalarda ortiistiigii
goriilmektedir. Diger taraftan, biyometan iiretimi sisteminin eniylenmesi sonrasinda biyometan
iiretiminin test donemindeki giinlitk gdzlemlenen degerlerinin enbiiyiiklendigi degerlerin gdzlemlenen
degerlerle karsilastirilmast Sekil 4’te verilmektedir. Eniyileme islemi sayesinde test donemindeki
biyometan iiretiminin toplam degerinin % 7.13 oraninda artig gosterdigi sonucu elde edilmistir.

4000
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1000

500

Biyometan iiretimi (m3/giin)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Zaman (Giin)

====Gozlemlenen biyometan iiretimi ===Tahmin edilen biyometan {iretimi

Sekil 3. MLP sinir ag1 modeli i¢in biyometan iiretiminin test donemindeki gézlemlenen ve tahmin
edilen degerleri
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=== (G0zlemlenen biyometan liretimi  =====Enbiiyliklenen biyometan tretimi

Sekil 4. Biyometan iiretiminin test donemindeki gézlemlenen ve enbiiyiiklenen degerleri
SONUC

Yenilenebilir enerji kaynaklarindan olan biyokiitlenin tarimsal alanlara yakin olarak konumlandirilan
biyorafinerilerde islemlerden gegirilmesi neticesinde biyometan ve elektrik enerjisi iiretilmesi
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konusunda bir vaka ¢alismasi ele alinmaktadir. Biyorafinerilerde biyometan elde edilmesi i¢in anerobik
curiitiictiler kullanilmaktadir.

NP smifinda ele alinan biyometan {iretim sistemi karar problemiyle baglantili olan NP-zor problemler
siifi igerisindeki eniyileme problemlerinin eniyi ¢oziime yakin ¢dziimlerinin polinomsal zamanda
bulunmas: igin bir metasezgisel algoritma olan PSO algoritmasi uygulanmustir. Bir biyorafinerideki
biyometan tiretim sistemini modellemek i¢in MLP sinir ag1 kullanilmistir. MLP sinir ag1 ve PSO modeli
her ¢aligma giinii i¢in enbiiyiik biyometan tiretim degerlerini hesaplamak amaciyla birbiriyle biitiinlesik
olarak calistirilmistir. Biyometan tiretim miktarinin enbiiyiiklenmesi biyorafinerideki kojenerasyon
sisteminde ve ¢amur kurutma tesisinde enerji tasarrufuna ve verimlilige katki saglayacaktir.
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OZET

Giliniimiizde giderek artan enerji talebinin karsilanmasinda, agirlikli olarak komiir, petrol ve dogal
gazdan olusan fosil yakitlar kullanilmaktadir. Bu enerji kaynaklarimin tiiketiminin artmasi, dogaya
biiyiik dl¢iide sera gazi salimina yol agmaktadir. Sera gazi saliminin artmasi, kiiresel 1stnmaya neden
olmakta, o da iklim degisikligini beraberinde getirmektedir. Bu sorunun ¢oziimii i¢in kiiresel diizeyde
enerji kaynaklarinin siirdiiriilebilirligi agisindan ¢esitli stratejiler gelistirilmistir. Bunlardan biri toplam
enerji tiiketimi igerisinde yenilenebilir enerji kaynaklarmin paymi artirmak, digeri ise enerji
verimliligini saglamaktir.

Enerji talebinin karsilanmasinda mevcut enerji kaynaklarinmn miktar1 smirlidir. Ote yandan yeni ve
yenilenebilir enerji kaynaklar tiiketimi de heniiz diisiik diizeydedir. Bu yiizden enerji kaynaklarmin
miktarini kisa siirede artirmak olduk¢a zordur. Bu durumda yapilabilirligi en yliksek olan secenek, enerji
tasarrufunun gergeklestirilmesidir. Diger bir ifadeyle enerji verimliliginin saglamasidir. Enerji
verimliligi, belirli bir ¢iktinin en az enerji kullanimiyla iretilebilmesidir. Diinyanin hemen hemen tiim
iilkelerinde enerji verimliligine yonelik ¢aligmalar siirdiiriilmektedir. Ozellikle bu ¢alismalar 2000°li
yillarla birlikte hizlanmistir. Bu ¢alismada enerji verimliligi ile ilgili kiiresel diizeyde, ¢esitli lilkelerde
ve Tiirkiye’de enerji verimliligi ele alinmustir.

Anahtar Kelimeler: Enerji Verimliligi, Enerji Yogunlugu, Strdiiriilebilir Enerji, Tiirkiye.

ABSTRACT

Today, fossil fuels, mainly coal, oil and natural gas, are used to meet the ever-increasing energy demand.
Increasing consumption of these energy resources leads to large amounts of greenhouse gas emissions
into nature. Increasing greenhouse gas emissions causes global warming, which in turn brings climate
change. To solve this problem, various strategies have been developed for the sustainability of energy
resources at the global level. One of these is to increase the share of renewable energy sources in total
energy consumption, and the other is to ensure energy efficiency.

The amount of energy resources available to meet energy demand is limited. On the other hand,
consumption of new and renewable energy resources is still at a low level. Therefore, it is very difficult
to increase the amount of energy resources in a short time. In this case, the most feasible option is to
save energy. In other words, it ensures energy efficiency. Energy efficiency is the ability to produce a
certain output with the least amount of energy used. Studies on energy efficiency are continuing in
almost all countries of the world. These studies especially accelerated in the 2000s. In this study, energy
efficiency is discussed at the global level, in various countries and in Tiirkiye.

Keywords: Energy Efficiency, Energy Intensity, Sustainable Energy, Tiirkiye.
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GIRIS

Genel olarak is yapabilme yetenegi olarak tanimlanan enerji, ekonomik kalkinmanin ve {iretim siirecinin
temel girdilerinden birini olusturmaktadir. Bir {ilkede toplumun yasam diizeyinin yiikseltilmesinde ve
stirdiiriilebilir kalkinmanin saglanmasinda 6nemli role sahiptir. Dolayisiyla yirminci yiizyilin basindan
itibaren giinlimiize kadar, 6zellikle de son yillarda enerji talebi ¢ok biiylik bir hizla artis gostermistir.
Enerji talebinin biiyiik bir boltimi kémiir, petrol ve dogal gazdan olusan fosil yakitlarla karsilanmuagtur.
Ancak fosil yakitlarin ¢ok fazla tiiketilmesi, hem bu kaynaklarin rezervlerinin giderek azalmasina hem
de bu yakitlarin yakilimi sonucu ¢evresel sorunlara neden olmustur.

Fosil yakitlarin diinyadaki rezervleri oldukga sinirlidir. Yeni rezervler bulunmadig: takdirde diinyadaki
mevcut komiir rezervlerinin 139 yil, petrol rezervlerinin 53,5 yil ve dogal gaz rezervlerinin 48,8 yil
sonra tiikenecegi ongoriillmistir (BP, 2021: 16, 34, 46; Narin, 2023: 14). Bu yiizden yeni fosil yakit
alanlarinin kesfedilmesi, yenilenebilir enerji kaynaklarinin gelistirilmesine yonelik calismalarin
hizlandirilmasi gerekmektedir. Diger yandan fosil yakitlarin tiikketimi, dogaya biiyiik dl¢iide sera gazi
salimina yol agmis, bu siire¢ de iklim degisikliginin hizlanmasina neden olmustur. Dolayisiyla artan
enerji talebinin karsilanmasinda mevcut fosil yakitlarin rezervlerinin giderek azaldigi, yeni ve
yenilenebilir enerji kaynaklarinin potansiyelinin diisiik oldugu bir ortamda enerji kaynaklarmin etkin
kullanim1 6nemli hale gelmistir. Hatta kit olan mevcut enerji kaynaklarinin daha az, daha etkin ve daha
verimli bir bicimde kullanilmasi, diger bir ifadeyle enerji verimliliginin saglanmast zorunlu olmustur.
Enerji verimliligi, enerjinin tiretim i¢indeki payinin disiiriilmesi, diger bir ifadeyle ayn1 miktar iiretimin
daha az enerji kullanimiyla gerceklestirilmesidir (Narin & Akdemir, 2006). Enerji verimliligine yonelik
caligmalar hem enerji iiretimi hem de enerji tiiketimi alanin1 kapsamaktadir.

Diinya genelinde enerji ¢ikmazi, 6nemli sorundan biri olmustur. Bu soruna yonelik ¢6ziim arayislari
konusunda oncelikli olarak gelismis iilkeler tarafindan gesitli politikalar gelistirilmis, diger iilkelerde
onlar1 takip etmistir.

Kiiresel diizeyde oldugu gibi Tiirkiye’de de enerji tiketimi hizla artmaktadir. Artan enerji tiiketimi,
yeterli ulusal kaynak olmadigindan ithal yoluyla karsilanmistir. Bu durum Tiirkiye’yi enerji konusunda
disa bagimli hale getirmistir. Dolayisiyla enerji tasarrufunun gergeklestirilmesi, dolayisiyla enerji
verimliliginin saglanmas1 amaciyla Tiirkiye’de de 2000°1i yillardan itibaren ¢alismalar hizlanmistir.
Ancak giiniimiizde gelinen noktada Tirkiye’nin hala enerji verimliligi konusunda istenilen diizeye
gelebildigini sdylemek miimkiin degildir.

Bu g¢alismanin amaci, Tirkiye’deki enerji verimliligine yonelik ¢alismalarin incelenmesi ve
degerlendirilmesidir. Bu kapsamda oncelikle enerji verimliligi ve enerji verimliligi ile ilgili kavramlar
iizerinde durulacak, ardindan kiiresel diizeyde ve c¢esitli iilkelerde enerji verimliligi, daha sonra
Tiirkiye’de enerji verimliliginde ulasilan diizeye yer verilecektir.

ENERJi VERIMLILiGi VE iLGILIi KAVRAMLAR

Gilinlimiiziin en biiyiik sorunlarindan biri enerjidir ve enerjinin iiretilmesi gerekir. Eger yeterince enerji
uretilemiyorsa, bu durumda enerji tiiketimini azaltmak zorunlu hale gelir. Bu da enerjinin etkin
kullanilmas1 ya da enerji tasarrufuyla gergeklestirilebilir. Bu kapsamda diinyada biitiin enerji
politikalari, en az enerjiyle en ¢ok {iriiniin elde edilmesine dayali olmustur. Bu politikalar, iilkeleri enerji
verimliligine yonlendirmistir.

Enerji verimliligi son yillarin 6nemli kavramlarindan biri olmustur. Cesitli kurum ve kuruluglar
tarafindan, birbirine ¢ok benzer enerji verimliligi tanimlariin yapildig1 goriillmektedir. Ayrica enerji
verimliligi ile iligkili bagka terimler de bulunmaktadir. Bu terimlerin tanimlarina asagida ver yerilmistir.

Enerji Verimliligi

ABD Enerji Bakanlig1 enerji verimliligini, belirli bir diizeydeki iiretimin daha az miktarda enerji girdisi
ile saglanmasi veya ayni enerji girdisi ile daha fazla iiretimin elde edilmesi (US Department of Energy,
2024) seklinde tanimlamustir.

Tiirkiye’de “Enerji ve Tabi Kaynaklar Bakanligi (ETKB)” enerji verimliligini, “tiiketilen enerjinin,
iiretimdeki miktar ve kaliteyi diisirmeden, ekonomik kalkinmay1 ve sosyal refah1 engellemeden en aza
indirilmesi” olarak tanimlamustir. Daha genis ifade etmek gerekirse enerji verimliligi, “iiretim, iletim,
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dagitim ve nihai titketimdeki enerji kayiplarinin 6nlenmesi, ileri teknoloji, teknikler, verimli ekipman
ve prosesler ile hizmet/iiretimi diisiirmeden enerji talebinin azaltilmasi, enerjinin geri kazanilmasi gibi
onlemlerin biitiniidir.” (ETKB, 2020: 5).

“Enerji Verimliligi Dernegi (ENVER)” enerji verimliligini “binalarda yasam standardi ve hizmet
kalitesinin, endiistriyel igletmelerde ise {iretim kalitesi ve miktarinin diisiisiine yol agmadan, birim veya
tirlin miktar1 bagina diisen enerji tiikketiminin azaltilmas1” (ENVER, 2024; Sevik, 2007: 27) olarak ifade
etmistir.

Enerji verimliligi dogrudan ve dolayli olarak iki farkli sekilde saglanabilmektedir. Dogrudan enerji
verimliliginde, giinliik yasam standardinda bir degisiklik yaratmadan, kullanilan ev ve araba gibi
araclarda enerjiyi daha verimli bir sekilde kullanacak sekilde diizenlemeler yapilmasidir. Dolayli enerji
verimliliginde ise mevcut iriinlerin daha uzun Omiirlii olacak sekilde kullanarak, yeni {iiretilecek
iirlinlerin iiretimi azaltacak sekilde ¢alismalar yer almaktadir (ADS Miihendislik, 2023).

Enerji verimliliginin para tasarrufu saglama, elektrik sebekelerinin dayanikliligini ve giivenilirligini
artirma, ¢evre, toplum ve saglik agisindan sagladigi ¢ok sayida yarar1 bulunmaktadir. Bu yararlar
asagida yer almaktadir (US Department of Energy, 2024).

Parasal tasarruf saglama yarar1: Konutlarda enerji kullanimini azaltan ve yasam kalitesini artiran yalitim
ekleme, LED aydimlatma kullanma, 1s1 pompasi kurma, hava kosullarma dayaniklilikta iyilestirme
yapma gibi uygulamalarla enerji verimliligi saglamaktadir. Boylece elektrik faturalarindan tasarruf
edilebilmektedir. Enerji verimliliginin saglandig1 binalarin isitilmasi, sogutulmasi ve isletilmesi daha
diisiik maliyetle gergeklesmekte, sanayi ve liretim tesisleri daha diisiik maliyetle iiretim yapabilmektedir.
Ayrica enerji verimliligi saglanan ulagim, yakit tasarrufu saglamaktadir.

Toplumsal yararlar: Enerji verimliligi programlari ile toplumun her kesimine verimli, uygun maliyetli
teknolojiler ve altyap1 sunarak enerjinin erisimini saglar. Boylece enerjiye erisimde esitlik saglanmis
olur.

Cevresel yararlar: Giiniimiizde hala yaygin bir sekilde faaliyet gosteren geleneksel enerji santralleri sera
gazi salan ve hava kirliligi yaratan fosil yakitlarla ¢alismaktadir. Bu tiir enerji kullaniminin azaltilmasi,
kiiresel iklim degisikligiyle miicadele etmede biiylik 6nem tasimaktadir. Enerji tasarrufu saglayan
evlerin ve binalarin ¢ogalmasi, sera gazi iiretmeyen yenilenebilir enerji kaynaklarma gecisi de
artirmaktadir.

Esneklik ve giivenilirlik: Enerji verimliliginde iyilesmeler, yiik olarak bilinen, tek seferde sebekedeki
elektrik miktarin1 azaltarak, elektrik sebekesindeki sikisikligi ve stresi en aza indirir. Daha az ytikiin
olmasi da elektrik kesintilerini 6nlemektedir.

Saglik ilgili yararlar: Fosil yakit kullaniminin azaltilmasi, hava, su ve topragin daha temiz olmasina
neden olur. Bunlarm tiimii insan saghgini, 6zellikle de dislanmig topluluklarda yasayanlari ve kirlilik
nedeniyle daha da kotiilesen kosullara sahip insanlart dogrudan etkiler.

Enerji Tasarrufu

Enerji verimliligine iligkin yapilan tanimlarin hemen hemen tiimiinde liretimi gergeklestirirken enerjinin
en az diizeyde kullanimina deginilmektedir. Dolayisiyla enerji verimliliginin saglanmasinda en énemli
unsur, enerji tasarrufudur. Enerji tasarrufu, enerjinin daha az kullanilmasi olarak ifade edilmekte olup,
enerji atiklarmin degerlendirilmesi ve enerji kayiplarmin dnlenmesini kapsamaktadir. Boylece enerji
kaynaklarinin korunmasina ve gevresel etkilerinin azaltilmasina yardimei olmakta ve maliyet yoniinden
de tasarruf saglamaktadir. Enerji tasarrufu, enerji arz gilivenliginin ve siirdiiriilebilirliginin
saglanmasinda da 6nemli role sahiptir (Baytorun, 2023).

Enerji tasarrufu genel olarak iki ampulden birinin sondiiriilmesi olarak algilanmaktadir. Aslinda enerji
tasarrufu; enerji kayiplarinin Onlenmesi, tiiketilen enerji miktarmin kalite ve performansinin
diisiiriilmeden en aza indirilmesi olarak ifade edilir. Enerji tasarrufu dogrudan ve dolayli olmak tiizere
iki sekilde gergeklestirilmektedir. Dogrudan enerji tasarrufunda; ev, araba gibi mallara son teknolojiyi
uygulamak ve yasam bi¢imini enerjiyi daha verimli kullanacak sekilde diizenlemekle enerji tasarrufu
gerceklestirilmektedir. Dolayli enerji tasarrufunda ise mevcut mallarin daha uzun siire kullanimi
saglanarak yeni mallarin tretimini azaltmak, enerji tiikketimini en aza indirecek bi¢imde yerlesim
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yerlerini diizenlemek, ekonomide dogrudan materyal tiiketiminin olmadig1 faaliyetlere gegcmek suretiyle
enerji tasarrufu saglanmaktadir (Norgard, 2001: 271; Narin & Akdemir, 2006).

Enerji Yogunlugu

Enerji verimliligine iligkin yogun olarak kullanilan bir bagka kavram da enerji yogunlugudur. Enerji
yogunlugu, bir birim ¢ikt1 liretmek i¢in ne kadar enerji kullanildiginin gostergesidir. Bir tilkedeki enerji
yogunlugu, enerji tikketimini gayri safi yurtici hasilaya boliinmesiyle hesaplanir. Enerji yogunlugunun
diisiik olmasi, bir birim ¢ikt1 tiretmek i¢in daha az enerji kullanildigin1 gosterir. (Energy Education,
2024; US Department of Energy, 2024; World Bank, 2024).

DUNYADA ENERJi VERIMLILIGI

Enerji verimliligi, diinyada biitiin iilkelerin enerji ve iklim konusunda hedeflerine ulagabilmeleri i¢in
kritik bir dneme sahiptir. Bu {iilkelerin enerji ¢ikmazindan en diisiik maliyetle ¢ikabilmelerinin yolu da
yine enerji verimliliginin saglanmasi ile miimkiindiir. Bu nedenle diinya genelinde tiim iilkelerin enerji
verimliligi yatirimlart hizla artmaktadir. Enerji verimliliginin diisiik maliyetlerle ilgili yararlarinin yani
sira toplumsal, ¢evresel, saglik alanlarda esneklik ve giivenilirlik saglamasi gibi yararlarinin oldugu
daha once belirtilmistir.

Diinya Enerji Konseyi, 1999 yilinda yirminci yiizyili enerji ¢agi olarak ilan etmistir. Hatta bu yiizyil
petroliin tiim diinyada 6nemli bir yerinin olmasi nedeniyle petrol ¢agi olarak anilmistir (Sevik, 2007:
26). Petrol ¢agi da denilmesinin nedeni, petroliin diinyadaki tiim iilkelerde yogun olarak
kullanilmasindan kaynaklanmaktadir. 1970°li yillarda yasanan petrol krizleri sonrasi petrol
fiyatlarindaki asir1 artig, basta Bat1 {ilkeleri ve Japonya olmak iizere bir¢ok iilkede enerji verimliligine
yonelik calismalarin baglamasina yol agmistir (Ming & Yu, 2015; Kavaz & Karagél, 2019: 219). Bu
calismalar, 1980°1i yillarda da devam etmis, iilkelerin kalkinma hedeflerinde 6nemli rol oynamustir.
Glintimiize kadar gelen siirecte kiiresel iklim degisikligi de dikkate alilnarak enerji verimliliginin
saglanmasi, dolayisiyla enerjinin tasarruflu kullanilmas1 hedeflenmistir.

Kiiresel diizeyde enerji verimliligi ile ilgili gelismeler, enerji yogunlugu verileri agiklanmaktadir. Tablo
1’de) 2000-2021 d6énemi diinya, ABD, AB, Japonya, Giiney Kore, Cin, Hindistan ve Tiirkiye’ye iligkin
enerji yogunlugu verileri yer almaktadir (Grafik 1).

2000 yilindan 2021 yilina kadar enerji yogunlugunun diismesi, bu siirecte enerji verimliligin de artis
yasandig1 anlamina gelmektedir. Kiiresel diizeyde 1990 yilinda bir birim GDP artis1 gerceklestirebilmek
icin 7,67 birim enerji kullanilirken (IEA, 2023: Kavaz & Karagdl, 2019: 219), bu oran 2000 yilinda
5,95, 2020 yilinda ise 4,54 olmustur (World Bank, 2023).

Tablo 1. Kiiresel Enerji Yogunlugu (Birincil Enerji - Mj/$2017 PPP GDP)

Diinya ABD AB Japonya | Giiney Kore Cin Hindistan | Tiirkiye
2000 5,95 6,72 4,15 4,69 7,24 10,89 6,42 3,27
2001 5,87 6,53 4,16 4,59 7,00 10,38 6,22 3,20
2002 5,83 6,50 4,12 4,6 6,82 10,11 6,16 3,17
2003 5,83 6,33 4,17 4,5 6,75 10,48 5,84 3,18
2004 5,79 6,23 4,11 4,55 6,59 10,84 5,73 2,97
2005 5,69 6,04 4,04 4,45 6,38 10,72 5,52 2,84
2006 5,57 5,82 3,93 4,39 6,16 10,41 5,39 2,94
2007 5,43 5,81 3,75 4,29 6,05 9,81 5,31 3,02
2008 5,35 5,65 3,70 4,17 6,01 9,18 5,43 2,94
2009 5,35 5,52 3,64 4,25 6,02 8,95 55 3,08
2010 5,37 5,50 3,71 4,29 6,14 8,93 5,34 3,06
2011 5,26 5,34 3,53 3,97 6,17 8,75 5,28 2,92
2012 5,17 5,13 3,51 3,82 6,10 8,41 5,29 2,92
2013 5,09 5,13 3,47 3,77 5,92 8,05 5,11 2,63
2014 4,99 5,07 3,29 3,83 5,83 7,69 5,08 2,59
2015 4,83 4,89 3,25 3,52 5,76 7,21 4,82 2,65
2016 4,72 4,75 3,21 3,47 5,80 6,71 4,54 2,72
2017 4,64 4,63 3,17 3,43 5,62 6,51 4,46 2,71
2018 4,60 4,63 3,08 3,36 5,45 6,39 44 2,59
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2019 | 453 4,52 2,97 3,28 5,27 6,31 4,25 2,61
2020 | 454 4,31 2,94 3,19 5,32 6,37 4,28 2,57
2021 : 4,21 2,94 3,29 - - - 2,49

Kaynak: World Bank, 2023.

Grafik 1. Kiiresel Enerji Yogunlugu (Birincil Enerji - Mj/$2017 PPP GDP)
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2022-2050 donemine iliskin kiiresel diizeyde tahmini enerji yogunlugu diizeyi Tablo 2’de goriilmektedir

(Grafik 2).
Tablo 2. Bolgelere gore diinya enerji yogunlugu (thousand Btu per 2015 dollar of GDP - PPP)
2022 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 Ortalama yillik degisme hizi (%)
2022-2050
Diinya 47 4.5 40 3,7 3,5 3,3 3,1 -1,5
ABD 48 46 472 3,8 3,5 3,2 3,0 -1,6
Bati Avrupa 3,2 3,2 3,0 2,8 2,7 2,7 2,6 -0,8
Japonya 3,5 34 3,0 2,9 2,8 2,8 2,7 -0,9
Giiney Kore 5,7 55 53 51 5,0 4.9 48 -0,6
Cin 6,5 59 50 4,3 3,8 3,5 3,2 -2,5
Hindistan 3,8 3,6 3,4 3,2 3,0 2,9 2,8 -1,1

Kaynak: EIA, 2023.
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Grafik 2. Bolgelere Gore Diinya Enerji Yogunlugu Projeksiyonu (thousand Btu per 2015 dollar
of GDP - PPP)
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Kaynak: EIA, 2023.

Amerikan Enerji Verimliligi Enerji Konseyi (“American Council for an Energy Efficient Economy,
ACEEE”), enerji verimliligi konusunda degisik yillarda ¢alismalar yapmustir. 2022 yilinda yapilan enerji
verimliligi ¢aligmasinda, 6ne ¢ikan 25 iilke ve bu iilkelerin enerji verimliligi siralamalar1 Tablo 3’te yer
almaktadir.

Tablo 3. Enerji Verimliligi Siralamasi (25 Ulke - 2022)

Siralama Ulke Toplam Ulke Puani
1 Fransa 74,5
2 Birlesik Krallik 72,5
3 Hollanda 71,5
4 Almanya 71,5
5 Italya 68,5
6 Ispanya 66,0
7 Japonya 63,5
8 Tayvan 58,5
9 Cin 57,5

10 ABD 54,0
11 Giiney Kore 53,0
12 Polonya 51,0
13 Kanada 49,5
14 Meksika 46,0
15 Tiirkiye 45,5
16 Hindistan 41,5
17 Endonezya 38,0
18 Avustralya 35,5
19 Brezilya 34,0
20 Misir 31,5
21 Tayland 31,5
22 Rusya 28

23 Suudi Arabistan 25

24 Giliney Afrika 23,5
25 Birlesik Arap Emirlikleri 215

Kaynak: ACEEE, 2022: 13.
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ACEEE tarafindan 2022 yilinda yapilan bu ¢alismada enerji verimliligi dort grupta hesaplanmustir.
Bunlar; ulusal ¢aligsmalar, konut, sanayi ve ulasimdan olugsmaktadir. Ulusal ¢alismalar; iilkelerin enerji
verimliligini saglamak amaciyla yapilan yatirimlar, AR-GE harcamalari, vergiler ve vergi indirimleri,
enerji yogunlugundaki degismeleri kapsamaktadir. Konut icerisinde; imar ydnetmeligi, cihaz ve
donatimla ilgili standartlar, binalarin giiclendirilmesine yonelik politikalar, bina derecelendirmeleri,
binalarin enerji yogunlugu dikkate alinmistir. Sanayi grubunda; sanayi sektoriindeki enerji yogunlugu,
enerji tesvik politikalari, donanimlarin verimlilik standartlari, zorunlu enerji denetimleri, AR-GE
harcamalar1 bulunmaktadir. Ulasimda ise araglarin yakit verimliligine iliskin standartlar, kisi basina
diisen ara¢ miktari, yiik tasimaciliginda enerji yogunlugu, toplu tasit kullanimi, karayolu ve demiryolu
yatirimlari dikkate alinmistir. Bu ¢aligmada iilkelerin enerji verimliligine yonelik alanlardaki basarilar
belirtilen dort grubun her birine verilen 25 puan {izerinden toplam 100 olacak sekilde hesaplanmustir.
Bu gruplandirmalara gore iilkelerin hangi alanlarda daha basarili enerji verimliligi gerceklestirdigi daha
iyi gozlenebilmektedir. Ulkelerin dért gruplandirmaya gore verimlilik diizeyleri Grafik 3’te
goriilmektedir.

Grafik 3. Ulkelerin Dort Gruplandirmaya Gére Verimlilik Diizeyleri (2022)
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Kaynak: ACEEE, 2022: 14.

Grafik 3’ten de goriilebilecegi gibi her iilkenin enerji verimliligi alaninda on plana ¢iktigi gruplar
birbirinden farklilik gostermektedir. Hollanda, Almanya, Fransa, italya ve ispanya’dan olusan Avrupa
tilkelerinin ulusal ¢aligmalar, konut, sanayi ve ulasim alaninda puanlar1 oldukga yiiksektir. Dolayisiyla
enerji verimliliginde Avrupa iilkelerinin toplam puan {izerinden siralamalari iist siralarda yer almaktadir.
Hollanda, Almanya, Japonya, Fransa ve Tayvan ulusal ¢alismalar alaninda; Hollanda, Fransa, Ispanya
Almanya ve Birlesik Krillik konut sektdriinde; Japonya, Birlesik Krallik, Almanya, italya ve Fransa
sanayi sektoriinde; Fransa, Birlesik Krallik, italya, Hollanda ve Ispanya konut sektériinde ilk bes sirada
yer almaktadirlar. Siralamada 15. sirada bulunan Tirkiye nin konut sektoriinde ortalamanin iistiinde
oldugu, ancak diger alanlarda ortalamanin altinda kaldig1 goriilmektedir (ACEEE, 2022: 13-14).

Kisaca ozetlemek gerekirse, kiiresel enerji verimliligi ile ilgili agirlikli olarak Avrupa iilkeleri ve bir kag
Uzakdogu tilkesinin 6n siralarda yer aldigi, bazi gelismekte olan iilkelerin ortalarda, Arap iilkelerinin
ise en alt siralarda bulundugu goriilmiistiir. Enerjiyi etkin ve verimli kullanan iilkelerin oncii olarak
deneyimlerini diger iilkelerle paylasmalari, kiiresel diizeyde enerji verimliliginin artmasini
saglayacaktir. Boylece hem iilkelerin enerji maliyeti hem de enerji konusunda disa bagimli olan
iilkelerin enerji ithalat1 azalacaktir.
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TURKIYE’DE ENERJi VERIMLILIiGi

Tiirkiye’nin enerji talebi, bilylimesine bagl olarak, diinya ortalamasinin iistiinde artis gdstermektedir.
Ancak Tirkiye enerjide disa bagiml bir iilkedir. Artan talebini itlahalatla karsilamak zorunda olan
Tiirkiye, biiylik bir enerji ¢ikmazi igerisindedir. Dolayisla bu sorunlari agabilmesi igin, zorunlu olarak,
enerji verimliligi ¢alismalarini hizlandirilmasi gerekmektedir.

Tiirkiye, fosil yakitlarda, 6zellikle petrol ve dogal gazda disa bagimli bir iilkedir. Bu ytizden Tiirkiye’de
enerji ithalatin1 ve enerji ithalatinin cari islemler dengesini bozucu etkisini azaltmaya ve enerji arz
giivenligini saglamaya ydnelik enerji politikalari olusturdugu goriilmektedir.

Tiirkiye’nin kisi basina diisen enerji tiikketimi, 2021 yilinda 1,88 (TEP/kisi) olmustur. 1990 yilinda 0,94
(TEP/kisi) olan enerji tiikketimi, aradan gecen yaklagik 30 yillik siiregte giderek artmistir (CSB, 2024).
Ancak diger iilkelerle karsilagtirildiginda diisiik diizeyde oldugu goriilmektedir. Tiirkiye’nin 2000-2021
déneminde birincil enerji yogunlugu Tablo 1’de yer almaktadir. Bu tablodaki verilere gore 2000 yilinda
3,27 olan enerji yogunlugu, 2021 yilinda 2,49 diizeyinde ger¢eklesmistir. Tiirkiye’de enerji verimliligine
iliskin gelismeler diinya ortalamasinin ve ABD, AB, Japonya gibi lilkelerin iizerinde seyrettigi
goriilmektedir (World Bank, 2023).

Tiirkiye’nin Uluslararasi Enerji Verimliligi Puani

Tiirkiye’de enerji verimliligine yonelik caligmalar ve diizenlemeler, binalarda, sanayide ve ulagimda
olmak tiizere {i¢ farkli alanda yogunlagmistir. Daha dncede belirtildigi gibi ACEEE nin 2022°de yaptig
tilkelerin enerji verimliligi puanlarinda ulusal ¢alismalar, konut, sanayi ve ulasimdan olusmaktadir. Bu
caligmaya gore 25 iilke icerisinde Tiirkiye nin toplam enerji verimliligi siralamasinda, toplam 45,5 puan:
oldugu ve 15. sirada yer aldig1 goriilmektedir. Her bir grup 25 puan {izerinden puanlandiginda, 9 puani
ulusal g¢aligmalar alanindan (17. sirada), 14 puani konut alanindan (15. sirada), 13,5 puani sanayi
alaninda (11. sirada), 9 puani ulagim alanindan (13. sirada) olmustur. Her bir gruptan alinan puanlar
hesaplandiginda toplam verimlilik puanini ulagilmaktadir (ACEEE, 2022: 13).

Tiirkiye’nin uluslararasi enerji verimliligi puan1 Grafik 4’te goriilmektedir. Avrupa’daki diger iilkelerle
karsilagtirildiginda dort alanda da geride kaldigini sdylemek miimkiindiir.

Grafik 4. Tiirkiye’nin Uluslararasi Enerji Verimliligi Puani (2022)
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Kaynak: ACEEE, 2022.

