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Abstract

Turkey’s population is constantly increasing, and thus, the energy consumption is also increasing. Wind turbines, nuclear 
power plants, and boron and uranium resources are used for energy needs. Turkey meets its energy needs using these 
resources. Sun which is a natural and unlimited resource among these resources is one of the most important natural 
energy resources. The most important issue to consider in order to utilize solar energy in the most e�cient way and to 
obtain advantages is the selection of the suitable place for solar plants. The aim of this study is to select the most suitable 
location for solar energy plants and provide to build solar power plants in suitable places. Eleven data layers (sunshine 
duration, solar radiation, slope, aspect, road, water sources, residential areas, earthquake fault line, mine areas, power 
line and transformers) that were prepared using analytical hierarchy process (AHP) method in GIS were used and ana-
lysed. Based on the results of the analysis, the location of the areas where solar energy could be built was selected. As a 
result of the study, it was determined that in particular the north-east of the Nigde is the most suitable for solar plants. 
Ulukisla district has the most suitable feature for solar plants among the Nigde districts. 80% of the existing solar plants 
are located in the detected areas. It has been determined that the other 20% of the solar plant is also in the suitable 
areas, but their location is not suitable for the most e�ciency.
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1 Introduction

Fossil fuels such as coal, natural gas and petroleum are 
among the most preferred energy sources nowadays. 
These resources are considered to be unlimited in the 
world and are used unplanned. These energy sources are 
not unlimited, and they are negatively a�ected by some 
reasons such as unconscious use, greenhouse gases and 
industrialization [1]. One of the preferred solutions to 
use these resources more e�ciently and to minimize the 
greenhouse gas e�ect is renewable energy sources [2, 3].

Renewable energy sources have been attracted great 
attention in recent years. Although global energy that 
related to  CO2 emissions have increased, some countries 

have decreased their electricity generation emission val-
ues due to the use of renewable energy capacity. Accord-
ing to the data of renewable energy policies, when the 
renewable energy investments around the world are 
examined, the total investment for 2017 was 279.8 billion 
dollars [4].

The advantages the use of renewable energy are rec-
ognized worldwide as a result of signi�cant investments 
made in developed countries such as China, USA, Japan, 
India and Germany [5].

In 2018, many important steps were taken to renewable 
electricity generation in some parts of the world. For exam-
ple, Australia increased its renewable energy sources to 
20% for the �rst time, while Costa Rica provided 300 days 
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of energy to the countries from renewable energy with 
100% [5].

In early 2019, renewable electricity generation in the 
USA approached levels of coal-�red power generation, and 
renewable generation nearly doubled between 2008 and 
2018 years. In Europe, Portugal generated more than half 
of its electricity consumption from renewable sources in 
2018, while the UK was set annual records in production 
shares for both onshore (9.1%) and o�shore (8%) for the 
wind energy. For the �rst time, the EU has generated more 
than 15% of annual electricity using wind and solar power 
[5].

In this respect, the next century seems to be important 
in using the sun and its derivatives and other inexhaustible 
and clean energy resources [6, 7].

There are a large number of alternative energy sources 
that can replace fossil fuels in energy use such as wind 
energy and hydropower. In addition to these resources, 
solar energy is a natural resource that can replace fossil 
fuels because they cause less harm to the environment 
and provide the unlimited energy [8, 9]. In addition to 
environmental contributions, solar energy can provide 
more economic gain compared to fossil resources.

Since these resources are more sustainable than other 
sources, they can meet the world’s energy consumption 
demands. Today, we can say that energy consumption 
based on solar energy was increased by 50%. Studies esti-
mate that the global share of the solar energy consump-
tion will be 16% by 2050 [10]. As of 2020, the global share 
of energy consumption based on solar energy is 12% in 
the world [11].

Although solar energy sources have ecological and eco-
nomic advantages, there are some di�culties that prevent 
wide use worldwide. Firstly, as a result of the geographical 
location, the desired e�ciency cannot be obtained from 
the solar energy. This potential decreases or increases 
depending on the geographical position of the study area. 
The other point is that they need very large areas for the 
built of solar energy panels. For example, as a result of the 
study, a total of 80 acres is needed for a solar panel area of 
5 MW power. An average of 20 acres of area is needed for 
a 1 MW solar panel [12].

Later, since the materials that are used in the built of 
the panels are metal or similar, these materials cause neg-
ativity in terms of aesthetic appearance in a large area. 
Another negative feature is that not all of these systems 
are used as energy. Energy losses occur in the conversion 
of the energy that is obtained from the panels into electri-
cal energy.

As a result of researches, it has been determined that 
the efficiency of solar panels is between 15 and 20% 
[13]. As a result of the technical studies carried out in the 
recent years, this e�ciency has increased up to 40% [14, 

15]. Another negative feature is that the investment costs 
of solar panels are very high [16]. Soydan [12] stated that 
the costs for the solar panels are recovered after 9 years. 
However, considering that the average usage time of the 
panels is 20 years, it can be said that this period is not too 
long [17].

1.1  Solar energy in Turkey

Turkey’s economic growth, increasing population, indus-
trialization and energy needs in parallel with the improve-
ment of living conditions is increasing rapidly. Turkey is 
considered poor in terms of fossil fuels.

The domestic production of the energy demand 
decreased by 22% between the 1990 to 2013 years, and 
foreign dependence has increased at the same rate. 
43–50% is the share of natural gas in electricity produc-
tion over the last decade in Turkey. This is a clear proof that 
high dependence on imported natural gas [18].

