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Abstract

The importance of renewable energy sources is increasing dayv by dav as the demand for energy
increases significantly in countries with fast-growing populations and economies. With this increasing
importance, the selection of energy sources is also becoming very complex. This study aimed to evaluare
the renewable energy sources in Turkey in terms of criteria such as economy, efficiency, emplovinent,
social acceptability, and economic life. In this context, 9 criteria were determined as a result of wide
literature research and expert opinion and whose significance weights wvere calculated vvith the Entropy
method; and the hydroelectric, wind, solar, biomass, and geothermal energy resources in Turkey have
been listed with the TOPSIS method and the resources have been evaluated. The findings revealed thar
biomass, geothermal and hyvdroelectric energies take the first three places among the most suitable
renewable energy sources for Turkey, followed by solar and wind energies, respectively.
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0z

Hizli biiviiven niifus ve ekonomive sahip iilkelerde enerjive olan talep onemli élgiide arttigindan,
venilenebilir enerji kaynaklarimin énemi de her gegen giin artmaktadir. Artan énemle birlikte bu
kavnaklarmn secimi de olduk¢a karmasik bir hal almaktadir. Bu ¢alismada, Tiirkive 'deki venilenebilir
enerji kaynaklarmmin ekonomiklik, verimlilik, istihdam, sosval kabul edilebilirlik ve ekonomik émiir gibi
lriterler acisindan degerlendirilinesi amaglanmaktadw. Bu kapsamda genis bir literatiir arastirmasi ve
uzman goriisii sonucunda belirlenen ve énem diizeyi agirliklar: Entropi yvéntemi ile hesaplanan 9 adet
liter, Tiirkive'de bulunan hidroelektrik, riizgar, giines, bivokiitle ve jeotermal enerji kavnaklar
TOPSIS yontemi ile swralanmis ve kayvnaklar degerlendirvilmistiv. Elde edilen bulgular; Tiirkiye
agisindan ihtivag diyulan venilenebilir enerji santralleri arasinda ilk ii¢ sirayi bivokiitle, jeotermal ve
hidroelektrik enerji santrallerinin aldigim, bunlart sirasivla giineg ve riizgdr enerjisi santrallerinin takip
ettigini ortava koymustur.

Anahtar Kelimeler: Yenilenebilir Enerji Kavnaklari, Cok Kriterli Karar Verme, Entropi, TOPSIS
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1. Introduction

To increase the efficiency of the energy sector, the implementation of renewable energy systems and
finding the most suitable renewable energy source are of great importance for governments. Today,
renewable energy sources have become a driving force in raising the welfare levels of countries. As
energy demand increases due to population and economic growth, it is vital to diversify energy sources
to reach safer options, create more jobs and contribute to the development of sustainable energy (Garni
etal., 2016, pp. 138). On the other hand, renewable energy sources are considered a very important issue
for all developed and developing countries due to their direct impacts on society and the environment.
Especially the limited fossil fuel reserves cause significant environmental problems to increase the
demand for sustainable and environmentally friendly renewable energy sources day by day (Hamal,
Sever and Vayvay, 2018, pp. 224). With the strong economic growth, population growth, and increasing
income levels, the greenhouse gas emission rates of the countries have started to increase rapidly. Turkey
has been listed at the top among the countries of the Organization of Economic Cooperation and
Development when viewed from this point of view (OECD, 2019). At this point, the transition from
fossil sources to renewable energy sources has become one of the priorities of developing countries
(Apaydin & Tasdogan, 2019, pp. 432; Zhao et al., 2021). In the last 10 years, renewable energy has
grown, accounting for more than 33% of the world's total energy production. As a result, proper
management of renewable energy sources is of paramount importance (Yazdani et al., 2020, pp. 36).

Renewable energy sources; are known as inexhaustible resources that are formed as a result of natural
processes and can renew themselves naturally. These resources include hydroelectric energy, wind
energy, solar energy, biomass, and geothermal energies (Owusu and Asumadu-Sarkodie, 2016, pp. 2).
According to Tester (2005), renewable energy sources have a dynamic harmony between equitable
accessibility of energy-intensive goods and services for all people and for the protection of the earth for
future generations especially for heating, power generation, industrial equipment, transportation, etc.
The continuation of activities without interruption is possible with a reliable energy supply. This is made
possible by the effective use of renewable energy sources. In addition, high greenhouse gas emissions
caused by fossil fuels are significantly reduced by these sources and environmental problems are
prevented. In addition to all these advantages, energy production interruptions that may be caused by
climatic effects constitute the disadvantageous side of renewable energy sources. (as cited in. Zhang,
Linor and Jin, 2011, pp. 3643).