Enerji verimliliginde ulusal cahismalar: Tiirkiye’de enerji verimliligi programlarina ve Ar-Ge'ye
yapilan yatirimlar, analiz edilen diger iilkelere goére nispeten disiiktir. Bununla birlikte, iilkenin
verimlilik hedeflerine ulasmaya yardimci olacak ulusal vergi tesvikleri ve kredi programlar1 da
bulunmaktadir. Tirkiye'nin “Enerji Hizmet Sirketi (Energy Service Company, ESCO)” piyasasi
nispeten biiyliktiir. Bununla birlikte, termal tesislerinin operasyonel verimliliginin diisiik olmasi
nedeniyle, Tiirkiye'nin su tasarrufu yoluyla su verimliligini saglayabilme potansiyeli bulunmaktadir
(ACEEE, 2022).
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Binalarda enerji verimliligi: Tirkiye, 2022 yilinda yapilan uluslararasi enerji verimliligi
puanlamasinda binalarda enerji verimliligi alanindan 14 puan almistir. Tiirkiye’de mevcut minimum
enerji performans standartlari (minimum energy performance standards, MEPS) kapsamina giren 20
cihaz grubu bulunmaktadir. Ancak bunlardan yalnizca bir cihaz grubu zorunlu etiketler kapsamina
girmektedir. Bunlarin yam sira Tiirkiye'de tiim binalar igin zorunlu bina etiketleme ¢alismalari
yapilmaktadir. Konut ve ticari binalara yonelik bina mevzuati, yeni insa edilen binalarin verimliligini
artirmak icin ek teknik gereklilikler getirerek ve mevcut binalar i¢in bina performans standartlarini
benimseyerek gelistirilmesi miimkiindiir (ACEEE, 2022).

Sanayide enerji verimliligi: Tiirkiye'nin sanayi sektoriinde enerji verimliligine yonelik onemli
tesvikler verilmesine ragmen, sanayide enerji yogunlugu yiiksek olmaya devam etmektedir. Tiirkiye,
sanayide enerji verimliligi projelerini ve goniillii anlagmalar1 desteklemek amaciyla 2007 yilinda “5627
say1l1 Enerji Verimliligi Kanunu”nu ¢ikartmistir. Bu kanun kapsaminda “Elektrik Isleri Etiit idaresi”,
ti¢ yillik donemde ortalama %10 oraninda enerji maliyetlerinin %20'sini destekleme karari almustir.
Tiirkiye'nin enerji yonetim sistemlerine yonelik gesitli politikalart mevcut olup, bu politikalardan
yararlanabilir. Biiyiik sanayi tesislerde enerji yoneticilerinin istihdam edilmesine iliskin talimatlarin
yirtrlige konmasi, ISO 50001 sertifikali tesislerin sayisinin arttirilmasi ve sanayi iiretiminin ulusal gelir
icindeki payma bagli olarak sanayi sektoriine yonelik Ar-Ge yatirimlarinin arttirilmasi gerekmektedir
(ACEEE, 2022).

Ulasimda enerji verimliligi: Tirkiye'nin hafif ticari araglarinin ortalama yakit kullanimi oldukga
yiiksektir (43,56 mpg). Ancak Tiirkiye’de bu alanda heniiz 2025 yakit verimliligi standartlari
bulunmamaktadir. Tiirkiye'de kisi basina diisen arag¢ kilometresi goreli olarak diigiiktiir ve ulasimin
biiyiik bir boliimii toplu tasima araglar1 kullanilarak gergeklestirilmektedir (ACEEE, 2022).

Tiirkiye’de Enerji Verimliligine Yonelik Calismalar

Tirkiye’de enerji verimliligine iligkin ifadeler 7. ve 8. Bes Yillik Kalkinma Planlar1 (BYKP)’nda yer
almistir. 7. BYKP’de, “Yurti¢i enerji kaynaklarinin miktar ve kalite olarak yetersiz ve yliksek maliyetli
olmasi, ithal enerji kaynaklar1 icin gerekli doviz ihtiyaci, asirt enerji kullaniminin cevre sorunu
yaratmast gibi nedenlerden dolayi, sanayide ve toplumsal yasamin her kesiminde enerji yogunluk
degerlerinin asagiya ¢ekilmesi, verimliligin artirilmasi ve tasarruf programlarinin hayata gegirilmesi
saglanacaktir.” denilmektedir (DPT, 1995: 138).

8. BYKP’de ise ayn1 bi¢cimde, “enerjinin, ekonomik ve sosyal kalkinmanin temel girdisi oldugu; artan
niifus, sehirlesme, sanayilesme, teknolojinin yayginlagmasi ve refah artigina paralel olarak tiiketiminin
artt1g1; buna bagli olarak da enerji tiiketiminin en diisiik diizeyde tutulmasi ve enerjinin en tasarruflu ve
verimli bir bigimde kullanilmasi gerektigi” vurgulanmistir. Ayrica bu planin ilerleyen kisimlarinda,
“Gilinlimiizde, kisi bagina enerji tiiketimi bir gelismislik gostergesi olmaktan ¢ikmistir. Amag, kisi bagina
enerji tiketimini artirmak degil, bir birim enerji tiiketimi ile en fazla iiretimi ve refahi yaratmak”
denilmistir (DPT, 2000: 142). Bu ifade ile enerji verimliliginin hesaplanmasinda kullanilan enerji
yogunlugu kavramma da yer verilmistir. Bu kalkinma planlarinda enerji tasarrufu ve enerji
verimliliginin artirilmas1 konusu yer almigtir.

Her iki kalkinma planinda yer almasinin ardindan, Tiirkiye’de enerji verimliligine yonelik ¢alismalar,
1980°lerin baslarinda “24.06.1935 tarih ve 2819 sayil1 Elektrik Isleri Etiit Dairesi Teskiline Dair Kanun®
ile kurulan Elektrik Isleri Etiit Idaresi Genel Miidiirliigii (EIE)” tarafindan baslatilmistir. 2011 yilinda
EIE’nin kapatilmasindan sonra, “02.11.2011 tarih ve 662 sayili Kanun Hiikmiinde Kararname? ile
kurulan Yenilenebilir Enerji Genel Midiirligi (YEGM)” biinyesinde bu ¢alismalar devam etmistir.
Daha sonra bu galismalar, <“10.01.2019 yilinda 27 Numarali Cumhurbaskanligi Kararnamesi®” ile
“Enerji ve Tabii Kaynaklar Bakanligi, Enerji Verimliligi ve Cevre Daire Baskanlig1” olarak yeniden

yapilandirilan “Enerji Isleri Genel Miidiirliigii” tarafindan siirdiiriilmektedir.

Enerji verimliliginin saglanmasi i¢in gerekli mevzuat altyapisi, 2003 yilindan itibaren baglasa da etkin
olarak 2007 yilindan itibaren yiiriirlige girmistir (Keskin & Giiven, 2017: 368). Tirkiye’de 2003

124.06.1935 tarih ve 3036 sayili Resmi Gazete.
201.11.2011 tarih ve 28103 (Mikerrer) sayili Resmi Gazete.
310.01.2019 tarih ve 30651 (Mikerrer) sayili Resmi Gazete.
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yilindan giiniimiize kadar gergeklestirilen enerji verimliligine iligkin yasal diizenlemeler Tablo 4’de yer
almaktadir.

Tablo 4. Tiirkiye’de Enerji Verimliligine Yonelik Yasal Diizenlemeler

Yil YASAL DUZENLEMELER

2004 “Enerji Verimliligi Strateji Belgesi” Nisan 2004

2007 “5627 sayili Enerji Verimliligi Kanunu” 02.05.2007 tarih ve 26510 Resmi Gazete

2008 2008 Enerji Verimliligi Y1l ile ilgili Bagbakanlik Genelgesi (2008-2)” 15.02.2008 tarih ve 26788
sayili Resmi Gazete.

2008 2008 Enerji Verimliligi ile ilgili ETKB Genelgesi (2008-1)” 16.09.2008

2012 “Enerji Verimliligi Strateji Belgesi” 25.02.2012 tarih ve 28215 sayil1 Resmi Gazete

2018 “Ulusal Enerji Verimliligi Eylem Plan1 (2017-2023), I. UEVEP” 02.01.2018 tarih ve 30289 sayili
Resmi Gazete

“Enerji Verimliligi 2030 Stratejisi ve II. Ulusal Enerji Verimliligi Eylem Plan1 (2024-2030), II.
UEVEP” 14.01.2024

2024

Tiirkiye’de enerji verimliligine iliskin gelismeler, birbirinden farkli yillarda, farkli hedef ve eylemler
iceren farkli belgelerle ifade edilmistir. 2010-2023 donemi icin “Ulusal Tklim Degisikligi Strateji
Belgesi ve Ulusal iklim Degisikligi Eylem Plam”, 2012-2023 donemi i¢in “Enerji Verimliligi
Strateji Belgesi”, 2014-2018 doénemi i¢in “Onuncu Kalkinma Planr’nin 1.14 numarali Enerji
Verimliliginin Gelistirilmesi Programi, Enerji ve Tabii Kaynaklar Bakanhg 2015-2019 Stratejik
Planmi, Ulusal Enerji Verimliligi Eylem Plam (2017-2023)”, bu stratejilerdendir. Ancak etkin bir
izleme sistemi olmadigindan, bu stratejilerin birbirleri ile ne kadar uyumlu oldugu, ne kadar ve nasil
uygulandig1 tam olarak belirlenememistir (Keskin & Giiven, 2017: 368). 2024 yili baginda “Enerji
Verimliligi 2030 Stratejisi ve II. Ulusal Enerji Verimliligi Eylem Plam (2024-2030)” bu konudaki
son stratejiyi olusturmaktadir.

2018 yili baginda yiirtirlige giren “Ulusal Enerji Verimliligi Eylem Plan1 (2017-2023)nda, “bina ve
hizmetler, enerji, ulastirma, sanayi ve teknoloji, tarim ve her sektérde uygulanan 6nlemleri iceren yatay
konular olmak {izere toplam 6 kategoride tanimlanan 55 eylem ile 2023 yilinda Tiirkiye’nin birincil
enerji tiiketiminin %14 azaltilmas1” hedeflenmistir (ETKB, 2018: 2; ETKB, 2023: 16). Planda “2023
yilina kadar kiimiilatif olarak 23,9 milyon TEP enerji tasarrufu saglanmasi ve bu tasarrufi¢in 10,9 milyar
ABD dolar1 yatirim yapilmasi1” ngoriilmiistiir (ETKB, 2023: 16). “2017 fiyatlar1 ile 2033 yilina kadar
saglanacak kiimiilatif tasarrufun 30,2 milyar ABD dolarina ulasacagi” belirtilmistir (ETKB, 2023: 8).
Ancak “Ulusal Enerji Verimliligi Eylem Plan1”nda, 55 eylemin uygulanabilmesi i¢in ¢ok sayida sorumlu
kurum bulundugu, bu kurumlarin herbirinin gorevleri ve hedefleri birbirinden farklilik gosterdigi ve
kurumlar arasinda koordinasyonun tam olarak tanimlanmadigi gorilmiistiir (Kesin & Giiven, 2017:
369).

Tiirkiye’de 2053 yili, net sifir emisyon ve yesil kalkinma yili olarak ilan edilmistir. Bu kapsamda
19.01.2023 tarihinde “Tiirkiye Ulusal Enerji Plan1” kamuoyu ile paylasilmistir. Bu planda 2035 yilina
kadar olan déneme iliskin tahmin ve projeksiyonlar bulunmaktadir. Planda “niifus artisi, ekonomik
biiylime, yakit fiyatlar1 gibi temel gostergelerdeki gelisim egilimleri dikkate alinarak sanayi, tarim,
ulastirma sektdrleriyle binalardaki ve hizmet sektoriindeki enerji talebini ve bu talebe karsilik vermek
tizere olusturulmus arz senaryolar1” yer almaktadir. Yine planda “2000-2035 doneminde enerji
yogunlugunda %51 iyilestirme saglanacagi” ileri siirtilmistiir (ETKB, 2023: 14).

“Enerji ve Tabii Kaynaklar Bakanligi (ETKB)” tarafindan hazirlanan Tiirkiye’nin “Enerji Verimliligi
2030 Stratejisi ve I1. Ulusal Enerji Verimliligi Eylem Plan1”nda “10 stratejik amag ve 23 hedefi icererek,
sanayi ve teknoloji, bina ve hizmet, enerji, ulagtirma, tarim, ortak konular, start-up ve dijitallesme olmak
tizere 7 kategoride 61 eyleme ve 266 faaliyete” yer verilmistir.

Planda 6ne ¢ikan hedefler agagida 6zetlenmistir (ETKB, 2024; VTC Enerji, 2024):
- 2030 y1lia kadar enerji tiiketimi %16, emisyonlar 100 milyon ton azaltilacaktir.

- 2030 yilina kadar 20,2 milyar dolarlik enerji verimliligi yatirimi, 2040 yilina kadar 46 milyar dolarlik
enerji tasarrufu saglanacaktir.
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- Enerji yogunlugunun 2023 yil1 degerine gore %15 azaltilmast ve 2024-2030 déneminde toplam 37,1
mtep birincil enerji tasarrufu gergeklesecektir.

- 2024-2030 doneminde enerji verimliligine yonelik finansal imkanlar artirilacak ve 5 milyar dolarlik
kamu tarafindan vergi ve tesvik uygulamasina gidilecektir.

- Dijital teknolojilerin gelistirilmesi ve yayginlagtirilmas1 saglanacak, yeni imkéanlarla enerji
verimliligini artirmaya yonelik destek verilecektir.

- Dongiisel ekonomi projeleri desteklenecek, kaynak ve enerji verimliligi artirilacaktir.
- Ar-Ge faaliyetleri giiclendirilecek, yenilik¢i projelere oncelik verilecektir.

- Is1 kullanan biiyiik endiistriyel tesislerde kojenerasyon sistemlerinin yayginlastirilmasina yonelik
calismalar onceliklendirilecektir.

- Sanayi kesiminde disiik karbonlu, yesil ve dijital doniisiim saglayan projelere 6ncelik verilecektir.
- Kamu binalarinda enerji verimliligi saglayacak izleme sistemleri olusturulacaktir.
- Aydinlatma sektoriinde enerji verimliligi saglanacaktir.

- Ulastirma sektoriinde diisiik karbonlu tasimaya gegilecektir. Bunun igin toplu tagima ve ticari araglarin
elektrikli ve hibrit veya dogal gazli araclara gecisi desteklenecektir. Ayrica tiim tasimacilikta enerji
verimliligi saglanacak sekilde stratejiler gelistirilecektir.

- Kamoyunda enerji verimliligi bilincini artirmak amaciyla g¢esitli egitim programlar1 diizenlenecek,
kampanyalar olusturulacak, tiim medya araglar1 bu alanda etkin bir bigimde kullanilacaktir.

- ETKB, bu planinin uygulanmasi ve izlenmesi igin etkili bir koordinasyon ve izleme mekanizmasi
kuracaktir. Bu mekanizma araciligiyla diizenli raporlar ve degerlendirmeler yapilacaktir.

Bu hedeflere ulagabilmek amaciyla izlenecek yollar (ETKB, 2024; VTC Enerji, 2024):

- Katilimer ve igbirlik¢i yaklasim benimsenecektir. Planin uygulanabilmesi i¢in kamu, 6zel sektor,
akademi ve sivil toplum kuruluslar1 arasinda is birligi saglanacaktir.

- Teknolojik yenilikler uygulanacaktir. Ar-Ge faaliyetlerinin gelistirecek dijital teknolojilerin
kullalnimina agirlik verilecektir.

- Enerji verimliligi yatirimlarini tesvik edecek finansal destek ve tesvikler verilecektir.

- Enerji verimliligi bilincini artiracak ve bu konuda farkindahig: yiikseltecek etkili egitim programlari
diizenlenecektir.

- Enerji verimliligi eylem planinin basarili olabilmesi i¢in etkin izleme ve degerlendirme yapilabilecek
onlemlar alinacaktir.

- Enerji verimliligi alaninda uluslararas: diizeyde is birligine gidilecek ve bu alandaki iyi drneklerler
takip edilecek ve uluslararasi deneyimlerden yararlanilacaktir.

Tiirkiye’nin “Enerji Verimliligi 2030 Stratejisi ve II. Ulusal Enerji Verimliligi Eylem Plan1”, enerji
sektoriinde siirdiiriilebilirlik ve verimlilik agisindan 6nemli bir yol haritast ortaya koymaktadir. Bu
planin basarili bir bicimde uygulanabilmesi icin tiim paydaslarin is birligi icinde ¢aligsmasi, teknolojik
gelismelerin desteklenmesi, finansal araglarin uygun bir sekilde ele alinmasi, siirekli izleme ve
degerlendirme ortaminin olusturulmast Onemlidir. Boylece enerji sektoriinde Tiirkiye, daha
stirdiiriilebilir, verimli ve ¢evre dostu bir gelecege dogru yol alabilir (VTC Enerji, 2024).

SONUC

Enerji, bir iilkede toplumun yasam diizeyinin yikseltilmesinde ve siirdiiriilebilir kalkinmanin
saglanmasinda 6nemli role iistlenmektedir. Ekonomik biiylime, hizli niifus artisi, sehirlesme oraninin
yiikselmesi gibi nedenlere, son yillarda enerji talebi biiyiik 6l¢lide artmistir. Artan enerji talebini, mevcut
enerji kaynaklari ile karsilayabilmek zor goriinmektedir. Ayrica fosil igerikli enerji kaynaklarinin
kullanimi da g¢evreye biiyiik zararar vermektedir. Bir yandan mevcut enerji kaynaklarinin yetersizligi,
Ote yandan bu enerji kayraklarinin ¢evre lizerinde yatarttig1 olumsuzluklar dikkate alindiginda, enerjiyi
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daha etkin ve verimli kullanacak yontemlerin izlenmesi kacinilmaz hale gelmistir. Bu kapsamda enerji
verimliligi, enerji arz giivenliginin saglanmasi, enerjide dis1 bagimliligin azaltilmasi, ¢evre ve iklim
sorunlaria ¢6ziim bulunabilmesi agisindan énemli bir rol oynamaktadir. Dolayisiyla tiim iilkelerde
enerji verimliligine yonelik ¢alismalar hizlandirilmistir.

Diinya genelinde ve {ilkeler diizeyinde enerji verimliliginde gelinen nokta, birbirinden farklilik
gostermektedir. Bu nedeni iilkelerin uyguladiklart enerji politikalarindaki farkliliklardir. Bu alanda
gelismis ilkeler daha biiyiikk gelisme sergilerken, diger iilkeler biraz daha yavas hareket
edebilmektedirler. Tirkiye’de de enerji verimliligine yonelik g¢aligmalar 2000°1i yillardan itibaren
baslamuis, 6zellikle son yillarda hizlanmistir. Ancak hala istenilen diizeye ulastigi sdylenemez.

Ozellikle 2007 yilinda kabul edilen “5627 sayili Enerji Verimliligi Kanunu”nun uygulanmaya
baslamastyla birlikte bir yasal gergeve olusturulmustur. Izleyen yillarda g¢ok sayida tebligi
yaymlanmistir. Ancak 2018 yilinda ulusal diizeyde hazirlanan “Ulusal Enerji Verimliligi Eylem Planm
(2017-2023), 1. UEVEP” ile baglatilan ¢alismalar, enerji verimliliginin saglanmasinda 6nemli rol
oynamistir. Ardindan 2024 yili basinda “Enerji Verimliligi 2030 Stratejisi ve II. Ulusal Enerji
Verimliligi Eylem Plan1 (2024-2030), 1I. UEVEP” olusturulmustur. Bu planda yer alan hedefler ve
izlenecek yillar belirlenmis olup, Il UEVEP’in sonuglart ilerleyen yillarda goriilecektir. Ancak bu planin
basarili olabilmesi, tiim paydaslarin isbirligi halinde, teknolojik gelismelerden yararlanarak, uygun
finansan araglarla siirekli izleme ve degerlendirme ortami yaratilarak gergeklestirilebilecektir. Planin
basarili olmasi halinde Tiirkiye enerji alaninda siirdiiriilebilir, verimli ve ¢evre ile uyumlu bir gelecege
dogru ilerleyebilecektir.
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OZET

Rusya ve Ukrayna arasindaki savasin baglamasiyla birlikte kiiresel ve bolgesel capta dogal gaz
piyasalarinda 6nemli degisiklikler ve gelismeler yasanmistir. Kiiresel diizeyde, savas enerji giivenligi
endiselerini artirmis, bir¢ok iilkeyi Rus dogal gazina olan bagimliliklarini yeniden degerlendirmeye sevk
etmistir. Bu durum, alternatif kaynaklara yonelimi artirmis ve enerji portfoylerinin ¢esitlendirilmesi
cabalarmi hizlandirmustir. Ozellikle Avrupa iilkeleri, Sivilastirilmis Dogal Gaz (LNG) altyapisini
genisletmekten yenilenebilir enerji iiretimini artirmaya kadar ¢esitli girisimlerle Rus dogal gazina olan
bagimliliklarini azaltmaya ¢alismaktadirlar. Buna karsilik, dogal gaz piyasalarmin bolgesel dinamikleri
adina daha teferruatli gelismeler yagsanmistir. Dogu Avrupa'da, savas arz kesintileri korkularini artirms
ve enerji gesitlendirme cabalarmin stratejik 6nemini artirmistir. Ornegin; Ukrayna ve Polonya gibi
iilkeler, komsu devletlerle enerji is birligini artirmaya yonelik ¢abalarin1 yogunlastirma c¢abasi igerisine
girmiglerdir. Ote yandan, Bati Avrupa, Rus dogal gazi ithalatindaki azalmanm ivedi etkilerini
hafifletmeye calisirken uzun vadeli enerji doniisiimii hedeflerini ilerletmeye odaklanmaktadir. Bu
durum, yenilenebilir enerji projelerine ve altyapiya yonelik artan yatirimlar1 beraberinde getirmis ve
mevcut dogal gaz tedarik aglarini optimize etme c¢abalarini ortaya koymustur. Ayrica, Rusya-Ukrayna
savast jeopolitik acidan yeniden yapilanmalara yol agmis, dogal gaz ticaret yollar1 ve ittifaklar
izerindeki etkileriyle birlikte yiikselen enerji koridorlari, Giiney Gaz Koridoru ve Dogu Akdeniz rotalar1
gibi geleneksel tedarik yollarina alternatifler olarak dnem kazanmustir. Ek olarak, jeopolitik gerilimler
uluslararas1 arenada enerji gilivenligine iligkin diyalogu hizlandirarak kiiresel enerji piyasalariin
baglantililigi vurgusunu artmistir. Genel olarak, Rusya-Ukrayna savasi kiiresel ve bolgesel dogal gaz
piyasalarinda cift yonlii bir doniisimi tetiklemistir. Kiiresel agidan gelismeler genis kapsamli
cesitlendirme ve dayaniklilik ¢abalariyla karakterize edilirken, bolgesel dinamikler yerel baglamlara
uygun kapsamli stratejilerle sekillenmektedir.

Bu c¢alismada, Rusya-Ukrayna savasiyla baglayan dénemde dogal gaz piyasalarindaki kiiresel ve
bolgesel boyutlarda yasanan gelisme ve degisimlerin karsilagtirmali analiziyle birlikte enerji jeopolitigi
ve piyasa dinamiklerinin gelisen durumuna dair bir degerlendirme ortaya konulacaktir.

Anahtar kelimeler: Dogal Gaz, Rusya-Ukrayna Savasi, Enerji Ekonomisi.

ABSTRACT

With the beginning of the war between Russia and Ukraine, significant changes and developments have
occurred in natural gas markets globally and regionally. At the global level, the war has increased energy
security concerns, prompting many countries to re-evaluate their dependence on Russian natural gas.
This situation has increased the tendency towards alternative sources and accelerated efforts to diversify
energy portfolios. European countries, in particular, are trying to reduce their dependence on Russian
natural gas through various initiatives, from expanding Liquefied Natural Gas (LNG) infrastructure to
increasing renewable energy production. In contrast, there have been comprehensive developments
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regarding the regional dynamics of natural gas markets. In Eastern Europe, the war has raised fears of
supply disruptions and increased the strategic importance of energy diversification efforts. For example;
countries such as Ukraine and Poland have begun to intensify their efforts to increase energy cooperation
with neighboring states. Western Europe, on the other hand, is focused on advancing its long-term
energy transition goals while trying to diminish the immediate effects of the decline in Russian natural
gas imports. This situation has led to increased investments in renewable energy projects and
infrastructure, alongside efforts to optimize existing gas supply networks. Furthermore, the Russia-
Ukraine war has led to geopolitical restructuring, and rising energy corridors, with their effects on
natural gas trade routes and alliances, have gained importance as alternatives to traditional supply routes
such as the Southern Gas Corridor and Eastern Mediterranean routes. Additionally, geopolitical tensions
have stimulated the dialogue on energy security in the international arena, increasing the emphasis on
the interconnectedness of global energy markets. Overall, the Russia-Ukraine war has triggered a bi-
directional transformation in both global and regional natural gas markets. While the global
developments are characterized by a comprehensive impulse for diversification and resilience efforts,
regional dynamics are shaped by particular strategies tailored to local contexts. In this study, an
evaluation of the evolving situation of energy geopolitics and market dynamics will be presented, along
with a comparative analysis of the developments and changes experienced at global and regional levels
in natural gas markets in the period that started with the Russia-Ukraine war.

Keywords: Natural Gas, Russia-Ukraine War, Energy Economics.

GIRIS

Dogal gaz, kiiresel enerji bilesiminin ¢ok dnemli bir aktoriidiir ve 1sitma, elektrik tiretimi ve endiistriyel
stirecler icin enerji ihtiyacinin oldukga yiliksek bir kismini saglamaktadir. Ayni zamanda komiir ve
petrole kars1 daha temiz bir alternatif olarak goériilmekte ve karbon emisyonlarini azaltma konusuna
katkida bulunmaktadir. Kiiresel dogal gaz piyasasi diger enerji emtialarina gére daha karmasik bir
yapiya sahip olmakla birlikte bu hayati kaynagin iiretimi, nakliyesi ve tiikketimiyle ugrasan ¢ok sayida
ilke ve sirketi kapsamaktadir. Dogal gaz, enerji giivenliginin, ekonomik istikrarin ve gevresel
stirdiiriilebilirligin saglanmasinda olduk¢a dnemli bir rol oynamaktadir. Kullaniglhiligi ve ¢ok yonliiliigi,
dogal gaz1 onemli bir enerji kaynagi haline getirmektedir. Yogun olarak konut isitmasinda, elektrik
iretiminde ve gesitli endiistriler igin hammadde olarak kullanilmaktadir. Sivilagtirilmig Dogal Gazin
(LNG) yiikselisi, erisimini daha da genisleterek dogal gazin okyanuslar iizerinden daha once boru
hatlariyla erigilemeyen pazarlara tasinmasini miimkiin kilmistir. Bu durum dogal gazi, fiyatlarin
bolgesel arz ve talep dinamiklerinden etkilendigi, kiiresel c¢apta ticareti yapilan bir emtiaya
doniistirmiistiir. Ayrica, kiiresel iklim krizi nedeniyle artan ¢evresel kaygilar da dogal gazin kiiresel
enerji bilesimindeki roliinii giiclendirmistir. Komiir ve petrolle mukayese edildiginde dogal gaz, daha
temiz bir enerji kaynagidir veya diger bir ifadeyle daha diisiik diizeyde zararl kirletici madde ve sera
gaz1 yaymaktadir. Bu durum, enerji giivenilirliginin korunmasina katki saglarken karbon ayak izini
azaltmak isteyen iilkeler i¢in dogal gaz1 daha tercih edilen bir segenek haline getirmistir. Ek olarak,
teknolojideki ilerlemeler dogal gazin cikarilmasi ve kullanilmasinin verimliligini ve gilivenligini
artirarak cazibesini daha da artirmigtir. Ancak dogal gaza olan bagimlilik, 6zellikle jeopolitik riskler ve
piyasa oynakligi agisindan birtakim olumsuzluklar1 da beraberinde getirmektedir. Dogal gaz
rezervlerinin Orta Dogu ve Rusya gibi siyasi agidan gorece istikrarsiz bolgelerde yogunlasmasi, kiiresel
tedarik zincirlerini aksamalara karst savunmasiz hale getirmektedir. Rusya-Ukrayna Savasi bu zayif
noktalari ¢arpici bigimde belirginlestirmis olmakla birlikte diinya ¢apinda enerji giivenligi stratejilerinin
yeniden degerlendirilmesine yol agmistir (Sahin, 2021; Karan vd., 2024).

2014 yilinda Kirim'in ilhaki ve bunu takip eden Rusya ile Ukrayna arasindaki ¢atismalar, Avrupa'nin
enerji glivenligindeki kirillganliklart ortaya ¢ikarmistir. Bu olaylar dogal gaz arzinda gegici kesintilere
neden olmus ve Avrupa lilkelerini enerji kaynaklarini ¢esitlendirme arayisina itmistir. Rusya ile Ukrayna
arasindaki jeopolitik gerilimlerin tarihsel olarak dogal gaz piyasalan {izerinde dalgalanma etkileri
olmus, arz istikrarini, fiyatlandirmay1 ve stratejik uyumlar1 etkilemistir. Rusya ile Ukrayna arasinda
halen devam eden ve 24 Subat 2022 Rusya'nin Ukrayna’y1 iggalinin ardindan tarihinde tam 6lgekli
olarak tirmaniga gecen savas, kiiresel acidan c¢esitli sektdrlerde 6nemli 6l¢iide aksamalara yol agmis ve
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ozellikle dogal gaz piyasalar iizerinde g6z Oniine alinmasi elzem olan etkiler yaratmistir. Diinyanin
onde gelen dogal gaz tedarik¢ilerinden birisi olan Rusya'nin savas kapsaminda ortaya koydugu eylemler,
enerji sektdriinde istikrarsizlik ve belirsizlikler ortaya ¢ikartmistir. Cok boyutlu incelendiginde gerek
insani gerekse ekonomik agidan krize yol acan Rusya-Ukrayna Savasi, yalnizca dogrudan askeri
miidahaleleri degil ayni zamanda kiiresel pazarlari etkileyen ekonomik yaptirimlari ve jeopolitik
aksiyonlar1 da igermektedir. Rusya ile Ukrayna arasindaki tarihi, kiiltiirel ve siyasi farkliliklardan
kaynaklanan savasin sebepleri daha eskiye dayanmaktadir. Kirim'im 2014 yilinda Rusya tarafindan ilhak
edilmesi, uluslararasi kinama ve yaptirimlara yol agan ciddi bir tirmanisa isaret etmistir. Bu durum,
2022'de Kremlin'in Rusc¢a konugan halklar1 korumak ve Rusya'nin stratejik ¢ikarlarini giivence altina
almak gerekcesiyle mesrulagtirdigi Rusya'nin isgaliyle daha da olumsuz bir hal almistir. Ancak bu
hamle, genis capta uluslararasi hukukun ve egemenligin ihlali olarak goriilmiistiir. Batili iilkelerin
Rusya'ya yogun ekonomik yaptirimlar uygulamasi, bazi iilkelerin ise Moskova'ya kars1 tarafsiz veya
destekleyici bir durus sergilemesi nedeniyle uluslararasi toplumun tepkisi farkliliklar gdstermistir.
Yaptirimlar, Rusya'nmin ekonomik kapasitesini sekteye ugratmayi ve geri c¢ekilmeyi zorlamayi
amaglayan, enerji, finans ve teknoloji de dahil olmak tizere kilit sektorleri hedef almistir. Bu 6nlemlere
ragmen savas, kiiresel istikrar ve ekonominin saglikli gidisat1 acgisindan hayati sonug¢lar doguracak
sekilde tiim siddetiyle devam etmektedir (European Parliament, 2022; Géral, 2023; World Economic
Forum, 2022; Reuters, 2022; CEPR, 2023a).

Belirtilen hususlar dogrultusunda ortaya konulan bu ¢alisma, Rusya-Ukrayna Savasi’nin dogal gaz
piyasalar iizerindeki ¢ok yonli etkilerini hem kiiresel hem de bolgesel diizeyde analiz etmeyi
amaclamaktadir. Calismada savas nedeniyle ortaya ¢ikan dogal gaz arzindaki aksakliklar, fiyat
dalgalanmalari, ticaret kaliplarindaki degisiklikler ve bu degisimlerin ekonomik ve jeopolitik sonuglari
degerlendirilmektedir. Ayrica, ilgili faktorlerin incelenmesiyle birlikte savasin dogal gaz piyasalar
tizerinde devam eden ve gelecekteki potansiyel etkilerine iliskin bir degerlendirme ortaya koyulmaya
calisilmig ve calismanin giincel konusu kapsaminda paydaslara, politika yapicilara ve arastirmacilara
biitiinsel bir bakis acis1 sunulmasi amaglanmastir.

