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OZET

Yenilenebilir Enerji kaynag: bakimndan zengin olarak tanmmlanan iilkemizin, enerji kaynagi noktasinda disa
bagmhhfmnin en aza indirilmesi ve mevcut olan yenilenebilir enerji kaynaklarmm bolgesel olarak en verimli
sekilde kullanilabilmesi 6nem arz etmektedir.

Bu calismanm konusu Tirkiye i¢in en uygun yenilenebilir enerji kaynagmm tespitinde ¢ok kriterli karar
yontemlerinin kullanilmasi ile en uygun kaynagm tespitini yapabilmek, yenilenebilir enerji kaynaklarindan giines,
riizgar, jeotermal, hidroelektrik, biyokiitle ve dalga olmak iizere alt1 enerji tiirii i¢in kargilagtrma amagh uygunluk
kriterlerini tespit edebilmek ve bukriterlere iliskin verileri dogru bir sekilde toparlayarak, ¢ok kriterli karar verme
yontemlerinden CRITIC, WASPAS metotlarini bu veriler {izerinde uygulayarak 6rnek bir model olusturmak ve
uygulama sonucunda olugan sonuglarianaliz ederek, gelecekteki enerji yatirmmlar i¢in bir degerlendirme kolayligi
saglamaktir.

Hesaplamalarmuzin sonunda dalga enerjisi en yiikksek WA SPAS puanma sahip enerji kaynagi olarak belirlenmis tir
(0,413). Riizgér enerjisi (0,327) ve jeotermal enerji (0,313) swrasiyla ikinci ve {igiincii swralarda yer almaktadir.
Hidroenerji (0,286), giines enerjisi (0,286) ve biyokiitle enerjisi (0,257) ise daha diisitk WASPAS puanlarina sahip
enerji kaynaklaridir. Fakat, olusan siralama baska faktorlere gore de degisebilir.

Bagka kaynaklar1 da hesabakatilirsa sonuglar farkli ¢ikabilir. Her iilkenin, her bolgenin farkh enerji ihtiyaglan ve
kaynaklar vardir. Bu yilizden, karar vericiler, bu faktorleri de dikkate alarak, kendi kosullarma goére en uygun
yenilenebilir enerji kaynaklarini segmek igin birden fazla kriteri dikkate almalidir.

Anahtar Kelimeler: CRITIC, Cok Kriterli Karar Verme, WASPAS, Yenilenebilir Enerji Se¢imi

The Selection of Appropriate Renewable Energy Source For Turkey by Using CRITIC
and WASPAS Methods

ABSTRACT

In our country, which is defined as rich in renewable energy resources, these are important; to be able to use the
existing renewable energy sources in the most efficient way and minimize foreign dependency at the point of
energy source.

The topic of this case is to be able to select the most appropriate renewable energy source for Tiirkiye by using
multi-criteria decision methods, to be able to determine the eligibility criteria to compare six sorts of renewable
energy sources which are solar, wind, geothermal, hydroelectric, biomass, wave and by collecting the correct data
related to these criteria, to create a study case by applying CRITIC, WASPAS methods on these data and
immediately afterward to analyze the results of application to be able to provide an ease of evaluation for energy
investments which will be in the future.
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Atthe end of our calculations, wave energy was determined as the energy source with the highest WASPAS score
(0.413). Wind energy (0.327) and geothermal energy (0.313) ranked second and third, respectively. Hydro Energy
(0.286), solar energy (0.286), and biomass energy (0.257) are energy sources with lower WASPAS scores.
However, theranking of results may vary according to other factors.

If other sources are taken into account, the results may be different. Because Every country and every region has
different energy needs and resources. Therefore, decision-makers should consider multiple criteria to select the
most suitable renewable energy sources according to their conditions, considering these factors.

Keywords: CRITIC, Multi-Criteria Decision Making, Renewable Energy Selection, WASPAS

1. INTRODUCTION

Energy is defined briefly as the driving force or the ability to do work. Every production activity requires energy
usage in its unique measures.

The rapid population growth and developing industries in the world increase energy demand, which is an essential
input. However, there may be some inadequacies in meeting this demand with the existing limited and depletable
resources. At this point, studies are continuing on new and sustainable resources. According to the estimates of
the International Energy Agency (IEA), by 2040, the world's population is expected to be 1.7 billion higher than
today, and with urbanization and increases in per capita income, energy demand is expected to increase by 25%
compared to today. However, the electricity demand, which constitutes 20% of the total energy consumption today,
will be much higher compared to the demand for fossil fuels. The EIA predicts that by 2040, electricity demand
will be almost double today's levels. While the increase in demand for electricity in developed countries remains
at low levels, developing economies, especially China, show high demand. The number of people without access
to electricity in theworld fell below one billion for the first time in 2017. It is expected that this number will drop
below 700 million by 2040. Renewable, limited, and non-renewable energy sources such as coal, oil, natural gas,
and nuclear energy can cause threats to human health and the environment and can lead to negative consequences
in a country's development. To minimize and/or eliminate these negative impacts, countries have begun to tend
towards using renewable energy sources. At this point, the important issue has been the identification and use of
the right source in the right place.

Renewable energy sources are more sustainable environmentally and are effective in reducing carbon footprint
compared to non-renewable energy sources. In addition, energy security worldwide, protection against fluctuations
in energy prices, and environmental protection issues have become positive options for countries in terms of
economic development. Moreover, renewable energy sources play an effective role in combating climate change
by reducing greenhouse gas emissions resulting from the burning of fossil fuels. When renewable energy sources
are evaluated from an economic perspective, they can also revitalize local economies, add value to regional
renewable energy projects and local businesses, and create employment opportunities. Furthermore, renewable
energy sources generally have safer and cleaner working conditions, making them important in terms of employee
health and safety. However, these types of sources can also have their difficulties. For example, while some sources
can be used regionally without requiring a large amount of space, others may require larger areas for use.
Additionally, the cost of renewable energy sources can vary depending on technological developments. When
renewable energy sources are evaluated from an economic perspective, they can also revitalize local economies,
add value to regional renewable energy projects and local businesses, and create employment opportunities.
Furthermore, renewable energy sources generally have safer and cleaner working conditions, making them
important in terms of employee health and safety. However, these types of sources can also have their difficulties.
For example, while some sources can be used regionally without requiring a large amount of space, others may
require larger areas for use. Additionally, the cost of renewable energy sources can vary depending on
technological developments. The widespread use of renewable energy sources can also bring about some
technologicaland economic challenges. Currently, there is no clear solution for the storage ofthe energy generated,
and renewable energy sources require a storage systemto provide constant power. This can increase the cost of
energy due to the underdeveloped storage systems. In addition, some types of renewable energy sources can lead
to high investment costs to adapt to existing infrastructure. As the cost of these sources decreases and their
technologies improve, their use will become more widespread. In this regard, governments can provide incentive
packages for renewable energy and various facilitative legal regulations to enable the large-scale use of these
sources.

In European countries, investments in renewable energy sources are given great importance and their useis quite
widespread. For these countries, these investments are important in terms of supporting economic development
for their societies, contributing to environmental protection, and being important in terms of energy security.
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Therefore, the European Union has setaseries of targets to support renewable energy sources in its energy policies
and to reduce the use of fossil fuels.

With the doubling of electricity demand in developing countries, the production of clean, cheap, and accessible
electricity from renewable sources has become an important issue in development programs and policies [37]. The
use of renewable sources for electricity production is at the forefront of these policies. Although investments in
renewable energy areas such as wind and solar energy are increasing rapidly, the costs of these technologies are
also decreasing rapidly. As a result of these investments, the share of renewable energy in the global energy mix
is also increasing rapidly. According to a report published by Global Data Energy in July 2018, the installed
capacity of renewable energy accounts for 18.2% of the total global energy mix, and this ratio is estimated to be
22.5% for 2020 [2]. The EIA has also predicted that the share of renewable sources in 2022 will be 30% [2].
However, in addition to the positive aspects of renewable energy, there are also some negative aspects or risks.
For example, there are some obstacles to increasing investments in wind and solar energy, the foremost of which
is the risk that both energy sources may cause fluctuations in energy production due to their natural characteristics.
There is still no complete solution to the storage problem in electricity production. In this case, electricity
productionis done as demand requires and is obliged to respond instantly to demand. The cessation of electricity
production in periods where sufficient wind and sunlight are not obtained is a risk that the systemcannot bear. For
this reason, research continues on the use of renewable and continuous sources in electricity production.

Various methods and techniques are used to obtain energy for economic purposes, and these sources are called
energy sources and are classified in various ways:

A - Energy Sources According to Sustainability (Permanence, Exhaustibility) Status:This type of classification is
made according to the renewable status ofthe energy source.

1- Renewable (Alternative) Energy Sources: Solar, Wind, Hydroelectric, Geothermal, Biomass, Hydrogen, Wave,
and Tidal energies are renewable energy sources.

2- Non-renewable (Fossil, Conventional, Traditional) Energy Sources: They are also called primary sources, and
conventional sources, and these energy sources cannot be renewed, meaning they are used once or are depleted.
Coal, oil shale, oil, natural gas, uranium, and thorium are among the sources in this group.

B- Energy Sources According to Their Convertibility: This classification is made according to the direct/indirect
use of energy sources as an energy source.

1- Primary Energy Sources: These are sources that directly provide energy without changing their main
characteristics when used. Coal, nuclear, biomass, hydraulic, and wave energy are examples of energy sources that
fall into this category.

2- Secondary Energy Sources: These are sources thatare used after being converted to a different energy source.
Electricity, gasoline, diesel, secondary coal, coke, and LPG energy are examples of energy sources that fall into
this category.