With the increasing population and growing economy. Turkey's need for energy and natural resources
has been increasing in recent vears. Especially with the 5.5% increase in electricity demand since 2002,
Turkey has taken first place among OECD countries. In addition, energy demand is expected to increase
by 50% in the next ten years. Turkey carries out important studies for the development of renewable
energy sources. By the National Energy Policy adopted in 2017, increasing the use of domestic and
renewable energy resources has been among the main priorities. Thanks to the important steps taken,
Turkey ranks 5th in Europe and 12th in the world in terms of renewable energy installed power. The
share of renewable energy in Turkey's installed power reached 52% at the beginning of 2021 (MFA,
2020).

As of the end of September 2019, the distribution of installed energy power by resources is as follows;
31.4 percent hydraulic energy, 28.6 percent natural gas, 22.4 percent coal, 8.1 percent wind, 6.2 percent
solar, 1.6 percent geothermal and 1.7 percent are other sources, and in addition, the number of electrical
power generation plants in Turkey was increased to 8.069 as of the end of September 2019. Of the
existing power plants, 669 are hydroelectric, 68 are coal, 262 are wind, 52 are geothermal, 330 are
natural gas, 6.435 are solar and 253 are other sourced power plants (MFA, 2020).

The rational selection of the most suitable renewable energy sources plays a vital role in energy
investments. Thanks to these resources, which aim to minimize the waste of resources, it is also possible
to provide economic returns, reduce unemployment and increase energy security. On the other hand,
wrong decisions to be taken in investments to be made in renewable energy sources; can lead to reduced
financial returns, environmental problems, and stakeholder response (Haddad, Liazid and Ferreira,
2017, pp. 463). Evaluation of renewable energy sources is a very complex and critical decision-making
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process that needs to be considered and studied in its own right (Zolfani et al., 2020, pp. 886). When the
literature is examined, it is seen that Multi-Criteria Decision Making (MCDM) Methods have
widespread use at this point. While the importance of the criteria handled within the scope of solving
these complex problems is determined by methods such as AHP, Dematel, Entropy, SWARA, methods
such as TOPSIS, VIKOR, Electre are used to compare these criteria among various alternatives
(Diakoulaki, Mavrotas and Papayannakis, 1995, pp. 764; Horng, Hsu and Tsai, 2018, pp.1099;
Ghorabaee et al., 2015, pp. 439).

Georgiou, Mohammed and Rozakis (2015) used the AHP method to determine the weights of the energy
criteria used, and the Promethee method to evaluate the energy technologies according to the determined
criteria, in their study fo evaluate energy production technologies. Sengul et al. (2015) developed a
decision-making model using the TOPSIS method to evaluate renewable energy supply systems in
Turkey. Ozcan, Unliisoy and Eren (2017) used the ANP and TOPSIS methods in their studies in which
they investigated the selection of the most suitable source from renewable energy sources in Turkey. In
a similar study, Karaca and Ulutas (2018) used Entropy and WASPAS methods in their study aiming to
select the most suitable renewable energy source for Turkey. Yazdani et al. (2018) used Dematel and
WASPAS-COPRAS methods to determine the important criteria of energy resources. Again, Solangi et
al. (2019) used AHP and Fuzzy TOPSIS method to evaluate renewable energy resources in Pakistan.

In this study, the Entropy-weighted TOSIS method was used to evaluate the renewable energy sources
in Turkey. In this context, the renewable energy sources that have been discussed with wide literature
research and similar studies using multi-criteria decision-making methods are included here. Then,
explanations and formulations related to the Entropy and TOPSIS methods are given in the method
section. In the application part, the criteria to be used in the study were determined by using a wide
literature review and expert opinions. Finally, the necessary analyzes were made by following the steps
of the Entropy and TOPSIS methods and the findings were interpreted in the conclusion part.

2. Literature Review

In this part of the study, a comprehensive literature review was conducted to establish a reliable decision-
making framework for the evaluation of renewable energy sources. Beccali, Cellura and Mistretta (1998)
focused on energy planning in their study with 12 criteria such as energy-saving, reliability, installation
and maintenance requirements, and continuity using the Electre method. Atici and Ulucan (2009)
evaluated hydroelectric power plants by using Electre and Promethee methods in their study. Ertay,
Kahraman and Kaya (2013) proposed a model to evaluate renewable energy technologies in Turkey
using AHP and Macbeth methods, Troldborg, Heslo and Hough (2014) developed a decision-making
approach for the selection of renewable energy technologies in Scotland using a multi-criteria decision-
making method.

As itis understood in the end of the literature review, Multi-Criteria Decision Making (MCDM) methods
are frequently used to evaluate renewable energy sources.