The use of the solar energy is very important to ensure 
diversity of sources of electricity production, struggling 
to reduce global warming and dependence on foreign 
sources for the fossil fuels.

According to the 2018 data of the Ministry of Energy 
[19], 31.9% of the power is hydraulic, 25.6% is natural gas, 
21.5% is coal, 7.9% is wind, 5.7% is solar, 1.4% is by geo-
thermal and 5.9% is from other sources. In 2018, the num-
ber of solar power plants in operation is 5868. Total solar 
energy power is reached 5063.0 MW, of which 4,981.2 MW 
is unlicensed, and 81.8 MW is licensed.

The share of solar panels in total electricity production 
in Turkey has increased to 2.5% with 7477.3 GWh [19, 20]. 
Energy and Natural Resources Ministry [19–21] published 
the “World and Turkey’s Energy and Natural Resources 
View”; according to the report, as of 2014, within the total 
electricity production of 251.963 GWh, 17.4 GWh genera-
tion (0.01% share) was from solar energy; as of 2016, it 
has reached 972 GWh in total production of 273.387 GWh 
(0.36% share) [19–21].

In 2018, the total power of unlicensed solar power 
plants increased to 4.981 MW. The annual average increase 
in electricity demand for the 20-year period in 2019 was 
calculated as 2.90%–3.84% according to di�erent scenar-
ios. It is predicted that it will reach 376 billion kWh in 2023 
and 613 billion kWh in 2039. It is predicted that the share 
of renewable energy sources will increase even more in 
meeting this demand [19–21].

1.2  Approach to the build of solar panels

It is possible to gather the studies on solar panels under 
three groups. Some of them are the studies (Klepacha et al. 
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[22], Bayrakçı and Tezer (2019) [23], Baka et al. [24]) on the 
cost analysis of solar panels.

In the second group, there are studies (Strielkowski 
et al. [25], Da Cunha et al. [26], Kocaman et al. [27]) to 
determine the advantages of solar panels in terms of 
energy. In the last group, there are studies (Koç et al. [28], 
Wang et al. [29]) on the site selection for the most energy 
e�ciency from solar panels. Since this study focuses on 
select the suitable location in terms of solar panels, it can 
be included in this group.

Although there are many studies (Wang et  al. [29], 
Alsabbagh [30], Suri [31]) related to solar panels in the 
world, Turkey also does not have too many studies (Geçen 
[32], Sarsıcı [33], Oral et al. [34]) on this subject.

The studies are mostly focus on cost analysis. However, 
the most important factor a�ecting the cost analysis is the 
site selection. There are very few studies for site selection 
of solar panels in Turkey. The criteria that were used in the 
studies were found to be insu�cient. This study aims to 
determine the most suitable location for solar panels using 
AHP method and various criteria.

It is thought that this study will contribute signi�cantly 
to the literature in Turkey in terms of the selected method 
and criteria. The number of these studies is quite low, 
especially in terms of landscape architecture professional 
discipline. It can be thought that the study will contribute 
to this issue as well.

Nigde has one of the most sun in Turkey. Turkey’s annual 
solar energy potential is 380 billion KWh. Average annual 
sunshine duration per square metre is 2640 h, and average 
annual solar energy potential is 1,303 kWh.

These data correspond to a power of 3.6 kWh with a 
sunshine duration of approximately 7.2  h per square 
metre per day [19]. Compared to the other provinces in 
the region, Nigde is the leader with the highest annual 
average global radiation value of 1620 kWh/m2-year.

The average daily sunshine duration of Nigde is 8.03 h, 
and the average daily global radiation value is 4.44 kWh/
m2-day [35]. Nigde is suitable area for the solar panel 
investments due to reasons such as weak pasture areas 
and high solar radiation values.

Nigde gets sun about 300 days of the year. Nigde has 
a very wavy topography due to its location. Due to this 
topography and the sunshine duration, Nigde is in a very 
suitable region in terms of solar panels built. That is why 
Nigde was selected as the study area.

The aim of this study is to select the most suitable loca-
tion for solar energy plants and provide to build solar 
power plants in suitable places. Eleven data layers (sun-
shine duration, solar radiation, slope, aspect, road, water 
sources, residential areas, earthquake fault line, mine 
areas, power line and transformers) that were prepared 
using AHP analysis method in GIS were used and analysed.

Based on the results of the analysis, the location of the 
areas where solar energy could be built was selected.

2  Material and methods

2.1  Material

The study area includes the city of Nigde as a whole. Nigde 
is located in 34°30′10′′-34°45′00′′ eastern longitude and 
37°54′00′′-38°06′30′′ northern latitude. The size of the 
study area is 7795.22  km2. Nigde has a climate which is 
hot and dry in summers, and cold and snowy in winters.

According to the 84-year climate values covering the 
1935–2019 years, the lowest temperature was found in 
January with − 25.6 °C and the highest temperature in 
August with 38.5 oC. The annual rainfall varied between 
5.2 and 48.7 mm [36].

In this study, aspect and slope maps were produced 
using elevation map which has 30 m resolution. The prop-
erties of the data which were used in the study are given 
in Table 1.