RUSYA-UKRAYNA SAVASI’NIN ARKA PLANI

Rusya, diinyanin en biiylik dogal gaz iireticisi ve ihracatgilarindan birisi olmakla birlikte genis rezervleri
ve Ozellikle Avrupa'ya uzanan genis boru hatt1 ag1, Rusya’nin kiiresel enerji denklemindeki roliinii
oldukca onemli kilmaktadir. Rusya, stratejik olarak siyasi ve ekonomik etki yaratmak adina tarihi
boyunca dogal gaz kaynaklarindan yararlanmistir. Rusya'nin dogal gaz endiistrisi, liretim ve ihracat
faaliyetlerinin ¢ogunu kontrol eden Gazprom basta olmak iizere devlete ait isletmelerin
hakimiyetindedir. Rusya'nin dogal gaz endiistrisinin gelisimi, Bat1 Sibirya'daki biiyiik gaz sahalarinin
kesfiyle Sovyet donemine kadar uzanmaktadir. Bu rezervler hem i¢ hem de uluslararasi pazarlara tedarik
acisindan biiylik 6neme sahiptir. Soyuz ve Kardeslik boru hatlar1 gibi genis boru hatt1 aglarinin ingasi,
dogal gazin Avrupa'ya tasinmasini kolaylagtirarak Rusya'nin giivenilir bir tedarikei olarak konumunu
giiclendirmistir. Yillar gectikge Rusya, ihracat kapasitesini artirmak ve yeni pazarlara ulagmak igin
dogal gaz altyapisini genisletmistir. Kuzey Akim ve TiirkAkim boru hatlari gibi projeler, transit {ilkeleri
devreden ¢ikartmay1 ve siyasi agidan istikrarsiz rotalara bagimlilig1 azaltmay1 amaglayan bu stratejinin
bir parcasi olmustur. Ozellikle Kuzey Akimi boru hatti, Rus gazim Baltik Denizi altindan dogrudan
Almanya'ya baglayan Rusyanin enerji stratejisinin temel tasi olmustur. Rusya'nin dogal gaz
piyasasindaki hakimiyeti ¢esitli tartismalar1 da birlikte getirmektedir. Ulkenin gaz kaynaklarmi
jeopolitik bir ara¢ olarak kullanmasi zamanla ithalate1 iilkeler arasinda endiselere yol agmis olmakla
birlikte siyasi anlagmazliklar sirasinda Ukrayna ve diger komsu iilkelere yapilan arz kesintileri gibi
faktorler, Rus gazina olan bagimliligin olumsuz yanlarini ortaya ¢ikarmistir. Bu durum, Avrupa ve ilgili
diger bolgelerde enerji kaynaklarini g¢esitlendirme ve enerji giivenligini artirma girisimlerini tegvik
etmistir. Ozellikle Avrupa, tarihsel olarak Rus dogal gazina biiyiik dlgiide bagimli olmustur. 2021
yilinda Avrupa Birligi'nin (AB) dogal gaz ihtiyacinin yaklagik %45'ini Rusya karsilarken savas
nedeniyle bu oran 2023 yilinda %15’e diismiistiir. Bunlara ragmen Rusya genis rezervleri, stratejik
altyap1 yatirimlari ve ticaret ortaklariyla yaptigi uzun vadeli s6zlesmeler sayesinde biiylik bir dogal gaz
tedarikg¢isi konumunu korumustur. Ancak, Ukrayna ile devam eden savas bu goriinlimii 6nemli 6l¢iide
etkileyerek hem Rusya'yi hem de ticari ortaklarimi yeni konjonktiire uyum saglamaya itmektedir
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(Anadolu Ajansi, 2022a; Anadolu Ajansi, 2023a; Anadolu Ajansi, 2022b; Brookings, 2023; Sahin, 2021;
Enerdata, 2023; European Commission, 2024).

Diger taraftan Ukrayna, yillar boyunca Avrupa'ya gonderilen Rus dogal gaz1 igin kritik bir gecis (transit)
iilkesi olmustur. Sovyetler Birligi'nin ¢okiisii, Ukrayna'ya dogal gaz altyapisinin énemli bir kismim
birakmis ve tedarik zincirinde hayati bir bilesen haline getirmistir. Ancak bu bagimlilik, 6zellikle siyasi
ve ekonomik catisma donemlerinde bir gerilim kaynagi da olmustur. Dogal gazin Ukrayna {izerinden
gecisi; fiyatlandirma, gegis iicretleri ve siyasi uyum konusundaki anlagmazliklar nedeniyle zaman
zaman golgelenmistir. Rusya ile Ukrayna arasindaki dogal gaz gecisine dair iliskiler iki iilke arasinda
karmasik diizeydedir ve ¢esitli asamalardan gecerek gelismistir. Sovyetler Birligi'nin dagilmasini takip
eden ilk yillarda, dogal gazin Ukrayna lizerinden Avrupa pazarlarina akiginin devam etmesini saglamak
icin cesitli anlagmalar yapilmistir. Bu anlagmalar genellikle gegis ticretleri ve dogal gaz fiyatlarina
iliskin miizakereleri igermekteydi ve her iki taraf da kendi gii¢lii yanlarindan faydalanmaktaydi. 2000'li
yillarin basinda gerilimin artmaya baglamasi, Avrupa'ya dogal gaz arzini kesintiye ugratan ¢ok sayida
anlagsmazliga yol agmistir. 2006 ve 2009 yillarinda yasanan dogal gaz fiyatlarindaki anlagmazliklar ve
o6denmeyen borglar nedeniyle Rusya'nin Ukrayna'ya gaz arzini kesmesi, kis aylarinda Avrupa'da ciddi
gaz kesintilerine neden olmustur. Bu olaylar, tek bir gecis glizergahina asir1 giivenin getirdigi riskleri ve
c¢esitlendirme ihtiyacinin 6nemini ortaya koymustur. Bu aksakliklara karsilik olarak Avrupa, Ukrayna
gecis yollarma bagimlhiligini azaltmak i¢in Ukrayna'y1 tamamen devre dis1 birakan Nord Stream gibi
alternatif boru hatlarinin gelistirilmesini de igeren c¢esitli stratejiler izlemistir. Ayrica, LNG altyapisina
ve yenilenebilir enerji kaynaklarina yapilan yatirimlar, enerji giivenligini artirmaya yonelik kapsamli bir
stratejinin parcast olmustur. Buna ragmen, Ukrayna halen 6nemli bir dogal gaz gegis iilkesi olmay1
siirdiirmektedir ve devam eden savas sdz konusu politikalar1 daha da karmasik hale getirmistir. Dahasi,
dogal gaz boru hatlarinin sabotaji1 ve bolgedeki siyasi istikrarsizlik gibi faktorler, Ukrayna iizerinden
dogal gaz gecisinin gelecekteki glivenilirligi konusunda endiseleri artirmistir (Global LNG Hub, 2022;
Brookings, 2023).

RUSYA-UKRAYNA SAVASI’NIN EKONOMIK VE SiYASi ETKILERI

S6z konusu savasin gerek Rusya gerekse Ukrayna agisindan ciddi ekonomik yansimalari s6z konusudur.
Rusya, ekonomisini genis ¢apli sikintilara ugratan ve ihracat gelirlerini azaltan 6nemli ekonomik
yaptirimlarla karsi karsrya kalmistir. Diger taraftan Ukrayna'nin altyapis1 ve ekonomisi biiyiik zarar
gormiistiir ve bunlarin yani sira yasanan insani krizin daha da kotiilesmesine sebebiyet vermistir.
Anlagilacag: lizere, savas nedeniyle ortaya ¢ikan olumsuz ekonomik etkiler, enerji fiyatlar1 basta olmak
izere her iki lilkede de ¢ok farkli sektorii ve yasamin cesitli yonlerini etkilemektedir (Anadolu Ajansi,
2022a; Anadolu Ajansi, 2023a; Anadolu Ajansi, 2002b; Brookings, 2023; International Monetary Fund,
2024; Steinbach, 2023).

Rusya'ya savas nedeniyle uygulanan yaptirimlar enerji, finans ve teknoloji gibi kilit sektdrleri hedef
almaktadir. Bu yaptirimlar Rusya'nin uluslararasi pazarlara erisme, finansal islemler yiiriitme ve temel
teknolojileri edinme olanaklarii kisitlamistir. 2022 yilinda ortaya ¢ikan kiimiilatif etki, yaptirimlar ve
ihracat gelirlerinin azalmasi nedeniyle Rusya'nin Reel Gayrisafi Yurti¢i Hasilasinda (GSYH) yaklagik
%?2 oraninda daralma meydana gelmistir (Allianz, 2023; Economics Observatory, 2023; CEPR, 2023b;
Council of the European Union, 2023a).

Ukrayna, altyapisina verilen biiyiikk hasar ve devam eden g¢atigsmalar nedeniyle 6nemli ekonomik
zorluklarla kars1 karsiya kalmistir. Savasin baslangicindan 2023 yili sonuna kadar Ukrayna'nin
altyapisinda meydana gelen hasarin 150 milyar dolar astig1 ve oniimiizdeki on yil iginde 450 milyar
dolar1 agacagi tahmin edilmektedir. Ayrica yollar, kopriiler ve enerji tesisleri de dahil olmak tlizere kritik
oneme sahip diizeydeki altyapinin tahrip edilmesi de ekonomik faaliyetler acisindan iilkeyi sikintiya
ugratmistir (World Bank, 2024a).

Ekonomik etkiler yakin bdlgenin 6tesine gegerek kiiresel pazarlari ve ekonomileri de etkilemistir. Dogal
gaz arzindaki kesinti, kiiresel gaptaki {ireticiler ve tiiketicileri etkileyen fiyat dalgalanmalarina neden
olmustur. Ayrica karsilasilan ekonomik etkiler ayn1 zamanda jeopolitik dinamikleri de etkilerken tilkeler
politikalarini ve stratejilerini degisen konjonktiire gore yeniden diizenlemektedirler. Kiiresel agidan ise
diger etkilerle birlestiginde ve savasin 6zellikle enerji piyasalar izerindeki etkisi nedeniyle ekonomik
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performansin son 30 yilin en diisiik seviyelerinde oldugu belirtilmektedir (CEPR, 2023a; World Bank,
2024b; Brookings, 2023; Wood Mackenzie, 2023).

Savas, ¢esitli tilkeler ve bolgeler arasinda yeni ittifaklarin olugsmasi ve mevcut ittifaklarin giiclenmesiyle
kiiresel jeopolitigi yeniden sekillendirmistir. Bu baglamda yasanan jeopolitik degisimler, kiiresel enerji
dinamiklerini ve daha genis anlamda tilkeler arasindaki uluslararasi iliskileri etkilemistir. Jeopolitik
degisimler ayn1 zamanda dis politika kararlarin1 ve stratejik uyumlar1 da etkilemistir. Yasanan enerji
krizi ile birlikte kiiresel pazarlarin birbirine entegre olmasinin ve enerji giivenliginin 6nemi bir kere daha
anlasilmistir. Ulkeler, ekonomik cikarlar ile stratejik uygulamalar1 dengeleyerek, degisen gelisen
ortamda ilerlemek icin politikalarini ayarladilar. Avrupa Birligi (AB), enerji glivenligini artirma ve Rus
dogal gazina bagimlilig1 azaltma c¢abalarini alternatif tedarikgilerle stratejik ortakliklar, yenilenebilir
enerji yatinmlari ve LNG altyapisinin gelistirilmesi de dahil olacak sekilde yogunlastirmistir. AB'min
yaklagimi cesitlendirme, dayaniklilik ve siirdiiriilebilirlige odaklanma seklinde tasvir edilebilmektedir.
Ornegin; AB, savasin baslangicindan bu yana Rus olmayan tedarik¢ilerle bircok yeni enerji anlagmasi
imzalarken AB’nin stratejik ortakliklar1 2022 yilindan itibaren giderek artis gostermistir. Rusya ise
Batili olmayan iilkelerle enerji baglarii giliglendirmeye ¢alisarak Cin ve Hindistan'a yonelik artan
ihracat pazarini gesitlendirmeye ve Avrupa'ya bagimlilig1 azaltmaya y6nelik daha genis bir stratejinin
parcast olmustur. Ozellikle, Cin ile kurulan daha yogun enerji boyutlu iligkinin, bolgesel ve kiiresel
dinamikleri etkileyen onemli jeopolitik sonuglari s6z konusu olmustur. Ornegin; Rusya’nm Cin’e
yonelik dogal gaz ihracat1 2022 yilinda artis gdstermistir. Ote yandan ilgili siirecte Diinya Bankas1 (DB),
Uluslararasi Enerji Ajansi (IEA), Birlesmis Milletler (BM) gibi uluslararasi kuruluslar, enerji krizine
yonelik miidahalelerin koordine edilmesinde 6nemli roller oynamislardir. DB, savas boyunca ¢ok cesitli
ve sayida sektore yonelik destek saglarken savasin yaralarinin sarilmasi i¢in finansman ve yol gosterici
olma ozelligi gostermistir. IEA, kiiresel enerji piyasalarinin izlenmesinde ve politika Onerileri
saglanmasinda etkili olmustur. Kurulus, stratejik rezervlerin kullanimi1 da dahil olmak iizere enerji
giivenligi ve cesitliliginin 6nemini vurgulayan, iilkelere rehberlik edecek cok sayida rapor ve analiz
yaymlamistir. BM, siirdiiriilebilir ve adil bir enerji ge¢isinin gerekliligini vurgulamistir ve yenilenebilir
enerjiye yatinmmin artirtlmasinin yani sira gelismekte olan iilkelerin enerjiye erisimlerini ve
mukavemetlerini artirmalarina destek verilmesi gerektigini savunmustur. Ayrica, krize yonelik ¢6ziim
arayislar1 kapsaminda finansman saglanmasi konusunda harekete ge¢mis ve uluslararasi gayretleri
koordine etmigtir. Bu kapsamda BM, ozellikle gelismekte olan {ilkelerdeki yenilenebilir enerji
projelerine yonelik finansmani harekete gecirmistir. Diger taraftan, planlanan ve uygulanan yaptirimlar,
savaga dair verilen uluslararasi tepkide dnemli bir ara¢ olmustur ve Rusya ekonomisinin ¢esitli yonlerini
hedef alarak rotasini degistirmesi icin bask1 yapmay1 amaglamaktadir. Ozellikle Batil1 iilkeler tarafindan
uygulanan ve dolayisiyla ekonomisi zayifladig: belirtilen yaptirimlar Rusya'nin ekonomik kapasitesini
zayiflatmay1 amacglamistir ancak bunlarin etkinligi ve uzun vadeli etkileri tartisma konusu olmaya
devam etmektedir (World Bank, 2023; United Nations Foundation, 2023; International Energy Agency,
2023; United Nations Ukraine, t.y.; Zubytska, 2024; European Union, t.y.; Council of the European
Union, 2023c; The Economist, 2022; Enerdata, 2023; Council of the European Union, 2023d).

RUSYA-UKRAYNA SAVASI’NIN KURESEL DOGAL GAZ PiYASASINA ETKILERi

Orta Dogu catigmalari, COVID-19 Pandemisi ve Rusya-Ukrayna Savasi gibi kiiresel krizler yaratan
olaylar, herkes icin kapsayici bicimde uygun fiyatl, gilivenilir, siirdiiriilebilir ve modern enerji
saglanmasi hususundaki girisimleri sekteye ugratmistir. Bu durum, 6zellikle enerji fiyatlarini istikrara
kavusturma konusunda sinirli kapasiteye sahip olan gelismekte olan iilkeleri etkilerken enerjiye ulagim
sorunlu hale gelmis ve kiiresel ekonomik faaliyetlerde aksamalara yol agmistir (World Bank, t.y.).

Rusya ve Ukrayna arasindaki savas, enerji kapsamindaki ¢ok ¢esitli emtialarda fiyat istikrarsizliklarinin
artmasina neden olmustur ve bu durum 1970’lerde yasanan petrol soklarryla mukayese edilebilecek
diizeydedir. Dogal gaz agisindan savagin etkileri incelendiginde, baglangicindan bugiine kadar gegen
stirecte fiyatlarinda yiiksek diizeyde dalgalanmalar yasanmistir. Rusya'daki arzin kesintiye ugramasi ve
LNG gibi alternatif kaynaklara olan talebin artmasi, fiyatlarin rekor seviyelere ¢ikmasina neden
olmustur. Bu dalgalanmanin kiiresel piyasalarda hem iireticileri hem de tiiketicileri etkileyen tesirleri
s0z konusu olmustur. Fiyatlardaki hizli dalgalanmalar ile birlikte bir belirsizlik ortami meydana gelmis
ve bunun yaninda isletmeler ile haneler agisindan enerji maliyetlerinde yiiksek diizeyde artiglar
yasanmistir. Savagin ilk soku, yasanabilecek dogal gaz arzi kesintileri potansiyeline piyasalarin tepki
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vermesi ve alternatif tedarik kaynaklar1 arayiglariyla dogal gaz fiyatlarimin yiikselmesine neden
olmustur. Savagin ilk alt1 ayimnda dogal gaz fiyatlari iki kattan fazla artig gdstermistir. Dahasi, dogal gaz
fiyatlarindaki oynaklik spekiilasyonlar ve piyasa dinamikleri nedeniyle daha da artmustir. Istikrar
eksikligi, isletmelerin enerji maliyetlerini planlamasin1 ve biitcelemesini zorlastirarak ekonomik
faaliyetleri ve biiyiimeyi etkilemistir. Ulkeler, fiyatlardaki dalgalanmalara karsilik olarak piyasay1
istikrara kavusturmak icin g¢esitli 6nlemler uygulamaya koymuslardir. Bu 6nlemlerden bazilar1 dogal
gaz rezervlerinden gergeklestirilen stratejik salimimlar, tiiketiciler {izerindeki etkiyi hafifletmeye yonelik
siibvansiyonlar ve yerli veya alternatif kaynaklardan iiretimi artirma c¢aligmalar1 seklindedir. Bu
Onlemlere ragmen piyasa, siiregelen belirsizligi ve savasla iligkili riskleri yansitacak sekilde
istikrarsizligini siirdiirmiistiir (CEPR, 2023a; Anadolu Ajansi, 2023b; Eurostat, 2023; ICIS, 2024; World
Bank, 2024b).

Kiiresel ticaret modellerindeki degisiklikler dikkate alindiginda, ticaret yollarinin yeniden tahsisi
savagin en dikkate deger etkilerinden birisi olmugtur. Avrupa iilkelerinin Rus dogal gazina bagimliligini
azaltma gabalartyla birlikte ABD ve Katar'dan LNG ithalatinda da ciddi bir artis yasanmistir. Asya
pazarlarinda da LNG tedarikine yonelik rekabetin artmasiyla birlikte degisimler yasanmaistir. Bu siirecte
meydana gelen ticaret kaliplarindaki degisiklikler, kiiresel enerji dinamiklerini yeniden sekillendirirken
jeopolitik gelismelere uyum saglama g¢abalarimi da etkilemistir. Avrupa llkeleri yogun bir sekilde
Rusya'nin arzinin yerini alacak alternatif dogal gaz kaynaklar1 arayigma girmistir. Ayrica ABD, Katar
ve diger bolgelerdeki iireticilerle uzun vadeli LNG sdzlesmelerinin imzalanmasi s6z konusu olmustur.
Artan LNG ithalati, LNG terminallerinin insas1 ve genisletilmesi de dahil olmak {izere altyapiya 6nemli
yatirimlar yapilmasimi gerekli kilmistir. Ticaret kaliplarinda yasanan degisim ayni zamanda kiiresel
LNG pazarinin dinamiklerini de etkilemistir. Daha 6nce Rus dogal gazina bagimli olan ilkeler, LNG
tedariki i¢in Asyali alicilarla rekabet etmek zorunda kalirken bu durum fiyatlarin yiikselmesine ve pazar
rekabetinin artmasina neden olmustur. Bu durum ise LNG iireticilerine fayda saglarken ithalater iilkeler
icin maliyet ve arz istikrar1 agisindan zorluklar yaratmistir (Chatham House, 2023; CEPR, 2023a;
Steinbach, 2023).

Ayrica, Rusya ve Ukrayna arasindaki savas, kiiresel dogal gaz tedarik zincirlerinde 6nemli aksamalara
neden olmustur. Batinin Rusya'ya yonelik yaptirimlart ve Rusya'nin misilleme tedbirleri, tedarik
yollarinin yeniden yapilandirilmasina ve alternatif kaynaklar i¢in miicadeleye yol agmistir. Kuzey Akim
(Nord Stream) boru hatt1 sabotaji gibi kritik altyapiya verilen hasarlar bu zorluklar1 daha da artirmigtir.
Bu kesintilerin enerji giivenligi, ekonomik istikrar ve jeopolitik dinamikler itizerinde bir hayli genis
kapsamli etkileri olmustur. Batili {ilkeler tarafindan uygulanan yaptirimlar, finansal iglemler, teknoloji
transferleri ve Gazprom gibi 6nemli enerji sirketlerinin operasyonlar1 da dahil olmak iizere Rusya'nin
dogal gaz endiistrisinin ¢esitli yonlerini hedef almistir. Bu yaptirnmlar, Rusya'nin dogal gaz ihrag etme
kabiliyetini kisitlayarak onu alternatif pazarlar ve rotalar aramaya zorlamigtir. Avrupa’ya Rusya’nin
dogal gaz ihracat1 2022 yilinda ¢ok ciddi diizeylerde azalirken, buna karsilik Rusya, Cin ve Hindistan
gibi tilkelere ihracatini artirarak bu pazarlar giivence altina almak i¢in gorece diisiik fiyatlar sunmustur.
Rusya'nin misilleme olarak ortaya koydugu dnlemler arasinda Avrupa'ya gaz arzim1 kesme uyarilar ve
onemli boru hatlarindan gaz akiginin fiilen azaltilmasi yer almistir. Bu hamleler, enerji arzini jeopolitik
bir arag olarak kullanmaya yonelik daha genis bir stratejinin parcasi olmustur. Dogal gaz akislarindaki
azalma, Avrupa'da 6nemli arz sikintilarina yol agarak alternatif dogal gaz kaynaklarina yonelik rekabetin
artmasina neden olarak sonuglanmistir. Kuzey Akim boru hatlarmin Eyliil 2022'de sabote edilmesi,
tedarik zincirlerindeki bozulmada 6nemli bir artisa isaret etmistir. Boru hatlarina zarar veren patlamalar,
gaz akisini giinde 100 milyon metrekiipten fazla azaltarak Avrupa arzin1 6nemli 6l¢iide etkilemistir. Bu
olay, kritik enerji altyapisinin jeopolitik catismalara karsi savunmasizligimi ortaya cikarmistir ve
giivenlik Oonlemlerinin yeniden degerlendirilmesine yol agmistir (Council of the European Council,
2023c; BBC News Tiirkce, 2022; Karan vd., 2024; Council of the Wuropean Union, 2023d).

RUSYA-UKRAYNA SAVASI’NIN BOLGESEL DOGAL GAZ PiYASALARINA ETKiLERI

Rusya ile Ukrayna arasinda siiregelen savasin 6zellikle Avrupa, Asya ve Kuzey Amerika bolgeleri
acgisindan etkilerinin incelenmesi, savasin kiiresel boyutlu etkilerinin yani sira denklemi olugturan
pargalar agisindan bolgesel etkileri de 6nem arz etmektedir.
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Avrupa

Avrupa agisindan savasin dogal gaz piyasasina etkileri dikkate alindiginda oncelikle Rus dogal gazina
yiiksek diizeydeki bagimliligi, Avrupa’y1 6zellikle arz kesintilerine karsi savunmasiz hale getirmektedir.
Bolgenin dogal gaz bagimliligi, mevcut krizi daha da etkili hale getiren tarihi, ekonomik ve cografi
faktorler tarafindan sekillendirilmistir. Almanya, Italya ve Avusturya gibi iilkeler, enerji kaynaklarini
cesitlendirmeye calistikgca talep fazlasi ve yiiksek enerji maliyetleriyle karsi karsiya kalmislardir.
Tarihsel olarak Avrupa, yakmhigi ve iki bolgeyi birbirine baglayan kapsamli boru hatti altyapisi
nedeniyle Rus gazina giivenmekteydi. Bu giiven, uzun vadeli s6zlesmeler ve rekabetci fiyatlandirmayla
giiclenmekte ve Rus gazin1 Avrupa iilkeleri i¢in cazip bir secenek haline getirmekteydi. Ancak ilgili
bagimlilik, Avrupa'y1 6zellikle jeopolitik gerginlik donemlerinde onemli risklerle de karst karsiya
birakmistir. Savas ile ortaya cikan kriz, bu bagimliligin kirilganliklarimi ortaya ¢ikarmis ve enerji
kaynaklarinin ¢esitlendirilmesine yonelik ¢abalara yol ag¢mistir. Dolayisiyla Avrupa iilkeleri
yenilenebilir enerji, LNG altyapis1 ve enerji verimliligi tedbirlerine yonelik yatirimlart hizlandirmistir
ve Rus dogal gazina olan bagimliligi azaltmayi ve uzun vadede enerji giivenligini artirmayi
amaglamaktadir. Kisa vadeli etkiler incelendiginde Avrupa, sirketlerin ve hane halkinin benzeri
goriilmemis fiyat artiglariyla karsi karsiya kalmasiyla onemli derecede enerji krizleri yagamustir.
Hiikiimetler arzi giivence altina almak ve ekonomik olumsuz etkileri hafifletmek i¢in acil durum
tedbirleri uygulamak zorunda kalmiglardir. Uzun vadede ise bolgede yenilenebilir enerjiye yapilan
yatirimlarin ve enerji verimliligi 6nlemlerinin artmasiyla birlikte daha da ¢esitlendirilmis bir enerji
bilesimi goriilmesi muhtemeldir. Kriz, daha yesil enerji kaynaklarina gecisi hizlandirirken gelecekteki
enerji konjonktiirii agisindan 6nemli sonuglar dogurmustur. Avrupa Yesil Mutabakati gibi politika
girigsimleri karbon emisyonlarini azaltmay1 ve enerji giivenligini artirmay1 amaclamaktadir. Avrupa
iilkeleri, krizin etkilerini hafifletmek icin cesitli politika 6nlemleri uygulamaya koymuslardir. Bunlar
arasinda temel olarak siibvansiyonlar, yenilenebilir enerjiye yoOnelik vergi tesvikleri ve kaynak
cesitlendirme adina Rus olmayan tedarikgilerle stratejik ortakliklar yer almaktadir. Ornegin; AB’nin
REPowerEU Plani, 2030 yilmma kadar Rusyanin fosil yakitlarina olan bagimliligi 6nemli o6lciide
azaltmay1 hedeflemektedir. Ayrica, Avrupa agisindan enerji piyasalarindaki etkileri daha genis
perspektiften gorebilmek agisindan ¢esitli enerji emtialarinin savas oncesi ve sonrasi fiyatlar1 Sekil 1
araciligi ile incelenebilir (European Central Bank, 2022; Council of the European Union, 2023a; Council
of the European Union, 2023b; UK Parliament, 2022; Enerdata, 2023; European Parliament, 2024;
International Monetary Fund, 2022; International Energy Agency, 2023).
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Sekil 1. Rusya-Ukrayna Savas1 Oncesi ve Sonras1 Avrupa Enerji Fiyatlar1 (Endeks, 23 Subat
2022=100).

Kaynak: European Central Bank, 2022.
Asya

Arz kaynaklarindaki degismeler agisindan Asya bolgesi incelendiginde basta Cin ve Hindistan olmak
lizere Asya iilkeleri, Bati'nin Rusya'ya uyguladigi yaptirimlar nedeniyle diisiik seviyeli fiyatlardan
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yararlanarak Rus dogal gazi ithalatim1 artirirlarken diger taraftan enerji giivenligini artirmak igin
kaynaklarini ¢esitlendirmeye ¢alismislardir. Ayrica, arz kaynaklarindaki degisimler ekonomik, stratejik
ve jeopolitik gelismelerden etkilenmislerdir. Ozellikle Cin, Rusya'min artan dogal gaz arzinin
karsilanmasinda dnemli bir rol oynamistir. Uzun vadeli sdzlesmeler ve Power of Siberia boru hatt1 gibi
altyap1 projeleri ise bu degisimi kolaylastirmigtir. Artan enerji talebi ve Rusya ile stratejik ortakligi,
Cin’i Rus dogal gaz ihracati acisindan kilit bir pazar haline getirmistir. Hindistan, uygun fiyat
avantajindan yararlanarak Rus gazi ithalatini artirmistir ancak enerji kaynaklarini ¢esitlendirmek ve yerli
iiretimi artirmak amaciyla dengeli bir yaklagim izlemistir. Hindistan, enerji ihtiyacini giivence altina
almak adina cesitli tedarikgilerle anlagmalar imzalamigtir ve LNG altyapisina yatirim yapmistir. Rus
gazina olan bagimliligin artmasi ve ticaret kaliplarindaki degisim, Rusya ile Asya arasindaki enerji
baglarmi giiglendirerek daha genis anlamda jeopolitik dinamikleri ve dis politika kararlarii da
etkilemistir. Ticaret stratejilerindeki degisim her iki taraf i¢in de yeni firsatlar ve zorluklar yaratmistir.
Elde edilen ekonomik avantajlar arasinda enerji maliyetlerinin azalmasi ve enerji giivenliginin artmasi
yer almaktadir. Rus dogal gazinin uygun fiyatlandirilmasi, ithalatci iilkelere ekonomik agidan avantaj
saglayarak ekonomik biiyiimeyi ve istikrar1 desteklemistir. Ancak tek bir tedarik¢iye olan bagimliligin
artmast, uzun vadeli giivenlik ve ¢esitlilik konusundaki endiseleri yine artirmistir. Ayrica, Rusya ile Cin
arasindaki yakinlagma ile ortaya ¢ikan enerji iligkisinin, bu baglamda kiiresel jeopolitika iizerinde
birtakim etkileri s6z konusudur (Oxford Institute for Energy Studies, 2022; East Asia Forum, 2022;
International Institute for Strategic Studies, 2023; FES, 2021; National Bureau of Asian Research, 2023;
International Monetary Fund, 2022; International Energy Agency, 2023).

Kuzey Amerika

Savasin Kuzey Amerika bolgesi dogal gaz piyasasina dair etkileri incelendiginde ABD, Avrupa ve
Asya'ya LNG ihracatim1 6nemli Olgiide artirarak krizi avantaja doniistiirmiistiir. Enerji ihracatinin
stratejik kullanimi ABD dis politikasinin énemli bir bileseni olmustur. Bu durum kiiresel dogal gaz
pazarindaki konumunu giiclendirmis ve ekonomik fayda saglamistir. ABD, enerji ihracatini ve niifuzunu
artirmak i¢in genis kaya gazi rezervlerinden de yararlanmistir. LNG ihracat altyapisina yapilan
yatirimlar, yeni terminallerin devreye girmesi ve mevcut terminallerin kapasitesinin artmasi bu
biiyiimeyi kolaylastirmistir. Artan ihracat, ABD enerji sektoriinde ekonomik biiylimeyi ve istthdam
yaratilmasini desteklemistir. ABD, jeopolitik etkisini artirarak kiiresel LNG pazarinda vazgegilmez bir
oyuncu olarak ortaya ¢ikmistir. Artan ihracatin, ABD pazarindaki yiiksek dogal gaz fiyatlar1 da dahil
olmak iizere ¢esitli yurt i¢i etkileri de s6z konusu olmugtur. Ancak LNG altyapisina yapilan yatirimlarin
artmasi ve enerji sektoriinde istihdam yaratilmasiyla birlikte genel etkinin olumlu sekilde oldugu ifade
edilebilir (International Energy Agency, 2023; Steinbach, 2023).

Rusya ile Ukrayna arasindaki savas kapsaminda ilgili lilkeler ve bolgeler kapsaminda verilere dayali
incelemeler gerceklestirilecek olunursa:
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Sekil 2. Savasin Baslangic Dénemi ile Oncesi ve Sonrasinin Karsilastirmast.
Kaynak: Refinitiv Eikon

Subat 2022'de Rusya'nin Ukrayna'ya saldirmasindan sonra 6zellikle Avrupa'da baslayan enerji krizi tiim
diinyaya yiiksek enerji fiyatlari olarak yansimistir. 2020-2021 yillarinda COVID-19 Pandemisi ile darbe
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yiyen enerji talebi, pandeminin hemen sonrasinda toparlanmaya baslamisken Rusya'nin Ukrayna'ya
saldirmasi ile Avrupa devletlerinin Rusya'ya tepki olarak dogal gaz alimimi kesmesi sonrasinda talep
temelli bir krizden arz temelli bir krize doniisim gerceklesmistir. Hem Avrupa devletlerinin Rusya'ya
yaptinm amagli olarak boru hattt gazi alimmi durdurmasi hem de Nord Stream 2 boru hattinin
patlamasiyla birlikte Rusya'dan Avrupa'ya giden gaz akisinda sorunlar yasanmaya baglamistir.
Avrupa'nin Rusya ile olan miicadelesinde Rusya'ya olan enerji bagimliligini azaltma ¢abasi Avrupa’ya
akan Rus gazinin neredeyse sifirlanmasina yol agmistir. Ayrica Sekil 2°den goriilebilecegi lizere savasin
basladig1 zaman dilimindeki benchmark fiyat artiglar1 dncesi ve sonrasina gére daha yiiksek diizeyde
gerceklesmisgtir.