C- Energy Sources Based on Their Underground-Aboveground Origin: This classification is made based on
whether the energy source is formed aboveground/underground.

1- Underground Energy Sources: These are energy sources such as coal, oil, natural gas, geothermal, oil shale, and
nuclear (radioactive) sources.

2- Aboveground Energy Sources: Sources such as solar, wind, and biomass fall into this category.

D- Energy Sources Based on Their Physical State: This classification is made based on the physical state of the
energy source undernormal conditions.

1- Solid Energy Sources: Sources such as coal, wood, biomass waste, and uranium fall into this category.

2- Liquid Energy Sources: Sources suchas oil, LPG, diesel, and biodiesel fall into this category.

3- Gas Energy Sources: Sources such as natural gas, methane gas, and biogas fall into this category.

The cost of energy production from non-renewable sources, also known as fossil fuels, may be lower than that of
renewable energy sources, butthey all have a finite supply and cause negative impacts on the environment, human
health, and climate changein the medium and long term. The low-cost energy production with fossil fuels causes
an increase in carbon dioxide emissions, leading to higher air pollution levels and negatively affecting human
health, as well as accelerating global warming due to the greenhouse effect, causing the melting of glaciers and
rising sea levels, which threaten habitable land masses. Other toxic gases emitted from fossil fuels include sulfur
dioxide, carbon monoxide, and nitrogen monoxide, which can lead to respiratory problems in humans over the
medium and long term as the concentration of these gases increases in the air. These negative impacts on the
environment and human health also lead to economic losses for countries. Moving or establishing factories and
energy production facilities away from residential areas to continue using cheap energy in the industry also does
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not provide a definitive solution. Pollutants released into the air due to the wind effect or othersources of pollution
still posea threat to human and animal food sources and agricultural land.

There is a linear connection between electricity consumption and economic activity in Turkey. This is due to
sudden changes in electricity consumption that reflect the fluctuations in the Turkish economy and growth rate.
The trend of less energy consumption for growth, which is observed in developed countries, has not been seen yet
in Turkey. According to data from the Turkish Electricity Transmission Corporation, there was an increase in
electricity consumption and production in 2021 due to factors such as an increase in electricity demand and
industrial production. Between 2010 and 2020, primary energy supply increased by approximately 34%, while
gross electricity demand increased by 45%. In 2020, 290.8 billion kilowatt-hours of electricity were consumed in
Turkey, and this figure increased by approximately 12% to around 329 billion kilowatt-hours in 2021. Production
was recorded as 291.5 billion kilowatt-hours in 2020.

In Turkey, the largest share of the primary energy supply belongs to fossil fuels. As of 2020, the share of coal in
the primary energy supply was 27.6%, oil was 28.6%, and natural gas was 27%. The remaining 16.8% share
consists of renewable energy sources such as hydroelectric, wind, solar, geothermal, biomass, and waste -to-energy.
Fossil fuels account for 83.3% and imported sources account for 70.2% of primary energy supply. Additionally,
Turkey exported 4.1 billion kilowatt-hours of electricity in 2021, which is a 68% increase from 2020 when the
number was 2.4 billion kilowatt-hours. The electricity import also increased by 23% in 2021 compared to 2020,
rising from 1.8 billion kilowatt hours to 2.3 billion kilowatt hours. On the other hand, Turkey's installed capacity
for electricity reached 99,819 megawatts by the end of 2021.

In addition, the need for more investment, especially in the use of alternative energy sources, is increasing day by
day to compensate for the shortfall of hydroelectric power plants, which are unable to function adequately due to
climate change, regional droughtrisks, and water scarcity, limiting living spaces and having the potential to alter
ecosystems. The electricity import also increased by 23% in 2021 compared to 2020, rising from 1.8 billion
kilowatt hours to 2.3 billion kilowatt hours.On the other hand, Turkey's installed capacity for electricity reached
99,819 megawatts by the end of 2021. In addition, the need for more investment, especially in the use of alternative
energy sources, is increasing day by day to compensate for the shortfall of hydroelectric power plants, which are
unable to function adequately due to climate change, regional drought risks, and water scarcity, limiting living
spaces and having the potential to alter ecosystems.

Renewable energy sources in ourcountry can also be defined as energy sources at can renew themselves in nature'’s
cycle and preserve their existence. The most important feature of these sources is that they do not emit toxic gases
or create a harmful factor for the environment and therefore the health of living things. Economically, it helps to
reduce energy imports and keep the capital that is needed to exit the country inside and also create job opportunities
through investments made within the country. In this regard, when choosing a renewable energy source that is
necessary forthe development of the country, economic, technical, environmental, and social factors must be taken
into account. For example, renewable energy sources can also contribute to socio-economic development in rural
and underdeveloped areas such as mountainous regions by creating job and infrastructure opportunities. [26]

Various mathematical methods have been developed to accurately analyze criteria with different measurement
units and make the right choice based on different options. Multiple Criteria Decision-Making methods encompass
various types of mathematical methods.

This study discusses renewable energy sources that could be evaluated for investment in our country, including
Wind, Hydroelectric, Solar, Biomass, Geothermal, and Wave Energy. In the comparison of these sources, 26
criteria were taken into consideration, including investment cost, employment, efficiency, accidentand breakdown
risks, the potential of the resources, technological maturity, environmental impacts, water consumption, and
government incentives.

As aresult of the analysis, Wave Energy was determined to be the most accurate option numerically. The Aegean
Sea was identified as the most suitable sea for energy production by utilizing the movement of seawaves. If Wave
Energy, which has only recently begun to be mentioned in Turkey, had notbeen included as a renewable energy
model in this study, and the water consumption criterion had not been taken into account during the operation of
the system, hydroelectric power would have emerged as the most accurate option mathematically. Although
hydroelectric power is considered a renewable energy source, the main factor in the operation of these facilities is
water. Considering the limited availability of water resources, the reduction or elimination of the flow rates of
rivers that feed agricultural areas during the installation of facilities may resultin droughtin river basins and affect
agricultural production. Therefore, investments must be made for the future, and flexibility should also be
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considered in the decision-making process due to the presence of unmeasurable factors despite mathematical
calculations.

In this study, an objective weighting model called the CRITIC Method is used to calculate criterion weighting
(prioritization), and then separate one-stage analyses are conducted using the WASPAS Model, and the results
obtained are evaluated. Thus, an example study is aimed to be obtained regarding the comparison of independent
and numerous criteria and the conduct of efficiency analysis. This study discusses renewable energy sources that
were evaluated for investment in our country, including Wind, Hydroelectric, Solar, Biomass, Geothermal, and
Wave Energy. In the comparison of these sources, 26 criteria were taken into consideration, including investment
cost, employment, efficiency, accident and breakdown risks, potential of the resources, technological maturity,
environmental impacts, water consumption,and government incentives.

As aresult of the analysis, Wave Energy was determined to be the most accurate option numerically. The Aegean
Sea was identified as the most suitable sea for energy production by utilizing the movement of seawaves. If Wave
Energy, which has only recently begun to be mentioned in Turkey, had notbeen included as a renewable energy
model in this study, and the water consumption criterion had not been taken into account during the operation of
the system, hydroelectric power would have emerged as the most accurate option mathematically. Although
hydroelectric power is considered a renewable energy source, the main factor in the operation of these facilities is
water. Considering the limited availability of water resources, the reduction or elimination of the flow rates of
rivers that feed agricultural areas during the installation of facilities may resultin droughtin river basins and affect
agricultural production. Therefore, investments must be made for the future, and flexibility should also be
considered in the decision-making process due to the presence of unmeasurable factors despite mathematical
calculations.

2. THE IMPORTANCE OF RENEWABLE ENERGY INVESTMENTS FOR TURKEY

Turkey faces a large part of its energy needs from fossil fuels. However, due to reasons such as depletion of fossil
fuels, environmental impacts, and energy security issues, there is a growing trend towards renewable energy
sources. Turkey is a rapidly growing economy and this leads to an increase in energy demand. This, in turn, creates
an increase in energy demand. Turkey, which imports 90% of its energy needs, faces possible energy supply
security problems. In addition, the use of fossil fuels causes air pollution and greenhouse gas emissions. Renewable
energy sources are more environmentally friendly and sustainable than fossil fuels. Turkey's potential for
renewable energy sources is quite high. Renewable energy production can be achieved by using different sources
such as solar, wind, hydraulic, biomass, and geothermal energy. Renewable energy investments are important for
Turkey due to several reasons. First, as a country heavily dependent on fossil fuels to meet its energy demand,
Turkey faces energy security risks and environmental challenges associated with the use of such fuels. Second,
Turkey's economy is growing rapidly, and its energy demand is expected to increase accordingly. Investing in
renewable energy sources can help meet this growing energy demand sustainably. Third, Turkey has a high
potential for renewable energy sources such as solar, wind, hydro, biomass, and geothermal energy, which can be
harnessed to generate clean and renewable energy. Solar energy potential is particularly high in the Marmara,
Aegean,and Mediterranean regions of Turkey. Wind energy potential is generally high in the Central Anatolia and
Marmara regions. Turkey also has a high potential for hydroelectric power, and both large and small hydroelectric
power plants can be built in the country given its rich and efficient river resources. Biomass energy sources include
the management of waste, agricultural residues, forest residues, and animal waste. Geothermal energy sources are
particularly widespread in the Western Anatolia, Marmara, and Black Sea regions of Turkey.

3.LITERATURE REVIEW
3.1. Decision-Making Methods

A scientific decision-making process that can be reduced to two basic stages:identifying criteria and selecting an
appropriate method, also requires rational action for rationality and efficiency.

Many methods, including classical or fuzzy logic-based, are used by researchers to solve problems known as multi-
criteria decision-making (MCDM) in the literature.