LULC (land-use and land-cover) classes were de�ned 
from satellite images obtained in 2019 using visual inter-
pretation through ENVI 5.3, Harris Geospatial Solutions, 
USA. Then, the LUCC maps were classi�ed into nine dif-
ferent land-use classes using the supervised classi�cation 
method [37, 38]:

(1) urban areas,
(2) sparsely vegetated areas,
(3) industrial units,
(4) pasture lands,
(5) agricultural lands,
(6) broadleaved forest,
(7) coniferous forest,
(8) watercourses,

Table 1  Properties of the data

Data Source Resolution

Elevation maps https ://www.eorc.jaxa.jp/ALOS/en/
aw3d3 0/data/index .htm

30 m

Power lines https ://www.opens treet map.org/ 0.3 m

Transformers

Water sources

Roads

Fault lines

Residential areas

Mining areas

Climate data General Directorate of Meteorol-
ogy (https ://mgm.gov.tr/)

–

https://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm
https://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm
https://www.openstreetmap.org/
https://mgm.gov.tr/
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(9) bare land.

The reason for using these data in the study is to 
remove the agricultural areas, residential areas and water 
surfaces in the area. The suitability or unsuitability of these 
areas will not change the result. It is very di�cult to build 
solar panels on these areas. Residential areas and water 
surfaces are insu�cient and impossible in terms of areas 
where solar panels need to be build. Therefore, these areas 
were removed in the �nal map. Agricultural areas were 
removed on the �nal map due to its ecological damage.

2.2  Method

The data that were determined for the study were 
arranged in the GIS and shown with the created maps. 
The data were scored by the "Euclidean distance" method. 
The normalized data were reclassi�ed and divided into 5 
classes; it was scored by giving the most suitable value 
“5” and the least suitable value “1”. Suitable areas for solar 
plant were determined and visualized by adding on the 
satellite image.

In the solar energy site selection, the AHP method in 
GIS was used to determine the most suitable power plant 
areas to be built for the province of Nigde. After determin-
ing the necessary criteria, some arrangements have been 
made to process the data. In the �rst stage, all data were 
converted to UTM, WGS84 and 36 N coordinate system. 
After the data were converted to the suitable coordinate 
system, the data in vector format were converted to a ras-
ter format. All data which were used in the study were con-
verted into raster format. The purpose of this transforma-
tion is to ensure that each factor is scored in the speci�ed 
class range (with the Reclassify command), and all data are 
overlaid with the weight coe�cients (with the Weighted 
overlay command) in order to determine the suitable areas 
for solar panels.

Raster data were analysed based on the "Euclidean dis-
tance" method. After this process, the score (suitability) 
of the layer that expresses each criterion was determined 
according to the quality. Criteria maps were created by 
standardizing the layers. The values in the maps are pro-
vided in a �xed range between 1 and 5. It has been deter-
mined that many criteria are used in the build of the solar 
power plant. ArcGIS software was used in the study. In the 
study, 11 factors were determined in order to determine 
suitable areas for solar panels. The determined factors are 
that:

 1. Sunshine duration
 2. Solar radiation
 3. Slope
 4. Aspect

 5. Proximity to the power line
 6. Proximity to transformers
 7. Distance to water resource areas
 8. Distance to fault line
 9. Proximity to residential areas
 10. Distance to mining areas
 11. Proximity to roads

Nigde is not located in an area that has not a lot of 
rainfall or natural disasters. Temperature value is not 
important for panels, and sunshine duration and solar 
radiation values are important. Therefore, climatic 
parameters were ignored within the scope of the study. 
However, it should not be forgotten that these factors 
are valid only for this study and the number of criteria 
may increase or decrease depending on the region. 
There are many factors in determining the site selection 
of the solar power plant. In addition, while calculating 
the scores for each classification, it was benefited from 
previous studies on this subject such as Jung et et al. [9] 
and Kum et al. [7]. Maps of sunshine duration, solar radia-
tion, slope, aspect, proximity to the power line, proximity 
to transformers, distance to water resource areas, dis-
tance to fault line, proximity to residential areas, distance 
to mining areas, proximity to roads were done according 
to the values given in Table 2.

It is advantageous to use the GIS method in order to 
ensure that these factors are compatible, monitored, 
interpreted and managed. “Analytical hierarchy process” 
(AHP) method was used to determine the weight coef-
ficients of the factors.

AHP is a mathematical method that takes into account 
the priorities of the group or individual and evaluates 
the qualitative and quantitative variables together [39, 
40]. As it is a simple, easy to use and understandable 
method, it is a frequently used technique among multi-
criteria decision-making methods.

In this study, it was tried to reach the results by using 
too many factors. AHP method was used to determine 
the weight coefficients of the factors among each other 
and to determine the weight coefficients of each factor 
in the site selection of the solar energy panels.

AHP method calculates the consistency rate as a 
result of determining the weight coefficients established 
among the factors. This consistency rate gives an idea 
about whether this relationship is right or wrong. This is 
a very important step to prove the accuracy of the study. 
If the relationship between the number of factors and 
these factors is determined clearly, the accuracy of the 
results will increase. Due to these features, AHP method 
was preferred in the study.
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2.2.1  Analytical hierarchy process (AHP)

AHP is a mathematical method that takes into account 
the priorities of the group or individual and evaluates 
the qualitative and quantitative variables together. There 
are many studies (Garni et al. [41], Çolak and Kaya [42]) in 
which AHP method is used for the build of solar panels. As 
it is a simple, easy to use and understandable method, it 
is a frequently used technique among multi-criteria deci-
sion-making methods. AHP consists of four steps.

Step 1 Decision-making problem is identi�ed.

The decision-maker determines the necessary factors 
and sub-factors. At this stage, a survey study can be con-
ducted or the opinions of experts on the subject can be 
obtained.

Step 2 The binary comparisons matrix is created.
This step is the most important of AHP. After determin-

ing the factors and sub-factors, the degree of importance 
of these factors among themselves is determined.