2017 2018 2019 2021 20122 2023 2024
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Sekil 3. Avrupa Mevsimsel Dogal Gaz Stok Degisimleri.
Kaynak: Refinitiv Eikon

Avrupa iilkeleri ilk 6nlem olarak Avrupa'nin yeralt1 dogal gaz stoklarinin diigmesini engellemek adina
talepteki mevsimselligi bozarak yaz aylarinda da yiiksek ithalat hacmini devam ettirmistir. Bu durumun
gercekligi, Sekil 3’te gozlenebilecegi lizere Kuzeybat1 Avrupa stoklarinin yaz aylarindaki seviyesinin
daha 6nceki seviyelerden yiiksek olmasi ile agiklanabilmektedir.

NBP Front Month vs TTF Front Month Prices Over Time

Price (USD/mmBIu)
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Sekil 4. LNG ithalat Fiyatlar1 Korelasyon Analizi (2020-2024).
Kaynak: Refinitiv Eikon.
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30-Day Rolling Correlation Between NBP Front Month and TTF Front Month Prices
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Sekil 5. LNG lthalat Fiyatlar1 30 Giinliik Yuvarlanan Korelasyon Analizi.
Kaynak: Refinitiv Eikon

Rusya-Ukrayna Savas1 6ncesinden baglayarak ortaya konacak ilgili yillar kapsaminda gergeklestirilen
korelasyon analizi, kiiresel LNG piyasalarinin birbirine bagli yapisini, Avrupa ve Asya fiyatlarn
arasindaki giiclii iliskileri ve Kuzey Amerika fiyatlar iizerindeki farkli etkileri vurgulamak agisindan
onem arz etmektedir. Sekil 4 ve Sekil 5’teki verilere gore daha 6nce birlikte hareket eden Ingiltere NBP
ve Avrupa TTF dogal gaz benchmark fiyatlarinin 2022 yaz aylar ile ayrismaya basladigi goriilmektedir.
Bu ayrismanin temel sebebi Ingiltere'nin kendi dogal gaz kaynaklari ile beraber enerji enflasyonunu
daha rahat yonetebilmesi ve Rus dogal gazina olan bagimliliginin ¢ok diisiik olmasidir. Buna ek olarak,
Avrupa tlilkeleri azalan Rus boru hatt1 dogal gazina karsilik ¢6ziimii ABD'den yapilan LNG ithalatin
arttirma yoluyla karsilamay1 denemislerdir.
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Sekil 6. Ulkelere Gore ABD’nin Yillik Ortalama LNG ihracati Degisimi (2024-2020).
Kaynak: Refinitiv Eikon

Sekil 6’ya gore 2021 ile 2024 yillar1 arasinda ABD'min LNG ihracati gergeklestirdigi tilkelere
bakildiginda, ihracatin en ¢ok Avrupa iilkelerinde arttig1 gézlenmektedir. Her ne kadar hacimsel karsilik
olarak azalan Rus dogal gazina kars1 Avrupa'nin fiziki sorununu ¢ézmiis gibi goriinse de goreceli ucuz
olan boru hatt1 gazina karsilik ABD LNG'si Avrupa'nin enerji maliyetini artirmistir. Bu durum ise NBP
ve TTF fiyatlar arasindaki ayrisim olarak karsimiza ¢ikmaktadir. Rusya'nin hali hazirda kisith olarak
Avrupa'ya gaz ihracatt devam etse de goriiniir gelecekte Rus dogal gazinin Avrupa'daki pazar payini
tekrar kazanmas1 miimkiin goriinmemektedir. Rusya’nin dogal gazini basta Cin olmak iizere Asya
pazarina satma firsat1 bulabilecekken Avrupa'nin, Rus gazini ikamesi birebir hacim olarak miimkiin
olmayacaktir. Bu da Avrupa'nin kalic1 olarak gaz talebi daralmasi ile karst karsiya oldugu sorununu
ortaya koymaktadir.

June 1-3, 2024 / New York 61



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

Africa Asia Central America Europe
I Middle East I North America South America

0.3000000000000000

0.2250000000000000

0.1500000000000000

0.0750000000000000

0.0000000000000000 —_— -
-0.0750000000000000

-0.1500000000000000

-0.2250000000000000
Degisim (2024 Ortalama - 2021 Ortalama)

Sekil 7. Bolgelere Gore ABD’nin Yillik Ortalama LNG Ihracati Degisimi (2024-2020).
Kaynak: Refinitiv Eikon

Diinyada Rus dogal gazinin ikamesi olarak ortaya ¢ikan ABD LNG'si, Asya pazari i¢in de bir kaynak
olmustur. Asya piyasasi geleneksel olarak kaynak sikintist ¢eken bir piyasa oldugundan enerji fiyatlar
her zaman diinya ortalamasinin iizerinde kalmistir. Rusya-Ukrayna Savasi ile baslayan enerji krizi,
Asya'nin enerji maliyetlerini de arttirmistir. Ancak Asya ekonomileri, Avrupa ekonomilerine gore
Olceksel olarak daha biiyiik ve arz kaynaklar1 bakimindan daha rekabetci oldugundan yukari ¢ekilen
Asya fiyatlarina ragmen Asya ithalatinda kisitlama olmamig ve bu durum dogrudan Avrupa fiyatlarini
etkilemistir. ABD LNG’sinin Avrupa'dan sonra hacmini en ¢ok arttirdig: ikinci piyasa Asya piyasasi
olmustur. Her ne kadar ABD i¢ piyasasinda gaz ticareti i¢in temel fiyat Henry Hub benchmarki olsa da
ABD gazinin uluslararas1 piyasada fiyatlamasinda halen agirlikli olarak petrol endeksi fiyatlama
yontemi kullanilmaktadir. Avrupa piyasast TTF ve NBP gibi hublar ile bu etkiyi azaltmaya g¢aligsa da
Asya piyasasinda bu tiir bir hub olmamasi nedeniyle Asya piyasasi i¢in petrol endeksli fiyatlama hala
tek secenektir. Rus ham petroliine uygulanan ambargolar nedeniyle petrol fiyatlarinda da bir dalgalanma
yasanmistir. Asya piyasasi hem petrol fiyatlarindaki dalgalanma hem de Rus dogal gazini kesen
Avrupa'nin artan LNG talebi ile birlikte daha yliksek LNG maliyetleriyle kars1 karsiya kalmistir (Sekil
7).

SONUC VE DEGERLENDiRME

Rusya-Ukrayna Savasi, kiiresel ve bolgesel dogal gaz piyasalarin1 derinden etkileyerek arzda
aksamalara, fiyat dalgalanmalarina ve ticaret stratejilerinde degisimlere neden olmustur. Ekonomik ve
jeopolitik sonuglar1 ¢cok genis kapsamli olan krizin enerji giivenligi, piyasa istikrar1 gibi faktorler
tizerinde uzun vadeli etkileri s6z konusudur. Yasanan kriz, kiiresel enerji sistemiyle iligkili zayif
noktalar ve riskleri ortaya ¢gikarmis, dayamklilik ve siirdiiriilebilirligi artirmaya yonelik kiiresel bir
motivasyona sebep olmustur.

Savas nedeniyle Rus dogal gazinin piyasadan c¢ekilmesiyle yasanan sorunlar ABD LNG’sinin
piyasalarin imdadma yetigsme siirecine kadar endiistriyel talebin kalic1 olarak ¢ok diisiik seviyelere
gerilemesine ve hatta pandemi déoneminin bile altinda kalmasina sebep olmustur. Dogal gaz fiyatlarinda
meydana gelen dalgalanmalar ve artisin yiiksek oldugu savasin baslangi¢ donemi konjonktiirii daha da
olumsuz etkilemistir. Bu donemin baslangicinda 6zellikle krizden en ¢ok etkilenen bolgelerden basi
ceken Avrupa ve Asya’daki fiyatlarda tarihi rekorlar ve ¢ok yiiksek dalgalanmalar yasanmis olmakla
birlikte Avrupa’nin talebinin azalmasiyla fiyatlarin bir nebze de olsa yerine oturdugu goriilmektedir.
Ayrica tekrar fiyat dalgalanmalarinin yaganmamasi adina Avrupa, gesitli kaynaklardan beslenerek dogal
gaz stoklarinin diismesine mani olmustur. Bu durum Ingiltere’nin Avrupa sisteminden bagimsiz hareket
etmesi ve Avrupa’nin stoklama stratejisi nedeniyle NBP ve TTF arasindaki fiyat ayrismasindan da
acikca goriilmektedir. Diger taraftan COVID-19 Pandemisi ile zarar goren dogal gaz talebinin
toparlanmaya calistig1 ancak bu sefer de arzin ayni hizla toparlanamadig1 bir dénemin de bagladig1 bir
siire¢ yasanmistir. Bunun yaninda tedarik zincirlerinde, siyasi ve politik ortakliklarda, kaynak
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cesitlendirmesinde ve ticaret stratejileri gibi konularda ortaya c¢ikan sorunlar, krizi daha da
derinlestirmistir.

Rusya ve Ukrayna arasindaki savas kapsaminda elde edilen tecriibeler 151831nda dogal gaz piyasalariin
uzun vadeli goriiniimiine dair degerlendirmeler gergeklestirildiginde arz kaynaklarinin ¢esitlendirilmesi,
proaktif 6nlemler alinmasi, verimliligin artirilmasi, giivenlik agiklarinin kapatilmasi ve yenilenebilir
enerjiye daha fazla vurgu yapilmasi gibi 6nemli degisiklikleri igerecegi 6n goriilmektedir. Mevcut krizin
tim diinyaya gosterdigi gibi ilgili onlemler alinmadigi takdirde jeopolitik agidan kiiresel enerji
politikalarini ve ticaret dinamiklerini etkileyerek gelismelerin devam edecegi 6n goriilmektedir. Tedarik
kaynaklarinin gesitlendirilmesi bir¢ok iilke icin kritik bir odak noktasi olacaktir. Tek bir tedarik¢iye
veya bolgeye glivenmenin 6nemli bir risk olarak ortaya ¢ikmasi, alternatif kaynaklari giivence altina
alma gerekliligini gozler 6niine sermektedir. Ayrica, enerji giivenligini artirmak i¢in LNG altyapisina
depolama tesislerine, teknolojik gelismeye, yenilenebilir enerjiye ve yerli iiretime yapilan yatirimlar
artig trendini siirdiirecektir. Yenilenebilir enerjinin kiiresel enerji bilesiminde giderek daha 6nemli bir
rol oynayacag diisiiniilmektedir. Yasanan kriz nedeniyle giines, riizgdr ve diger yenilenebilir enerji
projelerine yapilan yatirimlarin artmasi, daha yesil enerji kaynaklarina gecisi hizlandirmistir.
Dolayisiyla bir taraftan siirdiiriilebilirlik ve ¢evresel hedeflere odaklanmak, sektorde daha fazla ilerleme
ve yenilige yol agacaktir. Diger taraftan jeopolitik goriiniim, enerji piyasalarimi giderek daha da
etkilemeye devam edecektir. Kiiresel enerji piyasalarinin birbirine giderek daha fazla entegre olmasmin,
bir bolgedeki aksakliklarin kiiresel ¢apta dalgalanma etkileri yaratabilecegi anlamina geldiginden
atilacak adimlar daha karmasik ve detayli sonuglara neden olacaktir. Ittifaklar ve ticari iligkilerin
yeniden diizenlenmesi enerji arz ve talebinin dinamiklerini sekillendirecek, iilkelerin uluslararasi
iligkiler boyutunda ekonomik ve stratejik kaygilar1 dengeleyerek yol almasi gerekecektir. Enerji
giivenligine yonelik kapsamli stratejik planlama ve yatirimlar bu risklerin azaltilmasi agisindan hayati
Onem arz etmektedir.

Sonug olarak halen devam eden Rusya-Ukrayna Savasi ve benzeri diger gelismeler, kiiresel enerji
piyasalariin birbirine entegrasyonu yaninda dayanikli ve ¢esitlendirilmis enerji sistemlerinin énemini;
herkes icin sirdiiriilebilir ve giivenli enerji erisiminin saglanmasma odaklanilmasi gerektigini,
uluslararasi iligkiler ile enerji ekonomisi baglamini tiim diinyaya bir kez daha gdstermis durumdadir.
Dogru sekilde degerlendirildiginde mevcut kriz ile elde edilen tecriibeler gelecekteki stratejilere ve
kararlara 151k tutacak, yasanabilecek sorunlara karsi hazirlikli ve direngli halde olunmasina katki
saglayacaktir.
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OZET

Yenilenebilir enerji kaynaklari, ¢evre dostu ve siirdiiriilebilir enerji saglama potansiyeline sahip giines,
rliizgar, hidroelektrik ve biyokiitle gibi dogal kaynaklardan elde edilen enerji kaynaklaridir. Bu
kaynaklar, fosil yakitlarin aksine yenilenebilir oldugu i¢in ¢evreye daha az zarar vermekte ve gelecek
nesiller i¢in enerji giivenligini saglamaktadir. Gelisen ve yayginlasan kullanima sahip yenilenebilir
enerji kaynaklarindan bir tanesi giines enerjisidir. Ozellikle giines enerjisi, giiniimiizde enerji sektdriinde
6nemli bir yer almakta ve maliyet faktorii de giderek daha belirleyici hale gelmektedir. Bu ¢alismada,
Kiitahya Dumlupmar Universitesi Miihendislik Fakiiltesi binalarinin  elektrik  ihtiyacinin
karsilanmasinda giines enerjisinin kullanimi arastirilmis ve maliyet analizi yapilmistir Calismada fakiilte
binalarmin yaninda bulunan toplam 2205 m? olan B-D Blok otopark alanmin tamaminin iistiine
diizlemsel giines panelleri yerlestirilerek gii¢ iretimi saglanmasi amaglanmistir. Calismada kullanilan
fotovoltaik gilines panelleri, invertor, konstriksiyon ve diger giderlerin toplam ilk yatirim maliyetleri
c¢ikartilarak maliyet analizi ve bunun yani sira elektrik kullanimina bakilarak faturaya yansiyan bedelden
santralin ilk yatirnm maliyetini ve karsilama siiresini 7,1 yil hesaplanarak basa bagnoktas1 bulunmustur.

Anahtar Kelimeler: Giines kollektorii, Giines enerjisi, Maliyet analizi, Basabas noktasi

ABSTRACT

Renewable energy sources are energy sources obtained from natural resources such as the sun, wind,
hydroelectric, and biomass, which are environmentally friendly and provide sustainable energy. These
sources, unlike fossil fuels, cause less harm to the environment and ensure energy security for future
generations. One of the renewable energy sources with developing and widespread use is solar energy,
especially in today's energy sector, where the cost factor is becoming increasingly determinative. In this
study, the use of solar energy for meeting the electricity needs of the buildings of the Faculty of
Engineering at Kiitahya Dumlupinar University was investigated, and a cost analysis was conducted. It
was aimed to provide power generation by installing flat solar panels on the entire B-D Block parking
area, totaling 2205 m2, adjacent to the Faculty buildings. The total initial investment costs of the
photovoltaic solar panels, inverter, construction, and other expenses used in the study were calculated
for cost analysis. In addition, the payback period for covering the initial investment cost of the plant
from the amount reflected on the invoice according to the electricity usage scenario was calculated as
7.1 years to find the break-even point.

Keywords: Solar collector, Solar energy, Cost analysis, Breakeven point
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GIRIS

Teknolojinin ilerlemesi ve sanayilesmenin hizli bir sekilde yayilmasi, diinya genelinde smnirli ve
gelecekte tiikenecek olan yeralt1 fosil kaynaklarinin hizla azalmasina yol agmaktadir. Bu siiregle birlikte
kentlerde yasam standartlarinin yiikselmesi, elektrik enerjisine olan talebi artirmaktadir. Fakat artan
enerji ihtiyacini kargilamak i¢in artik fosil yakitlara degil, alternatif, ekonomik, yenilenebilir ve ¢evre
dostu enerji kaynaklarina yonelmek gerekmektedir. Bu nedenle, siirdiiriilebilir elektrik enerjisi tiretimi
icin fosil yakitlarin yerine alternatif ve yenilenebilir enerji kaynaklarinin kullanilmasi biiyiik dnem
tasimaktadir (Arca ve Citiroglu 2022). Su anki enerji kaynaklari cesitliligine ragmen, talep edilen
enerjinin biiyiik bir kismu hala fosil kaynaklardan elde edilmektedir. Fosil kaynaklarin olusumu asirlar
stirebilir, ancak tiikenmeleri ¢ok daha hizli gergeklesir, bu nedenle yenilenebilir olmayan enerji
kaynaklar1 olarak kabul edilirler (Y1ldiz 2017). Bunun yani sira, fosil yakitlarin biiyiik ¢evre sorunlarina
yol agmasi nedeniyle yenilenebilir enerji  kaynaklarni kullanan  tlke sayist  giin
gectikge artmaktadir. Kiiresel 1isinmanin diizeyini azaltmak i¢in karbon bazli yakit ve kaynaklarin
kullanimi sinirlandirilmalidir. Artan niifus ve sinirh fosil yakitlar nedeniyle yenilenebilir enerjinin
verimli kullanilmasi ana amaglarindan biridir (Akbulut vd., 2021) Son yillarda diinyada enerji
tilketiminde artig; cevresel ve ekonomik siirdiiriilebilirligin saglanmasi amaciyla kullanilan enerjinin
yenilenebilir enerji kaynaklarindan yararlanma konusu son derecede ilgi gérmektedir. Yenilenebilir
enerji kaynaklar arasinda 6zellikle giines enerjisi kullanimi yogun olarak ilgi gérmektedir (Kilig ve
Adali, 2023). Giines enerji sistemleri, genis ¢apli ticari kullanimlardan ev tipi uygulamalara kadar
degisen oOlgeklerde kurulabilir. Bu sistemlerin kurulum, bakim ve onarim maliyetleri, teknolojik
ilerlemelere bagl olarak diismektedir ve geri 6deme siireleri giderek kisalma egilimindedir (Kuzucu ve
Becenen 2021). Giines enerjisi; artan enerji maliyetleri ve ¢evresel bilincin artmasiyla birlikte
yayginlasan bir ¢6ziim olarak 6ne ¢ikmaktadir. Bu calismada, tasarlanan giines enerjisi sisteminin
kurulum maliyetleri, enerji tasarrufu potansiyeli ve geri 6deme siireleri iizerinde odaklanarak,
yatirimcilarin finansal agidan siirdiiriilebilir ve kazangli bir enerji doniisimii gerceklestirmelerine
yonelik bilgiler sunmay1 amaglamaktadir.

Bayrake1 ve Gezer, calismasinda Aydin Cinede planlanan 1 MW giiciindeki giines enerji santrali igin
yatirim agamasinda PVSOL Programi kullanilarak 1.277.000 dolarlik bir maliyet belirlemislerdir. Geri
o0deme siiresi analizi yapildiginda, tesisin maliyetinin geri odeme siiresini 6 yil 11 ay olarak
hesaplamiglardir. (Bayrakei ve Gezer, 2019). Artan, ¢alismasinda Adiyaman ilinde insa edilen GES
santralinin il toplam yatinm maliyeti 2.710.682 dolar olarak belirlemistir. Santralin yillik geliri
2.501.068,8 TL, aylik geliri ise 208.422,4 TL olarak bulmuslardir. Santralin kendi maliyetini amorti
edecegi siireyi tahmini yaklasik 6,9 yil olarak hesaplamislardir (Artan, 2020).

YONTEM

Yatirimeinin bolgesel aragtirma siirecinde dikkate almasi gereken faktorler oldukea genistir ve dogru bir
glines enerjisi santrali projesi i¢in ¢ok dnemlkidir. Bu siirecte géz oniinde bulundurulmasi gereken bazi
onemli unsurlar asagida verildigi sekildedir (Arca ve Citiroglu, 2022):

1. Cografi Yap1 ve Arazi Sartlari: Bolgenin cografi yapisi, arazinin egimi, toprak yapisi gibi
faktorler, giines enerjisi sistemlerinin kurulumu i¢in 6nemlidir. Diiz, glines 1sinlarinin optimum agida
almabilecegi araziler tercih edilmelidir.

2. Radyasyon ve Giineslenme Siiresi: Giineslenme siiresi ve radyasyon miktari, giines enerjisi
potansiyelini belirler. Bu degerlerin yiiksek olmasi, enerji iiretim verimliligini artirir.

3. iklim Kosullari: Bolgenin iklim kosullari, giines enerjisi sistemlerinin performansm etkiler.
Sicaklik, yagis ve riizgar gibi faktorler dikkate alinmalidir.

4, Altyapr ve Ulasim: Tesisin kurulacagi bolgenin altyapt durumu ve ulagim erisilebilirligi,
projenin basarisini etkiler. Elektrik sebekesine yakinlik ve malzeme tagima kolaylig1 6nemlidir.

5. Cevresel Etkiler: Projenin gevresel etkileri degerlendirilmeli ve cevresel diizenlemelere
uygunluk saglanmalidir. Biyolojik ¢esitlilik, su kaynaklari ve yerel toplumun yasam kalitesi géz 6nlinde
bulundurulmalidir.
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6. Finansal ve Yasal Faktorler: Yatirim maliyetleri, enerji fiyatlari, vergi avantajlar1 ve yasal
diizenlemeler gibi faktorler, projenin ekonomik basarisini etkiler.

Kurulumun gergeklestirilecegi bolgenin ulasim agisindan uygun oldugu, alanin giines santrali ingasi igin
uygun bir yapiya sahip oldugu, arazide gdlge olusturacak yapi veya bitki ortiisiiniin bulunmadig ve
arazi bedelinin g6z 6niinde bulundurulmadigi varsayilmstir. Calismada, Kiitahya merkezde bulunan
Dumlupar Universitesi Miihendislik Fakiiltesi binalarmin elektrik ihtiyacinin desteklenmesinde giines
enerjisinin kullamimi arastirilnustir toplam 2205 m? olan B-D Blok otopark alaninin; tamamina
fotovoltaik paneller yerlestirilerek gii¢ iiretimi saglanmas1 amaclanarak maliyet analizi yapilmstir.
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Sekil 2. Kiitahya Global Radyasyon Degerleri (kWh/m2 giin)
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Sekil 3. Kiitahya Merkez Giineslenme Siireleri (Saat)

Santralin kurulacagi alanda, Kiitahya merkezine ait yillik ortalama bir metrekareye diisen giines
radyasyonu degeri 1550 kilowatt-saat ile 1600 kilowatt-saat arasinda degismektedir, Sekil 1’de
gosterilmistir. Giines Enerji Potansiyeli Atlasi (GEPA, 2024) verilerine gore, Kiitahya ilinde giinliik
ortalama gilineslenme siiresi 5,5 saat olarak 6l¢iilmiis, yillik toplam ise 2007 saat olarak belirlenmistir.
Santralin kurulmasi planlanan alan Sekil 4’te gosterilmistir.
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Sekil 4. Calismada kullanilan otopark alanlar1
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IIk Yatirim Maliyetleri

Calismada AC 250P/156-60S polikristal modeli kullanilmistir. STC gii¢ degerlendirmesi 250W panel
olgiileri 1640 mm x 992 mm panelin birim maliyeti ENF SOLAR marka 183 $ dir (ENF-PV, 2024).

Toplam otopark alan1 2205 m?
Bir adet Panel Alani 1.64 x 0.99 = 1,62 m?
Tiim Alana yerlestirilecek panel sayis1 2205 m? /1,62 m? =1358 Adet panel kullanilmistir.

Santral, Sunny Evirici Modeli STP Tripower 6zelliklerine sahip olan 17 adet eviriciden olugsmaktadir.
Invertériin birim fiyati 2877$ (Europe-Solarstore, 2024) olup projede kullanilan invertdr sayist 17
adettir. Santralde toplamda 1358 adet panel yer almaktadir. Her bir panelin bulundugu konstriiksiyonun
agirligr 19 kg'dir. Bu, santralin toplam destek yapilarini belirlemede énemli bir 6l¢timdiir.

Toplam konstriiksiyon maliyeti; toplam konstriiksiyon agirligi ile 1 ton konstrikksiyon fiyatinimn
garpimina esittir.

Iscilik, nakliye ve gevre diizenlenmesi maliyetleri asagida verildigi sekilde hesaplanmustir. 1 Watt Birim
Fiyat1 ($) 0,070 $ kabul edilmistir (Artan, 2020).

Isletme Maliyetleri

Santralin yillik isletim ve bakim-onarim maliyeti, her bir watt basina yaklasik 0,012 $ olarak kabul
edilmistir (Sar1 ve Ozyigit, 2020). ilk kurulum ve iletme maliyetleri toplam maliyeti olusturmaktadur.

Yatirnmin Geri Doniisii

Santralin elektrik tiretim miktar1; ortalama giinliik giineslenme saati, kurulu gii¢ ve birim elektrik
maliyetinin (faturaya yansiyan toplam bedel 0,082$/kwh) ¢arpilmasi ile bulunmaktadir (EBF, 2024).

2205 m? alan i¢in 339500 W’lik kurulu giicii olan santralden 339500 W x 2007 (Yillik giineslenme
stiresi ) x 0,082 (birim elektrik maliyeti) = 55121,22 $/Y1l kazang gerceklesir.

Bu ¢alismada yatirim geri doniisiim hesabinin yapilmasinda basabas analizi kullanilmistir. Bir projenin
kiimiilatif nakit akig1 genellikle negatif bir baglangi¢ yapar ve zamanla pozitif degerlere dogru artar. 0'a
ulagtiginda, bu projenin basa bas noktasini igaret eder (Korkmaz ve Hacisalihoglu, 2024).

Toplam maliyet

Yat | déniisiimii =
atirimin gert donusumu Yillik toplam gelir

BULGULAR VE TARTISMA

Miihendislik Fakiiltesi B-D blok otoparkina kurulmasi planlanan fotovoltaik santrale ait tiim maliyet
kalemleri Tablo 1’de verilmistir.
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Tablo 1. Fotovoltaik santrale ait tiim maliyet kalemleri

ILK YATIRIM MALIiYETLERI

FOTOVOLTAIK GUNES PANELLERI
AC 250P/156-60S

Kullanilan Panel Sayisi 1358 (250 W)
Panelin birim maliyeti 183 %

Panel Maliyeti 1358X183%
TOPLAM 248514 $
EVIRICI

SMA Sunny Tripower 25000TL-30

Kullanilan Evirici Sayis1 17

Evirici birim maliyeti 2877
Toplam evirici maliyeti 17X2877
TOPLAM 48909 $
KONSTRUKSIYON

Daldirma galvaniz sac

1 Panel i¢in Konstriiksiyon Agirligi 19 kg

Panel Sayis1 1358
Toplam Konstriiksiyon Agirlig: 25802

1 Ton (1000 kg) Daldirma galvaniz sac maliyeti 1769 $
Toplam destek yapis1 maliyeti 25802x1769
TOPLAM 45643 $
Iscilik + Nakliye + Cevre Diizenlenmesi 23765 $

1 W Birim t.'lyatma 0,070 . i

SANTRALIN TOPLAM MALIYETI 366831 $

Tablo 1 incelendiginde, fotovoltaik giines paneli maliyeti 248514 $ hesaplanmustir. Ayrica, invertor
maliyeti 48909 $ ve konstriiksiyon maliyeti ise 45643 $ olarak bulunmustur. Bununla birlikte, is¢ilik-
nakliye-cevre diizenlenmesi maliyeti 23765 $ ile santralin toplam maliyeti 366831 $ olarak
hesaplanmustir.

Fakiilte otopark alan i¢in 339500 W’lik Kurulu giicii olan santralden yilda 55121,22 $ getiri
saglanmistir. Santralin yillik isletim ve bakim-onarim maliyeti yillik 4074 $ olarak bulunmustur.
Toplam maliyetin toplam net gelire oranla kiyaslanmasi sonucu bulunan yatirim geri doniisiimii
asagidaki esitlik yardimiyla hesaplanmustir.

336831,7

Yatirimin geri donlisimi = 371924 — 4074 7,1Yu

Kurulmasi planlanan santralin 7,3. Yilinda kiimiilatif nakit akis1 0 degerine ulasmigtir. Bu yildan itibaren
santral pozitif net gelir saglamaktadir. Santrale ait bagabas noktasi grafigi Sekil 5’te verilmistir.
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Sekil 5. Santrale ait basabas noktasi grafigi
SONUC

Bu ¢alismada, Kiitahya Dumlupinar Universitesi Miihendislik Fakiiltesi binalarinin elektrik ihtiyacinin
karsilanmasinda giines enerjisinin kullanimi aragtirilmis ve maliyet analizi yapilmistir Calismada
kurulacak olan santral igin fakiilte binalarmin yaninda bulunan otopark alanlari se¢ilmistir. Toplam 2205
m? olan B-D Blok otopark alaninin tamamina diizlemsel giines panelleri yerlestirilmesi planlanmstir.
Daha sonra GEPA verileri incelenerek yillik giines radyasyon degerleri yillik giineslenme saati dikkate
alinarak glinesten yillik elektrik ihtiyact i¢in kazang hesaplanmigtir. Maliyet hesabi yapilirken
oncdelikle arazi bedelinin olmadig1 kabul edilmistir. 2205 m? alanin tamamina PV panel yerlestirerek
panel maliyeti ve bunun yam sira invertor, konstriiksiyon, ¢evre ve iscilik, yillik bakim onarim
maliyetleri hesaplanarak toplamda 366831 $ yatirim maliyeti ¢ikarilmistir. Daha sonra fakiilte otopark
alan i¢in 339500 W’lik Kurulu giicii olan santralden yilda 55121,22 $ getiri saglanmigtir. Kurulmasi
planlanan santralin 7,1. Yilinda kiimiilatif nakit akis1 0 degerine ulastig1 ortaya koyulmustur.
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ABSTRACT

Since coal is the most common fossil fuel, its use in thermal power plants is extremely high. Although
Tiirkiye is not as rich as China, it has many coal deposits. Although these coal formations do not contain
rich calorific value, they can be used in thermal power plants for energy production. Turkey, which
joined the Paris Agreement by ratifying it in 2021, continues its efforts to take various actions to achieve
the goal of limiting global warming to 1.5 degrees. The need for energy is increasing in Turkey as well
as all over the world. Adding new loads to the emission burden of existing coal-fired power plants with
new power plants may be considered harmful at first, considering the 2053 net zero emission target.

In this study, it is found that SO, emissions of existing power plants can be reduced with FGD (Flue
Gas Desulfurization) for sulphur and carbon emissions to reduce greenhouse gas emissions, and new
thermal power plants can be built based on low-calorie and high-sulphur domestic coal. As a result of
increasing the existing quality with technological steps that can be taken in about thirty years, the
installation of new power plants, although not in large numbers, is seen as possible in modelling. In
addition, CCS (carbon capture and storage) technologies can be used to reduce CO- gas emissions such
as carbon capture and storage. TIMES (Integrated MARKAL-EFOM System) modelling system has
been mentioned for reducing emissions resulting from electricity production in Turkey, and it is thought
that the TIMES modelling system can help in evaluating decarbonisation ways for the energy sector.
When a small number of new coal-fired thermal power plants were established in Turkey; Turkey is
expected to reach the Europe 2053 net zero emission target if the FGD (Flue Gas Desulfurization)
system, CCUS technology and sink area creation and protection activities, which are actively preferred
today, are implemented.

Keywords: Coal, thermal power plant, Tiirkiye, 2053 net zero emissions.

INTRODUCTION

Today, it is seen that the development of the installed capacity of coal-fired thermal power plants in
Turkey is parallel to the increase in greenhouse gas emissions. The carbon dioxide, sulphur dioxide and
nitrogen oxides released into the atmosphere by coal-fired thermal power plants in Turkey have a large
impact on air pollution, and as a result, there is climate change due to global warming. Therefore, the
problem of global warming should be eliminated and a transition to clean energy production should be
made. For this reason, it is necessary to transition to the decarbonisation process with various
technologies in order to ensure sustainable development. In this study; studies conducted for carbon and
sulfur emissions aimed at reducing greenhouse gas emissions are mentioned. These studies; FGD (Flue
Gas Desulphurization), CCS (carbon capture and storage) technology and afforestation activities to
equalize the sink areas that hold greenhouse gases (creation of forest areas, greenhouse gas capture
technology, etc.) are mentioned. With FGD (Flue Gas Desulfurization), SO2 emissions of existing
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power plants can be reduced and new thermal power plants based on low-calorie and high-sulphur
domestic coal can be built. CCS (carbon capture and storage) technologies can be used to reduce €02
gas emissions such as carbon capture and storage. In our study, TIMES (Integrated MARKAL-EFOM
System) modelling system was mentioned in order to investigate potential ways to reduce emissions
from electricity generation in Turkey and it was stated that TIMES modelling system can help in
evaluating carbon removal ways for the energy sector. In this study, afforestation was carried out to
equalize the sink areas that hold greenhouse gases (formation of forest areas, oceans, greenhouse gas
capture technology and methods, etc.), FGD (Flue Gas Desulfurization) was used to reduce SO2
emissions of existing power plants and zero emission was targeted in thermal power plants by using
CCS (carbon capture and storage) technology. At the same time, it was stated in this study that Turkey
aims to reach net zero carbon target for 2053 with its coal phase-out plan in line with the 2053 net zero
target, and it was stated that using CCS (carbon capture and storage) technology will contribute to
Turkey reaching the European 2053 net zero emission target.