Before the application of all decision-making methods, the basic steps are as follows:

* Defining the problem

* Listing all possible options

* Listing all possible situations

* Creating a decision table for technical data triggering the profit and/orcost of each option
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* Selecting a decision method
* Implementing the method and determining the preference based on the results obtained after the implementation.

3.2. The Originality of The Study

This study focuses on renewable energy sources in terms of their renewable nature. When considering the literature
and published articles on this topic, it is seen that many studies have been conducted on renewable energy sources.
In recent studies, it is observed that mainly a single type of renewable energy source is emphasized, and in
comparative studies, usually five types of renewable energy sources are focused on.

One of the aims of this study is to provide a broader perspective by comparing six different renewable energy
sources together. Although comparing six types of energy sources is the most distinctive feature of this study, the
objective-based weighting method used in the calculations is also different from the subjective-based method
generally preferred in articles. The criteria used in the calculations are more comprehensive than those in previous
studies, which also adds to the uniqueness of the study. In CRITIC-weighted applications, the criteria are listed
horizontally and the alternatives are listed vertically in the calculations. However, in this study, the options are
listed horizontally, and the criteria are listed vertically, resulting in a different calculation method compared to
otherstudies. Overall, this study stands out from others in terms of its approach, objectives, and methodology, and
provides new insights into the comparison of different types of renewable energy sources.

4. METHODOLOGY

4.1.CRITIC

In the first stage of the application process of Multi-Criteria Decision Methods, which is Criterion Weighting, an
objective method called CRITIC has been preferred in the study. When subjective methods are preferred in the
criterion weighting process, the experiences and interpretation styles of decision-makers who prioritize criterion
weights are important, butthe possibility of changes in priority rankings from person to person still exists. At this
point, using mathematical methods based on data will lead to a more reliable result in terms of determining
priorities. In this context, the application of the objective method CRITIC has been carried out. In the CRITIC
method, the weight of each criterion is determined by taking into account the correlations between the criteria as
well as the standard deviation of each criterion (Wang and Luo, 2010). The following steps are applied in the
CRITIC method (Cakir and Pergin, 2013; Diakoulaki et al., 1995; Isik, 2019; Kiract and Bakir, 2018; Senol and
Ulutas, 2018; Akbulut, 2019):

4.1.1. The Stages of CRITIC
Step 1: Creating the Decision Matrix

First, the type of criteria is determined. The decision matrix is then created with n-piece alternatives and m-piece
criteria, as shownin Formula 4.1.

1X11. X12 Ximi
X221 X2z Xo2m
X = : (4.1)

Xn1 Xn2 Xnm

Step 2: Normalization of the Decision Matrix

The values in the decision matrix are normalized using Equations (4.2) for benefit (maximization) criteria and
Equation (4.3) for cost (minimization) criteria.

L. min
Xij= Xj

rij = x;,nax_xminj (42)
XX _ i
J Y

Tij = max _,min (43)

7 x

Ji X

J
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Where x}""” , represents the minimum  value of the j-th criterion and xj"**, represents the maximum value of the
j-th criterion.

Step 3: Creating the Correlation Coefficient Matrix

Equation (4.4) is used to calculate the correlations between pairs of criteria and measure the degree of relationship
between criteria

n
Z =1 )(*’ i

i jk=12

P =T J=12..m
\/i(',# Z(}'ﬁ _ 4.4)

| =1

Step 4: Calculation of C,Value

C; represents the total amount of data for each criterion and is calculated by using equation (4.5). The oj value,
which is the standard deviation of the criteria equation (4.6) and equation (4.5), is calculated.

m
C,=0,> (0-1,)j=12,.,m (45)
k=1

The correlation coefficient between criterion pairs is expressed by ¢,

m —
G = Z(”ff _rj)z/m 4.6)

Step 5: Calculation of Criterion Weights W,

Criterion weights are calculated by using Equation (4.7).

c,
VVJ = m ,_/,k:l,Z,...,m (47)

Se,
k=1

4.2. WASPAS

WASPAS (Weighted Aggregated Sum Product Assessment) is an effective Multi-Criteria Decision Making
(MCDM) method that combines the Weighted Sum Model (WSM) and the Weighted Product Model (WPM) into
a single approach by integrating a coefficient into the weighted sum and weighted product models. In practice, it
is based on the combination of WSM and WPM. In a study conducted by Zavadskas, Turskis, Antucheviciene,
and Zakarevicius (2012), WASPAS was proposed as a combined method that consists of WSM and WPM.
Furthermore, it was found that while the weighted sum achieves the highest prediction accuracy, WASPAS
improves ranking accuracy.

4.2.1. The Stages of WASPAS

Before moving on to the steps ofthe WASPAS method, the problem athand is presented with m options Ai (i =
2, ..., m) andn criteriaCj (j = 1,2,...,n). There are 4 steps of the WASPAS method in total.
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Step 1: Creating the Decision Matrix

A decision matrix X is prepared that shows the performances of different options under different criteria. The
weight ratio of each criterion in the total - related to priorities - can be individually determined in the range of
0<x<1 [0,1]. Alternatively, oneofthe ANP or AHP methods can be applied in this step to determine the percentage
intervals of the criteria according to their priorities.

X Xz Xp
X210 X 0 Xpg - -
X:[xu]m =" : : (i=12...m ve j=12,...,n)
Xml Xm2 X mn (48)

The performance of the i.-th option underthe j.-th criterion in the decision matrix X is represented by xij.
Step 2: Normalization of the Decision Matrix

To compare performance measurements, eliminate data repetitions, and increase data consistency, it is necessary
to make them dimensionless. Therefore, all elements in the decision matrix with different measurement units are
made dimensionless by applying Equation (4.8) for Maximization (Benefit Criteria) and Equation (4.9) for
Minimization (Cost Criteria). Thus,the normalization process onthe criteria is completed.

* —
Xjj

X 4.9)

*m 1=1,2,.. mvej=12,...n

min x;
X, =—1 1=1,2,...mvej=1,2,...n (4.10)

1]

In these equations, the normalized performance value of the i-th alternative under the j-th criterion is denoted by
X*ij.

Step 3: Calculation of Relative Importance of Alternatives

In this step, the total relative importance of the i-th alternative is calculated separately according to WSM and
WPM. According to WSM, the total relative importance of an alternative is determined as the weighted sum of
criterion values, while according to WPM, the total relative importance of an alternative is calculated as the product
of criterion weights and the power of criterion performance value. The total relative importance of an alternative

according to WSM s calculated as shown in equation (4.11), and the total relative importance of an alternative
according to WPM is calculated as shown in equation (4.12).

QEI) = Zrijwj (4.11)
i=1

Q® -1 N (4.12)
i=1

Step 4: Finding the Common Generalized Criterion Value

The total relative importance of alternatives calculated according to the WSM and WPM methods in Step 3 can be
generalized by using Equation (4.13)

Q; =2QY +(1-1Q¥ (4.13)
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Here, Qi represents the total relative importance of the i-th alternative according to the WASPAS method. A is a
parameter used in the WASPAS method and takes values between 0 and 1. When A is taken as 0 and 1, the
WASPAS method turns into the WPM and WSM methods, respectively.

The choice of A value depends on the decision maker. Zavadskas et al. (2012) suggest calculating the optimal A
value. In our study, this value was taken as 0.6 due to its high accuracy.

Finally, the ranking of alternatives based on their total relative importance is performed in the WASPAS method
by considering the Qi values. The alternative with the highest Qi value is selected as the best option.

5. APPLICATION
5.1. Data and Criteria Based Sample

As aRenewable Energy Source, after considering 6 types of sources which are Wind, Solar, Hydropower, Biomass,
Geothermal, and Wave Energy, and determining criteria under 4 main headings: Technical, Sociological,
Environmental, and Economic for their preference statuses, sub-criteria were also created and grouped underthese
main criteria. Following this, data for each item was determined. The preference weighting of the criteria was
calculated with the CRITIC Method, and after normalizing the calculations with the WASPAS method, the
preference analyses of these 6 options were completed separately. An evaluation was made based on the results
obtained.

5.1.1. ldentification of Criteria in Renewable Energy Selection

This is an example study aiming to determine the most suitable renewable energy source for installation by
identifying the preferred study criteria for potential renewable energy sources in our country. These criteria are
among the 26 most commonly encountered criteria in the literature search. Table 5.1 shows the criteria and the
sources from which the data for each criterion were obtained for the comparison process.

Table 5.1: General criteria identified for the study and sources of dataacquisition

No Criteria Description References | Authors

It is the ratio of the output |
energy of the power plant to the | Ozcan and others 2017
input energy.