When the existing studies in the literature about the Entropy-TOPSIS method used in the study are
examined, it is seen that this method has widespread use in solving many different problems. Freeman
and Chen (2015) created a green supplier selection model using the Entropy-TOPSIS method in their
study. Zheng, Wang and Wang (2018) examined the level of sustainable wind energy development in
China, to analyze the development trends; Gorgij, Wu and Moghadam (2019) to determine the quality
levels of groundwater; and Yan et al. (2020) used the Entropy-TOPSIS method to evaluate the logistics
supply and demand efficiency of a third-party logistics company.

Vyas and Jain (2020) measured and prioritized the determinants of financial performance (FP) in Indian
small and medium enterprises (SMEs); Li et al. (2021) used the Entropy-TOPSIS method to measure
the level of high-quality development of China's maritime economy and to analyze the corresponding
spatial and temporal distribution characteristics. Similarly, Marquez et al. (2021) investigated whether
power in the supply chain based on management styles and network centralization explains financial
performance at different levels of analysis (buyers, suppliers, and bilateral); Ghosh, Mandal and Ray
(2021) used the Entropy-TOPSIS method to design a green supply chain management framework to
evaluate the performance of environmentally conscious suppliers. Liu et al. (2021) aimed to evaluate
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the development of the higher education system based on Hopfield Neural Network and Spider Web
Model using the Entropy TOPSIS method.

3. Method
3.1. Entropy Method

Entropy is one of the MCDM approaches and is a method used to measure the amount of benefit
provided by existing data. It is in the category of the objective methods, which are one of the weight
calculation methods, used frequently in the literature at the point of calculating the criterion weights in
the solution of a multi-criteria problem. In the content of the method, the data in the decision matrix are
used while weighting the criteria of the situation where multi-criteria decision-making is necessary. The
fact that there is no need for any other subjective evaluation shows both the easy applicability and
reliability of the method. The entropy method has a system consisting of five stages (Wu, Sun, Liang
and Zha, 2011:5163; Wang and Lee, 2009: §982),

Step 1: Creating the Decision Matrix

A; [X11 X1 o X
D A:z X:ZI X:zz X?n (1)
Am Xml Xm2 an
At this stage, the decision matrix is created with the help of equation (1).
Step 2: Providing Normalization for the Decision Matrix
.. Xij ..
ij = Vi, 2
Py =5 5, v U 2

In this step of the entropy method, the decision matrix is normalized to convert into a common unit. In
this step, the criteria are normalized without distinguishing between benefit and cost functions.

Step 3: Finding Entropy Values for Criteria
elj = —k.Yj_; pij.In(pij)
i=1,2,...mvej=12,...n (3)
k=(In(m)~1) eij=0=gj<1

In this step, the entropy values of each criterion are determined using the formula above.

Step 4: Finding Degrees of Differentiation
di=l-¢j j=12,...n (4)

In this step of the entropy method, the degree of equality of the information represented by dj is
calculated.

Step 5: Calculating Entropy Criterion Weights, Making Corrections If Negative Data Are Available

dj
w; = 5
A (5)

In the last step of the method, entropy weights are obtained for each criterion. It is expected that the sum
of the criteria weights will be equal to 1.

3.2. TOPSIS Method

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) uses the basic approaches of
the Electre method. In the TOPSIS approach, the aim is to present a suggestion for the solution of the
problem by choosing the solution alternative according to the idea of the closest distance from the
positive ideal solution and the farthest distance from the negative ideal solution, within the scope of the
problem to be decided. The solution process is considered to be shorter than the Electre method.
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According to the application of the method, the best criteria that can be obtained positive ideal solution,
and the negative ideal solution is expressed as the combination of the worst criteria (Wang, Cheng and
Kun-Cheng, 2009: 380). The TOPSIS method includes a solution process consisting of 6 steps (Karami
and Johansson, 2014:523-524);

Step 1: Creating the Decision Matrix (A)

aiir  Qip . Qg
1 Gz . (Qgp

Aij| S (1)
1 m2 e g

In the first step, the decision matrix is created with the help of decision-makers. In the rows of the
decision matrix, there are decision alternatives, and in the columns, the criteria to be used in the problem.

Step 2: Generating the Normalized Decision Matrix (R)

- a:: =172 ei=1"2 o]
?L,j= ij (i=1,2,....mve j=1,2,....n) (2)

[ym 2
\IIZ;‘;:]_ A

The normalized decision matrix is created using the elements of the A matrix with the help of the
formula. The purpose of the normalization process is to bring the data to a standard value between 0 and
1, even though they may be from different units.