For this, binary comparison matrix is created. This matrix 
is “A” (Table 3). The 1–9 scale of importance which is rec-
ommended by Saaty [43] is used to create these matrices 
(Table 4).

“W” values in the matrix show how important the “i” fac-
tor is compared to the “j” factor.

Values on the diagonal of the created matrix are 
expressed by a number. “I” and “j” are the same criteria. Fac-
tors which are considered for comparison should be homo-
geneous. In terms of consistency and accuracy of the scale, 
the number of alternatives should be less than nine. If it is 

Table 2  Weighting coe�cients of the evaluation criteria

Factors Classi�cation Value

Slope (%) %1 5

%2 4

%3 3

%4 2

%5 1

Road classi�cation 21,000 m < 1

13,500 m -21,000 m 2

4500 m–13,500 m 3

2000 m–4500 m 4

100 m–2000 m 5

Aspect S, SE, SW and FLAT 5

E 4

NE 3

NW and W 2

N 1

Power line classi�cation 18,000 m < 1

12,000 m–18,000 m 2

6000 m–12,000 m 3

1800 m–6000 m 4

0000 m–1800 m 5

Transformer analysis 40,000 m < 1

30,000 m–40,000 m 2

24,000 m–30,000 m 3

15,000 m–24,000 m 4

0 m–15,000 m 5

Sunshine duration hours/year  < 1500 1

1500–2000 2

2000–2200 3

2200–2500 4

 > 2500 5

Distance to water resource areas 0000 m–1200 m 1

1200 m–2800 m 2

2800 m–4700 m 3

4700 m–7100 m 4

7100 m < 5

Distance to fault lines 0000 m–4500 m 1

4500 m–9000 m 2

9000 m–15,000 m 3

15,000 m–21,000 m 4

21,000 m < 5

Proximity to residential areas 500 m–3000 m 1

3000 m–7500 m 2

7500 m–12,000 m 3

12,000 m–18,000 m 4

18,000 m < 5

Distance to mining areas 0000 m–4500 m 1

4500 m–7500 m 2

7500 m–14,000 m 3

14,000 m–20,000 m 4

20,000 m < 5

Table 2  (continued)

Factors Classi�cation Value

Solar radiation kWh/m2  < 1500 1

1500–1550 2

1550–1600 3

1600–1650 4

1650 < 5

Table 3  1–9 importance scale [43, 44]

Value Explanation

1 Equally important

3 Moderately important

5 Strongly important

7 Very strongly important

9 Certainly important

2,4,6,8 Intermediate values
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taken more than nine, clustering should be done homoge-
neously according to common features [44].

Step 3 The weight factor is calculated.
The comparison matrix shows the importance levels of 

factors relative to each other. But to determine the weight 
of these factors within all factors, column vectors that make 
up the comparison matrix are used. Finally, column “B” with 
n number and n components is created (Eq. 1).

“aij ” is the row and column elements of the binary com-
parison matrix.

With the number of factors here, the more B column vec-
tors are obtained. When n number B column vectors are 
combined in a matrix format, the C matrix is formed.

The arithmetic mean of the row values of the matrix C 
is obtained, and the W column vector weight matrix is 
obtained (Eq. 2).

Step 4 Consistency in factor comparisons is measured.
AHP is consistent in itself. However, the accuracy of the 

results depends on the consistency in the decision-maker’s 
comparison between the factors. In order to measure the 
consistency in these comparisons, CR value which is called 
accuracy rate is calculated, and the consistency of the weight 
matrix can be tested. Therefore, the consistency of the model 
is checked by comparisons between factors. The calculation 
of the CR value is based on comparing the number of factors 
with a coe�cient called the base value (λ). When calculat-
ing the λ value, the D column vector is obtained from the 
comparison matrix A and the weight matrix of W. The basis 
value (E) for each evaluation factor is obtained from the sec-
tion of the mutual elements of the weight column D and the 
weight matrix of W. (Eq. 3). The arithmetic mean of these 
values gives the basic value (λ) for comparison (Eq. 4).

(1)bij =
aij

∑n

i_1
aij

(2)Wi =

∑n

j=1
cij

n

(3)Ei =
di

wi

(i = 1, 2,… , n)

After calculating the basic value λ, the consistency indi-
cator (CI) is calculated with Eq. (5).

The value of "n" in the equations is the number of fac-
tors. Finally, the CI value is divided by the standard correc-
tion value which is called the random indicator (RI), shown 
in Table 4, and the CR value that is called consistency ratio 
is obtained (Eq. 6).

The value corresponding to the number of factors is 
selected from Table 5.

For example, the RI value to be used in a 3-factor com-
parison will be 0.58 according to Table 5.

For the comparisons made by the decision-maker to be 
consistent, the calculated CR value must be less than 0.10.

If the CR value is higher than 0.10, there is either a cal-
culation error in AHP or it is inconsistent in the decision-
maker comparison.

2.2.2  Using AHP method in the study

“A” matrix where binary comparisons were made according 
to the importance of the factors selecting site in the study 
area was created (Table 6). Weight factor was calculated 
for each criterion. For this, the elements in each column 
of the binary comparison matrix were divided by the sum 
of the column it is found (Eq. 1) and the “B” column vectors 
were calculated.

Since there were 11 factors, 11 “B” column matrices were 
created.

By combining the “B” column matrices, the “C” matrix 
was obtained (Table 7).

By taking the average of each line in the “C” matrix, the 
“W” weight matrix was created according to the Eq. (2) 
(Table 8). The model was developed for this study, and it 
is based on the statistical weights for each variable calcu-
lated in the previous item.