KO01 Energy Efficiency

Gorez and Alkan 2005;

The amount of energy that can
be economically produced under

Edenhofer O, Pichs-
Madruga R., Sokona Y.,
Seyboth K., Kadner S.,

K02 Economic Potential (GW/year) specific conditions. Zwickel T., Eickemeier P.,
Hansen G., Schlomer S.,
Von  Stechow C. ve
Matschoss
P., 2012. (Wave en.)
The economic lifetime of the
investment is an important
K03 Operating Life (years) criterion that determines Zheng and Wang 2020
profitability due to the high
costs of power plant installation
and operation.
K04 Global Installed Capacity (%) Power generation capacity ofthe REN21,2015

power plant
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It is the ratio of the amount of
power generated by an energy
plant during a certain period

K05 Capacity Factor (%) (year) to the amount of power NETL,2013
that could be generated by
operating at full capacity for
every hour of that period.
Low Risk of Breakdowns and | It determines the probability of
K06 . failure and accident risks of the | Ligus and Peternek 2010
Accidents ..
facility.
Raza, Janajreh and Ghenai,
2014,
Yiicenur, Caylak, Goniil and
The amount of capital spent | postalcioglu,2020;
K07 Investment Cost ($/kW) durmg. the installation and Alizadeh, Soltanisehat,
operation phases.
Lund and Zamanisabzi,
2020,
Ozcan, Unliisoy and Evren,
2017
The rental, depreciation,
) ) ) insurance, and property tax are | NETL, 2013 Study;
Fixed Operation and Maintenance f .
KO8 ixed operating costs. The cost Thorpe, T W. 1999. (Wave
Cost ($/MW-yr) per unit varies according to the
production volume of the En.)
product.
EIA, 2016 Study;
K09 Electricity Production Cost ($/kW-hr) Delucchi M. A. and Mark Z.
J., 2011 (Wave En.)
Levelled Cost of Energy
(LCOE); is a measure of the
average net present cost of
<10 LCOE Elektricity Production Cost | electricity generation over the | US  Energy Information
($/MWh) lifetime of a.power plant. It is Administration, 2015;
used to plan investments and to
compare different electricity
generation methods
consistently.
Kl1 Amortization Period (year) The  payback period  for [ Keny, Lawve Pearce, 2010
investment
Specific Water Consumption | This is the amount of water | Sahin, 2016; Sitorus and
K12 (m3/kWh) consqmption value per unit of Parada, 2020
electricity produced.
Beccali, Cellura and
Mistretta, 2003;
K13 Land Requirement (km?/MW) The total area usage and the | Rani Mishra, Pardasani,
amount of energy per unit area. . .
Mardani, Liao and

Streimikiene, 2019;
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Kayakutlu and Ercan 2015

K14 Tumkey Delivery Time (year) Wang and others,2020
The financial support provided | Nigim and Munier, 2004;
K15 Government Incentives ($/kW) by the government during the | pep apd Sovacool, 2015;
investment and  operation | ..
Ozcan and others.2017
phases.
] ) NETL, 2013; Brooke,2003
K16 Nitrogen Oxide Emissions (g/MWh)
IEA 2009 [55] (Wave)
Carbon Dioxide  Emissions  (g- IPCC, 2014; Brooke,2003
K17
CO2/kWh) IEA 2009 [55] Wave)
Carbon Monoxide Emissions
K18 NETL, 2013
(g/MWh)
o o NETL, 2013
K19 Sulfur Dioxide Emissions (g/MWh)
IEA 2009 [55] (Wave)
K20 Particulate Emissions (g/MWh) NETL, 2013
K21 Non-Methane Emissions (g/MWh) NETL, 2013
It is the cost that a company
K22 External Cost incurs to protect its profit Stein, 2013
margins from the negative
effects of another company.
Kaya, and Kahraman 2010;
Amer and Daim, 2011;
Kabak and Dagdeviren,
Installation, Operation, and It is the total number of staff 2014;
K23 Maintenance Employment | required throughout  the | Sengiil, Eren Shiraz, Gezder
existence of the power plant, at
(person/MW) every stage of its operation. ve 2015; Lee and
Chang, 2018; Solangi
and others. 2019; Wang,
Xu and Solangi, 2020
Tsoutsos, Drandaki,
Frantzeskaki, Losifidis, and
Kiosses,2009;
Kahraman, Kaya, and Cebi,
K24 Social Acceptability It indicates the level of social 2009;
acceptability of power plants
Demirtas, 2013;
Ozcan and others. 2017;
Lee and Chang, 2018;
Rani and others.2019
The prevalence of technology in | Demirtas, 2013;
K25 Technological Maturity regional, national, and

international contexts

Ren and Sovacool, 2015;
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Ozkale, Celik, Tiirkmen,
and Cakmaz, 2017;
Nigim and Munier, 2004;
Zheng and Wang 2020

Solangi and others .2019;
Zheng and Wang 2020

K26 Noise Factor (dB) For wind En. [50][51][52],
For Hydraulic [53]

For Biomass [54]

5.1.1.1 Technical Criteria
Technical criteria refer to the technical specifications of each renewable energy investment, based on numerical

data. This group of criteria includes sub-headings such as the economic life of the operation, efficiency, potential,
and installed power capacity. Table 5.2 shows the technical criteria and their corresponding numerical data.

Table 5.2: Technical Criteria

No SubCriteria| Sources of Energy Solar Wind HydroP. | Biomass GeoT Wave
K01 Energy Efficiency 21 26 90 40 16 15
K02 | Economic Potential (GW/year) 91 98 140 0,4 4 3.650
K03 Operating Life (years) 25 25 30 20 25 30
K04 | Global Installed Capacity (%) 2,9 6,1 17,5 1,5 0,2 2,41
KO05 Capacity Factor (%) 27,4 30 37,1 85 920 30
K06 Low Risk of Breakdowns and Accidents 16,6 17 11 10 9 15

The other technical criteria thatcan be used in a subjective approach that does not have a numerical measure are
defined as Reliability, Low Risk of Malfunction and Accidents,and Modularity in Production and Installation.

5.1.1.2 Economic Criteria

The technical specifications of the relevant investment may appear much better compared to otheroptions, but its
monetary factors (return) may not be sufficient. At this point, data on sub-headings should also be included in
selection models as a separate criterion heading. In this group, the cost of electricity per unit amount and the return
on investment related to it is important. Table 5.3 shows the sub-headings of the Economic Criteria and the data
determined for each option.
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Table 5.3. Economic Criteria

No SubCriteria| Sources of Energy Solar Wind HydrP. | Biomas | GeoT Wave
K07 [ Investment Cost ($/kW) 3873 2213 2936 4114 4362 2500
Kog | Fixed Operation and Maintenance Cost SMW- | 56700 | 24050 | 4120 | 86600 | 164640 | 46608
K09 )légctricity Production Cost ($/kW-hr) 0,125 0,07 0,08 0,1 0,05 0,05
K10 | LCOE Electricity Production Cost ($/M Wh) 1253 73,6 83,5 100,5 47,8 90
K11 Amortization Period (years) 1,85 0,9 11,8 1,92 5,7 8

K12 Specific Water Consumption (m3/kWh) 0 0 3,97 0 0 0

K13 Land Requirement (km2/M W) 11 10 10 25 38 20
K14 | Turnkey Delivery Time (years) 0,5 1 1,08 2 1 1

K15 Government Incentives ($/kW) 22,5 11 9,6 18,9 13,2 10

5.1.1.3 Criteria Relation to Ecological Impacts

Environmental impacts should also be considered alongside technical and economic criteria for the investment to
be made. Environmental factors directly affect human health, so the subheadings and data belonging to this group
are as important as the other main group criteria.

Table 5.4. Ecological Criteria

No SubCriteria| Sources of Energy Solar Wind HydrP | Biomas | GeoT Wave
K16 Nitrogen Oxide Emissions (g/M Wh) 94,40 26,8 17,30 959 12,50 0,10
K17 Carbon Dioxide Emissions (g-CO2/kWh) 41 1 24 230 38 24,60
K18 Carbon M onoxide Emissions (g/M Wh) 607 38,10 12,20 1490 25,10 0
K19 [ Sulfur Dioxide Emissions (g/M Wh) 59,20 29,90 11,20 439 3,11 0,24
K20 | Particulate Emissions (g/M Wh) 0,0352 | 0,0168 | 0,0053 | 0,325 0,0013 [ 0
K21 Non-M ethane Emissions (g/M Wh) 37,60 7,24 0,597 40,50 0,442 0

5.1.1.4 Socioeconomic Criteria

This is the main criteria group that covers the social and economic impacts of the relevant investments.
Acceptability of the investment by the public in the region where the investment is planned, as well as the benefits
of the investment for the public in both the region and a wider circle, can be defined underthis criteria group title.

Table 5.5. Socioeconomic Criteria

No SubCriteria| Sources of Energy Solar | Wind | Hydr Bioma | GeoT | Wave

K22 | External Costs 0,60 0,19 0,54 2,01 0,20 0,8

K23 Installation, Operation, and M aintenance 0,53 0,40 0,33 1 2,13 0,30
Employment (person/M W)

K24 Social Acceptability 0,1137 | 0,1340 [ 0,0479 | 0,1270 | 0,1312 | 0,05

K25 Technological M aturity 2 3 5 5 4 3

K26 Noise Factor (dB) 0 47 72,3 79,9 82 70
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Table 5.6. Maximization (Benefit) and Minimization (Cost) Oriented Criteria

Primary Criteria Categories | Sub Criteria Max / Min
Energy Efficiency Max
Economic Potential (GW/year) Max
Technique Operating Service Life (year) Max
Global Installed Capacity (%) Max
Capacity Factor (%) Max
Probability of Failure and Accident Risk Min
Investment Cost ($/kW) Min
Fixed Op. and Maintenance Cost ($/MW-year) Min
Electricity Generation Cost ($/Kw-h) Min
LCOE Electricity Generation Cost($/MWh) Min
Economic Amortization Period (year) Min
Specific Water Consumption (kg/MW) Min
Land Use Requirement (km2/MW) Min
Turnkey Delivery Time (year) Min
Government Incentives ($/MW) Max
Nitrogen Oxide Emissions (g/MWh) Min
Carbon Dioxide Emissions (g-CO2/GWh) Min
Ecological Carbon Monoxide Emissions (g/MWh) Min
Sulfur Dioxide Emissions (g/MWh) Min
Particulate Emissions (g/MWs) Min
Non-Methane Emissions (g/MWs) Min
External Cost Min
Employment during Installation, Operation, and Max
Social Social Acceptability Max
Technological Maturity Max
Noise Factor Min

