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Abstract

Today the use of renewable energy sources is increasing day by day. The essential advantages of the wind
energy are that it is clean, of low cost, and unlimited. In this work, the wind energy potential of the provinces
of the Marmara region in Turkey is evaluated by the multi-criteria decision-making (MCDM) methods. The
TOPSIS and PROMETHEE methods are used for analysis of the criteria weights by two different
approaches. In the first approach, the criteria weights are taken equally. In the second approach, the criteria
are weighted using the AHP method. When the methods are applied by taking the criteria weights equally,
Balikesir and Canakkale are determined as the wind priority provinces in potential, while Kocaeli and
Sakarya take the last rank. After the criteria weights are determined via AHP when the TOPSIS and
PROMETHEE methods are applied, Balikesir ranks first and Kocaeli ranks last. The Spearman's correlation
coefficient determines the level and direction of the relationship between the rankings obtained from the
TOPSIS and PROMETHEE methods. When the methods are applied, the value of “0.636” indicate that the
relationship between the rankings is “positive” and “moderate”. When the criteria are weighted with AHP,
and the methods are applied, the correlation coefficient is obtained as “0.909”. This value indicates a
“positive” and “very high” level of relationship. The ranking results obtained when the methods are applied

after the criterion weights are calculated with AHP are more supportive of each other.
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1. Introduction

The energy resources are indispensable factors for
a country's social welfare and economic
development [1], [2]. One of the most critical
energy components is electricity, which is one of
the secondary energy sources. The electricity
demand is increasing day by day with the use of
technology [3]. Although the electrical energy is
mainly obtained from the traditional energy
sources such as coal and petroleum, the traditional
resources are inadequate and have adverse
environmental effects. For this reason, it is
becoming widespread to obtain the electrical
energy from renewable energy sources [4]. In the
recent years, the wind energy has become one of
the important renewable energy sources
worldwide because it is known that the wind
energy is clean, of low cost, and unlimited [5].
Nowadays, the wind energy is commonly used in
order to produce electrical energy in numerous
countries such as Germany, Spain, United States,
India, and Denmark [6]. Turkey has the potential
to meet the total energy requirements from the

wind energy. The most suitable areas for the use
of wind energy are the Marmara, Southeastern
Anatolia, and Aegean regions in Turkey [7].
Besides, Turkey is one of the world's fastest-
growing wind power energy markets. In 2020,
Turkey rose to the fifth place in Europe in the
wind energy production equipment. 44 countries
on six continents are exporting for the wind power
plant equipment [8].

The issues such as wind energy potential
evaluation are decision environments where more
than one criterion is evaluated. There are studies
in the literature on the wind energy including the
MCDM methods. Some of the studies in the
literature are summarized below.

Elmahmouidi et al. [9] have aimed to determine
the most appropriate areas for wind farms in
Tarfaya (Morocco) using the Fuzzy-AHP and GIS
methods. Supciller et al. [10] have proposed a
decision model for the selection of wind turbines
in Turkey. The criteria were weighted according
to the SWARA method. The degrees of
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significance for the criteria were first given by the
experts using neutrosophic  numbers with
linguistic variable definitions. The TOPSIS and
EDAS methods were used as the integrated
solution methods with monovalent neutrosophic
numbers. Moradi et al. [11] have aimed to analyze
a multi-criteria decision support system in orderto
assess the wind energy in Iran. In their study,
AHP and GIS were used, and finally, the effect of
change in criterion weights was examined by the
sensitivity analysis. Rehman et al. [12] have
evaluated the selection of wind power plant
locations in Saudi Arabia. They determined the
most suitable plant location using the
PROMETHEE method after entropy-based
criterion weighting. Degirmenci et al. [4] have
evaluated the wind energy projects using the GIS
and AHP methods in Turkey.

In this work, the Turkey's wind power plant
potential of the provinces in the Marmara region,
one of the areas suitable for energy, was evaluated
by the MCDM methods. It is aimed to make the
wind energy potential ranking and selection on a
provincial basis. Two approaches are presented
for the criteria weights to be used in the TOPSIS
and PROMETHEE method steps. In the first
approach, the criteria weights were taken equally.
In the second approach, the criteria were weighted
using AHP, one of the MCDM methods.
Evaluation of the provinces in the Marmara region
was made using the TOPSIS and PROMETHEE
methods via decision matrix for the provinces.
The results obtained from the methods were
compared using the Spearman’s rank correlation
coefficient.