(4)λ =

∑n

i=1
E
i

n

(5)CI =
λ − n

n − 1

(6)CR =

CI

RI

Table 4  Matrix A obtained by binary comparisons [44]

Cri.1 Cri.2 … Criteria(n)

Criteria1 W1/W1 W1/W2 … W1/Wn

Criteria2 W2/W1 W2/W2 … W2/Wn

… … … … …

Criteria(n) Wn/W1 Wn/W2 … Wn/Wn

Table 5  Random indicator n RI N RI N RI

1 0.00 6 1.24 11 1.51

2 0.00 7 1.32 12 1.53

3 0.58 8 1.41 13 1.56

4 0.90 9 1.45 14 1.57

5 1.12 10 1.49 15 1.59
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According to Table 8, sunshine duration and solar radia-
tion were the highest value 23% (C1 and C2). Then there 
was aspect (C4) with 13% and slope (C3) with 6%. The con-
sistency checks of the weight values and the model were 
made. For this, the matrix “A” which is called the binary 

(7)

IR = (0.23 ∗ Sunshine + 0.23 ∗ Solar radiation + 0.08 ∗ Slope

+ 0.13 ∗ Aspect + 0.08 ∗ Proximity to the power line

+ 0.08 ∗ Proximity to transformers

+ 0.04 ∗ Distance to water surfaces

+ 0.04 ∗ Proximity to roads + 0.04

∗ Distance to fault line + 0.04

∗ Proximity to residential areas + 0.04

∗ Distance to mining areas).

comparison matrix and the “W” weight matrix were multi-
plied and the “D” matrix was obtained.

Table 6  Binary comparisons of 
criteria which a�ect selected 
suitable areas

Factors C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Sunshine duration (C1) 1 1 3 3 5 5 5 5 5 5 5

Solar radiation (C2) 1 1 3 3 5 5 5 5 5 5 5

Slope (C3) 1/3 1/3 1 1/3 2 2 2 2 2 2 2

Aspect (C4) 1/3 1/3 3 1 3 3 3 3 3 3 3

Proximity to the power line (C5) 1/5 1/5 1/2 1/3 1 1 3 3 3 3 3

Proximity to transformers (C6) 1/5 1/5 1/2 1/3 1 1 3 3 3 3 3

Distance to water resou. areas (C7) 1/5 1/5 1/2 1/3 1/3 1/3 1 1 1 1 1

Proximity to roads (C8) 1/5 1/5 1/2 1/3 1/3 1/3 1 1 1 1 1

Distance to fault line (C9) 1/5 1/5 1/2 1/3 1/3 1/3 1 1 1 1 1

Proximity to residential areas (C10) 1/5 1/5 1/2 1/3 1/3 1/3 1 1 1 1 1

Distance to mining areas (C11) 1/5 1/5 1/2 1/3 1/3 1/3 1 1 1 1 1

Consistency Rate (CR): 0.05

Table 7  “C” matrix from “B” 
matrices

Factors C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

(C1) 0.25 0.25 0.22 0.31 0.27 0.27 0.19 0.19 0.19 0.19 0.19

(C2) 0.25 0.25 0.22 0.31 0.27 0.27 0.19 0.19 0.19 0.19 0.19

(C3) 0.08 0.08 0.07 0.03 0.11 0.11 0.08 0.08 0.08 0.08 0.08

(C4) 0.08 0.08 0.22 0.10 0.16 0.16 0.12 0.12 0.12 0.12 0.12

(C5) 0.05 0.05 0.04 0.03 0.05 0.05 0.12 0.12 0.12 0.12 0.12

(C6) 0.05 0.05 0.04 0.03 0.05 0.05 0.12 0.12 0.12 0.12 0.12

(C7) 0.05 0.05 0.04 0.03 0.02 0.02 0.04 0.04 0.04 0.04 0.04

(C8) 0.05 0.05 0.04 0.03 0.02 0.02 0.04 0.04 0.04 0.04 0.04

(C9) 0.05 0.05 0.04 0.03 0.02 0.02 0.04 0.04 0.04 0.04 0.04

(C10) 0.05 0.05 0.04 0.03 0.02 0.02 0.04 0.04 0.04 0.04 0.04

(C11) 0.05 0.05 0.04 0.03 0.02 0.02 0.04 0.04 0.04 0.04 0.04

Table 8  “W” matrix from “C” 
matrices

Factors C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Value 0.23 0.23 0.08 0.13 0.08 0.08 0.04 0.04 0.04 0.04 0.04

Table 9  D and E matrices 
created for consistency ratio 
control

D 2.90 E 12.64

2.00 8.72

0.99 12.52

1.60 12.69

0.93 11.98

0.93 11.98

0.43 11.90

0.43 11.90

0.43 11.90

0.43 11.90

0.43 11.90
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Using the Eq. (3), the “D” column vector elements were 
divided into “W” weight matrix elements and the “E” matrix 
was created (Table 9).

Because there are eleven factors in the study, the value 
of λ was calculated using the Eq. (4) (by taking n = 11). 
By dividing the sum of each element of the matrix “E” by 

n = 11, the value of λ was found to be 11.82. With Eq. 5, 
consistency indicator “CI” value was calculated as 0.082.

According to the random indicator (RI) table, in an 
eleven-factor comparison, the RI value is seen as 1.51.

Accordingly, it is seen that the consistency rate (CR) 
value obtained by dividing the “C”I value by 1.51 is 0.05. 
This value is well less than the critical limit of 0.10, which 
indicates that the model installed is consistent.