5.2. Stages of CRITIC Methods
In the first stage of applying the CRITIC method, after determining the types of criteria, a decision matrix

consisting of 6 options and 26 criteria were formed, as shown in Table 5.7, taking into accountthe data in Tables
5.2, 5.3, 54, and 5.5, to obtain an objective prioritization as in equation (4.1).
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Table 5.7. Decision matrix including measurable data for renewable energy source types

Decision Matrix

No [ Criteria| Options Solar Wind HydroE | Biomass | Geoth. Wave
K01 | Energy Efficiency 21 26 90 40 16 15
K02 | Ekonomic Potential (GW/y1l) 91 98 140 0,4 4 3,65
K03 | Operating Life (year) 25 25 30 20 25 30
K04 | Global Installed Capacity (%) 2,90 6,10 17,50 1,50 0,20 2,41
K05 | Capacity Factor (%) 27,40 30,00 37,10 85,00 90,00 30,00
K15 | Government Incentives ($/kW) 22,5 11 10 18,9 13,2 10
K23 'E”ni})al'(')a;'rﬂ'e‘nto(ggg‘gﬁ;‘,\ﬁ?\g Maintenance 053 | 040 | 033 | 100 | 213 | 030
K24 | Social Acceptability 0,1137 | 0,1340 0,0479 | 0,1270 | 0,1312 0,0500
K25 | Technological Maturity 2 3 5 5 4 3
K06 | Low Risk of Breakdowns and Accidents 16,6 17 11 10 9 15
K07 | Investment Cost ($/kW) 3.873 2.213 2.936 4114 4.362 2.500
KO8 ;ir’)@d Operationand Maintenance Cost (SIMW- | 56 750 | 24050 | 4120 | 86.600 | 164.640 | 46.608
K09 | Electricity Production Cost ($/Kw-saat) 0,125 0,070 0,080 0,100 0,050 0,050
K10 | LCOE Electricity Production Cost ($/MWs) 125,30 73,60 83,50 100,50 47,80 90,00
K11 | Amortization Period (year) 1,85 0,9 12 1,92 5,7 8
K12 | Specific Water Consumption (m3/kWh) 0 0 3,9700 0 0 0
K13 | Land Requirement (km2/MW) 11 10 10 25 38 20
K14 | Tumkey Delivery Time (year) 0,50 1 1,08 2 1 1
K16 | Nitrogen Oxide Emissions (/M Ws) 94,40 26,80 17,30 959,00 12,50 0,10
K17 | Carbon Dioxide Emissions (g-CO2/kWh) 41 11 24 230 38 24,60
K18 | Carbon Monoxide Emissions (¢/MWs) 607 38,10 12,20 1.490 25,10 0,00
K19 | Sulfur Dioxide Emissions (/M Ws) 59,20 29,90 11,20 439 3,11 0,24
K20 | Particulate Emissions (/M Ws) 0,0352 | 0,0168 0,0053 | 0,3250 | 0,0013 0,00
K21 | Non-Methane Emissions (/M Ws) 37,600 7,240 0,597 40,500 0,442 0,00
K22 | External Cost 0,6 0,19 1 2,01 0,2 0,8
K26 | Noise Factor (dB) 0 47 72 79,9 82 70

The numerical data in the Decision Matrix are standardized by using the benefit or cost directionality (Equations

4.2 and 4.3). Table 5.8 shows the structure of the standardized decision matrix.

67




Tugba Aydin ve Sibkat Kagtioglu ~ CRITIC-WASP AS Yéntemleri ile Tiirkiye I¢in En Uygun Yenilenebilir Enerji Kaynaginmn Segimi

Table 5.8. The Normalization Table obtained by standardization

Normalization Matrix

No | Criteria | Options Solar Wind | HydroP. | Biomass | Geother. | Wawe
K01 | Energy Efficiency 0,920 0,853 0,000 0,667 0,987 1,000
K02 | Economic Potential (GW/year) 0,351 0,301 0,000 1,000 0,974 0,977
KO3 | Operating Service Life (year) 0,500 0,500 0,000 1,000 0,500 0,000
K04 | Global Installed Capacity (%) 0,844 0,659 0,000 0,925 1,000 0,872
K05 | Capacity Factor (%) 1,000 0,958 0,845 0,080 0,000 0,958
K15 | Government Incentives ($/MW) 0,000 0,891 1,000 0,279 0,721 0,969
K23 Er’lgp,\',?;’i’:g;ta‘r’]‘égr(‘ge'rgztr?,','\jt\i,‘\’;)" Operation, | e74 | 09045 | 0984 | 0617 | 0000 | 1,000
K24 | Social Acceptability 0,236 0,000 1,000 0,081 0,033 0,976
K25 | Technological Maturity 1,000 0,667 0,000 0,000 0,333 0,667
K06 | Probability of Failure and Accident Risk 0,950 1,000 0,250 0,125 0,000 0,750
K07 | Investment Cost ($/kW) 0,772 0,000 0,336 0,885 1,000 0,134
KO8 (Fé,xﬁfw(?ﬁ'eigd Maintenance Cost 0328 | 0124 | 0000 | 0514 | 1000 | 0265
K09 | Electricity Generation Cost ($/Kw-h) 1,000 0,267 0,400 0,667 0,000 0,000
K10 é?ﬁ%vﬁgecmcny Generation Cost 1000 | 0333 | 0461 | 0680 0000 | 0545
K11 | Amortization Period (year) 0,087 0,000 1,000 0,094 0,440 0,651
K12 | Specific Water Consumption (kg/M W) 0,000 0,000 1,000 0,000 0,000 0,000
K13 | Land Use Requirement (km2/MW) 0,036 0,000 0,000 0,536 1,000 0,357
K14 | Turnkey Delivery Time (year) 0,000 0,333 0,387 1,000 0,333 0,333
K16 | Nitrogen Oxide Emissions (g/MWh) 0,098 0,028 0,018 1,000 0,013 0,000
K17 | Carbon Dioxide Emissions (g-CO2/GWh) 0,137 0,000 0,059 1,000 0,123 0,062
K18 [ Carbon Monoxide Emissions (g/M Wh) 0,407 0,026 0,008 1,000 0,017 0,000
K19 | Sulfur Dioxide Emissions (g/MWh) 0,134 0,068 0,025 1,000 0,007 0,000
K20 | Particulate Emissions (g/MWs) 0,108 0,052 0,016 1,000 0,004 0,000
K21 | Non-Methane Emissions (g/MWs) 0,928 0,179 0,015 1,000 0,011 0,000
K22 | BExternal Cost 0,225 0,000 0,192 1,000 0,005 0,335
K26 | Noise Factor (dB) 0,000 0,573 0,882 0,974 1,000 0,854

The correlation table obtained from correlation analysis between criterion pairs is shown in Table 5.9 using
Equation (4.4) to calculate the correlations and measure the degree of relationship between the criteria.

In the next step, the total amount of data in each criterion, denoted as C;, is calculated using equation (4.5). The
standard deviation of the criteria, oj, is calculated using equation (4.6) and equation (4.5) where the total number
of datais calculated. The results of these calculations are shown in Table 5.10. Finally, the weights of the criteria
are determined by using equation (4.7), and the priorities within the list of 26 criteria are established. And finally,
priorities have been determined within the list of 26 criteria, which were identified by calculating the weights of
the criteria using equation (4.7).
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Table 5.11. Table showing Importance Weights of Criteria

Criteria No Standardcjdeviation o The correlation wj Weightsoo/: Criteria
K01 0,38121832 9,44749252 0,03993273 3,99327253
K02 0,43667728 9,25265976 0,0391092 3,91092048
K03 0,37638633 7,64055945 0,03229517 3,22951684
K04 0,36904342 8,11810415 0,03431366 3,43136575
K05 0,46857849 13,9561554 0,05898997 5,89899719
K15 0,41168557 12,8053599 0,05412578 5,41257818
K23 0,38722187 10,3623705 0,04379974 4,37997376
K24 0,47201173 13,1836236 0,05572463 5,57246294
K25 0,40368671 11,3342912 0,04790786 4,79078588
K06 0,4398153 12,3797849 0,05232696 5,23269584
K07 0,41964136 9,23751864 0,03904521 3,90452063
K08 0,35433176 8,50068797 0,03593077 3,59307654
K09 0,39195616 8,76417532 0,03704448 3,70444755
K10 0,33579679 7,36272563 0,03112082 3,11208185
K11 0,39341453 11,5146058 0,04867001 4,86700139
K12 0,40824829 11,9267044 0,05041187 5,04118749
K13 0,39897829 9,48723602 0,04010071 4,01007134
K14 0,32664399 6,57351417 0,02778497 2,77849742
K16 0,3969398 7,26647414 0,03071398 3,0713982
K17 0,38030161 6,92606551 0,02927514 2,92751405
K18 0,40315698 7,34265978 0,031036 3,1036004
K19 0,39235379 7,19519029 0,03041268 3,0412679
K20 0,39560913 6,8298602 0,0288685 2,88684993
K21 0,4766679 7,93800732 0,03355242 3,3552423
K22 0,37009753 5,82392878 0,02461662 2,46166216
K26 0,38127629 5,41546275 0,02289011 2,28901146
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Table 5.12. Weighting results obtained according to the criteria of the CRITIC Method

e
K01 Energy Efficiency 0.0399327253
K02 Economic Potential (GW/year) 0.0391092048

Technique K03 Operating Service Life (year) 0.0322951684
K04 Global Installed Capacity (%) 0.0343136575
K05 Capacity Factor (%) 0.0589899719
K06 Probability of Failure and Accident Risk 0.0523269584
Ko7 Investment Cost ($/kW) 0.0390452063
K08 Fixed Op.and Maintenance Cost ($/M W-year) 0.0359307654
K09 Electricity Generation Cost ($/Kw-h) 0.0370444755
K10 LCOE Electricity Generation Cost ($/M Wh) 0.0311208185

Economic K11 Amortization Period (year) 0.0486700139
K12 Specific Water Consumption (kg/M W) 0.0504118749
K13 Land Use Requirement (km2/M W) 0.0401007134
K14 Turnkey Delivery Time (year) 0.0277849742
K15 Government Incentives ($/MW) 0.0541257818
K16 Nitrogen Oxide Emissions (¢/M Wh) 0.030713982
K17 Carbon Dioxide Emissions (g-CO2/GWh) 0.0292751405

Ecologic K18 Carbon Monoxide Emissions (/M Wh) 0.031036004
K19 Sulfur Dioxide Emissions (g/M Wh) 0.030412679
K20 Particulate Emissions (/M Ws) 0.0288684993
K21 Non-M ethane Emissions (g/M Ws) 0.033552423
K22 External Cost 0.0246166216
K23 Employment during Installation, Operation, and Maintenance | 0.0437997376

(person/MW)

Social K24 | Social Acceptability 00557246294
K25 Technological Maturity 0.0479078588
K26 Noise Factor 0.0228901146

As seen in Table 5.13, the capacity factor in technical criteria, state incentives in economic criteria, non-methane
emissions in ecological criteria, and social acceptability in social criteria have gained weight compared to other
criteria in their respective groups.