Step 3: Creating the Weighted Standard Decision Matrix (V)

Wirip  Waliz . Wylip
Wiy, WaT32 v Wilog
_ 21
Vi = : : 3)
WiTm1 Walmz o Wyl

In this step of the method, the normalized decision matrix is multiplied by the importance coefficients
of the criteria ( w;) and weighting is performed. The point to note here is that the sum of the ( w;) values

gives the number 1.
Step 4: Creating Ideal (A+) and Negative Ideal (A-) Solutions
N e
(4)
4= {(mpog ) s )

At this stage, the weighted normalized positive ideal solution (A¥) and the alternatives for each
evaluation criterion are calculated as the weighted normalized negative ideal solution (A7) value that is
desired to diverge.

Step 5: Calculation of Separation Measures

(5)

In this step, the distances of each alternative to these values are calculated for each evaluation criterion
according to the formula in Equation (5). The distance between the positive ideal solution value and the
negative ideal solution value is calculated.

Step 6: Calculating Relative Closeness to the Ideal Solution
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SI_ +S: (6)

In the last step, the closeness coefficient of each alternative is calculated. The alternatives are then
ranked according to these values. The alternative with a closeness coefficient value equal to or closest
to 1 is ranked higher than the others.

Within the scope of the study firstly, the decision-making criteria will be weighted using the Entropy
method, and then the Topsis method will be applied within the scope of the above-mentioned formulas.

4. Practice

To increase the share of renewable energy sources in consumed energy sources, efficiency should be
increased by using the right renewable energy source in the right place. This study, which will evaluate
renewable energy sources in Turkey, Hydroelectric Energy (HEE), Wind Energy (WE), Solar Energy
(SE), Biomass Energy (BE), and Geothermal Energy (GTE) have been determined.

A literature search was also conducted to determine the criteria to be used in the study. The 9 most
common criteria, which were determined by using the existing studies and expert opinion in the

literature, were brought together. The criteria are presented in Table 1.

Table 1. Evaluation Criteria

Production Cost

over the life of a power plant. Capital cost includes costs
such as repair-maintenance, fuel, carbon and waste
management.

CRITERIA EXPLANATION RESOURCES
Efficiency The ratio of the output to the input energy Khan (2020). Torkayesh,
Fathipoir and Saidi-Mehrabd
(2019)
Average Energy | It refers to the average cost of electricity generation | Khan (2020),

Alizadeh et al. (2020)

Reliability It is defined as the ability of a power plant to perform | Solangi et al. (2009)
basic functions under specified conditions.
Government The government provides many incentives for the use | Govindan, Shankar and
Support of renewable energy sources. Kannan (2018),
Chen, Hung and Wang
(2018)
GHG Emission The lifetime GHG emissions from the option Khan (2020),

Klein and Whalley (2015)

Job Opportunities

It takes into account the potential jobs that occur at each
stage throughout the life cycle of renewable energy
technology.

Goumas and Lygerou (2000)

important criteria for power plant investment decisions.

Social Acceptance | Indicates the acceptance level of the power plants by the | Kahraman and Kaya (2010),
Level society. Ozcan, Unliisoy and Eren
(2017),
Land Use Total area usage and energy amount per unit m2 are | Kahraman and Kaya (2010)

Economic Lifetime

The economic life of the investment is an important
factor determining profitability due to the high
installation and operating costs of the power plant.

Sharma, Vaish and Azad
(2015),

Zheng and Wang (2020)
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The criteria were evaluated by experts with a score of 0-10. In the study, the Entropy weighting model
was applied during the creation of the weighted standard decision matrix. This method ranks the criteria
with the actual values of the data forming the decision matrix. By calculating the criteria weights with
the entropy method, then by the TOPSIS method, which is the second stage of the application, renewable
energy sources will be evaluated. In this direction, the weights of the criteria were created. The criteria
are given in the table in the scope of the analysis as; Efficiency (E), Average Energy Production Cost
(AEPC), Reliability (R), Government Support (GS), GHG Emission (GHGE), Job Opportunities (JO),
Social Acceptance Level (SAL), Land Use (LU) and Economic Lifetime (EL). Table 2 shows the
weights of the criteria:

Table 2. Weights of Criteria Calculated by Entropy Method
E AEPC R GS GHGE JO SAL LU EL
Weight | 0,108 | 0,134 0,125 | 0,104 | 0,122 0,072 | 0,121 | 0,074 | 0,134

After the weights are calculated, the weighted standard decision matrix is formed by multiplying the
weights of each criterion with the values in the normalized decision matrix, according to the relevant
formula (3), as in Table 3.