2. Materials and method

The Marmara region is in NW Turkey. It is the
economically and socially most developed region
of Turkey, and has a population of 25 million. The
Marmara region has an area of 72,845 kmz?, and
there are 11 provinces in this region. The
Marmara region and the provinces in this region
are shown in figure 1 [13].

In this work, the wind power plant potential of the
provinces (Balikesir, Bilecik, Bursa, Canakkale,
Edirne, Istanbul, Kirklareli, Kocaeli, Sakarya,
Tekirdag, Yalova) included in figure 1 was
evaluated using the TOPSIS and PROMETHEE
methods from the MCDM methods. The
relationship between the province rankings
obtained from the methods was obtained by
calculating the Spearmans' correlation coefficient.
The evaluation criteria in the decision problem are
given in table 1 [14], [15].

The criteria in table 1 were weighted with two
approaches, and the effect levels on the decision
problem were determined. In the first approach,
the weights of all criteria were taken equally, with
a total weight of 1,000. In the second approach,
the expert opinions were evaluated, and the
criteria were compared with each other in pairs.
The criteria were weighted via the AHP method.
The decision matrix is included in table 2.

2%° ° 30°

Figure 1. Map of Marmara region [13].

Table 1. Wind power plant potential evaluation criteria.

Wind power plant potential evaluation Units of
criteria criteria
. . MwW
C1. Theoretical potential power value
(megawatt)
C2. Installed power value of power plants taken MW
into operation (megawatt)
C3. Number of power plants commissioned )
. MW
C4. Total transaction
(megawatt)
. . . %
C5. Transaction-theoretical ratio
(percent)
. . m/s
C6. Province annual average wind speed level
category
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The dataset to be used as a decision matrix in the
TOPSIS and PROMETHEE methods is given in
table 2.

2.1. TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution) method

The TOPSIS method is an MCDM method with a
strong foundation, and is easy to understand,
developed by Hwang and Yoon. The steps of the
TOPSIS method are summarized below [16].
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Step 1. Creation of decision matrix as in Table 3.

Table 2. Data matrix in this work.

Alternatives/Criteria | C1 Cc2 C3 C4 C5 C6
Balikesir 13827 1181 30 1539 011 2
Canakkale 13013 653 23 1328 0.1 8
Tekirdag 4627 172 10 294 0.06 6
Istanbul 4177 326 20 930 022 4
Bursa 3882 133 6 373 0.1 3
Edirne 3470 172 5 540 016 3
Karklareli 3079 243 6 494 016 4
Yalova 533 120 4 276 052 3
Kocaeli 334 10 1 94 028 3
Bilecik 309 60 3 160 052 3
Sakarya 180 10 2 180 1 2
Table 3. Decision matrix.
Weights of criteria W, W, Wj
Criteria/Alternatives  a b c
f, fal fbl fcl
f, fa2 b2 fc2
fj ... fij
fam fom fcm ... fom

Table 3 includes the criteria weights (W;) as well
as the dataset for the criteria.

Step 2. Normalization of the decision matrix as
equation 1.
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Step 3. Calculation of the weighted normalized
matrix. The weighted normalized decision matrix
vij was calculated according to Eg. (2). The
criteria weights (W;) could be taken equal or
could be calculated using different MCDM
methods such as AHP, SAW, and ANP.

Riy Roy ...

Vij = W R,

)

Step 4. Determination of the positive ideal
solution (A*) and the negative ideal solution (A7)
as Egs. (3) and (4), respectively. I shows the
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benefit  (maximization) and I’ the loss
(minimization) criterion functions.

A :{(M,;&XVUHeI),(M{NVHHeI)} 3)
At =itV vt

A = {(M{N vyl1eD, (Mfl*XVu| J e I)} @)

A” ={v{,v5,... Vg }

Step 5. Calculation of the distances from each
alternative to the positive ideal solution and
negative ideal solution as equations 5 and 6.

®)

(6)

Step 6. Calculation of the relative closeness to the
ideal solution for each alternative as equation 7.
Ranking of alternatives from the best to the worst
according to the decrease in these values.