RESEARCH AND FINDINGS
Carbon Emissions from Coal-Fired Thermal Power Plants in Turkey

Thermal power plants, which emit many harmful gases to the environment, cause environmental
problems as a result. This situation is also called thermal pollution. In thermal pollution, wastewater is
discharged from the power plant and this causes pollution of the surrounding natural resources. Thus, it
negatively affects underground and surface water resources (1).

As a result of fossil fuels burned in thermal power plants, products such as greenhouse gases and ash
are emitted into the atmosphere. As a result, many problems arise on human health (2). The most
important gases emitted from thermal power plants to the atmosphere are carbon dioxide, sulphur
dioxide and nitrogen oxides. Carbon dioxide (CO2) gas is one of the main gases emitted as a result of
burning fossil fuels.

The most important of all gases emitted from thermal power plants is carbon dioxide. Thermal power
plants are energy production facilities that increase the carbon dioxide level to the highest level all over
the world. As long as we continue to use the world's coal reserves for energy production, it will continue
to be the main cause of CO2 emissions (3). Sulphur dioxide is another gas released from power plants.
Due to its indirect effects on the atmosphere, it can affect the scattering of incoming sunlight, the
formation of clouds and precipitation patterns. Therefore, it is considered an indirect greenhouse gas.
Sulphur dioxide turns into sulphuric acid in the atmosphere, which then returns to Earth as acid rain and
can affect ecosystems. Nitrogen oxides are also considered an indirect greenhouse gas and can combine
with other atmospheric gases and moisture to form acid rain and smog. Another major pollutant from
thermal power plants is ash. Ash contains harmful particulate matter and heavy metals. Ash can have
multiple effects; it can enter waterways and soil wherever it falls (not necessarily the local environment)
(1). Of the gases emitted into the atmosphere, it is important to reduce carbon and sulphur dioxide in
particular. According to studies conducted for sulphur and carbon emissions aimed at reducing
greenhouse gas emissions; One of the studies carried out to reduce the SO2 emissions of existing power
plants is the “Flue Gas Desulphurization (FGD)” units of coal-fired power plants. Turkey has
strengthened its existing thermal power plants with new FGD units. With FGD, the SO2 emissions of
existing power plants can be reduced. In addition, new thermal power plants based on low-calorie and
high-sulphur domestic coal can be built (8). CCS (carbon capture and storage) technologies have been
developed to reduce the emission of CO2 gas, such as carbon capture and storage (4).

A model was developed using the TIMES (Integrated MARKAL-EFOM System) modelling system in
order to investigate potential ways to reduce emissions from electricity generation in Turkey. With this
model, national data were used to make a comprehensive assessment of the existing electricity
generation infrastructure in Turkey and emission trends were estimated due to various reasons. The
TIMES model allowed the analysis of energy, economy and environmental relations based on
technological development (9).

The TIMES-Wal model is a model developed for the Walloon Region of Belgium to assess the impacts
of achieving the 55% greenhouse gas emission reduction target (10). The TIMES modelling system;
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The energy model created for Turkey has allowed us to determine the electricity generation mix that
will meet the demand created by the expected growth in population and gross domestic product. This
modelling can help to evaluate decarbonisation paths for the energy sector (9).

Net Zero Carbon Target for Coal-Fired Thermal Power Plants in Turkey by 2053

The damages caused by carbon emissions to the environment have reached very serious dimensions
today. For this reason, sectors such as energy, heavy industry and transportation sectors that cause
carbon emissions need to switch to clean energy production. In these decarbonisation processes;
technologies such as nuclear energy, variable renewable energy (VRE) sources and carbon capture and
storage (CCS) have been developed to reduce CO2 gas emissions (4). Among these technologies, CCS
technology is considered as a bridge technology used to switch to net zero emission energy in the near
and medium term (5). However, CCS technology is a costly technology and studies have concluded that
CCS costs are reduced by converting a portion of the stored carbon for use (6).

Carbon capture, utilization and storage technology (CCS) is a technology that will provide definite and
rapid decarbonisation in reducing carbon emissions for the implementation of the decarbonisation
system. With this technology, our country is expected to reach the European 2053 net zero emission
target.

The Paris Agreement states that all countries should take responsibility in this regard and that the earth's

temperature should be kept at 1.5 °C. Developing countries will be provided with finance by developed
countries so that they can adapt to climate change. According to the agreement, Turkey is obliged to
reduce greenhouse gas emissions by 21% between 2021 and 2030 within the scope of this agreement
and bring it to the 2 °C temperature limit (7). In 2053, it is aimed for the amount of greenhouse gases
and the sink areas that hold greenhouse gases (creation of forest areas, oceans, greenhouse gas capture
technologies and methods, etc.) to be equal. With this article in the Paris Agreement, it is aimed for the
amount of greenhouse gases held by greenhouse gas sinks in the world to be equal to the amount of
greenhouse gases released into the atmosphere in 2053. In order to achieve this goal, new sustainable
technologies will need to be developed and forest areas, which are carbon sinks, will need to be
increased.

DISCUSSION AND CONCLUSION

Recently, the concepts of “global warming” and “climate change” have become an important topic on
the world agenda. In 2021, Turkey participated in the Paris Agreement for the first time by approving
it. In this conference, it was stated that various actions should be taken for the target of limiting global
warming to 1.5°C. In this context, various activities were put forward to reduce carbon emissions.

According to the research we have conducted in this study; As a result of the studies carried out for
sulphur and carbon emissions to reduce greenhouse gas emissions, SO2 emissions of existing power
plants can be reduced with FGD (Flue Gas Desulfurization) and new thermal power plants based on
domestic coal with low calories and high sulphur can be built. CCS (carbon capture and storage)
technologies can be used to reduce €02 gas emissions, such as carbon capture and storage. In Turkey,
the TIMES (Integrated MARKAL-EFOM System) modelling system was mentioned for reducing
emissions from electricity generation, and it was stated that the TIMES modelling system could help
evaluate decarbonisation paths for the energy sector.

When coal-fired thermal power plants are established in Turkey; FGD (Flue Gas Desulphurization)
system, CCS technology, mixed lignite combustion systems (olive pomace etc.), actively preferred sink
area creation activities today and monitoring the changes in existing areas, Turkey is expected to reach
the European 2053 net zero emission target.

REFERENCES

1- Bayazt, Y. (2021). Hidroelektrik ve Termik Santrallerin Karbon Emisyonu Uzerindeki Etkilerinin
Arastirilmasi: Eskigehir 11i Ornegi, BEU Fen Bilimleri Dergisi, Arastirma Makalesi.

2- ALA (American Lung Association). (2011). Toxic Air: The Case for Cleaning Up Coal-Fired Power
Plants. Report.

June 1-3, 2024 / New York 77



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

3- Shindell D. & Faluvegi G. (2010). The net climate impact of coal-fired power plant emissions. Atmos.
Chem. Phys., 10, 3247-3260.

4- Brouwer, A. S. van den Broek, M. Zappa, W. Turkenburg, W. C.& Faaij, A. (2016). Least-cost
options for integrating intermittent renewables in low-carbon power systems, Applied Energy,161, 48—
74.

5- Hasan, M. F. Zantye, M. S. & Kazi, M. K. (2022). Challenges and opportunities in carbon capture,
utilization and storage: A process systems engineering perspective, Computers & Chemical
Engineering, 166, 107925.

6- Kumcu, S.& Ozyoriikk, B. (2023). Siirdiiriilebilir yesil bir kalkinma icin salman karbonun
yakalanmasi, depolanmasi ve kullanimina yonelik bir arastirma, NOHU Miih. Bilim. Derg. / NOHU J.
Eng. Sci., 12(2), 386-394.

7- Esbah, H. O. (2023). Kentsel Karbon Emisyonlarinin Ve Karbon Yutak Alanlarinin Mekansal
Analizi: Bursa Yildirim Ilgesi Ornegi, Yiiksek Lisans Tezi.

8- Kilig, O., Acarkan, B.& Ay, S. (2013). FGD investments as part of energy policy: A case study for
Turkey, Energy Policy 62 (2013) 1461-14609.

9- Cakmak, E.G., Okutan, H.C. (2023). Technological assessment of greenhouse gas reduction potential
of power generation in Tiirkiye, Atmospheric Pollution Research 14, 101911.

10-Coppens, L., Gargiulo, M., Orsini, M., Arnould, N. (2022). Achieving 55% GHG emissions in 2030
in Wallonia, Belgium: insights from the TIMES-Wal energy system model. Energy Pol. 164
https://doi.org/10.1016/j.enpol.2022.112871.

June 1-3, 2024 / New York 78


https://doi.org/10.1016/j.enpol.2022.112871

INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

YENILENEBILIR ENERJI KAYNAKLARI VE YESIL FINANS ALANINDA YAPILAN
CALISMALARIN YAZIN TARAMASI

LITERATURE REVIEW OF STUDIES CONDUCTED IN THE FIELD OF RENEWABLE
ENERGY RESOURCES AND GREEN FINANCE

Ogr. Gor. Dr. Betiil SAHIN'
YTrabzon Universitesi, Besikdiizii MYO, Makine ve Metal Teknolojileri Béliimii, Trabzon, Tiirkiye.
ORCID: 0000-0003-0882-594X
Ogr. Gor. Dr. Yasar SAHIN?
2Trabzon Universitesi, Besikdiizii MYO, Pazarlama ve Reklamculik Boliimii, Trabzon, Tiirkiye.

ORCID: 0000-0002-5205-3054

OZET

Enerji, is yapabilme yetenegi olarak tanimlanabilir. Enerji kaynaklar1 yenilenebilir enerji kaynaklar1 ve
yenilenemez enerji kaynaklart olarak ikiye ayrilir. Yenilenemez enerji kaynaklari, bir kez
kullanildiginda tekrar kullanilamayan enerji kaynaklaridir. Fosil yakitlar yenilenemez enerji
kaynaklarindandir. Kémiir, petrol, dogalgaz vs. gibi fosil yakitlar, hizli ve biiyiikk oranda enerji
vermeleri, ulasilabilirligi ve yaygin kullanimu ile popiilerligini korumaktadir. Ancak yaydiklar zararlilar
bir sera etkisi yaratarak iklim degisimine sebebiyet vermistir. Salinan zararli emisyonlar karbon
dongiisiinli bozmus, ¢evreye, dahasi tiim canlilara zarar vermektedir. Yenilenebilir enerji kaynaklari,
tekrar kullanilabilmeleri, stirdiiriilebilirligi, uygun fiyati, ulasilabilirligi ve en onemlisi ¢evre dostu
olmalariyla gelecegin enerji kaynaklaridir. Ancak uzun yillardir kullanilmis olan fosil yakit kullaniminin
bir anda degismesi miimkiin goriinmemektedir. Ayrica ¢ok biiylik oranda enerji sistemlerinin fosil yakit
kullandiklarim diigiiniirsek bu sistemlerin doniisiimiiniin bir zaman ve maliyet gerektirecegi agiktir. Bu
doniisiim ve degisim i¢in en onemli kriterlerin baginda finansal kaynak elde etme ve ilgili yatirimlar
gerceklestirme becerisi gelmektedir. Yenilenebilir enerji kaynaklarinin her tiir finans1 olarak
tanimlanabilecek olan yesil finans bu noktada hayati bir 6nem tagimaktadir. Yesil finans, yesil tahviller,
yesil krediler, siirdiiriilebilir kalkinma hedefleriyle uyumlu yatinm fonlar1 gibi finansal araglar
kullanarak, yatirimcilara ¢evresel ve sosyal etkileri olan projelere yatirim yapma imkani sunan bir finans
modelidir.

Bu calismada, yenilenebilir enerji kaynaklar1 ve yesil finans ile ilgili ¢aligmalar incelenmistir.
Aragtirmada 2012-2024 yillar1 araliginda, yenilenebilir enerji kaynaklar1 ve yesil finans anahtar
kelimeleri kullanilarak yapilan ¢aligmalarin bibliyometrik analizi sonucunda en ¢ok atif almis olan
makalelerin bir derlemesi yer almaktadir. En ¢ok atif almis olan yenilenebilir enerji kaynaklari ve yesil
finans c¢alismalarinin 6nemi vurgulanarak, aragtirmacilara bu konuda tavsiye ve yonlendirmelerde
bulunulmustur.

Anahtar Kelimeler: Enerji, Yenilenebilir Enerji Kaynaklari, Yesil Finans, Yazin taramasi

ABSTRACT

Energy can be defined as the ability to do work. Energy resources are divided into two: renewable energy
resources and non-renewable energy resources. Non-renewable energy sources are energy sources that
cannot be used again once used. Fossil fuels are non-renewable energy sources. Fossil fuels such as coal,
oil and natural gas maintain their popularity due to their rapid and large energy yield, accessibility and
widespread use. However, the pests they spread have caused climate change by creating a greenhouse
effect. The harmful emissions released have disrupted the carbon cycle and harm the environment and
all living things. Renewable energy sources are the energy sources of the future with their reusability,
sustainability, affordable price, accessibility and, most importantly, environmental friendliness.
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However, it does not seem possible for fossil fuel usage, which has been used for many years, to change
suddenly. Moreover, considering that a large proportion of energy systems use fossil fuels, it is clear
that the transformation of these systems will require time and cost. The most important criteria for this
transformation and change are the ability to obtain financial resources and make relevant investments.
Green finance, which can be defined as all types of financing of renewable energy resources, is of vital
importance at this point. Green finance is a finance model that offers investors the opportunity to invest
in projects with environmental and social impacts by using financial instruments such as green bonds,
green loans, and investment funds compatible with sustainable development goals.

In this study, studies on renewable energy resources and green finance were examined. The research
includes a compilation of the most cited articles as a result of the bibliometric analysis of studies using
the keywords renewable energy resources and green finance between 2012 and 2024. The importance
of the most cited renewable energy sources and green finance studies was emphasized, and
recommendations and guidance were given to researchers on this subject.

Keywords: Energy, Renewable Energy, Green Finance, Review
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BiYOKUTLE VE BiYOKUTLENIN DONUSUM SURECLERI
BIOMASS AND BIOMASS CONVERSION PROCESSES
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OZET

Artan niifus, gelisen teknoloji ve biiyliyen sanayi, vb., gibi sebeplerle diinya enerji talebi her gecen giin
artmaktadir. Fosil yakitlar, azalan rezervleri ve g¢evreye verdikleri geri doniisii olmayan zararlar
sebebiyle artik istenmemektedir. Bu sebeplerle giiniimiizde alternatif enerji kaynaklari arayisi hig
olmadig1 kadar hizlanmustir. Alternatif enerji kaynaklari arastirmalarinda dikkate alinan en 6nemli husus
yeni kaynaklarin ¢evreye zarar vermemesi olmustur. Cevreyle dost olmasinin yaninda siirdiiriilebilirligi,
uygun fiyat1 ve diinya iistiinde esit dagilimi1 gibi sebeplerle yenilenebilir enerji kaynaklart bu arayislarin
onciilii olmustur. Yenilenebilir enerji kaynaklarindan biri olan biyokiitle, enerji kaynaklar icerisinde
ozellikleri ile fosil yakitlara en ¢cok benzeyen kaynaktir.

Biyokiitle genel olarak canli veya kisa siire Once hayatin1 kaybetmis organizmalar ve bu
organizmalardan arta kalanlar olarak tanimlanabilir. Biyokiitle ¢esitleri, orman atiklari, tarim atiklari,
deniz atiklari, sehir atiklari, kanalizasyon atiklari, vb.’dir. Her tiir enerji kaynaginda oldugu gibi
biyokiitle kaynaklar1 da islendiginde 1si1l degerinde artis goriillmektedir. Komiir de ki nem alma
islemlerine benzer sekilde biyokiitleye uygulanan islemler biyokiitlenin yanma kalitesini dolayisiyla
verimliligini artirmaktadir. Bu ve buna benzer pek ¢ok islem ve doniisiim biyokiitlenin mahiyetine gore
islenerek biyokiitle daha degerli hale getirilmektedir. Biyokiitle, kimyasal/biyokimyasal ve
termokimyasal olmak {lizere iki farkli platform da doniistiiriilmektedir. Kimyasal/biyokimyasal
platformda doéntisim sonucunda biyodizel, biyoetanol, sivi hidrokarbon gibi ¢iktilar olurken
termokimyasal platform da yakma, metanol, biyoyag, biyokdmiir gibi c¢iktilar elde edilmektedir. Bu
caligmada, biyokiitle ve biyokiitle tiirleri hakkinda bilgi verildikten sonra biyokiitle doniigiim siiregleri
hakkinda bilgi verilmistir.

Anahtar Kelimeler: Enerji, Yenilenebilir Enerji Kaynaklari, Biyokiitle, Biyokiitle Doniisiim Siiregleri

ABSTRACT

World energy demand is increasing day by day due to reasons such as increasing population, developing
technology and growing industry. Fossil fuels are no longer desired due to their decreasing reserves and
irreversible damage to the environment. For these reasons, today the search for alternative energy
sources has accelerated more than ever. The most important issue taken into consideration in research
on alternative energy sources is that new sources do not harm the environment. Renewable energy
sources have been the pioneer of these searches for reasons such as sustainability, affordable prices and
equal distribution around the world, as well as being environmentally friendly. Biomass, one of the
renewable energy resources, is the resource that is most similar to fossil fuels with its features among
the energy resources.

Biomass can generally be defined as living or recently deceased organisms and the remains of these
organisms. Biomass types can be grouped as forest waste, agricultural waste, marine waste, city waste
and sewage waste. As with all types of energy sources, when biomass resources are processed, their
calorific value increases. Similar to the dehumidification processes in coal, processes applied to biomass
increase the combustion quality and therefore efficiency of biomass. These and many similar processes
and transformations are processed according to the nature of the biomass, making it more valuable.
Biomass is converted on two different platforms: chemical/biochemical and thermochemical. As a result
of conversion in the chemical/biochemical platform, outputs such as biodiesel, bioethanol, and liquid
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hydrocarbon are obtained, while in the thermochemical platform, outputs such as combustion, methanol,
biooil, and biochar are obtained. In this study, after giving information about biomass and biomass types,
information about biomass conversion processes is given.

Key Words: Energy, Renewable Energy Sources, Biomass, Biomass Conversion Processes

GIRIS

Diinya niifusunda ki artig, teknolojideki ilerleme, sanayinin gelisimi enerji talebini artirmigtir. Artan
enerji talebi hala biiyiik oranda fosil yakitlardan karsilantyor olsa da yapilan arastirmalar fosil yakitlarin
birkag ylizyil igerisinde tilkenecegini 6n gérmektedir. Bunun yaninda fosil yakitlarin haddinden fazla
kullanimi1 karbon dengesini bozmustur. Fosil yakitlarin yaydigi zararli emisyonlar sera etkisi yaratarak
iklim degisimine sebebiyet vermistir. Bu sebeplerle bilim insanlar1 fosil yakitlarin azalmasi, diinyaya
verdikleri zararlar, artan enerji talebine karsilik verememeleri gibi sebeplerden otiirti fosil yakitlar yerine
kullanilabilecek alternatif enerji kaynaklar1 arayiglarina girmislerdir. Alternatif enerji kaynaklarmin
icerisinde doniistiiriilebilir, siirdiiriilebilir, dogayla dost, uygun fiyatli, diinya var oldukg¢a var olacak
olan yenilenebilir enerji kaynaklari ¢cok 6nemli bir yer tutmaktadir. Yenilenebilir enerji kaynaklari giines
enerjisi, riizgar enerjisi, biyokiitle enerjisi, hidroelektrik enerji vb. gibi doga da var olan enerji
kaynaklaridir (Oztiirk;2013, Oztiirk; 2016, Oztiirk; 2021, Yarimkaya; 2021).

1-BiYOKUTLE

Biyokiitle enerjisi, canli veya yeni 6lmiis olan bitki ve her tiir canlinin kullanimi ile elde edilen enerji
tiri olarak tanimlanabilir. Biyokiitle denizden karaya her yerde bulunabilen temiz ve giivenilir bir
yenilenebilir enerji kaynagidir (Demirbag; 2001, Doganay; 1998).

Biyokiitle kaynaklar1 yiiz yi1ldan az bir zaman icerisinde doniisebildiginden yenilenebilirdir. Giines var
oldugu siirece var olacagindan siirdiiriilebilirdir. Diinyanin her yerinde var oldugundan ulasilabilirdir.
Kullanildiginda biinyesindeki karbon doniistiigiinden ve yapisinda kiikiirt bulunmadigindan (yada ¢ok
az bulundugundan) fosil yakitlardan ¢ok ¢ok daha az emisyon salmaktadir. Bu sebeplerle potansiyeli
yiiksek bir yenilenebilir enerji kaynagidir. Biyokiitle, bitkisel atiklar, orman atiklari, evsel atiklar, tarim
atiklari, sehir atiklari, kanalizasyon atiklari, hayvan atiklar1 vb. gibi organik maddelerden elde edilebilir
(Acaroglu; 2013, Doganay; 1998).

Biyokiitle, agirlikli olarak seliiloz, hemiseliiloz, lignin, karbonhidrat, yag ve proteinlerden olusurlar.
Birgok biyokiitle ¢cesidi olmakla birlikte fiziksel dzellikleri birbirlerinden oldukga farklidir. Ancak genel
olarak azot ve kiikiirt derisimlerinin diisiik oldugu soylenebilir. H/C oranlar1 dikkate degerdir. Isil
degerleri diisiik kaliteli linyit komiirline yakindir (Acaroglu; 2002).

Asagidaki tabloda (Tablo: 1) bazi biyokiitlelerin ultimate (nihai - elemental), proximate (kisa)

analizleri ve 1s1l degerleri verilmistir.

Tablo 1: Bazi biyokiitle kaynaklarinin ultimate-proximate analizleri ve 1s1l degerleri (Demiral;
2004)

%Agirlik Odun Tarimsal Atiklar ~ Sehir katr atiklar1 - Hayvansal atiklar
C 50-53 45 47,60 35,10
H 5,8-7 5,8 6 53

N 0-0,3 2,40 1,2 2,5

S 0-0,1 0-0,1 0,3 04

O 38-44 42,5 32,9 38,7
Ucgucu madde 77,0-87 80 77 76,5
Sabit C 13-21 0-0,1 11 0-0,1
Kiil 0,1-2 4 12 235
Nem 25-60 16 20 7-35
Isil deger(MJ/kg) 19,8-21 16,8 19 13,4
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2-BiYOKUTLE KAYNAKLARI
2.1-Bitkisel Biyokiitle

Diinyanin %70’1 gibi biiyiik bir oranda biyokiitle kaynagi, tarim ve orman biyokiitlesinden olusmaktadir.
Diinyada kesilen agaclarin yaris1 yakilarak biyokiitle enerjisine doniistiiriiliirken orman atiklar1 sadece
%10’unu olusturmaktadir. Dolayisiyla enerji ormancilig1 biyokiitle enerjisi eldesin de 6nemli bir yer
tutmaktadir (Oztiirk; 2016).

2.2-Hayvansal Biyokiitle

Koylerde hayvan diskilarinin samanla karistirilarak kati yakacak olarak kullanilmasi ¢ok eski zamanlara
dayanmaktadir. Dolayisiyla profesyonel bir islem olmaksizin kiigiik yerlesim yerlerinde kullanimi ¢ok
yaygindir. Hayvansal biyokiitlenin en 6nemli doniigiimii ise biyogaz olarak kullanilmasiyla miimkiin
olmaktadir.

Biyogaz; insanlarin attiklar1 ¢opler, hayvan diskilari, bikisel-tarimsal atiklar, posalar gibi atiklarin
anaerobik kosullarda, optimal olarak 35°C mezofilik ve 60°C termofilik sicaklikta, 6,7-7,6 pH
ortaminda enzimatik hidroliz, bakterilerle organik aside doniisme ve metan jenerasyonu islevlerinden
olusan fermantasyon sonucunda elde edilmektedir. Biyogazin kalori degeri biyokiitle icerisindeki
bilesenlerine bagli olarak degismektedir. Biyogaz da agirlikli olarak sirastyla metan ve karbondioksit
daha sonra az miktarda azot, hidrojen, siilfiir, oksijen ve diger gazlar yer almaktadir (Oztiirk; 2016).

2.3-Sehirsel ve Endiistriyel Atiklar

Her tiir sehir atig1; ¢dp, kanalizasyon camuru, yiyecek-giyecek, endiistride agiga ¢ikan igleme,
paketleme, kagit, plastik, vb. gibi atiklar bu gruba dahildirler. Bu atiklar kullanilarak ¢evresel temizlik
saglanabilecegi gibi verdigi enerji rahatca tiim enerji sistemlerinde kullanilabilmektedir. Yakma, piroliz,
aneorobik ¢iiriime gibi yollarla biyokiitle enerjisine doniistiiriilebilmektedirler. Biiylik oranda organik
kokenli olan bu atiklar ile fosil bir yakit karsilastirildiginda atiklarin emisyon seviyesinin ¢ok daha
diisiik oldugu goriilmektedir. Ayrica gesitli doniigiim siiregleri sonunda bu atiklardan metanca zengin
yakatlar elde edilebilmektedir (Oztiirk; 2016).

2.4-Enerji Bitkileri

Seker kamigi, Miscanthus, sorgum bitkisi gibi bitkilere enerji bitkileri denilmektedir. Bu bitkiler diisiik
kiikiirt ve azot igerikleri ile hava kalitesini artirmaya yardimeir bitkilerdir. Sentetik gaz olarak
kullanilabilmektedirler (Oztiirk; 2012).

2.5-Su Bitkileri

Chlorella, Scenedesmus, yesil ve mavi algler gibi tek ve ¢ok hiicreli su yosunlar1 bu grupta yer
almaktadirlar (Oztiirk; 2012).

3-BiYOKUTLENIN DONUSUM SURECLERI

Biyokiitle, denizden karaya diinyanin her yerinde bulunmaktadir. Ancak biyokiitle enerjisinin
hammadde kaynaklarinda ki siireklilik sorunu, tasimada ki zorluklari, enerji degerinin islenmemis
haliyle daha diisiik olmasi gibi sebeplerle daha giiclii bir biyokiitle enerjisi eldesi i¢in biyokiitle
kaynaklar1 ham olarak kullanilmak yerine doniistirilmekte ve bdylece enerji degerleri
iyilestirilmektedir (Kosamia vd.;2022, Alma vd.; 2021).

Biyokiitleler, genellikle biyokiitlenin hangi grupta yer aldigina ve oOzelliklerine bagli olarak
dondstiiriiliirler. Ayrica biyokiitle kaynagina, elde edilecek enerjinin nasil kullanilacagina, ihtiyaca,
cevresel ve ekonomik kosullara gore de sekillenirler.

Biyokiitleler fiziksel siireclerden de gecmektedirler. Bu islemlerden biri biyokiitlenin biinyesinde var
olan ya da depolama asamasinda biinyesine katmis oldugu nem miktarinin alinarak 1sil degerinin
yiikseltilmesidir. Ayni sebeple komiir gibi fosil yakitlara da uygulaniyor olan nem alma siireci biyokiitle
icin de olduk¢a 6nemlidir. Bunun yaninda boyutlariin kiigiiltiilerek daha kiiciik bir hacme sikistirilmasi
hem tasima hem de kullanimdaki yogunlugunun artisin1 desteklemesi bakimindan 6énemlidir. Ayrica
biyokiitle gazlastirma siireci sirasinda parg¢acik boyutu, siirecin olusum hizin1 dogrudan etkiler
(Severoglu; 2010). Briketleme kiigiiltiilmiis bir biyokiitlenin bazen bir yapistirici ile bazen de yapistirict
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olmaksizin belirli bir basing altinda bi¢cim verilmesiyle sikistirilmis bir boyda iiriin elde edilmesidir.
Briketleme teknolojisi kullanilarak biyobiriket elde edilir. Biyobiriketler, biyokiitlenin tasima ve
depolamasini kolaylastirmanin yaninda yakit degerini de artirir (Acaroglu; 2002). Oziitleme, siizme,
yogunlastirma ve fraksiyonlama ise biyokiitleye uygulanan diger onemli fiziksel siireglerdir.
Biyokiitleye uygulanan fiziksel siirecler neticesinde biyokiitlenin yakit kalitesinde artis gerceklesir.
Direk yakilarak kullanilabilmesine olanak verir. Ayrica tasima ve ulastirma ve kullanim kolayligi
saglanmis olur (Demiral; 2004).

Tablo 2°de biyokiitleye uygulanan doniisiim siirecleri verilmistir.

Tablo 2: Biyokiitleye uygulanan doniisiim siiregleri (Demiral; 2004)

Uriin Proses Besleme dzelligi Besleme tipi Durum

Is1 Direk yanma Kuru Odun 1
Aerobik parcalanma | Yas Hayvansal atik 3

Kat1 yakitlar Piroliz Kuru Odun 1

Gaz yakitlar Aerobik pargalanma | Yas Hay./bit. atik 1
Hava gazlagtirma Kuru Odun/ekin atik 1
Hidrojen gazlastirma | Kuru Odun 1
Oksijen gazlastirma | Kuru Odun 1

Sivi1 yakitlar Piroliz Kuru Odun 1
Direk sivilastirma Kuru/islak Odun atiklar 4
Fermantasyon Yiiksek seker icerigi | Seker kamist 1
Yag ekstraksiyonu Agir yag icerigi Yaglihurma- 2
HC ekstraksiyonu Kompleks HC igerigi | aygicegi 2

Euphorbiaceae
1:Diisiik ve orta besleme maliyetli teknoloji, 2:Yiiksek besleme maliyetli teknoloji, 3:Diigiik 1sitma
seviyeli teknoloji

Biyokiitleden direk yakilarak enerji elde edilecegi gibi gesitli kimyasal siirecler ile kati, siv1 ve gaz
seklinde yakitlar da elde edilebilir. Soya, misir, vb gibi yenilenebilir olan tohumlar ve yiiksek nem
diizeyindeki bitkiler biyorafineri islemlerine tabi tutularak doniigtiiriiliirler. Bu islemler
kimyasal/biyokimyasal islemler ve termokimyasal islemler olmak iizere ikiye ayrilirlar (Alma vd.;
2021).

Tablo 3’de biyoyakit iiretiminde kullanilan biyorafineri tiirleri ve doniisiim siirecleri verilmistir.

Tablo 3: Biyoyakit iiretiminde kullanilan biyorafineri tiirleri ve doniisiim siiregleri (Alma vd.; 2021)
1-Kimyasal / Biyokimyasal Platform 2-Termokimyasal Platform

1.1-Yag ekstraksiyonu — Transesterifikasyon- | 2.1: Yakma

Biyodizel 2.2: Gazlagtirma —Sentez gazi-Metanol

1.2-On muameleler/Seker hidrolizi 2.3:Swvilagtirma —Biyoyag-HC

1.2.3Anaerobik Bozunma/Fermantasyon 2.4:Piroliz/Karbonizasyon-Biyokdmiir
1.2.3-Fermantasyon- Aseton/Butanol Etanol-
Biyoetenol

1.2.3-Katalitik sulu Faz Islemleri- S1v1i HC

Biyokimyasal doniisiim siiregleri su iceriginin yiiksek oldugu biyokiitlelere uygulanirken termokimyasal
doniisiim siirecleri daha ziyade kuru biyokiitlelere uygulanmaktadirlar. Termokimyasal siirecler icin
saniyeler veya dakikalar yeterken biyokimyasal siiregler icin giinler, haftalar gerekmektedir.
Termokimyasal doniisiim biyokimyasal doniisime gore daha yiiksek verimlilige sahiptir.
Termokimyasal siireclerin biyokimyasal siireglerle doniisen biyokiitlelere gore diger bir iistiinliigii ise
tasinma ve depolanma 6zelliklerinin daha iyi olmasidir. Ayrica yliksek verimle yanarak, bir fosil yakita
kiyasla ¢ok da az emisyon salmaktadirlar.