The "kriging method" was used to obtain the solar radi-
ation distribution map in the study area. The reason for this 
is that there is no solar radiation data for all regions and 
areas in Nigde.

Kriging is an interpolation method that estimates the 
optimum values of the data at other points by using the 
data obtained from the closest known points.

Kriging interpolation method is a technique in which 
unbiased estimation of positional changes at sampled 
points using semi-variogram structural properties is opti-
mally made [45].

It is possible to see examples of the kriging method in 
many studies (Yang [46], Nam and Hur [47]).

3  Results

3.1  Study area

Nigde is located in Cappadocia of the south-east of Tur-
key’s Central Anatolia region. Nigde is neighbouring 
Aksaray, Nevsehir, Kayseri and Konya Provinces, is sepa-
rated from Mersin Province with Bolkar Mountains in the 
south, and is separated from Adana Province with the 
natural borders formed by Aladaglar from the south-east 
and east (Fig. 1).

The high solar energy potential of the Nigde allows the 
build of the solar plants. Nigde had 10 solar power plants 
as of 2019.

The lowest power of the solar plants is 1.00 MW, and 
the highest power is 45.00 MW. For the 2020 year, 2 solar 
power plants have been just built [19].

All existing solar power plants are located in Bor and 
central districts of the Nigde. The location and limits of the 
study area are shown in Fig. 1.

3.2  Analysis

3.2.1  Slope analysis

Di�erent studies (Garni and Wasthi [41], Jun et al. [9]) sug-
gest di�erent slope values for the site selection in areas 
where solar energy will be built. Hang et al. [48] stated 
that the most suitable slope value is between 1 and 3%.

For the site selection, areas that have over 3% slope are 
not suitable.

However, in cases where there are no suitable areas 
with these slope values,However, in cases where there 
are no suitable areas with these slope values, Miller and 
Lumby [49] stated that areas that have on 5% slope can be 
selected. Various studies (Gasparovic and Gasparovic 2019 
[50]) state that 0% slope areas are not suitable for the build 
of solar power plants.

In this study, the areas with a score of 3, 4 and 5 are suit-
able for the build of solar power plants in terms of slope 
(Fig. 2).

Fig. 1  Study area boundaries
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Slope values were divided into two classes as less than 
5% slope (suitable areas) and more than 5% slope (unsuit-
able areas) (Fig. 3).

3.2.2  Aspect analysis

Solar power plants should be built in areas that have not 
shade.

While east, west and south should be preferred, other 
aspects should not be preferred.

According to Miller and Lumby [49], flat and south 
aspect should be preferred for the site selection of power 
plants. Areas with a south aspect provide high sunshine 
according to different seasonal conditions. Therefore, 
south aspect is preferred for the solar plants. Aspect maps 
are created using DEM (digital elevation model). Northern 
areas were removed from the areas for aspect analysis, and 
suitable areas are determined as suitable and not suitable 
and shown on the map (Figs. 4 and 5).

3.2.3  Traffic network analysis

According to the environmental impact assessment of the 
relevant ministry [51], the inappropriateness of the areas 
within 100 m of safety lane should be considered. Since 
the proximity to the tra�c networks provide (suitable) 

Fig. 2  Slope point map

Fig. 3  Slope map

Fig. 4  Aspect map
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advantage, the nearest areas were determined as 5 points 
(the most suitable). Since the distance to the tra�c net-
works increases the cost and build processes, these areas 
were determined as 1 points (the least suitable). The map 
that was created for the tra�c network is shown in Fig. 6.

3.2.4  Power line analysis

The proximity of the solar power plants to the energy 
transmission line provides an advantage in terms of 
e�ciency.

The solar power plants to be built in remote areas to 
power lines increase energy loss and decrease e�ciency.

In order to the transfer cost of the energy to be suitable, 
the nearest areas were determined as 5 points, and remote 
areas were determined as 1 point. The map that was cre-
ated for the power lines is shown in Fig. 7.

3.2.5  Transformer analysis

The proximity of the solar power plants to be built to the 
transformer provides an advantage in terms of e�ciency. 

Power plants to be built in areas remote to the transformer 
cause energy loss and decrease e�ciency. In the study, the 
nearest areas were determined as 5 points, and remote 
areas were determined. The map that was created for the 
transformers is shown in Fig. 8.

3.2.6  Solar energy potential analysis

Information about the sunshine duration and solar radia-
tion was obtained from the stations of the General Direc-
torate of Meteorology [36].

These stations are not available in the entire study area. 
Therefore, the kriging method was used in order to map 
the sunshine duration and solar radiation of the entire 
study area.

The optimum value for solar energy potential is deter-
mined to be 2,500 h/year. All districts of the Nigde Prov-
ince have a sunshine duration above this value. The map 
that was created for the solar energy potential is shown 
in Fig. 9.

Fig. 5  Aspect point map Fig. 6  Tra�c network map
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3.2.7  Water source analysis

If solar plants build near to the rivers, their efficiency 
decreases due to fog, evaporation, humidity and river 
�ood risk.

It has been determined that the solar plants will be built 
remote from the water sources.

Areas that are remote from the waters sources were 
evaluated as most suitable (5 points) and nearest areas 
were evaluated as least suitable (1 point).

The map that was created for the water source is shown 
in Fig. 10.

3.2.8  Fault line analysis

Fault lines are criteria that should be taken into account for 
the solar power plant site selection since the study area is 
located in a tectonically active area.