S¢
RCI_S;+SI" )
2.2. PROMETHEE (Preference Ranking
Organization  Method for  Enrichment

Evaluation) method

The PROMETHEE method is one of the MCDM
methods developed by Brans et al. It is a valuable
ranking method in design and implementation
[17]. The steps of the PROMETHEE method are
summarized below:

Step 1. Creating the decision matrix as in table 3.
Step 2. Defining the preference functions for each
criterion. The preference functions are given in
table 4.

Step 3. Calculation of the preference indices as
equation 8.

3)-1 WB(4,B)

]
D

1(a,B) = (8)
W

Step 4. Computing the partial sequences of
alternatives by calculating the transition flow with
PROMETHEE | as equations 9, 10 and 11,

respectively.

') =) n(ap)

4 )
IROEDYNICE (10)
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o) = ¢t — () (1)

Step 5. Achieving full ranking with
PROMETHEE II. If (a) > d(b), alternative a has
priority; otherwise, alternative b prevails. If (a)
= ¢(b), the alternatives a and b are not superior to
each other.

Table 4. Preference functions.

;I'ype .Of preference Definition of function Parameter
unctions
—(0d<0
Type | (Classic) p(d) = {ld >0
0d <
TRl UTye) | p@ = {5 ¢ q
0d<0
d
Type I11 (V Type) p(d) = {50 <d<p p.q
1d >p
0d <0
1
Type IV (Level) p(d) = {50 <d<p p.q
1d >p
0d <gq
. 1
Type V (Linear) p(d) = E0 <d<p p.q
1d >p
0d<0
Type VI (Gaussian) p(d) = { —d? S
1—e2s >¢q

2.3. AHP (Analytic Hierarchy Process) method
AHP is an MCDM method proposed by Saaty
[18]. AHP is a method that evaluates a finite
number of criteria in a decision problem, and
ranks them according to their importance [19].
The steps of the AHP method are summarized
below:

Step 1. Create a hierarchical structure for the
decision problem. The criteria for the purpose are
determined.

Step 2. Preparation of the pairwise comparison
matrix. The criteria (n) in the decision problem
are compared with each other in pairs. The
pairwise comparison matrix (4) is a nxn matrix.
The matrix structure is given in equation 12. The
priority for each criterion is defined by the expert
opinions according to its contribution to the goal.
The basic scale is given in table 5.

1 ANl
A= ) : 1 :
/AN1 1 -

Table 5. Fundamental scale in AHP [20].

(12)

Scale | Implication
1 Importance of the two criteria is the same
3 A criterion is moderately important than other criteria
5 A criterion is strongly important than other criteria
7 A criterion is demonstrated importance than other criteria
9 A criterion is extremely important than other criteria
2,4,6,8 | Intermediate value
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Step 3. Normalizing the comparison matrix and
calculating the priority vector. For each column in
the pairwise comparison matrix, the matrix is
normalized by taking the column sums and
dividing the elements in the matrix by the
corresponding column sum. Then the row sums
are taken for each criterion in the normalized
matrix. The calculated values are the priority
values for the criteria, and the matrix formed by
these values is the priority matrix. The
eigenvector shows the priority of each criterion
among the other criteria in the matrix.
Step 4. Elements in the priority matrix created
with the priority vector are multiplied by the
elements in the pairwise comparison matrix. The
weighted total matrix is obtained. The "A,4."
value is calculated by taking the arithmetic
average of the values of the last matrix in the
(nx1) dimension, which is formed by dividing the
total row values in the weighted total matrix by
the obtained priority matrix row values.
Step 5. Calculation of consistency index (Cl) and
consistency ratio (CR). Whether the interaction
determined in the paired comparisons is consistent
or not is measured by calculating CR. The
formula for Cl is given in equation 13.
Ayax — N
Cl= ~—1
The random consistency index should be given to
evaluate the consistency, as shown in table 6.
The formula for CR is given in equation 14.
Cl
T RI

If CR is less than 0.10, the decision is that the
matrix is consistent.

(13)

CR (14)

Table 6. RI values for matrix [21].

n (number of criteria) RI
1 0.00
2 0.00
3 0.58
4 0.90
5 1.12
6 1.24
7 1.32
8 141
9 1.45

10 1.49
11 151
12 154
13 1.56
14 157
15 1.59

2.4. Spearman’s rank correlation coefficient
The Spearman's rank correlation coefficient is
specified as r; for a sample statistic. The formula
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for calculating r, for a correlation between the x
and y variables is given in equation 14 [22].
_ 6 YiL1 D}

Rg=1-— m (14)
where d; is the difference in ranks for x and y,
and m is the number of alternatives. Table 7
contains the linguistic expressions of the
correlation degrees for the correlation coefficients.