Table 3. Weighted Normalized Decision Matrix (V)
E AEPC R GS GHGE JO SAL LU EL
HEE 0078063 0,058071 0,033879 0,022474 0,065939 0,007841 0,026169 0,004033 0.07257
WE 0,046838 0,072589 0.060982 0,028092 0,059345 0,015682 0,065423 0,032263 0.07257

SE  0,039032 0,043553 0,054206 0,044947 0,052752 0,00392 0065423 0020164 0065313
BE 0.031225 0.06533 0.040655 0.028092 0,03297 0019602 0.032711 0,004033 0.043542

GTE 0.,031225 0,058071 0.04743  0,022474 0.026376 0,035284 0.045796 0,040329 0.050799

In step 4 of method (4), ideal positive (A+) and ideal negative (A-) solution sets are created. For the
ideal positive solution set, the largest value in each column is taken in the weighted normalized decision
matrix, while the smallest value in each column is chosen for the ideal negative solution set. The ideal
positive and negative values formed as a result of these processes were created as in Table 4.

Table 4. Determination of Ideal (A+) and Negative Ideal (A-) Solution
A+ 0,078063 0.072589 0.060982 0.044947 0.065939 0035284 0.065423 0.040329 0.07257

A- 0,031225 0,043553 0,033879 0.,022474 0,026376  0,00392  0.026169 0.004033 0,043542

In this step (5), the deviations of each decision point from the positive ideal solution and negative ideal
solution points are calculated. Accordingly, the positive ideal discrimination (S+) and negative ideal
discrimination (S-) values of each decision point were calculated as in Table 5.

Table 5. Calculation of Distance Measures Between Alternatives

Distance Measures Between Renewable Energy Sources (RES)

No RES 5+ S-

1 HEE 0.071146 0,069483
2 WE 0.041856 0,079112
3 SE 0,063477 0,062848
4 BE 0.086641 0,029731
5 GTE 0,074281 0,055976
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The relative closeness (C+) of each decision point to the ideal solution was calculated as in Table 6.
After the calculation of the relative closeness to the ideal solution, which is the last step of the method,
the C+ values found are arranged from the largest to the smallest, and the performance rankings of
renewable energy sources are determined (6).

Table 6. Calculating Relative Closeness to the Ideal Solution

No RES C+ Sira
1 HEE 0,505914 3
2 WE 0,346008 5
3 SE 0,502488 4
4 BE 0,744521 1
5 GTE 0,570264 2

With this calculation, which is the last step of the TOPSIS method, the energy source with the highest
C+ value is the one closest to the ideal solution, while the energy source with the lowest C+ value is the
last energy source to be preferred. Accordingly, in the decision to evaluate and select a Renewable
Energy Source (RES), the priority order of preference for the activity of establishing a power plant for
these sources can be examined in Table 6.

6. Conclusion and Recommendations

In this study, a solution proposal was presented to the decision-makers with the Entropy-based TOPSIS
application for the optimum renewable energy source selection. In conclusion, this study aims to provide
a realistic assessment of energy resources and to take into account the uncertainties presented in the
decision maker's preferences. With the application results, it is aimed to ensure that energy experts reach
positive opinions at the point of decision-making. In this context, according to the results of the
integrated method, the necessity of establishing a biomass power plant comes first in terms of Turkey.
These are; geothermal power plant, hydroelectric power plant, solar energy, and wind power plants,
respectively. It is seen that the results obtained are consistent with the literature. Derse and Yontar (2020)
studied the subject with different criteria and used the Swara-Topsis method in their study in Turkey,
respectively. They concluded that hydroelectric power plants, biomass power plants, geothermal power
plants, solar power plants, and wind power plants should be established. Similarly, Amer and Daim
(2011) evaluated renewable energy sources using the AHP method and environmental, economic and
technical criteria. As a result of the study, it was revealed that biomass energy is the most important
renewable energy source. Ahmad and Tahar (2014) evaluated renewable energy sources in Malaysia
using the AHP method and concluded that the most important energy sources are solar, biomass and
hydroelectric energy.

As is known, biomass materials can be processed into solid, liquid, and gaseous fuels. As a result, while
they create main products such as biodiesel, bioethanol, pyrolytic gas, they also create by-products such
as fertilizer and hydrogen. It is estimated that Turkey's biomass waste potential is approximately 8.6
million tons of oil equivalent (MTEO) and the amount of biogas that can be produced is 1.5-2 MTEO.
Because it can have an overall increase ability with an accurate predictive quality that exploits the
uncertain energy used and determined by a commonly used method from other choices. It has been
determined that geothermal energy is a secondary energy source in Turkey. Geothermal resources should
be promoted more as a renewable, sustainable, environmentally friendly, domestic, and green primary
energy source. Because, it has been determined with the findings that the success of Turkey in the
tourism sector is especially supported by health tourism and the thermal facilities, which is one of the
areas where the main need for geothermal energy is met, has secondary importance in terms of the
production and use of renewable energy resources. However, it has been concluded that hydroelectric
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energy has tertiary importance and other energy sources that follow are widely used solar and wind
energy.