Areas that are remote from the fault lines are more suit-
able for the build of solar plants.

As it gets closer to the fault lines, suitability decreases. 
A classi�cation map of the distance to the fault line was 
created (Fig. 11).

3.2.9  Residential analysis

According to Obit [52], solar panel plants should be 
located in least 5 km and at most 10 km from the residen-
tial areas. According to the environmental impact assess-
ment of the relevant ministry, it is not suitable for built the 
solar power plants within 500 m in the residential areas. 
The areas up to 5 points (most suitable), 4 points, 3 points 
and 2 points were determined to be suitable for build-
ing a solar power plant in terms of residential areas. The 
determined distances are visualized with settlement areas 
conformity map (Fig. 12).

3.2.10  Mine areas analysis

Solar power plants should be built in remote areas from 
the mining areas. The purpose of building the panels 

Fig. 7  Power line map Fig. 8  Transformer analysis map
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remote to mining areas is to prevent solar plants from 
being a�ected by dust and pollution that may occur by 
drilling, digging, throwing and �lling of mines and quar-
ries. The areas (suitable) distance from the mining areas on 
the map are shown (Fig. 13).

3.2.11  Solar radiation analysis 

According to the data obtained from the General Direc-
torate of Renewable Energy (REGD), the lowest radiation 
level from the sun is between 1500 and 1550 kWh/m2 
in Ulukisla district, and the highest solar radiation from 
the sun is between 1750 and 1800 kwh/m2 in Camardi 
district in Nigde. Average annual solar radiation is 1650 
kWh/m2 in Nigde [53]. The solar potential of Nigde is 
given in Fig. 14 [54].

The areas where the solar power plant can be built in 
the Nigde Province, Euclidean distance for each layer, 
sunshine duration, solar radiation, slope, aspect, proxim-
ity to the power line, proximity to transformers, distance 
to water resource areas, distance to fault line, proximity 
to residential areas, distance to mining areas, and prox-
imity to road were obtained and shown in the maps. As 
a result of combining the layers classified in the intervals 

determined by using Eq. (7), a single raster layer was cre-
ated for the suitable areas. Suitable areas where a solar 
power plant could be built were determined in the study 
area.

However, residential areas, water surfaces and agricul-
tural areas were removed from the map that was obtained 
before. Since the area sizes and populations of the resi-
dential areas will vary, it has been removed from the map.

Agricultural areas were removed from the map due 
to the ecological and economic contributions that they 
provided. Land-use/land-cover map was created for these 
reason. Land-cover/land-use map is shown Fig. 15. The 
map that shows the most suitable areas for solar panels in 
Nigde is given in Fig. 16.

3.3  Evaluation of the study area in terms 
of the build of solar panels

Suitable areas where a solar power plant could be built 
were determined in the study area. As a result of the 
analysis, the most suitable areas to build a solar power 
plant are the north-west and eastern part of Nigde. 

Fig. 9  Sunshine duration map

Fig. 10  Water map
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However, it has been determined that the middle parts 
of the study area are not suitable for the build of solar 
plants.

When the study area was examined for the solar panel 
build, the highest score was 4 point. According to the 
results, 5 points and 1 point could not be obtained from 
the study area. When the districts with the highest or 
lowest eligibility in selecting the location for solar plants 
are examined, there is no suitable place for solar plant 
in Camardi district.

After Camardi district, the area with the least suitable 
place for solar plants is Ciftlik district. The district with 
the highest potential solar plant areas is Ulukisla. With 
the field study conducted in Nigde, 8 of the 10 solar 
power plants were determined to be in suitable areas 
determined on the map.

Thus, it was determined that correct results were 
obtained from the �nal map. However, all of the existing 
solar plants are located in Bor and central districts of the 
Nigde. According to the results of the analysis, it is suitable 
to build solar plants in Bor district. However, the central 
district has very little suitable place for the build of solar 
plants. For this reason, solar plants to be built to Nigde 
later on should be constructed in Ulukisla district.

We can say that central district can be selected due to 
factors such as accessibility, cost and sun. However, the 
central district should not be preferred for the solar plants 
to be built from now on, in order to obtain higher e�-
ciency from the plants and no less damage to the natural 
environment.

There are some problems regarding the site selection of 
solar panels in Nigde Province. The topography of Nigde 
Province has a wavy structure. Therefore, it is very di�cult 
to �nd a �at area except for the central and Bor districts. 
This causes the cost to increase. In other districts, the top-
ographical structure of the areas other than residential 
areas is very wavy.

Therefore, most of the existing panels are located in 
central and Bor districts for various reasons such as cost 
and labour. However, as a result of the analyses, it was 
determined that these two districts are less suitable than 
other districts.

In particular, Ulukisla district has the highest values in 
terms of solar potential in Nigde. Failure to make panels in 
these areas only due to topography causes losses in terms 
of energy e�ciency. Suitable areas should be created for 

Fig. 11  Fault line map

Fig. 12  Residential map
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the built of the panels with new planning studies and 
engineering calculations (such as excavation–�ll) to be 
made in these areas. Although these plans are high in 
terms of initial cost, considering the value of the energy 
to be obtained, these costs will be worthless. Although 

Fig. 13  Mining map

Fig. 14  Solar radiation map of Nigde

Fig. 15  Land cover of Nigde

Fig. 16  Areas where solar panels can be built
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this topographic structure of the Nigde causes problems 
in terms of built, it o�ers some advantages.