Table 7. Linguistic expressions for size of Spearman’s
rank correlation coefficient [23].

Size of correlation Linguistic expressions

0.90 to 1.00 Very higy (+ or -)
0.70 t0 0.90 High (+ or -)
0.50t0 0.70 Moderate (+ or -)
0.30t0 0.50 Low (+ or -)
0.00 t0 0.30 Negligible (+ or -)

+: Positive correlation
-: Negative correlation

3. Results and discussion

After determining the alternatives and the criteria,
the decision matrix was created. The wind power
plant potential rankings of the provinces in the
Marmara region were obtained. The criteria
weights  required for the TOPSIS and
PROMETHEE method steps were obtained with
two different approaches. In the first approach, the
weights of all criteria tabulated in table 1 were
taken equal, with a total weight of 1.000. The
weight of each criterion was determined as
“0.167”. In the second approach, the criteria were
weighted using the AHP method using the expert
opinions. The pairwise comparison matrix for the
criteria and the criteria weights obtained are given
in table 8. CR was calculated as “0.093”. Since

this value is less than 0.10, the comparison matrix
is consistent.

Table 8. Criteria weights obtained via AHP.

Criteria | C1 C2 C3 C4 C5 C6  Weights
C1 1 12 113 1 2 4 0.148
Cc2 2 1 3 2 3 3 0.303
C3 3 1/3 1 5 3 3 0.274
Cc4 1 12 1/5 1 2 2 0.123
C5 12 13 13 12 1 3 0.094
C6 V4 13 13 12 13 1 0.058

The rankings obtained by the TOPSIS and
PROMETHEE methods are given in table 9.
According to the rankings obtained from the
methods, in the first approach, Balikesir and
Canakkale were important provinces in the wind
energy and power plant potential. Kocaeli and
Sakarya were determined as the last provinces of
ranks. In the second approach, the criteria weights
were determined with AHP. According to results
obtained from the TOPSIS and PROMETHEE
methods, Balikesir ranked first, and Kocaeli
ranked last. The 7, value determines the degree
and direction of the relationship between the
rankings obtained from the methods. In the first
approach, the Spearman's correlation coefficient
between the two rankings from the methods was
calculated as r, = 0.636. Since this value was
between the values of 0.50 and 0.70 and it was a
positive value, the relationship between the
rankings obtained from the two methods was
“moderate” and “positive”. In the second
approach, ry was calculated as “0.909”. Since this
value was between the values of 0.90 and 1.00
and it was a positive value, the relationship
between the rankings obtained from the two
methods was “very high” and “positive”.

Table 9. Ranking obtained from MCDM methods.

Second approach

Ranking obtained from
PROMETHEE method

Ranking obtained from
PROMETHEE method

Ranking obtained from
TOPSIS method

First approach
. . Ranking obtained from
Provinces (alternatives) TOPSIS method

Balikesir 1
Canakkale 2
Tekirdag 5
Istanbul 3
Bursa 10
Edirne 9
Kurklareli 7
Yalova 6
Kocaeli 11
Bilecik 8
Sakarya 4

0 01l OO N WA P DN

- =
~ © o
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First approach: Determination of criterion weights equally
Second approach: Determination of criterion weights with AHP
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4. Conclusions

In this work, the wind power plant evaluation was
made for the provinces in the Marmara region in
Turkey, a suitable region for wind energy. The
rankings of the provinces were obtained. For this
purpose, the data of the provinces was analyzed
using the TOPSIS and PROMETHEE methods,
which are among the MCDM methods. The
relationships between the results obtained from
the methods that serve the same purpose but have
different application steps. This relationship was
positive. This situation supported the alternative
possibilities of the methods.

As a result, in this work, in which the province-
based evaluation of wind power plant potentials
was examined with multi-criteria decision-making
approaches, it was concluded that different
methods could be used for the same purpose. This
situation was confirmed via the Spearman’s rank
correlation coefficient obtained. In this context,
they were using AHP while weighting the criteria
in order to produce closer rankings from the
MCDM methods. This work can contribute to
future studies in terms of the method analysis and
using alternative methods.
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