It should be emphasized that the solution proposal presented in this study does not consider all possible
criteria and strategies related to the selection of renewable energy sources. The criteria and energy types
presented in the framework have been selected from among the most common types of energy in the
literature and constitute the limits of the study. In the same direction, the criteria of the study are also
differentiated and the study is repeatable.
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Tiirkive 'deki Yenilenebilir Enerji Kaynaklarimin Entropi-Topsis Yontemivle Degerlendivilmesi

Genisletilmis Ozet

Enerji sektdriintin verimlilifini artirmak icin yenilenebilir enerji sistemlerinin uygulanmasi ve en uygun
yenilenebilir enerji kaynaginin bulunmasi hitkiimetler icin biiyilk Snem tasimaktadir. Giiniimiizde
iilkelerin refah diizeylerini yiikseltme noktasinda yenilenebilir enerji kaynaklar itici bir giic haline
gelmistir. Niifus ve ekonomik bitylime nedeniyle enerji talebi arttikca daha giivenli secenege ulasmak,
daha fazla i3 yaratmak ve siirdiiriilebilir enerjinin gelistirilmesine katkida bulunmak icin enerji
kaynaklarimin cesitlendirilmesi hayati 6nem tasimaktadir (Garni vd., 2016, s.138). Son 10 yil iceresinde
yenilenebilir enerji, diinyadaki toplam enerji tiretiminin %33’tinden fazlasii olusturacak sekilde
bliylime kaydetmistir. Sonug olarak, yenilenebilir enerji kaynaklarinin uygun sekilde yonetilmesi buyiik
onem tasimaktadir (Yazdani vd., 2020, s.36).

Tester (2005)’e gére yenilenebilir enerji kaynaklari; enerji yogun mal ve hizmetlerin tiim insanlara adil
erisilebilirligi ile gelecek nesiller icin diinyamin korunmasi arasinda dinamik bir uyum olarak
tammlamaktadir. Ozellikle 1sitma, elektrik firetimi, endiistrivel ekipman, ulasim vb. faaliyetlerin
aksamadan siirdiiriilebilmesi gilivenilir enerji temini ile miimkiin olabilmektedir. Bu da yenilenebilir
enerji kaynaklarinin etkin kullanimiyla miimkiin hale gelmektedir. Ayrica, fosil yakitlarin neden oldugu
yiiksek sera gazi emisyonu bu kaynaklar sayesinde dnemli &lciide azaltilmakta ve cevresel sorunlarin
oniine gecilmektedir. Tiim bu avantajlariin yaninda iklimsel etkilerin olusturabilecegi enerji tiretimi
kesintileri yenilenebilir enerji kaynaklarinin dezavantajli yanimi olusturmaktadir (akt. Zhang, Linor &
Jin, 2011, 5.3643).

Artan niifus ve bityliven ekonomiyle birlikte Tiirkive'nin enerji ve dogal kaynak ihtivact son yillarda
artis gostermektedir. Ozelikle 2002 yilindan bugiine kadar elektrik talebinde meydana gelen %5,5°lik
artisla birlikte Tiirkive, OECD iilkeleri arasinda ilk sirayr almustir. 2017 yilinda kabul edilen Ulusal
Enerji Politikas1 uyarinca yerli ve yenilenebilir enerji kaynaklarmmin kullanminmin artirtlmasi ana
oncelikler arasina alinnustir. Yenilenebilir enerji kaynaklarinin gelistirilmesi yoniinde dnemli calismalar
gerceklestirmektedir. Atilan Snemli adimlar sayesinde Tiirkiye, yenilenebilir enerji kurulu giicti
acisindan Avrupa'da 5. dilnyada ise 12. sirada yer almaktadir. Yenilenebilir enerjinin Ttirkiye'nin kurulu
glicii igindeki pay1 2021 yili basinda%52'ye ulasmustir (MFA, 2020).
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En uygun yenilenebilir enerji kaynaklarinin akiler bir sekilde secilmesi, enerji yatirimlari icin hayati bir
rol oynamaktadir. Ozellikle kaynak israfii minimuma indirmeyi amaclayan bu kaynaklar sayesinde
ayrica, ekonomik getiri saglamak, issizligi azaltmak ve enerji giivenligini artirmak da miimkiin hale
gelmektedir. Buna karsin, yenilenebilir enerji kaynaklarina yapilacak yatirnmlarda alinacak hatali
kararlar; finansal getirilerin azalmasina, ¢evresel sorunlarm yasanmasina ve paydas tepkisine yol
acabilmektedir (Haddad, Liazid & Ferreira, 2017, s.463). Yenilenebilir enerji kaynaklarinmn
degerlendirilmesi, basl basina ele alinip incelenmesi gereken c¢ok karmasik ve kritik bir karar verme
stirecidir (Zolfani vd., 2020, s.886). Literatiir incelendiginde Cok Kriterli Karar Verme (CKKV)
Yontemlerinin bu noktada yaygin bir kullanima sahip oldugu gériilmektedir. Bu karmasik problemlerin
¢oziimii kapsamuinda ele alman kriterlerin énemi AHP, DEMATEL, ENTROPI, SWARA gibi
yontemlerle belirlenirken, bu kriterlerin cesitli alternatifler arasinda karsilastirmalarinin yapilmasi icin
TOPSIS, VIKOR, ELECTRE gibi yontemler kullamlmaktadir (Diakoulaki, Mavrotas & Papayannakis,
1995, 5.764; Horng, Hsu & Tsai, 2018, 5.1099; Ghorabaee vd., 2015, 5.439).