Biyolojik doniisiim siireci, bir biyokiitlenin oksijensiz bir ortam igerisinde mikroorganizmalar yardimi
ile enzimatik olarak pargalara ayrildig1 siirece verilen isimdir. Anaerobik bozunma siireci hayvansal
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atiklar, orman atiklari, bitki atiklar1 gibi atiklardan enerji elde etmede kullanilir. Boylece kazanilan
enerjinin yani sira ¢evre de temizlenmis olur. Bu hammaddelerden elde edilen biyogazin enerji degeri,
hammaddenin igerisindeki bilesenlerine gore degisiklik gosterir. Elde edilen biyogaz, metan agirlikli
olmak iizere karbondioksit ve az miktarda diger gazlar icerir.

Biyokiitle fermantasyon islemi, organik bir maddenin mikroorganizmalar araciligiyla baska maddelere
dontistiiriilme iglemidir. Fermantasyon ile misir, yulaf, patates gibi ¢okca nisasta iceren hammaddeler
kullanilir. Alkolik fermantasyon yardimi ile nisastali biyokiitle etanole doniistiiriiliir. Fermantasyon
yontemi ile kuru bir bitkinin bir birim tonu basma yaklasik olarak 450 litre etanol {iretimi
gerceklesebilmektedir. Bu islem sonrasinda kalan kat1 biyokiitle atig1 hayvan yemi olarak, kazanlarda
yakit olarak veya gazlastirma igleminde hammadde olarak kullanilabilmektedir.

Biyofotoliz ile denizin igindeki baz1 mikroskobik algler bir nevi giines pili gibi ¢alistirilarak fotosentetik
olarak ayristirilirlar. Aygicek bitkisi, kolza, soya gibi bitkiler ise esterlestirme islemi ile dizel yakita
alternatif olacak sekilde biyoyakit olarak kullanilirlar.

Termokimyasal doniisiim siirecinde biyokiitlenin enerji bilesenleri yiikseltilir ve kati, sivi, gaz yakit
olarak doniistiiriiliirler. Termokimyasal doniisiim siireci yanma, gazlastirma, sivilastirma ve piroliz ile
gergeklestirilir.

Biyokiitle yakma; biyokiitlenin yakilarak enerji ve karbondioksit elde etme islemine verilen addir.
Biyokiitle yakilarak, firin, ocak, kazan, buhar tiirbini, turbo jeneratdrii vb. gibi sistemlerde
kullanilabilecek halde 1s1, mekanik gii¢ ve elektrik enerjisi iiretilebilir. Biyokiitlenin yakilmasi ile elde
edilen enerji elektrik tiretiminde, yanma sistemlerinde direk olarak ve birgok farkli yerde kullanilabilir.
Dogrudan yanmanin en 6énemli hususlarindan biri kullanilacak olan biyokiitlenin kuru olmasidir. Ciinkii
bu durum agiga ¢ikan enerji degerini dogrudan etkileyen bir faktordiir. Dogru sartlar altinda yakilan bir
biyokiitlenin sicaklig1 800°C’den 1000°C’ye kadar yiikselebilir.

Biyokiitle gazlastirmasi bir biyokiitlenin yiiksek sicaklik altinda kismi bir oksidasyon ile yanabilir gaza
doniistiiriilmesi iglemine verilen addir. Gazlastirma isleminde karbon igerigi yliksek olan biyokiitle,
yiiksek sicakliklarda bozunarak yanabilir bir gaz haline gelir. Gazlagtirma islemleri genellikle odun ve
tahil atiklarina yapilir. Bunun sebebi igeriklerindeki selilloz miktarlarinin yiiksek olmasidir. Gazlagtirma
isleminin yapildig1 sicaklik, basing, 1sitma hizi, katalizor tiirti, aciga ¢ikan gazin kalitesini dogrudan
etkiler. Gazlastirma isleminde hava, oksijen veya buhar kullanilabilir. Hava ile doniistiiriilen gazlastirma
isleminde gazlastirilmig biyokiitle 900-1100°C sicaklik araliginda olusur. Oksijen kullanilan biyokiitle
gazlastirmasinda ise 1000-1400°C araliginda gazlastirilmig biyokiitle olugsmaktadir. Islem neticesinde
diisiik ve orta 1s1l degerli gazlar olusur. Bu gazlar direk kullanilabilirler. Ayrica gaztiirbinleri, motorlar
ve kazanlarda yakit olarak degerlendirilebilirler.

Sivilagtirma; bir biyokiitlenin diisiik sicakliklarda, yiiksek basing altinda, bir katalizor esliginde sivi elde
edilmesi islemidir. Stvilastirma islemi bir biyokiitlenin 250-400°C araligindaki diisiik sicakliklarda ve
150 bar gibi yiiksek bir basing altinda katalizor hidrojen veya karbonmonoksit varligiyla gergeklestirilir.
Bu siirecten maksimum sivi elde edilmesi hedeflenir. Yiiksek basing altinda olugabilmesi ve pahali
olmasi sebebiyle sivilastirma islemi piroliz ve gazlastirma islemlerine gore daha az tercih edilir.
Sivilagtirma iglemiyle maksimum sivi ve verim amaglanirken sivi da minimum miktarda oksijen icerigi
hedeflenir. Ciinkii minimum oksijen igerigi rekasiyon mekanizmasinda ki reaksiyonun hizli ve kontrollii
gerceklesebilmesi  demektir. Bu doniisiimler sirasinda hidrojenasyon ve hidrodeoksijenasyon
reaksiyonlari olugmasi sebebiyle piroliz sivisindan daha yiiksek kalitede sivi tiriin elde edilir. Sivilagtima
islemi ile bir biyokiitleden %50°den %80’¢ varan sivi elde edilebilir. Kalan miktar1 ise az miktardaki
gaz ve katidir. Stvilagtirma isleminde biyokiitlenin igerigindeki nem miktarinin sorun olmamasi art1 bir
Ozelliktir (Song vd.; 2020).

Piroliz islemi bir biyokiitlenin hava olmayan bir ortam icerisinde 1s1 verilerek kati, s1vi ve gaz iiriinlere
dondstiirilmesidir. Bagka bir deyisle biyokiitlenin havasiz bir ortamda 1s1 verilerek bozundurulmasi
sonucu elde edilen kati, sivi ve gaz yakitlardir. Piroliz igslemi sonrasinda elde edilen liriinler, sicaklik,
1sitma hizi ve buharin alikonma siiresine gore degisiklik gosterebilirler. Piroliz islemleri sirasinda
ortalama olarak 300°C dolaylarinda sivi, 500°C dolaylarinda gaz yakit elde edilmektedir. Algak islem
sicaklig1 ve uzun siiren piroliz isleminde odun komiirii olusurken yiiksek sicaklik ve uzun islem
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stirecinde biyokiitlenin gaz iiriine doniisiimiinde artis yagsanir. Orta sicaklik ve kisa alikonulma
slirelerinde ise optimum siv1 iiretimi gergeklesir (Budak; 2017).

4-SONUCLAR

Artan niifus, gelisen teknoloji ve biiyiiyen sanayi, vb., gibi sebeplerle diinya enerji talebi her gecen giin
artmaktadir. Hala birincil enerji kaynagimiz olan fosil yakitlarin tiikenecegi 6n goriisiiniin yani sira
dogaya verdigi zararlar goz oniine alindiginda alternatif enerji kaynaklar1 arastirilmalart hiz kazanmustir.
Siireklilige sahip olmasi, yenilenebilmesi, ucuz ve ulasilabilir olmasi ile yenilenebilir enerji kaynaklari
bu kaynaklarin en 6nemlisidir.

Bu calismada, biyokiitle ve biyokiitle tiirleri hakkinda bilgi verildikten sonra biyokiitle doniisiim
stirecleri hakkinda bilgi verilmistir.

Biyokiitle, yenilenebilir enerji kaynaklarindan biridir. Biyokiitle genel olarak yiiz yildan daha kisa siire
igerisinde yasamig ve heniiz 6lmiis her tiir canliya verilen isimdir. Yapist itibariyle fosil yakitlara
olduk¢a benzerdir. Denizden karaya nerdeyse diinyanin her yerinde varligini siirdiirmektedir. Sehir
atiklar1, orman atiklari, tarim atiklari, kanalizasyon ¢amuru gibi bir¢ok farkli biyokiitle ¢esidi vardir.

Her tiir enerji kaynaginda oldugu gibi biyokiitle kaynaklar1 da islendiginde 1sil degerinde artis
goriilmektedir. Komiir de ki nem alma islemlerine benzer sekilde biyokiitleye uygulanan islemler
biyokiitlenin yanma kalitesini dolayisiyla verimliligini artirmaktadir. Bu ve buna benzer pek ¢ok islem
ve doniislim biyokiitlenin mahiyetine goére islenerek biyokiitle daha degerli hale getirilmektedir.
Biyokiitle kimyasal/biyokimyasal ve termokimyasal olmak {izere iki farkli platform da
donistiirilmektedir. Kimyasal/biyokimyasal platformda doniisiim sonucunda biyodizel, biyoetanol, sivi
hidro karbon gibi ¢iktilar olurken termokimyasal platform da yakma, metanol, biyoyag, biyokomiir gibi
ciktilar elde edilmektedir.
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ABSTRACT

Due to the restructuring of the electricity sector, many countries have established competitive electricity
markets. The electricity market refers to the economic system and infrastructure through which energy
producers sell their generation and customers purchase electricity. This study examines the effects of
different market structures and energy resources in the electricity market on producers and consumers
within the market. The simulation structure used to analyze electricity markets is provided by the
EMGame platform, which is a simulation game that covers two different market mechanisms, Pay-as-
Bid (PaB) and Uniform Pricing (UP), allowing participants to test their strategies under these
mechanisms. The simulation platform offers real players the opportunity to develop decision-making
and strategy development skills through scenarios reflecting real-world conditions. Data for this study
is collected from twelve games played on the EMGame platform and analyzed, covering two different
mechanisms, ten different energy sources, and three different scenarios. The dataset used offers a greater
variety of games and rankings based on impact levels compared to human-based experimental datasets
commonly used in literature. Both market structures have offered different advantages and
disadvantages in terms of the effects of energy resources on the market and supply strategies. The
research shows that the choice of market structure has implications for market participants' decisions,
market efficiency, and competition. Specifically, while the UP mechanism offers a more transparent and
predictable market, the PaB mechanism may be more susceptible to strategic behaviors and potential
market manipulation.

Keywords: Electricity Markets, Market Mechanisms, Human-based simulation

INTRODUCTION

Many countries have established competitive electricity markets in the last three decades. Electricity
markets play a crucial role in energy systems by fostering competition, enhancing efficiency, and
attracting investments. Through supply-demand dynamics, these markets facilitate transparent price
discovery for generators, retailers, and consumers, enabling informed decision-making. Competitive
mechanisms effectively reduce manipulation, supporting sustainability, and innovation. One of the
essential factors for profitability and sustainability in commercial activities is determining the most
appropriate electricity market structure and how this structure balances the interests of both producers
and consumers.

Central to daily electricity markets is the Market Clearing Price, a critical metric aligning supply and
demand. Determined through wholesale market clearing, the MCP reflects the price at which the total
electricity supply meets demand, typically hourly. Market participants, including generators and
retailers, engage in bid submissions, specifying both electricity quantities and corresponding prices.
Lower bids secure dispatch, resulting in the generation of electricity fed into the grid, while higher bids
may not be dispatched. Generators receive payments based on the MCP and the market structure for the
supplied electricity, and users incur corresponding costs for consumed electricity (Figure 1).
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Figure 1. Market Clearing Price

Various market structures in electricity markets have been extensively studied. Cramton (2004) explains
three main and practical pricing rules, namely, Uniform Pricing (UP), Pay-as-Bid (PaB), and generalized
Vickrey rules. In UP, payment is made to all winning bidders at the accepted highest bid, which is the
market clearing price. In the PaB rule, each bidder is paid based on their bid price (Sensfuf}, Ragwitz,
& Genoese, 2008). The Vickrey rule is formulated for single-unit pricing and is a second-price sealed-
bid auction where the highest bidder wins (Vickrey, 1961). It is claimed that this mechanism encourages
bidders to offer their true values (Ethier, Zimmerman, Mount, Schulze, & Thomas, 1999; Lucking-
Reiley, 2000). Some researchers prefer the UP structure, while others prefer the PaB structure. Some
studies suggest a combination of these structures or the emergence of a different structure through
integration. However, most analyses focus on comparing the short-term performances of the two auction
structures (PaB and UP). Some articles cover diverse aspects of electricity markets, simulations, and the
integration of human subjects with computational agents. Mazzi et al. (Mazzi, Kazempour, & Pinson,
2018) focused on evaluating the supply strategies of energy resources in the market. However, it has
been noted that most existing models focus on the UP model, and only a few countries such as Germany
and Italy utilize PaB (Clo, Cataldi, & Zoppoli, 2015; Sensfuf} et al., 2008). Zhao et al. (2023) evaluate
UP and PaB using game theoretical models to assess market equilibrium and design. However, it is
emphasized that these game theory models do not fully reflect the complexity of real electricity markets
and assume the rational behavior of players (Lucking-Reiley, 2000). Pinto et al. (2013) use game theory
models to evaluate different electricity market scenarios to represent the strategic behaviors of players
and derive equilibrium outcomes. Due to some shortcomings of game-theoretical models, agent-based
modeling and simulation (ABMS) have become a preferred method (Veit, Weidlich, & Krafft, 2009;
Weidlich & Veit, 2008). ABMS can flexibly model how competitive structures in electricity markets
and factors such as UP and PaB at different market concentration levels affect prices (Viehmann,
Lorenczik, & Malischek, 2021). Viehmann et al. (2021) stated that they were the first to extend the
Multi-Unit Multi-Bid (MUMB) model inspired by Bakirtzis' work (Bakirtzis & Tellidou, 2006). The
use of simulation tools is highly suitable for analyzing complex, dynamic, and adaptive systems with
intricate interactions (Deshmukh et al., 2006; Prymek & Horak, 2010). By simulating system behavior
and participants' strategic behaviors with multi-agent simulation tools, one can examine how market
rules and conditions affect the system (Badawy, Hirsch, & Albayrak, 2010; Praca, Ramos, Vale, &
Cordeiro, 2003). For instance, Liu et al. (2012) suggested the replacement of the PaB mechanism with
the UP mechanism based on their analysis using Agent-Based Simulation (ABS). Veit et al. (2006)
utilized two different agent-based simulation models for the electricity market in the United Kingdom.
These are AMES (Agent-Based Modeling of Electricity Systems) (Bagnall & Smith, 2005), an open-
source agent-based framework, and MASCEM (Multi-Agent System for Competitive Electricity
Markets) (Praca et al., 2003).

While agent-based simulation models have been valuable in electricity market research, human-based
experiments offer a complementary approach to understanding market dynamics, participant behavior,
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and the impact of policy interventions. Duffy (2006) explores the relationship between agent-based
modeling and human subject experiments, testing the empirical validity of ABM. They also present
insights into the replacement of human subjects with artificial agents in computerized experimental
designs. Delarue et al. (2009) emphasize the evolving structure of electricity markets, fostering
competition, and introducing a simulation package for energy engineering students. Delarue et al. (2011)
introduce a techno-economic education package with two simulation games, focusing on enhancing
learning through key attributes. Trinh et al. (2013) examine the strategic behavior of generators in a
European wholesale electricity market using experimental economics and agent-based modeling,
comparing results between human participants and computer-based agents. Yu and Sun (2019) analyze
the trading risk control model of electricity retailers in multi-level power markets, evaluating decision-
making abilities in complex market environments through human-based experiments. Shayegh and
Sanchez (2021) assess the impact of Renewable Portfolio Standards (RPS) on clean energy technologies
in regulated and deregulated markets, using a simplified electricity market model and observing human-
based experiences. Wang et al. (2022) shed light on the challenges and opportunities associated with
decision-making under risk for participants in trans-provincial electricity markets under RPS, utilizing
human-based experiments.

This study aims to examine the effects of different market structures and energy resources in the
electricity market through a human-based game approach. The effectiveness of different market
structures and their impact on prices and competition are being analyzed. This study aims to provide
valuable insights for market participants, regulatory institutions, and policymakers. It offers information
to better understand the challenges faced in the energy sector and to effectively utilize, and even manage
markets.

METHODOLOGY

The EMGame is an electricity market simulation game designed to provide and enhance knowledge and
skills in electricity markets. Electricity market simulation games are practical learning tools for students
and researchers to experience realistic market conditions. With its current version, the EMGame is
developed based on Asp.Net MVC, Entity Framework, Bootstrap, and MSSQL. The electricity market
simulation game platform was initially utilized in relevant courses at the Department of Energy System
Engineering, Engineering Faculty, Erciyes University, with initial trials conducted using a simple game
model based on Excel and MATLAB. The first internet-based version of the game was initiated by
Abusah and Selguklu (2022). The platform covers two different market mechanisms, PaB and UP,
allowing participants to test their strategies under these mechanisms. The simulation platform offers
human players the opportunity to develop decision-making and strategy development skills through
scenarios reflecting real-world conditions.

This study analyzes the games played by students under six scenarios. Through PaB and UP market
simulations, participants experience scenarios involving a mix of renewable and fossil fuel plants.
Within the game, each player is directed to their respective game page where they can manage their
portfolio for investment and trading. In the investment section, players decide to invest in new energy
power plants, examining details such as costs, capacity, efficiency, and carbon emissions. After the
construction period, newly purchased plants are added to the portfolio, and after the operational period,
they are retired. The trade section involves bidding within the $0 to $200 price range, allowing players
to specify quantities and corresponding bid prices. Trade results, displaying commercial activities for
each power plant, are highlighted on the market outcome page. The dispatched bids table shows bids
and accepted ratios, while the all-bids table illustrates bids from all companies, offering insights into
other players’ strategies. The game data is stored in the database.

Data from twelve games have been obtained and analyzed, covering two different mechanisms, ten
different energy sources, and six different scenarios. Undergraduate and graduate students played games
at the Energy Systems Engineering Department, at Erciyes University. The detailed descriptions of the
games are given in Table 1. The dataset offers a greater variety compared to previous human-based
experimental datasets. The identified variables include game types, player ID number, energy plant
name, game period, capacity (MW) that each player can sell, player's bid price, total capacity (MW),
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amount of capacity (MW) sold, market clearing prices, plant types such as nuclear, lignite coal, CCGT,
hydro, solar, onshore and offshore wind, biofuel, geothermal, and import coal.

Table 1 Types of Games

Game Type Mechanism | Energy Type Employed Game Type Details
RMCP MCP: UP | R: Only Renewable Energy 13  participants, 25
periods
RPaB PaB Only Renewable Energy 11 participants, 25
periods
FMCP up F: Only Fossil Fuel L1 participants, 25
periods
FPaB PaB Only Fossil Fuel 10 participants, 25
periods
REMCP up RF: Both Renewable and Fossil | 11 participants, 25
Fuel periods
RFPaB PaB Both Renewable and Fossil Fuel 11 __ participants, 25
periods
RMCP-2 UP Only Renewable Energy 18 _ participants, 24
periods
RPaB-2 PaB Only Renewable Energy 18  participants, 24
periods
FMCP-2 up Only Fossil Fuel 15  participants, 24
periods
FPaB-2 PaB Only Fossil Fuel 20 participants, 24
periods
RFPaB-2 PaB Both Renewable and Fossil Fuel 16 __ participants, 24
periods
RFPaB-3 PaB Both Renewable and Fossil Fuel rl)grio dgartlmpants, 24

Through the analysis of data obtained from electricity market simulation games, outputs are generated,
including the calculation of market clearing prices, determination of player bidding strategies, and
evaluation of the effectiveness of different market mechanisms. The comparison among market
structures encompasses factors such as the effectiveness of different pricing mechanisms, competition
level, price formation, and supply/demand stability.

RESULTS

An analysis of twelve games has been presented in the study. Hata! Basvuru kaynag bulunamada.
presents the box plots of players’ final budgets for each game. A budget box plot of a game shows the
visual indication of the 25th percentile, 50th percentile, 75th percentile, median, mean, minimum,
maximum, and outlier values of player budgets. The line splitting the box in two represents the median
value. Outliers are shown with circles. The shape of the boxplot shows how player budgets at the end of
the game are distributed and it is a useful way to compare different game types in terms of total income
and income distribution. For example, the game with only fossil resources under the PaB mechanism
(FPaB) and the game with only fossil resources under the UP mechanism (FMCP) games have
contrasting budget distributions. In the FPaB game, players have earned less than the FMCP game, but
the income distribution is more equitable. Another distinctive comparison can be made between the
game with both renewable and fossil resources under the PaB mechanism (RFPaB) and the game with
both renewable and fossil resources under the UP mechanism (RFMCP) games. These comparisons
suggest an effect of market mechanisms on income and income distribution. However, RPaB and RMCP
games have similar box plots. As a result, an effective pricing mechanism for electricity markets is
identified, and the effects of different market structures on competition levels are examined.

Comparing each game in terms of Market Clearing Price (MCP), utilizing a graph of MCP (Figure 2)
would provide valuable insights. Figure 2 illustrates a general trend in the MCP within the UP structure,
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showing an initial high level, followed by a decline, and then a subsequent increase. Conversely, in the
PaB structure, MCP typically commenced with an average value, followed by abrupt fluctuations
characterized by sudden declines and subsequent rises. This approach would enable us to identify games
with high or low MCP values and assess market competition concurrently.

According to the US Department of Justice (DOJ) Horizontal Merger Guidelines, the Herfindahl-
Hirschman Index (HHI) is a common measure of market concentration and is used to determine market
competitiveness. HHI index is calculated as in (1) where MSi is the market share of the firm i and N is
the number of firms in the market.

N
HHI = Z(MSDZ €Y)
i=1

According to the DOJ, a market with an HHI above 1800 is considered highly concentrated. A merger
that increases the HHI by more than 100 points and results in a highly concentrated market or a market
share for the merged firm of greater than 30% is presumed to substantially lessen competition or tend to
create a monopoly. Table 2 presents HHI calculations for each period of each game. The HHI is high
only in the last period of the FPaB game (2291). This means that a highly concentrated market was
formed in just one period of all games. All other instances are acceptably low. Hence, we can conclude
that all games were played in competitive markets. However, electricity markets are more complex than
other market environments. Therefore, further analysis of supply-demand relations should be conducted.
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Figure 1. Budget box plots
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Table 2 Herfindahl-Hirschman Index
HH | RM |[RP |FM |FP | RFM | RFP | RMC | RPa | FMC | FPa | RFPa | RFPa
1 486 | 62 | 432 |46 | 434 | 424 | 345 328 | 310 242 | 203 405
2 511 |59 | 407 |49 | 397 |414 | 318 339 | 328 245 | 206 394
3 504 | 57 |419 |50 | 422 |381 |310 336 | 322 237 | 203 396
4 470 |56 | 398 |45 | 447 | 393 | 302 343 | 312 247 | 198 404
5 469 |56 | 356 |40 | 447 | 396 | 300 336 | 330 |245 | 183 356
6 469 |55 | 401 |42 | 427 | 372 | 286 327 | 275 241 | 180 348
7 440 |47 | 352 |38 | 427 | 368 | 280 293 | 286 221 | 170 331
8 425 |46 | 561 |61 |815 |574 | 265 341 | 421 295 | 215 289
9 566 |56 | 486 |58 | 799 |573 | 250 294 | 332 299 | 191 297
10 [549 |49 |385 |58 |692 |521 |233 281 | 294 241 | 185 286
11 (129 |91 | 626 |14 | 1684 | 108 | 366 465 | 443 310 | 364 283
12 632 |98 | 622 |69 |1122 | 782 | 317 430 | 373 262 | 337 275
13 | 477 |10 | 521 |58 |541 |579 |233 378 | 329 231 | 292 275
14 | 341 |83 | 454 |48 | 519 | 454 | 212 364 | 252 223 | 250 280
15 350 |66 |474 |51 | 445 | 369 | 182 324 | 247 239 | 228 259
16 [301 |59 |491 |44 |396 |344 | 182 296 | 276 | 239 |192 236
17 | 316 |47 |534 |44 | 375 |333 | 329 237 | 283 212 | 227 215
18 |[305 |45 |508 |49 | 427 |314 | 328 206 | 319 212 | 216 202
19 | 277 |41 | 487 |57 | 446 | 479 | 346 189 | 335 226 | 257 174
20 | 275 |46 | 512 |57 | 471 |506 | 350 159 | 393 228 | 244 165
21 | 276 |46 | 806 | 78 | 505 |494 | 477 173 | 517 255 | 335 199
22 | 305 |45 | 866 |90 | 537 |572 |485 163 | 703 299 | 312 212
23 | 480 |45 | 886 |95 | 707 |584 |482 165 | 702 355 | 353 199
24 | 658 |60 |861 |15 |901 | 769 |538 179 | 899 537 | 463 214
25 [786 |73 [o17 BRI 932 | 934
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CONCLUSION

By presenting a human-based study, an attempt has been made to provide a more realistic comparison
of electricity markets and to offer a complementary approach to addressing the deficiencies in the
literature. From the MCP graph, we can see that the bids given by the players and the market price range
change according to the different market structures. The relationship in terms of market efficiency and
competition can be seen from the supply-demand and budget graphs. Both market structures offer
different advantages and disadvantages in terms of the effects of energy resources on the market and
supply strategies. Additionally, the UP mechanism offers a more transparent and predictable market,
whereas the PaB mechanism may be more susceptible to strategic behaviors and potential market
manipulation according to our study.

This study emphasizes human-based experiments on market structures and the impact of energy
resources on electricity markets. Preliminary results are presented, and further investigations are needed.
Supply Margin Assessment (SMA) index, involves evaluating the balance between electricity supply
and demand will be compared. Also, MCP and marginal cost of the price setting technology will be
compared that's called “Bidding Markup”. The EMGame has been used as a foundation for this study
and an agent-based simulation model is being developed. In this model, the learning of agents will be
modeled using machine learning methods The ABSM method will be employed to compare real players
and Al agents.
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MATHEMATICAL MODEL FOR ENHANCING PASSIVE INDOOR THERMAL AND
VISUAL COMFORT IN DOUBLE-BANKED OFFICE BUILDINGS IN THE TEMPERATE
DRY CLIMATE OF NIGERIA

Muhammad Aminu Musa
Department of Architecture, Faculty of Environmental Design, Ahmadu Bello University, Zaria
ORCIiD ID: 0000-0003-4516-1281

ABSTRACT

Many researchers have differed on the optimum values of Passive Indoor Thermal and Visual Comfort
(PITVC) determinants for double-banked office buildings in tropical climates. The study is aimed at
developing a mathematical model for enhancing PITVC in double-banked midrise office buildings,
during the activity period (8 am to 5 pm), in the temperate dry climate of Nigeria. It was achieved by
evaluating the effects of Orientation, WWR, R-values, and shading devices on PITVC. A quantitative
research design using an explorative design approach was employed in the study as well as an
experimental research strategy through simulation method to enhance PITVC. The study used Bank of
Industry building as a prototype of a double-banked office building. The Google Sketch-Up 2022 and
OpenStudio simulation tools were used to evaluate the prototype building from January to December
2023. The data generated was analyzed using relevant statistical tools (MANOVA, ANOVA, column
charts, graphs, and tables). The findings revealed that the best WWR for visual and thermal comfort are
45% and 15% respectively while the compromise value was 45%. the best values of projection factors
for visual and thermal comfort are 0.35 and 0.6 respectively while the compromise value was 0.5. It was
also noted that the R-value of external wall insulation material does not affect the visual comfort of an
office building but affects operative temperature as well as relative humidity as the optimum value was
found to be 3.61 m2-K/W. The mathematical model was developed as A= —47.22 +
174.22WWR — 85PF + 6.33R .......1 Where A is orientation, WWR window-to-wall ratio, PF
projection factor, and R is the R-value of the external wall materials.

Keywords: Daylight autonomy, Double-banked office building, Operative temperature, Thermal
comfort, Visual comfort.

Introduction

There are many studies concerning passive indoor thermal and visual comfort in across the globe but
little have considered building layout. A study conducted by Tereci et al. (2013) has revealed that there
is significant impact of building typology on building energy performances. Other studies such as that
of Musa (2023) Astrich, Morris, and Walters (2010) and Samir, Noureddine and Abdelhalim (2017)
confirmed Tereci et al. (2013) findings. There are various ways of classifying office buildings in
architecture, which include: classification based on form; circulation pattern; accessibility; building
layout; and so, on as shown in Figure 2.1.
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Figure 2. 1. Classification of office buildings
Source: Musa (2022)

Many studies in the tropics were able to predict PITVC but of conflicting values due to the failure to
consider building spatial layout. For example: Mahmoud et al., (2015) and Hakim, et al, (2021) findings
were not tie to any building classification while that of Salem et al., (2022) did not consider a number
of variables such as WWR, R-values of the materials as well as building layout. Moreover, a study by
Zhang, and Ji, (2022) have added a concept of energy without considering the building spatial layout.

Achieving the acceptable passive indoor environmental comfort, in office buildings is very important to
the success of a sustainable office building. It is very vital to take passive thermal and visual comfort
into account in their interactions in tropical nations like Nigeria to prevent environmental pandemonium.
The study has shown that most of the mid-rise office buildings in Temperate dry climate in developing
countries are of double-banked layout. For example, Prasetya, et al., (2023) noted that, most of the mid-
and high-rise buildings in Indonesia are double-loaded corridor. Hassan, (2022) has noted that, double
loaded corridor buildings have rooms accessed from both sides of the corridor and are more suitable for
high-rise buildings due to their structural requirements. Another advantage of double-banked office
buildings is in terms of economy of space and structural requirements. The study aims at developing a
Framework for passive indoor thermal and visual comfort (PITVC) in double-banked office buildings
in the temperate dry climate of Nigeria. This was done by investigating the effects of window-to-wall
ratio (WWR), Orientation, Overhang Projection Factor, and R-values of the exterior wall component of
double-banked office buildings on PITVC in the temperate dry climate of Nigeria. These brought about
the following research questions:

i. to what extent does the orientation (azimuth) affect PITVC of double-banked office buildings?
ii.to what extent does the WWR affect PITVC of double-banked office buildings?
iii.to what extent does the shading device affect the PITVC of double-banked office buildings?

iv.to what extent do the R-values of the exterior wall component affect the PITVC of double-banked office
buildings?

They brought about the following hypothesis: (HI) states that the mean effects of PITVC are
significantly different for at least one of the Azimuths in a double-banked office buildings in the
temperate dry climate of Nigeria; Hypothesis (H.) states that the mean effects of PITVC are significantly
different for at least one of the WWRs in a double-banked office buildings in the temperate dry climate
of Nigeria; hypothesis (H3) states that the mean effects of PITVC are significantly different for at least
one of the Overhang Projection Factors in a double-banked office buildings in the temperate dry climate
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of Nigeria; hypothesis (H4) states that the mean effects of PITVC are significantly different for at least
one of the R-value of external wall materials in a double-banked office buildings in the temperate dry
climate of Nigeria.

2.0 Literature Review

The climate type is a fundamental factor in optimizing Passive Indoor Thermal and Visual Comfort and
based on the various historical periods, climate could be classified into two (2): classical and modern.
According to Rohl (2015), the ancient Greeks used reasoning to categorise climate during the classical
era. The creation and spread of weather recording equipment in the middle of the 19th century is credited
with giving rise to modern climate classification. Although many different modern climate
classifications have been developed, they may all be broadly divided into two categories: genetic climate
classifications and empiric classifications (Rafferty, 2016; Ritter, 2019). The study has adopted the
empiric climate classifications as widely adopted for all practical applications as concluded by Djamila,
(2018). Most climate classifications that are based on human comfort have their origin in Atkinson's
(1953) climate classification (Koenigsberger et al. 2013) as shown by Musa (2022). The study has
adopted Mobolade and Pourvahidi's (2020) climate classification based on the fact that it factored
temperature, relative humidity, mean radiant temperature, and wind velocity in its method of
classification. It also considered the gradual transition from one climatic zone to another as shown in
Figure 2.2.

CLIMATE CLASSIFICATION

B HOT.DRY CLIMATE

B HOT-HUMID CLIMATE

B TEMPERATE DRY CLINATE
TEMPERATENUMID CLIMATE

S TEMPERATE DRY WITH COOL CLIMATE

Figure 2 2. Classification of the Nigerian climate Mobolade and Pourvahidi.
Source: Mobolade and Pourvahidi (2020).