5.3. WASPAS Method Application for Ranking Renewable Energy Options
In the second stage ofthe process, renewable energy sources are ranked based on their performances in the criteria
by using the WASPAS method. The decision matrix prepared in the CRITIC method is normalized using equations

(4.9) and (4.10) for each criterion in terms of benefit and cost directionality. With this process, the first step of this
method is completed. Table 5.14 lists the normalized data.
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Table 5.13. Normalized Data

Normalized Table

No [ Criteria| Options Solar Wind | HydroE | Biomass| Geoth. | Wawe
K01 | Energy Efficiency 0,233 0,289 1,000 0,444 0,178 0,167
K02 | Ekonomic Potential (GW/y1l) 0,650 0,700 1,000 0,003 0,029 0,026
K03 | Operating Life (year) 0,833 | 0833 | 1,000 | 0667 | 0833 | 1,000
K04 | Global Installed Capacity (%) 0,166 0,349 1,000 0,086 0,011 0,138
K05 | Capacity Factor (%) 0,304 0,333 0,412 0,944 1,000 0,333
K15 [ Government Incentives ($/kW) 1,000 0,489 0,427 0,840 0,587 0,444
K23 'E”:]Lal'c')a;'rggnto(gzg%m Maintenance 0249 | 0188 | 0155 | 0469 | 1,000 | 0,141
K24 | Social Acceptability 0,849 1,000 0,357 0,948 0,979 0,373
K25 | Technological Maturity 0,400 0,600 1,000 1,000 0,800 0,600
K06 | Low Risk of Breakdowns and Accidents 0,542 0,529 0,818 0,900 1,000 0,600
KO7 | Investment Cost ($/kW) 0,571 1,000 0,754 0,538 0,507 0,885

K08 | Fixed Operation and Maintenance Cost ($/MW-yr) 0,073 0,171 1,000 0,048 0,025 0,088

K09 [ Electricity Production Cost ($/Kw-saat) 0,400 0,714 0,625 0,500 1,000 1,000
K10 [ LCOE Electricity Production Cost ($/MWs) 0,381 0,649 0,572 0,476 1,000 0,531
K11 [ Amortization Period (year) 0,486 1,000 0,076 0,469 0,158 0,113
K12 [ Specific Water Consumption (m3/kWh) 1,000 1,000 0,000 1,000 1,000 1,000
K13 | Land Requirement (km2/MW) 0,909 1,000 1,000 0,400 0,263 0,500
K14 [ Tumkey Delivery Time (year) 1,000 0,500 0,463 0,250 0,500 0,500
K16 | Nitrogen Oxide Emissions (/M Ws) 0,001 0,004 0,006 0,000 0,008 1,000
K17 | Carbon Dioxide Emissions (g-CO2/kWh) 0,268 1,000 0,458 0,048 0,289 0,447
K18 | Carbon Monoxide Emissions (¢/MWs) 0,000 0,000 0,000 0,000 0,000 1,000
K19 | Sulfur Dioxide Emissions (g/MWs) 0,004 0,008 0,021 0,001 0,077 1,000
K20 | Particulate Emissions (g/MWs) 0,000 0,001 0,002 0,000 0,008 1,000
K21 | Non-Methane Emissions (g/M Ws) 0,000 0,000 0,000 0,000 0,000 1,000
K22 | External Cost 0,317 1,000 0,352 0,095 0,950 0,238
K26 | Noise Factor (dB) 1,000 0,000 0,000 0,000 0,000 0,000

In the third step, the process of calculating the relative importance of the options has been completed. In this
process, the weight values of the criteria obtained by the CRITIC method are included in the calculation to obtain
the Weighted Decision Matrix. Then, using the values in this new table, the total relative importance of each option
is calculated separately according to WSM and WPM.

Thetotal relative importance of an option according to WSM is determined by the weighted sum of criterion values

using equation (4.11). Accordingto WPM, the criterion-based performance value of an option is calculated using
equation (4.12), multiplied by the criterion weight. The results obtained are shown in Table 5.15.
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Table 5.14. Performance Values of Options According to Criteria Weights Based on WPM and
Total Relative Importance of Options According to WSM

Values Solar Wind Hydropower Biomass Geothermal Wave
WPM 0.098 0.110 0.075 0.046 0.104 0.297
WSM 0.474 0.544 0.496 0.468 0.521 0.530

Furthermore, the Common Generalized Criterion Value is calculated by applying a A value (A=0.5 in this case)
using equation (4.13) on the WPM and WSM data. Thus, the process of ranking the options based on their total
relative importance (Qi) is completed. The option with the highest Qi value is interpreted as the most suitable
option. As a result of this thesis study, the following ranking has been obtained for the evaluation of renewable
energy sources based on criteria for sustainability in our country.

Table 5.15: Result Values Obtained by WASPAS Method

Options Result Values (Qi) Ranking
Wave 0.413 1
Wind 0.327 2
Geothermal 0.313 3
Hydropower 0.286 4
Solar 0.286 5
Biomass 0.257 6

6. RESULTS AND EVALUATIONS

In conclusion, based on the factors considered and the collected data, it is not possible to have a completely 100%
clean and/or green energy source and production. The positive environmental impacts of renewable energy
production are associated with their current usage and low greenhouse gas emissions. However, if the production
and usage areas continue to increase, sufficient information on the long-term environmental impacts and the extent
of the negative effects has not yet been obtained.

In our study, wave energy was identified as the energy source with the highest WASPAS score (0.413). Wind
energy (0.327) and geothermal energy (0.313) ranked second and third, respectively. Hydropower (0.286), solar
energy (0.286), and biomass energy (0.257) are energy sources with lower WASPAS scores.

These results provide a guide that can be considered when choosing and planning energy sources in the future.
The numerical rankings obtained from the calculations confirm the fact that low-carbon energy sources supporting
environmental sustainability should be preferred in the energy sector. In addition, the results can be considered by
strategic decision-makers in the energy sector, and countries and companies wishing to transition to sustainable
energy sources can select the most appropriate energy sources by taking these results into account.

However, we would like to emphasize that further research is needed to strengthen these results, i.e., to make them
more reliable and comprehensive, and to consider more criteria. At this point, this study also shows that the
WASPAS method can be used in the comparison process ofenergy sources and provide guidance in the decision -
making process.

Additionally, the determined rankings may vary depending on other factors. In this study, only six different
renewable energy sources were considered. When other renewable energy sources are included in the ranking
process, theresults may differ. The determinacy of the factors to be considered or required can vary from country
to country, even from region to region. Each country, region, and local condition has different energy needs and
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sources. Therefore, decision-makers in the energy sector should consider multiple criteria to select the most
appropriate renewable energy sources for their conditions, taking these factors into account.

This study should be considered as only a guideline in terms of criteria and evaluation calculations and decisions
related to the energy sectorshould be supported by more comprehensive studies with wider coverage.

Acknowledgment

This article has been prepared by utilizing the preliminary work of the master's thesis titled " The Selection
Of Appropriate Renewable Energy Source For Turkey By Using CRITIC and WASPAS Methods" which will
be conducted by Tugba AYDIN under the supervision of Sibkat Kactioglu, at Istanbul Ticaret University,
Industrial Engineering from Institute of Nature and Science Graduate Department, Thesis-based Master's
Program.

Conflict of Interest Statement
There are no conflicts of interest among the authors

Research and Publication Ethics Statement
The study has been conducted in accordance with research and publication ethics.

REFERENCES

Akon Grup, 2022. Access Date: 13.02.2023.
http://akongrup.com.tr/indexphp/tr/portfolio/bandirma-hes-projesi/

Anadolu Ajansi, 2022. Access Date: 12.02.2023.
https://www.aa.com.tr/tr/ekonomi/turkiyede-elektrik-tuketimi-gecen-yil-yuzde-12-artti/ 2470685

BP (2021). BP Statistical Review of World Energy 2022, 71st edition,
https://www.bp.com/en/global/corporate/energy -economics/statistical-review-  of-world-energy.html

Cumhuriyet Newspaper, 2022. Access Date: 14.02.2023.
https://www.cumhuriyet.com.tr/bilim-teknolo ji/dunyanin-en-buyuk-dalga-
enerji-santrali-turkiyeye-kurulacak-2011278

Cakir Siileyman & Pergin S. (2013). Performance Measurement in Logistics Companies with Multi-Criteria
Decision Making
Techniques. Ege Academic Review, Volume 13, No 4, page.452

Delucchi M. A.ve Mark Z. J., Providing all global energy with wind, water, and
solar power, Part II: Reliability, systemand transmission costs and policies,
Energy policy, 39, 3 (2011) 1170-1190.