Bu calismada, Tiirkiye’deki yenilenebilir enerji kaynaklarinin ekonomiklik, verimlilik, istihdam, sosyal
kabul edilebilirlik ve ekonomik miir gibi kriterler acisindan degerlendirilmesi amaglanmaktadir. Bu
kapsamda genis bir literatiir arastirmast ve uzman goriisii sonucunda belirlenen ve onem diizeyi
agirliklar: Entropi yontemi ile hesaplanan 9 adet kriter, Tiirkiye’de bulunan hidroelektrik, riizgar, giines,
biyokiitle ve jeotermal enerji kaynaklar1 TOPSIS vyontemi ile siralanmis ve kaynaklar
degerlendirilmistir.

Entropi, Cok Kriterli Karar Verme (CKKV) vyaklasimlarmndan biri olup, mevcut verinin sagladigi
faydanin miktarini 6lgmede kullamlan bir yéntemdir. Yontem iceriginde cok kriterli karar vermenin
gerekli oldugu durumun kriterleri agirliklandirilirken karar matrisindeki verilerden yararlanilmaktadir.
Topsis, Electre yénteminin temel yvaklasimlarini kullanilmaktadir. TOPSIS yaklasiminda amag, karar
verilmesi gereken problem kapsaminda, karar alicini ¢6zlim alternatifinin pozitif ideal céziimden en
yakin mesafe ve negatif ideal ¢dziimden en uzak mesafe diisiincesine gore secilmesi ile problemin
coziimiine Oneri sunmaktir. Calisma kapsaminda ilk olarak karar verme kriterleri Entropi yéntemi
kullanilarak agirliklandirilacak ve ardindan yukarida belirtilen formiiller kapsaminda TOPSIS yontemi
uygulanacaktir.

Yenilenebilir enerji kaynaklarimin titketilen enerji kaynaklar: icerisindeki payinn artirtlmast amacindan
hareketle, dogru verde dogru yenilenebilir enerji kaynag: kullanilarak verim artirilmalidir. Tirkiye’deki
yenilenebilir enerji kaynaklarinin degerlendirilecegi bu ¢alismada Hidroelektrik enerjisi (HEE), Riizgar
Enerjisi (RE), Giines Enerjisi (GE), Biyokiitle Enerjisi (BKE) ve Jeotermal Enerji (JTE) olmak tizere
belirlenmistir.

Calismada kullanilacak kriterlerin belirlenmesi icin de ayrica bir literatiir arastirmas: yapilnustir.
Literatiirde mevcut ¢calismalardan ve uzman goriisiinden yararlanilarak belirlenen ve en sik rastlanan 9
adet kriter bir araya getirilmistir. Bu kriterler; Verimlilik (V), Ortalama Enerji Uretim Maliyeti (OEUM),
Giivenilirlik (G), Devlet Destedi (DD), Sera Gazi Emisyonu (SGE), Is Olanaklar (10), Sosyal Kabul
Diizeyi (SKD), Arzi Kullanimi (AK) ve son olarak Ekonomik Omiir (EO) ‘diir. Kriterler 0-10 arasi
puanlama ile uzmanlar tarafindan degerlendirilmistir. Calismada agirlikli standart karar matrisinin
olusturulmasi esnasinda Entropi agirliklandirma modeli uygulanmistir. Buna gére en yiiksek agirliga
sahip kriterler Ortalama Enerji Uretim Maliyeti ve Ekonomik Omiir (0,134) olarak bulunmustur. Bu
kriterleri sirastyla Giivenilirlik (0,125), Sera Gazi Emisyonu (0,122), Sosyal Kabul Diizeyi (0,121),
Verimlilik (0,108), Devlet Destegi (0,104), Arazi Kullanimi (0,074) ve Is Olanaklari (0,072) kriterleri
takip etmistir.