A Framework is an intellectual arrangement that acts as a roadmap for building concepts that develop
into something meaningful. There are generally two types of frameworks: - theoretical and conceptual
framework. A theoretical framework is a structure that can hold a theory of research study (Kivunja,
2018) and is used to limit the scope of the relevant data by focusing on specific variables. Ravitch and
Riggan, (2017) noted that conceptual framework is the entirety of the researcher's ideas regarding the
research topic, the issue to be looked into, the questions to be asked, the literature to be reviewed, the
theories to be applied, the methodology you will employ, the tools, procedures, and data analysis, the
interpretation of the findings, recommendations, and conclusions. Thus, it includes a theoretical
framework in addition to other things. Another sub-frame classification is the optimisation framework
which was defined by Ansari (2020) as the optimum technology that treats each waste type into useful
products. The word “Optimisation” in this research simply means to make the indoor environment of
the office buildings as comfortable as it can be in the temperate dry climate of Nigeria. Sukreet and
Kensek, (2014) outlined four (4) different types of optimisation in architectural education, which
include: parametric analysis; genetic algorithms; multi-objective optimisation; and passive optimisation

June 1-3, 2024 / New York 99



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

techniques. Passive optimization is the process by which an expert designer generates a large number of
design possibilities, typically with the use of simulation software, to meet optimisation standards.
Sukreet and Kensek (2014) have critiqued the process of developing three or more building options,
comparing them cognitively to past experiences, and then using intuition to choose the best one. Coello,
(2005) observed that multi-objective algorithm is more traditionally associated with engineering and
scientific fields. Parametric analysis is the process of changing the values of a particular variable until a
maximum or minimum result is obtained which indicates the best solution. The research has adopted
the parametric method of optimization for achieving the study goal.

3.0 Methodology

An experimental research strategy using the simulation method was employed through an exploratory
design approach and quantitative research design. A non-convenience probability sampling technique
was used in selecting the Bank of Industry building as a case of a double-banked office building as
illustrated in Figure 1.

i
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Figure 1. Iterative Prototype of Bank of Industry

The Iterative prototype of the Bank of Industry in Nigeria was modeled in Google Sketch Up 2022 and
simulated in OpenStudio from January to December 2023 on the hypothetical sites devoid of
surrounding buildings and trees, in Jalingo, Abuja, and Kaduna, using the various range of values of
WWR, Azimuths, Overhang Projection factor, and R-values and their corresponding mean values of
Daylight Autonomy (DA), Useful Daylight Illuminance (UDligo0-3000), Spatial Daylight Autonomy
(sDA), Operative Temperature (OT), and Relative Humidity (RH) was recorded. Data generated were
then analyzed using the MANOVA statistical tool with a significance value of 0.05, bar charts, graphs,
and tables. Regression analysis was then used to establish the relationship between the four variables in
a double-banked office building for PITVC in the temperate dry climate of Nigeria.

4.0 Findings and Discussion
The results are presented based on the following research questions:
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4.1. To what extent does the azimuth angle affect PITVC of double-banked midrise office buildings in
the temperate dry climate of Nigeria?

The simulations were done with a double-banked office building with WWR of 8.8%, and R-value of
2.08 m?K/W. The results were presented in Tables 4.1, 4.2 and 4.3.

Table 4.1. Simulation results of the effects of orientation on DA, sD, and UDI in double-banked mid-
rise office buildings, in the temperate dry climate of Nigeria.

Azimuth 0° 11.5° 45°

22.5° 67.5° 90°
DA 73 73 73 75 76 76
sDA 97.5 97.4 97.4 97.7 97.5 97.5
uDI 81 80 79 74 69 67

Source: Author, (2024)

It was noted that three out of eleven conditions have fulfilled the benchmarks as put forward by
Illuminating Engineering Society (IES, 2022) which recommended a DA of 60% of the work plane
illuminance; UDl100-3000 0f 80%, and sDA of 75% in office space. It has also been observed that, as the
azimuth angle increases the DA increases but UDI decreases. When the daylight indicators were ranked,
it showed that a building oriented at zero degrees has the best visual comfort as shown in Table 4.2. The
finding is in agreement with the Anumah and Anuma (2007).

Table 4.2 Ranking of the daylight comfort metrics on building orientation

Azimuth DA SDA uDI Daylight Remark
Comfort
0 3rd 2nd lst 1st
115 3 3 2nd 2nd 0° is the best orientation to
22.5 3 3 3 4t achieve Visual comfort
45 2nd 1St 5th 6’[h
675 lst 2nd 6th 8th
90 1St 2nd 7th 9th
1125 1%t g g 11t
135 2nd 4th 5th 7th
157.5 31 5 31 5
180 3rd 6th 1St 3rd
270 4" ™ 4" 10"

Source: Author,

The simulation results of the effects of building orientation on operative temperature and relative
humidity are presented in Table 4.3. The result showed that 11.5° azimuth is the most appropriate
orientation for better operative temperature and relative humidity. When values of daylight metrics and
thermal comfort indicators were ranked together as indicated in Table 4.4, 11.5° was found to be the
most appropriate for PITVC due to the direction of air circulation at 45° as observed by Bhatia, (nd) and
Szokolay (2008).
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Table 4.3. Ranking of the orientation for PITVC
Azimuth DA SDA uDI Daylight Thermal PITVC Remark
Comfort  Comfort
0 3rd 2nd 1St 1St 2nd 15’[
S 115 3" 3¢ 2 2" 1 1 11.5% is the most
22.5 31 31 3 4 31 7 appropriate due to the
45 2" 1% 5t 6™ 4n 2t effects of wind direction
67.5 1% 2" 6t gt 5 4" in the tropics.
90 1St 2nd 7th 9’[h 6th 5th
1125 1 g 6" 11"
135 2nd 4th 5th 7th
157.5 3" 5t 3" 5t
180 3rd 6th 1St 3rd
270 4th 7th 4th 10th
Source: Author, (2024)
4.1.1 Hypothesis Testing: -
a) Hoi: There is no significant difference in PITVC among the midrise office buildings with

PROCEEDINGS BOOK

different azimuth angles in the temperate dry climate of Nigeria.

One-way MANOVA was used to test if the effect of azimuth angle differs from one another significantly
in one or more of the PITVC variables and a statistically significant difference was obtained, F (25, 210)
= 3.640, p < .00001; Pillai’s A =1.512, partial n2 = .302. Hence since there were more than two (2)
levels of the independent variable, post-hoc should be conducted. A series of one-way ANOVASs on
each of the PITVC variables was conducted as a follow-up test to the MANOVA. The results turned out
to be statistically significant in all the five PITVC variables: DA (F (5, 42) = 14.645; p < .000; partial
n2 =.635), UDI (F (5, 42) = 419.750; p < .0000; partial n2 = .980), sDA (F (5, 42) = 3.267; p < .014;
partial n2 = .280), mean annual operative temperature (F (5, 42) = 10.776; p < .000; partial n* = .562),
and mean annual relative humidity (F (5, 42) = 2.857; p < .026; partial n> = .254).

A series of post-hoc analyses using Fisher’s LSD was conducted to examine individual mean differences
comparison across the azimuth angles and PITVC variables. The result revealed that: except for azimuth
45, all DA were statistically significant with one another for all values that were greater than 22.5 but
less than 45; except for the relationship between azimuth 0 and 11.5, all UDI values were statistically
significant to one another; and finally, except for the relationship between azimuth 22.5 and 45, 67.5
and 90, all sDA values were not statistically significant to one another. That means all azimuth angles
that are within 45 are not statistically significant to one another, while those that are not within the same
45 are statistically significant to one another. For example, 0, 11.5, and 22.5 are not significant to one
another, while they are significant with 45, 67.5, and 90. The reverse is also true. For the relative
humidity, it shows that, except azimuth 90 which was statistically significant to all others, all the average
annual relative humidity were not statistically significant to one another.

4.2 To what extent does the WWR affect PITVC in double-banked midrise office buildings in the
temperate dry climate of Nigeria?

The simulations of a double-banked office building, with an R-value of 2.08 m*K/W and a constant
Azimuth angle of 11.5°were done and the results are presented in Tables 4.4 and 4.5.
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Table 4.4. Simulation results for the effects of WWR on DA, sDaand UDI in a mid-rise office building,
in the temperate dry climate of Nigeria.

WWR 0.15 0.2 0.24 0.3 0.40 0.425 0.45
— DA 19 27 33 42 57 60 63

uDl 59 68 70 70 70 70 70

sDA 32.8 40.89 55.75 71.05 77.45 83.15 83.9

Source: Author, (2024)

Table 4.4 shows that none of the seven conditions fulfilled the benchmarks as put forward by
Illuminating Engineering Society (IES, 2012) and Architectural Energy Corporation (AEC, 2013),
which recommended a DA of 60% of the work plane illuminance; UDl1go-3000 0Of 80% and sDA of 75%
in office space. The most appropriate WWR for visual comfort was found to be 0.45 as shown in Table
4.40 which is contrary to the 2012 International Energy Conservation Code (2012 IECC) which
recommended a different value of 30% (Makela, Williamson & Makela, 2011).

The simulation results of the effects of WWR on operative temperature and relative humidity are
presented in Figure 3.

WWR for minimum operative temperature and maximum relative humidity of

double-bank
. 60
5 C——= o o———0
L 40
€
S 20
g o
E 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5
- WWR

Operative temperature —@— Relative humidity

Figure 3 showing the effects of. WWR for minimum Operative temperature and Relative humidity in a
double-banked office building

M The results show that, while relative humidity has met the condition recommended by ASHRAE
o Standard 55 (2013), none of the operative temperature met with the ANSI/ASHRAE Standard 55, (2013)
8 It also indicates that 15% was the most appropriate WWR for better operative temperature as well as
0 relative humidity as indicated in Figure 3. When the values of daylight metrics and thermal comfort
CZB indicators were ranked together as indicated in Table 4.5, 45% WWR was found to be the most
= appropriate for PITVC.
A
E Table 4.5. Ranking of the WWR for PITVC in double-banked office buildings
(& WWR DA uDI sDA Daylight Thermal PITVC Remark
8 Comfort Comfort
[« W
15 7th 3rd 7th 7th 1St 3rd
20 6" 2"d 6" 6th 31 4" 45% is the most appropriate
24 5t 1 5t 5th 31 gl WWR for PITVC.
40 3rd 1st 3rd 3rd 3rd 2nd
45 1St 1St 1St 1st 2nd 1St

Source: Author, 2024
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4.2.1 Hypothesis Testing: -

The one-way MANOVA was used to test if the midrise office buildings with different WWR differ from
each other significantly in one or more PITVC variables. The homogeneity of variance-covariance
matrices was tested using Box's Test of Equality of Covariance Matricesand the Box” M valued obtained
was 329.073 with a p-value of .000. Therefore the covariance matrices of the dependent variables were
equal across groups for MANOVA. It was then tested and a statistically significant difference was
obtained, F (20, 296) = 18.828, p <.0000; Pillai’s A = 2.240, partial n2 = .560.

A homogeneity for variance assumptions was tested for all the five PITVC variables before conducting
a series of tests between the subject effects. Based on a series of Levene’s F test, it was considered
satisfactorily. A Series of one-way ANOVA’s on each of the PITVC variables was conducted as a follow
up test to the MANOVA. The results turn out to be statistically significant in all the DA (F (4, 75) =
319.351; p < .000; partial n2 = .945), UDI (F (4, 75) = 25.073; p < .0000; partial n2 =.572), sDA (F (4,
75) = 330.158; p < .0000; partial n2 =.905), OT (F (4, 75) = 5.1761; p < .0000; partial n2 = .235) and
RH (F (4, 75) = 5.413; p < .0000; partial n2 = .224). A series of post-hoc analysis using Fisher’s LSD
were performed to examine individual mean differences comparison across all the five (5) different
WWR and five PITVC variables. The result revealed that, all the five (5) WWR were statistically
significant with one another.

4.3 To what extent does the shading device affect the PITVC of midrise office buildings in the
temperate dry climate of Nigeria?

The simulations of a double-banked office building, with an R-value of 2.08 m?K/W, azimuth angle of
11.5°, a Shade offset value of 0.3, and WWR of 45%, were done and the results are presented in Table
4.6 and Figure 4.

Table 4.6. Simulation results for the effects of projection factors on visual comfort of double-bank mid-
rise office building in the temperate dry climate of Nigeria.

Projection factor 0.400 0430 0500
DA 65 61 61 59
uDI 72 73 74 75
SDA 78.85 83.2 83 82.55

The finding has shown that the optimum projection factor for visual comfort in double-banked midrise
office buildings in the temperate dry climate is 0.4, followed by0.45, then 0.5, and lastly the 0.35 as
indicated in Table 4.6.

The simulation results of the effects of the projection factor on thermal comfort are presented in Figure
4. The results have shown that, there was an annual average decrease in operative temperature of 1.58°C
(5%) and an increase in relative humidity of 11.55% (26%) respectively between buildings with
projection factors of 0.5 and that with no shading device in the temperate dry climate of Nigeria.
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PF for minimum temperature and maximum relative humidity
in double-banked
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» OO
o O O

thermal comfort
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Projection factor

Operative temperature —@— Relative humidity

Figure 4.6. Projection factor for minimum operative temperature and relative humidity in a double-
banked office building

Source: Author, 2022

The result has also shown that 0.6 was the most appropriate projection factor for better operative
temperature as well as relative humidity as indicated in Figure 4.6. When the values of daylight metrics
and thermal comfort indicators were ranked together as indicated in Table 4.7, 0.5 projection factor was
found to be the most appropriate for PITVC.

Table 4.7. Ranking of the projection factor for PITVC

Projection DA uDI sDA Daylight Thermal PITVC Remark

factors Comfort Comfort

0.35 1% 31 1% 1t 4m 4 0.5 is the most appropriate
0.45 2" 2" 2" 2nd 31 gl P.F for PITVC.

0.5 2nd 2nd 2nd 2nd 2nd 1st

0.6 3rd 1St 3rd 3rd 1St 1St

Source: Author, (2024)
4.3.1 Hypothesis Testing: -

Hos: There is no significant difference in PITVC between double-banked midrise office buildings with
different Projection factors of shading devices in the temperate dry climate of Nigeria.

The MANOVA test was conducted to test if there would be one or more differences between PF and
PITVC variables and a statistically significant difference was obtained, F (15, 222) = 5.479, p < .000;
Pillai’s A = .811, partial n2 =.270. A homogeneity for variance assumptions was tested for all the five
PITVC variables before conducting a series of tests between the subject effects. Based on a series of
Levene’s F test, it was considered satisfactorily. A Series of one-way ANOVA’s on each of the five
PITVC variables was conducted as a follow up test to the MANOVA. The results turned out to be
statistically significant in all the DA (F (3, 76) = .863; p =.464; partial n2 = .033), UDI (F (3, 76) =
5.274; p = .002; partial n2 = .172), sDA (F (3, 76) = 7.35; p < .000; partial n2 = .225), Operative
temperature (F (3, 76) = 14.425; p < .000; partial n2 = .363) and Relative humidity (F (3, 76) = 35.859;
p < .000; partial n2 =.589).

4.4 To what extent do the R-values of the exterior wall insulation material affect PITVC of double-
banked midrise office buildings in the temperate dry climate of Nigeria?

The simulations of a double-banked office building, with an azimuth angle of 11.5° a shade offset value
of 0.3, an overhang projection factor of 0.5, and WW of 45% were done and the results are presented in
Table 4.8
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Table 4. 81. Simulation Results for the effects of R-values of external wall insulation material on
visual comfort in mid-rise office building in the temperate dry climate of Nigeria.

R-values of 1.04 2.08 3.12 4.16
external walling

materials

(m2-K/W)

DA 60 60 60 60
uDI 75 75 75 75
sDA 82.55 82.55 82.55 82.55

Source: Author, (2022)

The results revealed that all the four (4) conditions were the same. Which means R-value of external
wall insulation material does not affect the visual comfort of an office building as indicated in Table
4.9.

Table 4.9 Ranking of the DA, sDA, and UDI against the R-value of external wall insulation materials

R-value of DAYLIGHT
the RANK
external

wall

(m2-K/W) DA RANK uDI RANK SDA RANK

1.04 60 1%t 75 1% 82.55 1 1%t

2.08 60 1% 75 1% 82.55 1% 1%

3.12 60 1% 75 1t 82.55 1% 1%

4.16 60 1% 75 1% 82.55 1 1%t

Source: Author, (2022)

The simulation results for the effect of R-values of external wall insulation material on thermal comfort
are presented in Tables 4.10 and 4.11

Table 4.10. Simulation result for the effects of the R-values of external wall materials on the operative
temperature in a double-banked mid-rise office building in the temperate dry climate of Nigeria.

R-values of

external walling

materials

(m2-K/W) 1.04 2.08 3.12 4.16
Office Av. annual temp Av. annual temp Av. annual temp Av. annual temp
102 31 30.3 30 29.36
202 30.6 29.9 30.2 29.56
302 30.7 30 30 29.36
402 30.7 30 29.9 29.26
502 31.2 30.5 29 28.36
602 31 30.3 29.1 28.46
702 30.7 30 28.2 27.56
802 30.7 30 28.5 27.86
Mean value 30.825 30.125 29.3625 28.7225

Source: Author, (2024)
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Table 4.11. Simulation results for the effects of R-values of external wall materials on the relative
humidity in a double-banked mid-rise office buildings in the temperate dry climate of Nigeria.

R-values of
external walling

—_— materials
(m2-K/W) 1.04 2.08 3.12 4.16
Office Average humidity ~ Average humidity ~ Average humidity =~ Average humidity
102 54.6 59 61.8 64
202 51.1 55.5 59.2 61.9
302 52 56.4 60.9 63.6
402 56 60.4 62.3 65
502 58 62.4 60.6 68
602 56 60.4 58 65.3
702 60 64.4 59.7 65.8
802 62 66.4 61.1 67
Mean value 56.2125 60.6125 60.45 65.075

Source: Author, (2022)

The results have shown that, as the R-value increases, the thermal comfort also increases. When the
values of daylight metrics and thermal comfort indicators were ranked together and also correlated, y =
4.3253x + 47.795 and y = -0.6798x + 31.526 were obtained for relative humidity and operative
temperature respectively, and 3.61 m2-K/W was found to be the optimum R-value for PITVC as
indicated on Table 4.47.

Table 4.12. Ranking of the R-values for PITVC

R-Value of external DA UDI sDA Daylight Thermal PITVC Remark
Insulated wall Comfort Comfort
material (m2-K/W)

1.04 1St 1st 1St 1st 3rd 3rd

2.08 (A 15t 2" 7 3.61 is the most appropriate
3.12 (A A 1t 1% 1% R-Value of the external wall
4.16 A R I 4t 4" for PITVC in the temperate

dry climate of Nigeria

Source: Author, 2022

The result conformed with that of ANSI/ASHRAE/IES Standard 90.1 (2007, and 2010 editions) which
recommended a minimum range of R-value of 1.0 - 2.7(m2-K/W) for non-residential building but
contrary to that of Energy Conservation Building Code (2017), which recommended the optimum R-
value of 3.7(m2-K/W) as the optimum for non-residential buildings.

4.4.1 Hypothesis Testing: -

PROCEEDINGS BOOK

The homogeneity of variance-covariance matrices was tested using Box's Test of Equality of
Covariance Matrices and the Box’ M valued obtained is 22.633 with a p-value of 1.0, which was
interpreted as non-significant based on Huberty and Petosky’s (2000) guidelines. Therefore the
covariance matrices of the dependent variables were equal across groups for MANOVA. The one-way
MANOVA was tested and a statistically significant difference was obtained, F (15, 174) = 4.810, p <
.000; Pillai’s A = .879, partial n2 = .293.
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A homogeneity for variance assumption was tested for all the variables before conducting a series of
tests between the subject effects. Based on a series of Levene’s F test, it was considered satisfactorily.
A Series of one-way ANOVA’s on each of the variables was conducted as a follow up test to the
MANOVA. The results turned out to be statistically significant in all the DA (F (3, 60) = .000; p =1.00;
partial n2 = .000), UDI (F (3, 60) = .000; p = 1.00, partial n2 = .000), sDA (F (3, 60) = .000; p <
1.00; partial n2 = .000), Operative temperature (F (3, 60) = 21.165; p <.000; partial n2 = .514), and
Relative Humidity (F (3, 60) = 18.227; p <.000; partial n2 = .477). It showed that, visual comfort has
no effect on R-value of external wall materials, while R-value has effect on thermal comfort.

A series of post-hoc analysis using Fisher’s LSD was performed to examine individual mean differences
comparison across all the R-values and four thermal comfort variables. The result revealed that there is
a statistically significant difference in the relationship among all the four variables (1.08 m2-K/W, 2.08
m2-K/W, 3.12 m2-K/W, and 4.16 m2-K/W).

4.5 Mathematical Models

To develop a relationship between the enhanced PITVC determinants for double-banked office buildings
in the temperate dry climatic zone of Nigeria.

The mathematical models are limited to office buildings with horizontal shading devices, for it is more
effective than the vertical in the tropics as observed by Al-Tamimi and Fadzil. (2011); Kim et al. (2012);
Palmero-Marrero and Oliveira (2010); and Seok-Hyun et al. (2017). The framework was used to obtain
four more enhanced PITVC values in each type of office building as indicated in Table 4.13 for double-
banked office buildings. It was used to carry out the multiple regression to investigate whether the
enhanced values of WWR, projection factor, and R-value of external wall material, could significantly
predict different enhanced azimuth angles for PITVC in double-banked office buildings in a temperate
dry climate of Nigeria.

Table 4.13. Five (5) sets of enhanced values of PITVC in double-banked office buildings in a
temperate dry climate.

SINO PE R-value
Azimuth WWR
1 11.5 0.45 0.5 3.61
2 22.5 0.55 0.55 3.26
3 35 0.4 0.085 3.12
4 45 0.4 0.2 6.24
5 12.5 0.45 0.47 3.35

Source: Fieldwork, (2024)

The results of the regression indicated that, the model explained 99.9% of the variance and that the
model was a significant predictor of azimuths, F(3,1) = 58,922.2, p = .003028.

The WWR, projection factor (PF), and R-value of external wall materials (R) contributed significantly
to the model (B = 174.222, p=0.003659), (B = -85, p=0.002143), and (B = 6.334941, p=0.002952),
respectively.

Equation 4.1 was also used to develop the mathematical model from regression results as follows:

Azimuth (A) = - 47.2226 + (174.2227 x WWR) + (-85.0007 X Projection Factor) + (6.334941 x R-Value)

A= —47.22 + 174.22WWR — 85PF + 6.33R .......4.3
SI Units: A= (%); R= (m?.K/W); C= (%); Mi= (°); M2= (%); and M3=" W/m?.K).
4.6 Framework Validation

There are various ways of validating a model which include: an expert assessment validation and the
examination of framework output for reasonableness under a variety of settings of the input parameters.
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4.6.1. Experts Assessment Validation

This is the assessment of the model/ framework by an expert or group of experts and makes a
pronouncement based on their experience whether the model is valid or not. They usually used face
validation, which according to Haladyna (1999) and DeVon et al. (2007) was used to evaluate the
appearance of the framework/ model in terms of readability, consistency of style and formatting, and
the clarity of the model. Based on this, the summary of the developed framework and validation
questionnaire was sent to twenty-two (22) PITVC experts, and fourteen (14) came back. Their responses
are tabulated as shown in Table 4.14.

Table 4.14. Experts’ evaluation of the framework and model developed in this research.

1 5 5 5 5 100
2 5 5 5 5 100
3 5 5 5 4 95
4 5 5 5 5 100
5 5 4 5 5 95
6 5 5 5 5 100
7 4 4 4 4 80
8 5 5 4 4 90
9 5 5 5 5 100
10 5 4 5 4 90
11 5 4 5 4 90
12 5 5 5 5 100
13 5 5 5 5 100
14 5 5 5 5 100
Mean value 88.9%

Source: Author. 2024
It therefore shows that the Mathematical model was satisfactorily based on experts assessment.
CONCLUSION

The study has concluded that the ideal orientation for a new building is 11.5° but also depends on the
building's spatial layout, window-to-wall ratio, shading device, and type of building materials used.
Architects and other building professionals should not use the values from different researchers directly,
for many researchers have not considered building spatial layout when recommending PITVC
determinants such as Kandar, et al., (2011) and Building Energy Efficiency Code (BEEC) for Nigeria
(2017) who recommended WWR of 25% and 20% in the tropics respectively.
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ABSTRACT

Before fully deploying inorganic materials as HTM for PSCs, one efficient way to increase the device’s
reliability and performance is to modify devices using inorganic oxidants that have the capacity to
operate as inorganic hole carriers. Our research was suggest that efficient device layout along with
appropriate inorganic HTM doping may be an efficient strategy for producing stable PSCs. Doping with
different metals like Mg, Zn, Co, and other has been tried in an effort to increase the hole mobility of
unmodified CuGaO; and CuCrO,. Here a variety of solid solution of CuGaO; and CuCrO; were create
by hydrothermal process in order to get the ideal composition that result in reliable size control and high
hole conductivity that employed for surface passivation at the perovskite contact. The composition range
of CuGaO, doped with Cr*3was CuGa;xCrx02 (0 < x < 1,CuGa0,). XRD patterns were obtained for
the particles of various compositions, these (006), (012), (104) and (024) having 26 values 33.23°,
36.48°, 43.43°, and 50.43° peaks were identified without the appearance of any impurity peaks. The
samples XRD peaks are intense indicating the produce nanocrystals are crystalline. The optical
properties of nanoparticles were studied using UV-visible spectroscopy that showing the bandgap of
CuGa0, was decrease from 3.32 eV to 3.05 eV by adding different concentration of Cr** atoms and
having maximum absorption of 0.97 at 282.6 nm. The chemical properties of nanoparticles were studied
by using Fourier transform infrared spectroscopy that indicates the presence of metal oxide groups of
bending and stretching vibrations. J-V curves of perovskite solar cell devices were applied, the altered
system achieve a PCE of 16.9%, when the concentration of Cr®* was added in CuGaO; is 30%. This
research opened up a fresh path for the logical design of extremely stable and effective PSCs.

Key Words: Perovskite solar cell, Cr** doped CuGaO;, Inorganic Hole Transport Material, and Power
Conversion Efficiency
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ABSTRACT

Water management in communes in Poland belongs to the commune's own tasks. As part of this task,
the commune is obliged to organize the supply of water to residents, as well as the disposal of sewage.
Regardless of the legal form of the water supplying entity, until 2018 the level of tariffs was ultimately
controlled by the commune council, which approved the level proposed by the said production entity.
From 2018, in Poland, this function was taken away from municipalities and the State Water Holding
Polish Waters was established, which took over the function of the central controller of the water fee
tariff.

Many local government officials question the need for such a deep interference in the tariff policy for
water and sewage disposal of the central authorities in Poland. In this way, it is accused of reducing the
independence and self-government of communes and, from the point of view of social costs, their
unnecessary increase due to the additional entity included in the system8 of production and supply of
water to residents.

The aim of the article is to assess the legitimacy of centralizing the tariff policy for water supply and
sewage disposal in Poland. Although a similar system of central approval exists in relation to electricity
prices and is implemented by the Energy Regulatory Office, in relation to the good of water, this may
be a debatable matter.

Keywords: tariff policy, water and sewage, regulation
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ABSTRACT

This study introduces a novel point absorber system that combines power inverter technology with a
magnetic lead screw mechanism. Point absorbers are promising for wave energy harvesting, but face
challenges in motion conversion and power generation. The design process involves meticulous
consideration of the system's mechanical and electrical components, as well as their integration for
optimal performance. The proposed solution integrates a power inverter and magnetic lead screw for
precise motion conversion. Through simulations, we evaluate the system's performance under different
wave patterns and loads, demonstrating its efficiency and reliability. This research advances wave
energy conversion by offering a practical solution for point absorber devices. The results demonstrate
the effectiveness of the proposed design in harnessing wave energy and converting it into usable
electrical power. Moreover, the integration of the power inverter and magnetic lead screw enhances the
system's reliability, scalability, and adaptability to varying environmental conditions.

Keywords: Point absorber, wave energy conversion, power grid, Renewable energy, Advanced Control.
Description of the proposed study:
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Figure 2. A common example of self-reacting a-body PAs is the OPT Power Buoy gadget [12].
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OZET

Giinlimiizde uluslararasi ticarette kiiresellesme hareketleri hiz kazandikca, tilkeler aldiklar1 ulusal ve
uluslararasi kararlarla dis ticaretin oniindeki engelleri en az seviyeye indirmek igin ¢aligmaktadirlar.
Gerek bolgesel gerekse kiiresel ekonomik entegrasyonlar tarafindan dis ticarete, keskin etkiler yaratan
ticaret politikas1 Onlemleri yerine tarife araglariyla miidahale edilmesi uygun goriilmiistiir. Birlik ilkeleri
ve kararlar1 bu dogrultuda belirlenmistir. flgili gelismeler ve uygulamalar 1s1¢inda artan dis ticaret,
tilkketimi, uluslararasi rekabet giiciinii, triinlerin kalitesini, yurt dis1 pazarlara erisme firsati bulan
tiketiciler sayesinde yasam standartlarini artirmistir. Talepte yasanan nicel ve nitel yiikselmeler
sektorde daha fazla {iretimin ve buna paralel daha fazla enerji tiiketiminin ger¢eklesmesine sebep
olmugtur. Dig ticaret sadece artan diinya niifusu paralelinde artan talep sebebiyle degil uluslararasi
ekonomik entegrasyonlar, giimriik birlikleri ve uluslararasi ticarette standardizasyonlar diizenleyerek
ticareti gelistiren ve kolaylastiran karar ve ilkeler sebebiyle de hizla gelismistir. Dolayisiyla sektérde
artan enerji ihtiyact sonucu uluslararasi ve bolgesel ekonomik birliklerin anlagmalarina eklenen ve bazi
donemlerde anlagsmalarin ilk maddelerinde yer verilen “gevre koruma” ilkeleri ile “siirdiiriilebilirlik”
ilkesine dair kararlarin kapsami giin gectikce gelistirilmistir. Uluslararas ticarette kiiresellestiren ve
birlik kurucusu roliindeki gelismis iilkeler tarafindan siirekli olarak fosil yakitlarin azaltilmasi, emisyon
hacimlerinin azaltilmas1 ve yenilenebilir enerji kaynaklari iiretiminin artirilmasina iliskin ilkeler
benimsenmis ve bazi birlikler tarafindan {iye iilkelere saglanan finansal destekler ile de ¢evre koruma
uygulamalar1 tesvik edilmistir. Avrupa Birligi’nde bolgesel gelismislik farklarini artiran baslica
iilkelere verilen ¢evre uyum fonu bu kapsamda 6rnek olarak verilebilir. Diger taraftan Tiirkiye’nin de
dahil oldugu Kyoto Protokolii ger¢evesinde ¢evre koruma sorumlulugu ve ¢evre koruma faaliyetlerinde
finansal destek saglama konularinda iilkeler iki gruba ayrilmistir. Bu kapsamda belirlenen destekler de
cevre koruma uygulamalarina 6rnek gosterilebilir. Devaminda Paris Anlagmasi’nda da ilk kez kiiresel
boyutta tiim iilkeler emisyon hacmi azaltilmasina iligkin taahhiitte bulunmustur. Tiirkiye dig ticaretinde
lokomotif sektdrlerden olan otomotiv, beyaz esya ve tekstil sektorlerinde fosil yakat tiiketimi son derece
fazladir. Buradan hareketle ¢calismada Tiirkiye dis ticaretinde ilk siray1 alan otomotiv sektorii agisindan
yenilenebilir enerji kaynaklarinin énemi arastirilmigtir. Otomotiv sektorii ihracatinin dnemli kismi
dahilde isleme rejimi ile gerceklestirildigi i¢in de rejim kapsaminda yeni teknoloji girisi oldukca
fazladir. Dolayisiyla Tiirkiye dis ticaretini ayakta tutan otomotiv sektoril i¢in siirdiiriilebilirlik ilkesi
hayati 6nem tagimaktadir. Otomotiv sektoriinii besleyen yakitlar igcinde basta dogalgaz 6nemli bir payla
tiiketilen fosil yakitlarin baginda gelmektedir. Sonrasinda elektrik enerjisi ve diger enerji tiirleri tiiketimi
s6zkonusudur. Dolayisla Tiirkiye sektorel ihracat siralamasinda zirvede olan otomotiv sektorii igin
yenilenebilir enerji kaynaklar1 son derece 6nemli yer tutmaktadir. Thracatta énemli paya sahip 6zel
firmalar i¢in bu kapsamda ¢evre koruma politika ve ilkeleri dogrultusunda sorumluluk ve gabalarimnin
artirllmasi son derece elzemdir. Birlesmis Milletler tahminlerine gore hizla artmaya devam edecek
diinya niifusu ile birlikte 2050 yilina kadar zaman i¢inde fosil yakit {iretim agig1 da hizla artacaktir. Bu
sebeple dis ticarette ulusal mevzuatin uluslararasi ¢evre koruma kararlarina uyumlu hale getirilmesi son
derece onemlidir. Tiirkiye ulusal mevzuatini, AB’nin ¢evre koruma ve “siirdiiriilebilirlik” ilkelerine
basarili bir sekilde uyumlu hale getirmistir. Boylelikle AB ile Giimriik Birligi devaminda da gelismis
dis ticaret iligkileri kurmustur ve hala ihracattaki en biiylik partnerlerinden biri AB iilkeleridir. Ancak
Tiirkiye gelismekte olan bir {ilke oldugu icin ve yerli sanayi i¢in kalkinma 6nceliginde korumaci bir
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yaklagimi se¢mis ve 0Ozel sektorde gevre koruma uygulamalarini ayn1 AB ile benzer uyumla hayata
gecirememis, ¢evreye zarar veren firmalara AB’deki benzer yaptirimlar uygulanamamustir. Bu sebeple
ihracatimiz1 her y1l daha da biiyiiyerek gelistiren otomotiv sektoriinde siirdiiriilebilirliginin saglanmasi
icin ilgili alternatif enerji kaynaklari iiretimi ve daha giiclii ¢evre koruma uygulamalarinin énemi
caligmada ele alinmigtir. Giiniimiizde hizla gelisen giines enerji sistemleri ve rlizgar tribiinleri otomotiv
sektoriinli ve tiim imalat¢1 ihracat sektorlerini iiretim siireclerinde besleyecektir. Diger taraftan
Tiirkiye’de ithalat1 artan glines enerji sistemi panelleri ve riizgar tirbiinleri iilkeye yeni teknolojinin de
getirilmesine hizmet etmistir. Boylelikle yenilenebilir enerji teknolojilerinin dis ticaretin hem girdisi
hem de ¢iktis1 olarak tiim {iretim siire¢lerini dogrudan ve dolayli olarak beslemistir. Literatiirde Tiirkiye
dis ticaretinde yenilenebilir enerji kaynaklarinin 6nemine vurgu yapan ¢aligmalar olsa da otomotiv
sektoriindeki 6nemine deginen yeterli calismanin olmamasi bu ¢alismanin motivasyonunda énemli itici
glic olmustur. Bu kapsamda caligmanin; dis ticaret ve otomotiv sektoriinde yenilenebilir enerji
kaynaklaryla ilgili yapilacak arastirmalar, 6nlem ve uygulamalar i¢in durum tespiti olusturmasi ve
katk1 saglamas1 hedeflenmektedir. Yenilenebilir enerji kaynaklar iiretimi ve siirdiiriilebilirlik ilkesi
kapsamindaki calismalarin gelistirilmesi, basta otomotiv sektorii olmak tizeri Tiirkiye dis ticaretinin
lokomotif sektorleri agisindan biiyiik 6nem tagimaktadir.