Diakoulaki, D., Mavrotas, G. ve Papayannakis, L. (1995). Determining objective
weights in multiple criteria problems: the critic method. Computers &
Operations Research, 22(7), 763-770.

Dinler, A.(2019). An Overview of Renewable Energy Potential and Utilization in
Turkey. Renewable and Sustainable Energy Reviews, 100, 348-364.

Edenhofer O., Pichs-MadrugaR., Sokona Y., Seyboth K., Kadner S., Zwickel T.,
Eickemeier P., Hansen G., Schlomer S., Von Stechow C. ve Matschoss P.,
Renewable energy sources and climate change mitigation: Special report of the
intergovernmental panel on climate change, Cambridge University Press, 2012.

Energy Map, 2020. Access Date: 13.12.2022.

75


http://akongrup.com.tr/index.php/tr/portfolio/bandirma-hes-projesi/
https://www.aa.com.tr/tr/ekonomi/turkiyede-elektrik-tuketimi-gecen-yil-yuzde-12-artti/2470685
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-
https://www.cumhuriyet.com.tr/bilim-teknoloji/dunyanin-en-buyuk-dalga-

Tugba Aydin ve Sibkat Kagtioglu ~ CRITIC-WASP AS Yéntemleri ile Tiirkiye I¢in En Uygun Yenilenebilir Enerji Kaynaginmn Segimi

https://www.enerjiatlasi.com/hidroelektrik/hasan-ugurlu-baraji.ntml

Energy Map, 2017. Access Date: 25.09.22.
https://www.enerjiatlasi.com/haber/elektrik-uretiminde-karbon-salinimi

Energy Map, 2021. Access Date: 25.02.2023.
https://www.enerjiatlasi.com/elektrik-uretimi/

Erdogan, M., Sahin, M., & Kiling, M. (2016). The Renewable energy potential of Turkey.
Renewable and Sustainable Energy Reviews, 60, 820-832.

Ers6z F. & Kabak M. (2010). Literature Review of Multi-Criteria Decision-Making Methods in Defense Industry
Applications. Journal of Defense Sciences, Turkish Military Academy No 9, page 110.

European Commission, Brussels, Belgium,2022. Access Date: 13.02.2023. Energy:
https://ec.europa.eu/energy/index_en

FEBEL, Energy Terminology, Seckin Printing, Ankara 1991, p. 5-7.

Goktolga Z.G. & Gokalp B. (2012). Determination of Criteria and Alternatives Affecting Job Selection Using
AHP Method. Journal of Economics and Administrative Sciences, Volume. 13, No 2, page 73.

IEA (2020). Renewables 2020: Analysis and forecastto 2025. International Energy
Agency.

International Energy Agency, France, 20221. Access Date: 12.02.2023. https://www.iea.org/

Janic M. & Reggiani A. (2002). An Application of the Multiple Criteria Decision
Making (MCDM) Analysis to the “Selection of a New Hub Airport”. European Journal of Transport and
Infrastructure Research, Vol 2, No 2, 5.119.

Kiraci, K. & Bakir, M. (2019). Performance measurement application in airline
operations using the CRITIC-based EDAS method. Pamukkale University,
Journal of Social Sciences Institute, 35, 157-174.

Mardani A. & Nilashi M. & Zakuan N. & Loganathan N. & Soheilirad S. & Saman
M.ZM. & Ibrahim O. (2017) “A Systematic Review and Meta-Analysis of SWARA and WASPAS
Methods: Theory and Applications with Recent Fuzzy Developments.” Applied Soft Computing. 52:265-
292.

Niliifer Municipality, Bursa (2015). Feasibility Study for Biogas Production Plant
from Organic Waste, Final Report.

OMC Engineering Co., 2018-2019. Access Date: 13.02.2023
https://www.omc.com.tr/projeler/tamamlanan-proje ler/turkerler-jeotermal-enerji-santrali-3-projesi-
uretim-boru-hatti-mekanik-imalat-ve-montaj-isleri

Renewable Energy World, 2022. Access Date: 05.01.2023.
https://www.renewableenergyworld.com/

Research Gate, 2009. Access Date: 15.03.2022
https://www.researchgate.net/publication/26825049

Saglam Mustafa & Uyar Tanay Sidki (2006), “Wave Energy and Turkey's Technical
Potential in Wave Energy". Department of Mechanical Engineering, Energy
Division, Marmara University. Goztepe, Istanbul

Selen Energy, 2021. Access Date: 15.02.2023.
https://selenkaenerji.com/blog/ulkemizdeki-yenilenebilir-kaynakli-santrallerin-kapasite-faktoru-agustos-
2021-17.html

Solar AVM, 2022. Access Date: 13.02.2023.

76


https://www.enerjiatlasi.com/hidroelektrik/hasan-ugurlu-baraji.html
https://www.enerjiatlasi.com/haber/elektrik-uretiminde-karbon-salinimi
https://www.enerjiatlasi.com/elektrik-uretimi/
https://ec.europa.eu/energy/index_en
https://www.iea.org/
https://www.omc.com.tr/projeler/tamamlanan-projeler/turkerler-jeotermal-enerji-santrali-3-projesi-uretim-boru-hatti-mekanik-imalat-ve-montaj-isleri
https://www.omc.com.tr/projeler/tamamlanan-projeler/turkerler-jeotermal-enerji-santrali-3-projesi-uretim-boru-hatti-mekanik-imalat-ve-montaj-isleri
https://www.renewableenergyworld.com/
https://www.researchgate.net/publication/26825049
https://selenkaenerji.com/blog/ulkemizdeki-yenilenebilir-kaynakli-santrallerin-kapasite-faktoru-agustos-2021-17.html
https://selenkaenerji.com/blog/ulkemizdeki-yenilenebilir-kaynakli-santrallerin-kapasite-faktoru-agustos-2021-17.html

Istanbul Ticaret Universitesi Teknoloji ve Uy gulamali Bilimler Der gisi Cilt 6, No 2, s. 53-80

https://solaravm.com/11-soru-cevap-ile-gunes-elektrik-santralleri

“Supplier Selection Based on SWARA-WASPAS Methodology: An Example from
Iron-Steel Industry in Turkey”, Academic Platform Journal of Engineering
and Science 6-3, 113-120, 2018

Sengiil, O., & Oztop, H. F. (2018). The Renewable energy potential of Turkey: A review.
Renewable and Sustainable Energy Reviews, 81, 1883-1893.

Tanay Sidki UYAR (Dog. Dr.), Turkish Young Businessmen Association: " Turkey's
energy problems and proposed solutions™, (2003)

Tayali H.A. (Dr.) (2020), IstanbulUniversity, Faculty of Business Administration.
"Academic Social Research Journal”, Year: 5, No: 47, June 2017, page. 368-380.

Presidency of the Republic of Turkey Strategy and Budget Directorate (2021).
Renewable Energy Directive.

Ministry of Foreign Affairs of the Republic of Turkey, 2022. Access Date: 20.09.2022.
https://www.mfa.gov.tr/turkiye_nin-enerji-stratejisi.tr.mfa

The Ministry of Energy and Natural Resources of the Republic of Turkey (2021).
Enerji ve Tabii Kaynaklar Bakanligi Faaliyet Raporu 2020.

TEIAS, December 2021 Board Power Report

TEIAS, 2021 https://www.teias.gov.tr/tr-TR/aylik-elektrik-u retim-tuketim-raporlari, 2021 Electricity
Production-Consumption Report

Thorpe, T W. "A Brief Review of Wave Energy", ETSU Report No R-120, (1999)

Topeu, Y. Ilker (Dr.) & Dr. Kabak Ozgiir, Istanbul Technical University Course
Notes, Decision Analysis.

Tosun Gavcear, C. & Organ, A. (2020), “Evaluation of Online Travel Agencies Selling
with AHP-Grey Relational Analysis and AHP-WASPAS Methods”
BMIJ, (2020), 8(1): 731-753

Uludag, Ahmet Serhat & Dogan, Hatice, A Service Quality Application Focused on the Comparison of Multi-
Criteria Decision Making Methods, Cankir1 Karatekin University, Journal of Faculty of Economics and
Administrative Sciences Y. 2016 Cilt 6, Say1 2, ss. 17-47

World Bank, World Development Report 1993, ss.246-247.

World Resources Institute, USA, 2001. Erisim Tarihi: 12.02.2023
www.wri.org/climate,

Yeh C.H. (2003). The Selection of Multi-Attribute Decision-Making Methods for Scholarship Student Selection.
International Journal of Selection and Assessment, Vol11, No 4, s.291.

Yesil Aski Online Publication, 2022. Access Date: 13.02.202.
https://www.yesilaski.com/dalga-enerjisi-ile-ele ktrik-uretimi.html

Yildiz, M., & Demirel, N. (2018). Turkey's renewable energy potential: A review.
Renewable and Sustainable Energy Reviews, 82, 2574-2584.

Yilmaz Bektur, Nazim Bayraktar, "Energy and Environment, Mulkiye Association
Magazine., Kasmm 1993, No. 161, Vol. XVII, ss.5-6.