Agirliklar hesaplandiktan sonra, Topsis ydntemine gecilmistir. Ilk olarak her bir kriter agirligi normalize
edilmis karar matrisindeki degerlerle carpilarak agirhiklandirilmis standart karar matrisi olusturulmustur.
Daha sonra ideal pozitif (A+) ve ideal negatif (A-) ¢c6ziim kiimeleri olusturulmaktadir. Ideal pozitif
¢oziim kiimesi icin agirliklandirilnis normalize edilmis karar matrisinde her bir stitundaki en biiyiik
deger alinirken, ideal negatif ¢6ziim kiimesi icin her bir siitundaki en kiiclik deger secilmektedir. Bunu
takip eden asamada her bir karar noktasinin pozitif ideal ¢6ziim ve negatif ideal ¢6ziim noktalarindan
sapmalart hesaplanmaktadir. Son asamada ise Ydntemin son asamasi olan ideal coziime goreli
yakinligim hesaplanmasi asamasindan sonra bulunan C+ degerleri biiyiikten kiiciige dogru dizilerek
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yenilenebilir enerji kaynaklarinin performans siralamalari belirlenmistir. TOPSIS yonteminin son adimu
olan bu hesaplama ile C+ degeri en yiiksek olan enerji kaynagi ideal ¢oziime en yakin olan ilk tercih
edilmesi gereken enerji kaynagi iken, C+ degeri en diistik olan enerji kaynagi en son tercih edilmesi
gereken enerji kaynagin ifade etmektedir. Bu dogrultuda, yenilenebilir enerji santrali kurma faaliyeti
icin oncelikli tercih siralamasi belirlenmistir.

Bu cercevede biitiinlesik metodun sonuclarina gére, Turkive acisindan bakildiginda biyokiitle enerji
santralinin kurulmas: gerekliligi ilk sirada gelmektedir. Bunu sirasiyla; jeotermal enerji santrali,
hidroelektrik enerji santrali, glines enerjisi ve riizgir enerjisi santralleri takip etmektedir. Elde edilen
sonuclarin literatiirle tutarli oldugu gériilmektedir. Derse & Yountar (2020) konuyu farkls kriterlerle ele
aldiklar1 ve Swara-Topsis yontemi kullanarak yapnus olduklari calismada Tirkiye’de sirasiyla;
hidroelektrik enerji santrali, biyokiitle enerji santrali, jeotermal enerji santrali, giines enerjisi ve riizgar
enerjisi santrallerinin kurulmasi gerektigi sonucuna ulasnuslardir. Bilindigi tizere biyokiitle materyalleri
islenerek kati, sivi ve gaz yakitlanina doniistiiriilebilirler. Bunun sonucunda biyodizel, biyoetanol,
pirolitik gaz gibi ana firlinler olustururken giibre, hidrojen gibi yan tirtinler de olustururlar. Tiirkiye’nin
biyokiitle atik potansiyelinin yaklasik 8,6 milyon ton esdeger petrol (MTEP) ve firetilebilecek biyogaz
miktarinin 1,5-2 MTEP oldugu tahmin edilmektedir. Dolayisiyla yatirim yapilan ve yaygin kullanimda
olan diger seceneklere gore onceliinin yontem ile belirlendigi biyokiitle enerji kaynaginin dogru
degerlendirilmesi yenilenebilir enerji kaynaklarimin genel performansini artirici bir nitelige sahip oldugu
soylenebilir. Tirkiye’de jeotermal enerjinin ikincil olarak ¢neme sahip enerji kaynagi oldugu
belirlenmistir. Jeotermal kaynaklarin yenilenebilir, siirdiiriilebilir, cevreci, verli ve vesil bir birincil
enerji kaynagi olarak daha tesvik edilmesi gerekmektedir. Ciinkii Tirkiye’nin turizm sektériindeki
basarisinin ozellikle saglik turizmi tarafindan desteklendigi ve jeotermal enerjinin baslica ihtivacin
karsilandigi alanlarindan biri olan termal tesislerde, yenilenebilir enerji kaynaklarinin iretimi ve
kullanimi noktasinda ikincil neme sahip oldugu elde edilen bulgularla tespit edilmistir. Bununla birlikte
hidroelektrik enerjisinin {iclinciil 6neme sahip oldugu ve takip eden diger enerji kaynaklarinin da yaygin
olarak kullanilan giines ve rlizgar enerjisi oldugu sonucuna ulasilmistir.

Sonuc olarak bu calisma, enerji kaynaklarmin gercekei bir degerlendirmesini ve karar vericinin
tercihlerinde sunulan belirsizliklerin dikkate alinmasim saglamay1 hedeflemektedir. Uygulama sonuclari
ile enerji uzmanlarinin karar alma noktasinda olumlu gériislere ulasmalarimi saglamak amaglanmustir.
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