Anahtar Kelimeler: Dis Ticaret, Yenilenebilir Enerji, Ihracat, ithalat, Siirdiiriilebilirlik, Cevre Koruma,
Otomotiv.

ABSTRACT

Today, as globalization movements in international trade gain momentum, countries are working to
minimize the obstacles to foreign trade with the national and international decisions they take. It has
been deemed appropriate for both regional and global economic integrations to intervene in foreign trade
with tariff instruments instead of trade policy measures that create sharp effects. The principles and
decisions of the Union have been determined accordingly. In the light of relevant developments and
practices, increasing foreign trade has increased consumption, international competitiveness, quality of
products, and living standards thanks to consumers who have the opportunity to access foreign markets.
Quantitative and qualitative increases in demand have led to more production in the sector and,
accordingly, more energy consumption. Foreign trade has developed rapidly not only due to increasing
demand in parallel with the increasing world population, but also due to international economic
integrations, customs unions and decisions and principles that develop and facilitate trade by arranging
standardizations in international trade. Therefore, as a result of the increasing energy need in the sector,
the scope of the decisions regarding the principles of "environmental protection” and the principle of
"sustainability", which were added to the agreements of international and regional economic unions and
included in the first articles of the agreements in some periods, has been developed day by day. The
principles of reducing fossil fuels, reducing emission volumes and increasing the production of
renewable energy resources have been constantly adopted by developed countries, which play the role
of globalizing and establishing unions in international trade, and environmental protection practices
have been encouraged with the financial support provided to member countries by some unions. The
environmental adaptation fund given to the main countries that increase regional development
differences in the European Union can be given as an example in this context. On the other hand, within
the framework of the Kyoto Protocol, in which Tiirkiye takes part, countries are divided into two groups
regarding environmental protection responsibility and providing financial support for environmental
protection activities. The supports determined in this context can be cited as examples of environmental
protection practices. Subsequently, in the Paris Agreement, for the first time, all countries on a global
scale made a commitment to reduce emission volumes. Fossil fuel consumption is extremely high in the
automotive, white goods and textile sectors, which are among the leading sectors in Tirkiye's foreign
trade. Based on this, the study investigated the importance of renewable energy sources for the
automotive sector, which ranks first in Tiirkiye's foreign trade. Since a significant part of the automotive
sector's exports are carried out with the inward processing regime, there is a lot of new technology entry
within the scope of the regime. Therefore, the principle of sustainability is of vital importance for the
automotive industry, which keeps Tiirkiye's foreign trade afloat. Among the fuels that feed the
automotive industry, natural gas is one of the fossil fuels consumed with a significant share. Afterwards,
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there is consumption of electrical energy and other types of energy. Therefore, renewable energy sources
are extremely important for the automotive industry, which is at the top of Turkey's sectoral export
rankings. In this context, it is extremely essential for private companies with a significant share in
exports to increase their responsibilities and efforts in line with environmental protection policies and
principles. According to United Nations estimates, with the world population continuing to increase
rapidly, the fossil fuel production gap will also increase rapidly over time until 2050. For this reason, it
is extremely important to harmonize national legislation with international environmental protection
decisions in foreign trade. Tiirkiye has successfully aligned its national legislation with the EU's
environmental protection and "sustainability" principles. Thus, it has established advanced foreign trade
relations following the Customs Union with the EU, and EU countries are still one of its biggest partners
in exports. However, since Tiirkiye is a developing country and has chosen a protectionist approach as
a development priority for the domestic industry, it has not been able to implement environmental
protection practices in the private sector in similar harmony with the EU, and similar sanctions in the
EU have not been applied to companies that harm the environment. For this reason, the importance of
producing alternative energy sources and stronger environmental protection practices in order to ensure
the sustainability of the automotive industry, which grows and develops our exports every year, is
discussed in the study. Today's rapidly developing solar energy systems and wind turbines will feed the
automotive industry and all manufacturing export sectors in their production processes. On the other
hand, increasing imports of solar energy system panels and wind turbines in Tiirkiye have served to
bring new technology to the country. Thus, renewable energy technologies have directly and indirectly
fed all production processes as both input and output of foreign trade. Although there are studies in the
literature that emphasize the importance of renewable energy resources in Tiirkiye's foreign trade, the
lack of sufficient studies addressing their importance in the automotive industry has been an important
driving force in the motivation of this study. In this context, It is aimed to create and contribute to due
diligence for research, measures and practices regarding renewable energy resources in the foreign trade
and automotive sectors. The production of renewable energy resources and the development of studies
within the scope of the sustainability principle are of great importance for the locomotive sectors of
Tiirkiye's foreign trade, especially the automotive sector.

Key Words: Foreign Trade, Renewable Energy, Export, Import, Sustainability, Environment
Protection, Automotive
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ABSTRACT

Inverters play a crucial role in the world of renewable energy and batteries. Acting as the bridge between
these sources of power and our everyday devices, inverters convert the direct current (DC) produced by
renewable energy sources, such as solar panels or wind turbines, into alternating current (AC).
Unfortunately, the operation of these converters often leads to the presence of unwanted harmonic
distortion caused by the ON and OFF switching of IGBTs or MOSFETS. To address this issue, various
modulation schemes are implemented to efficiently control the on-off switching and effectively
minimize these undesirable harmonics. When it comes to modulation methods in the field of DC-AC
inverters, Sinusoidal Pulse-Width Modulation (SPWM) and Selective Harmonics Elimination Pulse-
Width Modulation (SHE-PWM) are widely recognized. The common parameters between two
techniques are modulation index and the number of pulses. The evaluation of results obtained from both
techniques relies on the criterion of achieving the lowest possible Total Harmonic Distortion (THD).
The THD is a measurement of the harmonic distortion presents in a signal and is defined as the ratio of
the root mean square of the harmonic content, including the harmonic components. Maintaining a low
level of THD in inverters is important in order to maintain the desired operation. This paper presents a
comparative analysis of Sinusoidal Pulse-Width Modulation (SPWM) and Selective Harmonics
Elimination Pulse-Width Modulation (SHE-PWM) implemented in a Single-Phase Inverter. In order to
evaluate and validate the effectiveness of these techniques, simulation results are obtained using the
MATLAB-SIMULINK software.

Keywords: Single-Phase Inverter, Sinusoidal Pulse-Width Modulation, Selective Harmonic
Elimination Pulse-Width Modulation, SPWM, SHE-PWM.
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DFT AND TD-DFT INVESTIGATIONS OF NON-FULLERENE ELECTRON ACCEPTORS
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M.K. Atouailaa®”, A. Arif!, M. Boulghallat!, M. El idrissi?

! Faculty of Sciences and Technologies, Sultan Moulay Slimane University, Mghila, 23000 Beni-
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ABSTRACT

Here we present a theoretical study of non-fullerene electron acceptor-based thiophene (P1-P6)
derivatives for organic solar cells using density functional theory (DFT) and time-dependent density
functional theory (TD-DFT) [1]. In particular, we investigate the molecular electrostatic potential,
boundary molecular orbitals, global reactivity descriptors and optical characteristics of the designed
molecules. We conclude that all designed molecules exhibit low band gaps and excellent optical
properties. Using PTB7-Th as an electron donor, we investigate the photovoltaic characteristics of the
acceptors. As a result, the designed molecules exhibit high charge conduction capacity and efficient
electron transport from PTB7-Th to the designed acceptors. The results obtained encourage researchers
to study such compounds in the laboratory, which would improve the efficiency of non-fullerene organic
solar cells [2].
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ABSTRACT

Since the building sector represents the most energy consuming, thermal energy storage appeared as one
the most promising solutions for enhanced energy efficiency. Carboxymethyl cellulose (CMC) and
chitosan, encapsulating 1-Dodecanol, as PCM, in a 1:1 core-to-shell ratio through polymerization
reaction over PCM’s emulsion were examined for use building’s thermal regulation. Water contact angle
was used to investigate the hydrophobicity of biopolymers, while FT-IR studied its chemical
composition. Phase change properties were examined using DSC and TGA. Chitosan film showed the
highest tensile strength (17.33 MPa). Wettability tests revealed that the chitosan film possesses the
highest hydrophobicity due to acetyl groups on the biopolymer’ surface, with superior WVP capacity.
The highest phase change enthalpies were, recorded for DO@Chitosan, 116.2 and 114.8 for melting and
solidification, respectively. Also, TGA proved PCM capsules thermal reliability up to 80°C. These
findings suggest that the developed encapsulated PCM is a potential candidate for use in building’s
thermal management.

Keywords: Thermal Energy Storage; Phase Change Materials; Biopolymers; Encapsulation.

June 1-3, 2024 / New York 121



INTERNATIONAL CONGRESS ON ADVANCED ENERGY
STUDIES

PROCEEDINGS BOOK

CHEMICAL SYNTHESIS,CHARACTERIZATION AND INVITRO ANTIBACTERIAL
STUDIES OF IRON OXIDE NANOPARTICLES
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ABSTRACT

In the past decade, nanomaterials have attracted much attention due to their physical properties and
technological applications. In this work, iron oxide nanoparticles were first synthesized via a simple co-
precipitation method Using Ferrous sulphate (iron (11i) Sulphate) and Ferric chloride (iron (111) chloride)
as precursor and ammonia solution as precipitator. The samples were then characterized by X-ray
diffraction (XRD) and Scanning electron microscope and Fourier transform infrared spectroscopy
(FTIR). XRD pattern showed that the iron oxide nanoparticles exhibited Fe203(hematite) structure in
nanocrystals. The Fe203 nano-powders with uniform size were prepared when the samples calcined at
300 °C, and the lowest particle size was found to be 30 nm by XRD technique. The surface
morphological studies from SEM depicted sphere-like shaped particles without formation of clusters by
increasing annealing temperature. The EDS spectrum showed peaks of iron and oxygen free of impurity
with many elements. The antibacterial activity of chemically synthesized IONPs was assessed against
pathogenic bacteria of Staphylococcus aureus and Salmonella typhi, as higher antibacterial activity was
observed in staphylococcus aureus (Gram positive bacteria) taking ciprofloxacin as the control. No
activity detected in S.aureus at lower concentrations.By altering the concentrations, an increase of the
antibacterial activity was observed in both S.aureus and salmonella typhi.

Keywords: Synthesis, Iron oxide Nanoparticles, co-precipitation and Antibacterial analysis
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ABSTRACT

The future of research and its applications in the global dimensions during the past two decades has
found a lot of growth and expansion in the developed countries of the world, which resulted in the
gathering of experts and thinkers in the form of different working groups in order to determine
perspectives and strategic plans. Also, in the passage of time from the past periods until now, many
factors have played a role in the evolution of human life on this earth, if we want to mention only three
main elements. Man, energy and environment will definitely be in the first ranks. The purpose of this
article is to analyze the trends of changes in the fields of energy, environment, natural disasters,
population, water, food and security, according to the three aforementioned factors and referring to the
documents in the statistical reports of international organizations. Each of these elements should be
presented over time and the mutual effects of these components on each other should be studied. After
that, an estimate of the state of the world in the near future has been presented, and some points of view
have been stated in relation to the challenges, anomalies and possible dangers. In the final part of the
article, the efforts of international organizations to provide a stable, balanced and tolerable future have
been examined and criticized, and in the summary, quality and inevitable solutions have been presented.

Key words: environment, fossil resources, sustainable development, future research
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ABSTRACT

New series of organic dyes D; (i = 2-8) derived from D; have been investigated by using density
functional theory (DFT) and time-dependent density functional theory (TD-DFT) methods, to find out
the effect of different m-spacer groups on their efficiency in DSSCs. The geometries, electronic
structures, absorption spectra, dipole moments, and molecular electrostatic potential of these studied
dyes were investigated and discussed. Besides, some quantify parameters influencing the power
conversion efficiency (PCE) such as light-harvesting efficiency (LHE), electron injection driving force
(AGinject) and regeneration driving force (AGreg) Were also calculated to examine the most appropriate
organic dyes for DSSC applications. Theoretical results indicated that all designed dyes exhibit a
significant decrease in the gap energy with increasing dipole moments, and red-shifted absorption
spectra compared to D (reference dye), which revealed that these designed dyes are promising
candidates for DSSC applications. Accordingly, the introduction of new m-spacer group in D-A-n-A
structure may be the best strategy for improving the photovoltaic performances.

Keywords: Solar cells DSSCs; Organic dyes; DFT TD-DFT; Optoelectronic properties; Carbazole.
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DEVELOPMENT AND CHARACTERIZATION OF NEW MATERIALS WITH COMPLEX
STRUCTURES, AND STUDY OF THEIR ELECTRICAL, MAGNETIC AND OPTICAL
PROPERTIES
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ABSTRACT

Due to their large capacity, Li-rich materials have attracted considerable attention as the next generation
of Li-ion batteries [1-3]. In this work, we report the structural and electric properties of LisMShQOs oxide.
LisMSbOs was prepared by the simple solid phase method, and further characterized by X-ray
diffraction and dielectric measurements. The X-ray diffraction results show a pure phase of LisFeSbOs
with monoclinic crystal structure and space group C2/m, and the lattice parameters are: a=5.1706(5) A,
b=8.9382(5) A, ¢=5.1635(2) A. Temperature-dependent conductivity has been studied and analyzed
within complex formalisms of dielectric permittivity and complex electrical modulus. The evolution of
permittivity, impedance and complex modulus as a function of frequency and temperature have been
studied. Several important parameters such as activation energy have been determined.

Keywords: Structure, X-ray diffraction, Dielectric, magnetic, optical.
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ABSTRACT

The synthesis of nanomaterials and especially nanoparticles has been of increasing interest in the last
decades™. The purpose of this work is to develop, by citrate state, structural and morphological
characterization of SroFeWQg. This method involves the reaction of metallic chlorides and tungsytenes
using citric acid as a complexing agent. The Sro.FeWOQOs. can be indexed within the 14/mmm space group
indicating a tetragonal distortion®. The analysis by DRX, FTIR of double Sr,FeWOs indicate the
presence of a single phase. The powder particles obtained have a heterogeneity of microstructure.

Keywords: Citrate pathway, Characterization; Sr.FeWOg; Morphology.
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ABSTRACT

This study presents a comprehensive analysis of transient heat transfer in sustainability building walls
with a focus on optimizing the thickness and position of phase change material (PCM) and insulator for
enhancing the thermal performance of building walls. The investigation employs advanced numerical
simulation techniques to get accurate and efficient analysis. We applied Dirichlet Boundary conditions
on both sides of the wall for one year with considering the heat transfer by convection and radiation to
represent the realistic boundary and with a range of PCM and insulator thickness with different
scenarios. the research aims to identify the optimal thickness that offers the most efficient thermal
regulation within the enclosed space. The results of the study are presented in terms of annual energy
load, annual energy storage, annual energy cost, annual cost saving, net life saving, and energy saving
percentage %. The selection of optimal scenario combinations was based on higher net life savings and
higher energy saving percentages. For brick-based solutions, the optimal combinations included
Scenario 5 which is (10 cm PCM), Scenario 6 which is (12 cm insulator), Scenario 18 which is (11cm
insulator+1cm PCM), and Scenario 3 which is (2cm PCM+1cm insulator). These combinations yielded
respective net life savings of 164.896, 290.368, 278.2339, and 213.5339, with energy saving percentages
of 71.861%, 93.829%, 96.598%, and 77.624%, respectively. Similarly, for concrete-based solutions, the
optimal combinations were Scenario 6 which is (12 cm PCM), Scenario 10 which is (20 cm insulator),
Scenario 15 which is (12cm insulator+1cm PCM), and Scenario 3 which is (2cm PCM+1cm insulator),
which yielded respective net life savings of 571.066, 714.971, 698.5729, and 622.3892, with energy
saving percentages of 87.545%, 98.330%, 98.626%, and 88.776%, respectively. The results offer
valuable insights into designing environmentally sustainable building walls with improved thermal
performance, emphasizing the strategic integration of PCM and insulator for optimal energy efficiency.
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ABSTRACT

In this study, we employed molecular dynamics simulations to explore the structural and dynamical
characteristics of 50%Li,0-xAl,03-(50-x)P20s glasses. Analysis of the radial distribution function
provided critical insights into the structure and dynamics of these materials. The coordination number
for lithium was consistently found to be 3.56. Aluminum predominantly exhibited a tetrahedral
coordination, indicating its role as a network-forming ion. Although the presence of Non-Bridging
Oxygens (NBOs) decreased slightly with increasing aluminum content, the overall connectivity of the
glass network remained unchanged. Our connectivity analysis demonstrated a noticeably increase in P-
O-Al linkages as x increased from 0 to 5, signifying the complete integration of aluminum into the
phosphate network. The distribution of P", Al"and P" , (n represent number bridging oxygen atoms, n’
and m represent the number of phosphor and aluminum linked to phosphor respectively) showed a
consistent pattern, with 50% of P" units being P? and remains constant with the addition of aluminum.
Investigation into Li-Li pairs showed a constant distance across all compositions studied, with a slight
increase in the number of lithium atoms surrounding each lithium ion noted. The introduction of
aluminum resulted in the formation of new P-O-Al units, such as Pa and P?, significantly altering
the lithium environment. Predominantly, aluminum was fully integrated with phosphorus, forming
AlI(OP)4 units. This structural rearrangement suggests that lithium becomes more delocalized and
approaches closer to phosphorus, potentially explaining the improved ionic conductivity observed.
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ABSTRACT

In this investigation, the effectiveness of peanut shell waste extract as a corrosion inhibitor for carbon
steel immersed in a 1.0 M HCI solution was examined through electrochemical assessments, and surface
characterization techniques. The electrochemical findings indicate a notable improvement in the
corrosion resistance of carbon steel when treated with peanut shell waste extract. To comprehensively
assess the inhibitor's stability and adsorption capacity on the steel surface, experiments were conducted
at various concentrations and temperatures, both with and without the presence of the extract. The
outcomes consistently demonstrate the remarkable inhibitory performance of peanut shell waste under
diverse experimental conditions. The peanut shell waste extract functioned as a mixed-type inhibitor,
and its corrosion inhibition on carbon steel was analyzed using the Langmuir isotherm model.
Thermodynamic parameters related to adsorption were calculated and interpreted. Additionally, Energy
Dispersive Spectroscopy (EDS) analysis and surface morphology observations confirmed the formation
of a protective film on the surface of carbon steel. The experimental results underscored the significant
ability of peanut shell waste extract to adsorb onto the Carbon steel surface, exhibiting strong corrosion
inhibition efficacy across all concentrations tested, particularly at elevated temperatures.
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ABSTRACT

This study focuses on the characterization of titanium dioxide (TiO2) and silver nanoparticles (NPs)
synthesized through a green synthesis method and their effectiveness in the removal of Methylene Blue
(MB) from aqueous solutions. Various analytical techniques including UV-vis spectroscopy, XRD
analysis, SEM-EDX analysis, Fourier Transform Infrared Spectroscopy (FTIR), and Transform Electron
Microscopy (TEM) were employed to characterize the synthesized nanoparticles. UV-vis analysis
confirmed the formation of silver and TiO, NPs, with peaks observed at 419 nm and 398 nm
respectively. XRD analysis revealed the crystalline nature of both silver and TiO> NPs, with peaks
corresponding to face-centered cubic structure. SEM-EDX analysis confirmed the successful synthesis
of silver and titanium dioxide nanoparticles with predominant presence of silver and titanium dioxide,
respectively. FTIR analysis identified functional groups responsible for MB adsorption on the
nanoparticles.

Adsorption experiments were conducted to evaluate the effectiveness of the synthesized nanoparticles
in MB removal. Factors such as initial dye concentration, adsorbent dosage, contact time, solution pH,
and temperature were investigated. Results indicated that the quantity adsorbed increased with
increasing initial dye concentration and adsorbent dosage, reaching maximum adsorption capacity at
certain concentrations. The effect of contact time revealed that equilibrium was reached at 90 minutes.
Solution pH significantly influenced adsorption efficiency, with higher efficiency observed at acidic pH
values. Temperature optimization showed enhanced adsorption capacity at 45 °C.

Kinetics studies adopted pseudo-first order and pseudo-second order models demonstrated good fitting
with the pseudo-second order model showing the best fit. Isotherm models including Langmuir and
Freundlich isotherms were applied, with Langmuir indicating favourable adsorption. Thermodynamic
studies revealed an endothermic adsorption process with positive entropy change and negative Gibbs
free energy values, indicating the spontaneity and feasibility of the adsorption system.

The synthesized nanoparticles exhibited promising potential for the removal of MB from aqueous
solutions, highlighting their suitability for environmental remediation applications.
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ABSTRACT

This study investigates the structural, vibrational, magnetic, and electronic properties of La;MMnQOsg
double perovskites, where M represents Ni, Co, and Zn. Double perovskite oxides are noted for their
flexible ionic placement within the A and B sub-lattices, prompting widespread interest due to their
broad spectrum of physical properties including multiferroic behavior, colossal magnetoresistance, and
ferroelectric/piezoelectric functionalities. These materials are also crucial in energy-related applications
such as solid oxide fuel cells and water-splitting catalysis due to their effective oxygen ion transport and
storage. Specific attention is given to the phases La;NiMnQOg and La,CoMnQg, renowned for their unique
magnetic, electric, and multiferroic properties. The current research expands the scope by incorporating
La;ZnMnQs, synthesized through high-temperature solid-state chemistry, to explore how zinc
substitution influences these materials. Structural analyses via X-ray diffraction confirmed a monoclinic
structure within the P2i/n space group. Detailed vibrational studies through infrared and Raman
spectroscopy, combined with further XRD investigations, delineate the dynamic and electronic
behaviors of these compounds, emphasizing the role of the chemical composition in tuning their
functional properties. This comprehensive analysis not only reinforces the understanding of
La2MMnOG6's physical characteristics but also underscores its potential in advanced technological
applications.

Keywords: Double Perovskites, Structural Analysis, Vibrational Spectroscopy, Magnetic Properties,
Electronic Properties, High-Temperature Solid-State Chemistry, La,MMnQOs, Monoclinic Structure, X-
ray Diffraction.
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ABSTRACT

In current years, molybdates are materials that have involved the benefit of many researchers because
of their broad potential to industrial application involving optic fiber, humidity sensor and catalysts [1-
2].

In this work, we present to synthesize Cadmium Molybdate by a new method of synthesis solid state,
for use in the oxidation reaction of methylene blue with hydrogen peroxide.The oxalate precursor was
analyzed by Fourier transform infrared spectroscopy (FTIR) and thermal gravimetric analysis (TGA).
The as-synthesized cadmium molybdate was characterized by X-ray diffraction (XRD), Scanning
electron microscopy (SEM), and Energy dispersive X-ray spectroscopy (EDX). The results obtained
from the experimental part reveals that the cadmium molybdate exhibits exceptionally high catalytic
performance of the oxidation of methylene blue dye.

Image/ Figure

Fig. 1 Crystal structure of CdMo0O4 at orthogonal to the c-axis direction [3].
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QUINAZOLINE DERIVATIVES AS POTENTIAL EGFR INHIBITORS: 2D and 3D-QSAR,
MOLECULAR DOCKING, DRUGLIKENESS, AND MD SIMULATIONS

Hassan BADAOUI !, Mohamed OUABANE 2, Mohamed ELBOUHI !, M’barek CHOUKRAD *,
Chakib SEKKATE 2, Tahar LAKHLIFI !, and Mohammed BOUACHRINE

! Molecular Chemistry and Natural Substances Laboratory, department of chemistry, Faculty of
Science, My Ismail University, Meknes, Morocco.

2 Chemistry-Biology Applied to the Environment URL CNRT 13, department of chemistry, Faculty of
Science, My Ismail University, Meknes, Morocco.

ABSTRACT

Inhibitors of the epidermal growth factor receptor (EGFR) are increasingly recognized as promising
candidates for the treatment of breast cancer. However, despite these advancements, drug resistance and
undesirable side effects persist in many patients. This study aims to assess the inhibitory efficacy of
substituted quinazoline derivatives, well-known EGFR inhibitors, using computational modeling
methods including 2D QSAR, 3D QSAR, molecular docking, and molecular dynamics simulation. The
QSAR models demonstrated strong predictive capability, with Q? values of 0.979, 0.874, and 0.944 for
HQSAR, CoMFA, and CoMSIA, respectively [1]. Building drug candidates based on these findings,
four new molecules (Q:-Q4) with improved inhibitory activity were proposed. Molecular docking
showed a good docking score for these compounds, and molecular dynamic simulations confirmed the
stability of these molecules within the EGFR active site. Further, the frontrunner compounds exhibited
favorable pharmacokinetic and pharmacodynamic properties, except for Qa, which showed mild toxicity
[2]. These results provide significant insights into the potential of quinazoline-based compounds as
drugs for the MCF-7 cell line, thereby inspiring new avenues for experimental and clinical research.

Keywords: EGFR, HQSAR, CoMFA, CoMSIA, MD simulations, ADMET/Tox.

[1] H. Badaoui, Y. Koubi, Y. Moukhliss, and K. El Khatabi, “Cytotoxic activity of new
thioglycosides of the arylamino-1, 3, 4-thiadiazole and glycosyl-1 , 3, 4- thiadiazole-triazole
conjugates against Escherichia coli: QSAR study,” no. August, 2022, doi:
10.33435/tcandtc.1093987.

(2] M. Ouabane, H. Hajji, and A. Belhassan, “RHAZES : Green and Applied Chemistry
molecules in pectin gels of different concentration,” RHAZES: Green and Applied Chemistry,
no. January, 2022, doi: 10.48419/IMIST.PRSM/rhazes-v14.31151.
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ENVIRONMENTAL ASSESSMENT OF AN ENERGY MANAGEMENT SYSTEM BASED
ON POWER HYBRID SOLAR, WIND, AND BATTERY

Ikram NOUARI?, Karim NEGADI?, Mostefa KOULALI®

.23 aboratory of L2GEGI, Department of Electrical Engineering, Faculty of Applied Sciences,
University of Tiaret, BP78 Zaaroura 14000 Tiaret, Algeria

ABSTRACT

This work examines a hybrid system that uses three energy sources: batteries, photovoltaic power
sources, and wind energy. To deliver energy with the highest efficiency possible, each of the three
energy sources is managed. The system employed a multilevel inverter to enhance the energy quality
injected into the AC load. To provide the highest possible power to a DC bus voltage, fuzzy logic control
is employed. To meet load requirements, a management system is made to control the flow of electricity
among its components. The analysis's findings show that, in several case, electricity generated via the
national grid is still less expensive than power generated from renewable resources. On the other hand,
as compared to the present emissions from the classical power system, the use of renewable energy
sources reduces overall CO, emissions by up to 10 times less. Additional investigation reveals that load
aggregation may improve system performance.

Keywords: Wind Energy, Photovoltaic PV, Battery, Hybrid System, MPPT tracking, Three Level
Inverter, Fuzzy Logic Control (FLC), CO2 emission.
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Figure 1. Proposed configuration of hybrid system with battery
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STUDY OF STRUCTURAL, ELECTRONIC, MAGNETIC AND OPTICAL PROPERTIES OF
BaAlO; COMPOUND WITH USING GGA APPROACHES
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Pradesh, India.

?Department of Physics, Mahamaya Government Degree College, Sherkot, Bijnore, Uttar Pradesh,
India.

ABSTRACT

A comprehensive investigation of the structural, electronic, magnetic, and optical characteristics of the
cubic perovskite BaAlOs; has been conducted using the full-potential linear muffin-tin orbital (FP-
LMTO) approach, employing the local spin density approximation (LSDA). The determined equilibrium
lattice constant of BaAlOs is in excellent concordance with the existing theoretical findings. The BaAlO;
compound is used to determine the independent bulk modulus B and its pressure derivatives B'. Based
on the examination of the bulk modulus, it has been determined that BaAlO3 exhibits ductile (brittle)
characteristics. The band structures, total and partial densities of states indicate that the orbitals resulting
from the AI-O band play a crucial role in determining the electrical characteristics of the compound
under investigation. The computed magnetic characteristics indicate that the magnetic moment of
aluminum (Al) is significantly greater, whereas the magnetic contribution from the barium (Ba) and
oxygen (O) elements is insignificant. Optical properties in terms of dielectric parameter (real and
imaginary), absorption coefficient and optical conductivity can be calculated in this paper.

Keywords: Electronic Properties, Perovskite, FFLMTO, Bulk modulus.
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COMPARISON STUDY BETWEEN SLIDING MODE CONTROL AND BACKSTEPPING
CONTROL OF A WIND POWER SYSTEM BASED ON THE DFIG GENERATOR

Abdelghafour HERIZI, Riyadh ROUABHI, Al hassan BOUSSAG, Abdesattar DJALAB

LGE Research Laboratory, Department of Electrical Engineering, Faculty of Technology
University of M’sila, BP 166 Ichbilia 28000, Algeria

ABSTRACT

In this article we present a comparative study between the two nonlinear controls, sliding mode control
and backstepping control applied to the doubly fed asynchronous generator (DFIG). To evaluate the
performance of the power control equipped with sliding mode control. We carried out a series of
simulations in a MATLAB/Simulink environment. For the tracking test, the controlled quantities follow
their reference trajectory, without exceeding the active and reactive powers and without static error in
steady state. For the regulation test, we observe very good sensitivity to external disturbances due to
sudden speed variations, the active and reactive powers are not affected. To evaluate the performance
of direct power control, use the backstepping method. We carried out a series of simulations under the
same MATLAB/Simulink environment. For the tracking test, the controlled quantities follow their
reference trajectory, without exceeding the active and reactive powers and without static error in steady
state. For the regulation test, we observe a low sensitivity to external disturbances due to sudden
variations in the speed of the wind turbine, the active and reactive powers are affected with a low static
error..

Keywords: doubly fed induction generator; sliding mode control; backstepping control; power control;
performance; MATLAB/Simulink
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Ilgili makama;

Uluslararasi Ileri Enerji Caligsmalari Kongresi 1-3 Haziran 2024 tarihleri arasinda New York’ta 13 farkli
iilkenin akademisyen/arastirmacilarinin katilimiyla gergeklesmistir. Kongre kapsaminda sunumu yapilan 34
bildirinin 12 adeti Tiirkiye’den katilimcilar tarafindan; 22 bildiri ise 13 iilkeden katilimcilar tarafindan
sunulmustur. Kongre 16 Ocak 2020 Akademik Tesvik Odenegi Yonetmeligine getirilen “Tebliglerin
sunuldugu yurt icinde veya yurt disindaki etkinligin uluslararasi olarak nitelendirilebilmesi icin Tiirkiye
disinda en az bes farkl iilkeden sozlii teblig sunan konusmacinin katilim saglamasi ve tebliglerin yaridan
fazlasvn Tiirkiye disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine uygun diizenlenmistir.

Bilgilerinize arz edilir,

Saygilarimla,

Dr. Mariam S. OLSSON
Organizing Committee Member

www.iksadamerica.org | info@iksadamerica.org
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