77


https://solaravm.com/11-soru-cevap-ile-gunes-elektrik-santralleri
https://www.mfa.gov.tr/turkiye_nin-enerji-stratejisi.tr.mfa
https://www.teias.gov.tr/tr-TR/aylik-elektrik-uretim-tuketim-raporlari
https://www.yesilaski.com/dalga-enerjisi-ile-elektrik-uretimi.html

Tugba Aydin ve Sibkat Kagtioglu ~ CRITIC-WASP AS Yéntemleri ile Tiirkiye I¢in En Uygun Yenilenebilir Enerji Kaynaginmn Segimi

Additional Numbered References

[1] Future Power Technology, 2020. Access Date:18.02.2023
https://www.power-technology.convcomment/renewable-energy-reach-22-5-

share-global-power-mix-2020/

[2] Phys Org, 2016. Access Date:15.12.2022, https://phys.org/news/2018-06-tide-device-closer-green-
power.html#jCp

[3] Ozhan, E;; Abdalla S.: "Wind and Deep Sea Wave Atlas of Turkish Coasts",

Middle East Technical University, (2002)

[4] Thorpe, T W. "A Brief Review of Wave Energy"”, ETSU Report Number R-120, (1999).

[5] Goksel Demirer, The Environmental Problems and Capitalism, Sorun Printing

(in Turkish), Istanbul 1992, page. 30-34.

[6] Niyazi Berkes, Mine Kislalioglu, Ecology and Environmental Sciences, Remz Kitabevi, Istanbul 1990, page.
144,

[7] FEBEL, a.g.e, 55.285-289; World Bank, World Development Report 1992, page. 122-123.

[8] FEBEL, a.g.e, s.s.285-287

[9] Koray Bosal, "The Applications of Solar Energy in the World and Turkey," Faculty of Economics and
Administrative Sciences Journal., Year: 1, No 1,2, p. 115.

[10] The State of the Environment, Paris 1991, p. 234-235.

[11] United Nations World Commission on Environment and Development, a.g.e, p. 243.

[12] United Nations World Commission on Environment and Development, a.g.e, p. 245.

[13] The World Energy Council, a.g.e, p. 67.

[14] FEBEL, a.g.e,s.3.

[15] The United Nations World Commission on Environment and Development (WCED), a.g.e, p. 71.

[16] Kenan Mortan, Applied Economics, Anadolu University Publications, No: 657, Eskisehir 1993, p. 18.

[17] Cihan Dura, "Environmental Issues and Economics", TCSV Yaymi, Ankara 1991, s. 79.

[18] Vural Savas, Development Economics, Beta Publication Distribution, Istanbul 1986, p. 40.

[19] David Pearce v.d, Green Economy for Blue Water: New Opportunities for Sustainable Growth in Caribbean
SIDS, Tiirksen Kafaoglu, A. Baser Kafaoglu, Alan Publication, Istanbul1993, p. 146.

[20]. State Hydraulic Works General Directorate, www.dsi.gov.tr, Erisim: 04.04.2006.

[21] M. Peston, Public Goods, and Public Sector Translate: Nihat Falay, Macmillan Economics Series, Ak
Publications, Istanbul 1979. p. 47-55.

[22] Mehmet Arif Demirer, Eco Politics, AnahtarKitaplar Publications, Istanbul 1992, s. 135.

[23] the official newspaper of the government of Turkey, 11.08.1983, No: 18132

[24] Keles Rusen and Harmanc1 Can, Environmental Science, imge Publishing, Ankara 1993, p. 76.

[25] Somersan Sema, Environment and Politics in Turkey, Metis Green Books, Metis Publishing, Istanbul 1993,
pP. 177.

[26]. SEN Zekai, “Clean Energy Opportunities in Turkey”, Architect and Engineer Magazine, No: 33, April-May-
June, 2004.

* The environmental and energy-related article on solar energy applications and developments was taken from the

Proceedings of the Solar Energy Applications and Developments Symposium, Mugla, May 1994.

78


https://www.power-technology.com/comment/renewable-energy-reach-22-5-
https://phys.org/news/2018-06-tide-device-closer-green-power.html#jCp
https://phys.org/news/2018-06-tide-device-closer-green-power.html#jCp

Istanbul Ticaret Universitesi Teknoloji ve Uy gulamali Bilimler Der gisi Cilt 6, No 2, s. 53-80

[27] Turkish Republic State Planning Organization (DPT), “Specialized Commission Report on Electricity for the
Eighth Five-Year Development Plan”, DPT: 2569 - OIK: 585, Ankara, 2001.

[28] World Energy Council, 1992 Energy Report, Ankara 1993,

[29] World Commission on Environment and Development, Our Common Future, 3rd Edition, TCSV Publication,
Ankara 1991, p. 220-221.

[30] Cokan, M., 2003. Wave energy (Wave power plants), Proceedings of the 2nd Renewable Energy Sources
Symposium, 1(439), 118 - 125.

[31] Ozdamar, A.,2000. "A study on generating electricity from wave energy, The Case related Cesme, Journal
of Aquatic Products. Vol. No: 17, No: 1-2.

[32] gooenergy.com

[33] Eral, M., 1998. TUBITAK-TTGV Science-Technology-Industry Debates platform, Energy Technologies
Policy Working Group Report, Ankara.

[34] Un, U.T., 2003. Wave energy technology, economy, environmental impact, and global status, Proceeding s of
the Renewable Energy Sources Symposium, Izmir.

[35] Dog¢.Dr. Kayfeci Muhammet, 2011. Lecture Notes on Alternative Energy Sources

[36] Varinca, K.B., Varank, G., 2005. Assessment of environmental impacts in wind energy production systens
and proposed solutions. https://docplayer.biz.tr/784324-Ruzgar-kaynakli-enerji-uretim-sistemlerinde-cevresel-
etkilerin-degerlendirilmesi-ve-cozum-onerileri.ntmil

[37] World Bank, World Development Report 1992, p. 196.

[38] Erkul, H. 2012. Economic Contributions and Environmental Impacts of Geothermal Energy: The Case of
Kizildere Geothermal Field in Denizli http://ybd.dergi.comu.edu.tr/dosyalar/Ybd/jeotermal-enerjinin-ekonomik-
katkilari-ve-cevresel-etkileri-denizli-kizilde-2017-02-13-117 .pdf

[39] Giindiiz, O., 2018. Geothermal power plants and their environmental impacts.
https://www.emo.org.tr/ekler/c3ef98f7b 7293f3_ek.pdf

[40] https://www.dw.com/tr/barajlar-temiz-enerji-ve-e kolojik-zarar-i% C3%A7-i% C3%A7e/a-47940092

[41] https://cevredostuenerji.com/biyokutle-enerji-santrallerinde-agaclar-yakilacak-mi/

[42] https://yesildunyaguzelcevre.wordpress.com/2017/03/19/dalga-enerjisi-teknolojisi-nedir-avantajlari-ve-
dezavantajlari-nelerdir-muhendislikveteknoloji-com/

[43] Maunsell, L. (2003). Electricity markets: an overview. Energy Policy, 31(2), 87-99.

[44] IEA. (2018). Global EV Outlook 2018: Towards cross-modal electrification. International Energy Agency.
[45] IRENA. (2019). Renewable power generation costs in 2018. International Renewable Energy Agency.

[46] IRENA. (2020). Renewable Capacity Statistics 2020. International Renewable Energy Agency.

[47] Bloomberg New Energy Finance. (2020). New Energy Outlook 2020. Bloomberg New Energy Finance.

[48] Fraunhofer Institute for Solar Energy Systems. (2020). Current and Future Cost of Photovoltaics: Long-term
Scenarios for Market Development, System Prices and LCOE of Utility-Scale PV Systems. Fraunhofer Institute
for Solar Energy Systems.

[49] Zhang, F., Chen, X., & Cui, S. (2019). Overview of Energy Storage Technologies for Grid Applications.
Applied Sciences, 9(11), 2244,

[50] Liu W.Y.,, “A review on wind turbine noise mechanism and de-noising techniques”, Renewable Energy,

108:311-320,(2017)

79


https://docplayer.biz.tr/784324-Ruzgar-kaynakli-enerji-uretim-sistemlerinde-cevresel-etkilerin-degerlendirilmesi-ve-cozum-onerileri.html
https://docplayer.biz.tr/784324-Ruzgar-kaynakli-enerji-uretim-sistemlerinde-cevresel-etkilerin-degerlendirilmesi-ve-cozum-onerileri.html
http://ybd.dergi.comu.edu.tr/dosyalar/Ybd/jeotermal-enerjinin-ekonomik-katkilari-ve-cevresel-etkileri-denizli-kizilde-2017-02-13-117.pdf
http://ybd.dergi.comu.edu.tr/dosyalar/Ybd/jeotermal-enerjinin-ekonomik-katkilari-ve-cevresel-etkileri-denizli-kizilde-2017-02-13-117.pdf
https://www.dw.com/tr/barajlar-temiz-enerji-ve-ekolojik-zarar-i%C3%A7-i%C3%A7e/a-47940092

Tugba Aydin ve Sibkat Kagtioglu ~ CRITIC-WASP AS Yéntemleri ile Tiirkiye I¢in En Uygun Yenilenebilir Enerji Kaynaginmn Segimi

[51] Doganh, M.2010. Wind Turbine Noise, Health Effects, and Proposed Regulations, Novosim Engineering.
[52] M. C. Senel ve E. Kog, 2017. Assessment of Environmental Impacts in Wind Turbines. Wind Energy, 10-14.
[53] Isik Elif, “Investigation of the Psychosocial Effects of Noise Level in Hydroelectric Power Plants on Workers
at the Place Where Noise Level Is Taken as Reference in Doctoral Thesis” Nisan 2019, Trabzon

[54] Orhan Goniil, Ankara 201. Investigation of Chemical and Physical Risk Factors in Domestic Wastewater
Treatment Plants by Ministry of Turkish Republic Labor and Social Security, General Directorate of Occupational
Health and Safety.” (Occupational Health and Safety Expertise Thesis)

[55] Key World Energy Statistics 2009, International Energy Agency (IEA), 2009.

80