First of all, due to this topographic structure, the sun-
shine duration and solar radiation rate of Nigde are high. 
As a result of the analysis, it has been determined that 
37.46% of the Nigde has south, south-east, south-west and 
�at aspects. Considering that in particular the south views 
area is a region with a lot of sun, we can say that Nigde 
Province has a great importance in terms of solar energy 
potential. The province of Nigde is in a region that has a 
"valley" appearance as an urban silhouette. Therefore, in 
particular high areas get a lot of sun. Using solar panels for 
built in these areas will provide serious gains in terms of 
energy costs not only for the province of Nigde, but also 
for its immediate surroundings.

Although the energy cost of Nigde is not as much as 
Istanbul or Ankara, which are large metropolitan cities in 
Turkey, urbanization causes increase to energy cost. There-
fore, with the increasing number of buildings, tra�c and 
industrial facilities near the city, the energy cost in Nigde 
is increasing. Despite the increase in energy costs and the 
high potential of Nigde in terms of solar energy, the num-
ber of solar panels in Nigde and the number of incentives 
and investments for the panels are quite insu�cient. There 
are 10 solar panels in Nigde Province. Ankara which is the 
capital city of Turkey has solar radiation rate of 1,473 kWh/
year, according to which the Nigde potential is quite low 
(proportion of the province of Nigde solar radiation 1,620 
kWh/year) [19].

Despite this disadvantage, there are a total of 50 solar 
panels in Ankara Province. Although they are similar in 
terms of topography and climate, this di�erence between 
the number of panels causes losses in terms of energy 
e�ciency.

We can say that this di�erence is due to reasons such 
as the fact that Nigde has less industry compared to other 
provinces and its population is less than other regions. 
However, these factors are not used for the site selection 
of solar panels in any study, including this study.

For this reason, the solar potential of the Nigde should 
be considered, not the population density or its industrial, 
and planning should be made accordingly.

4  Conclusion

In today’s world, energy consumption is increasing day by 
day. Societies have to increase their competitiveness, grow 
their economies and improve their quality of life for their 
level of technological development. Production of clean 
energy is of great importance in ensuring technologi-
cal development and sustainability. Solar energy, which 
is among the renewable energy sources, is stated to be 

environmentally friendly as their source is both abundant 
and a continuous and renewable energy source.

AHP (analytical hierarchy process) method was used to 
evaluate the factors in the study. The method was found 
suitable in terms of taking into account more than one 
factor, revealed the relationships between the factors 
quantitatively and calculated the consistency rate using 
various analyses. However, the get di�cult of mathemati-
cal process with the increase in factors was determined as 
the de�cient features of the method.

This result was compared with the previous stud-
ies. Kum et al. [7] stated that the AHP method suitable 
for solar panels site selection in their study. Garni and 
Awasthi [41] used the AHP method in their study on the 
site selection of solar panels in Saudi Arabia and con-
cluded that the method is suitable for such studies. In 
this respect, this study is similar to previous studies on 
the subject. However, other studies did not state any 
results regarding the number of factors. This study dif-
fers from other studies in this respect.

In this study, 11 factors were used to determine the 
most suitable areas for solar panels. When the studies 
on the subject are examined, the number of factors is 
sufficient. Solangi et al. [55] used 6 factors in their study 
such as orography,  environment, climate, economy, 
topography and social criteria. These factors were also 
used in this study.

Wiguna et al. [56] used 6 factors in their study such 
as distance to residential area, slope, aspect, distance 
to road, distance to energy sources and solar radiation. 
These factors were used within the scope of the study. 
Therefore, the factors used in the study are quantita-
tively and qualitatively suitable. Although very few, we 
can say that rainfall data are also used in some studies 
on the subject. Rainfall data were not used in this study.

This is one of the shortcomings of the study, and this 
is entirely related to the region that was studied. Nigde 
Province is located in an area that as not much rainfall. 
These data were not included in the factors, as the use 
of precipitation data was not considered to affect the 
result. The biggest problem in terms of climate for the 
Nigde is "frost" in the winter months. This is a problem 
in the whole city. Therefore, it was not included in the 
study. The most important factors that affect the site 
selection of solar panels were the sunshine duration and 
solar radiation with a rate of 23%. Sunshine duration was 
the factor with the highest rate in the previous studies. 
Tunç et al. [57] in their study in Istanbul, Turkey, found 
the sunshine duration as the most important factor.

Also, similar results have been found in many studies. 
However, it should not be forgotten that these results 
will change with the characteristics of the region and the 
ratio of the number of factors. This ratio may decrease or 
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increase depending on the number of factors that will be 
used. It should not be forgotten that these values belong 
to this study, since the climatic characteristics and topo-
graphic structure of the region will change these results.

The study has scientific innovations as well as defi-
ciencies. In previous studies, land use/land cover was 
not among the factors. In this study, it was determined 
that the land use/land cover is an important factor for 
the build of solar panels, and the land use/land cover 
can change the results. When other factors such as the 
distance to transformer centres and roads are taken into 
account besides the land use/land cover, the results will 
be changed. The determination of the analyses and 
the suitability map made in the study with the existing 
status of the land show the accuracy of the results. The 
determined areas will contribute to the economy of the 
country and meet the energy needs of this region.

Solar energy, which has become a new research area 
and at the same time an energy source for the countries, 
will help to make site selection studies based on multi-
criteria. Because, since in recent years, Turkey’s policy 
towards renewable energy consequently arises ques-
tions that need to be established where will be the solar 
PV power plants, this study will serve as an example to 
this question for decision-making support system.

In order to benefit from renewable energy at the high-
est level, it is necessary to use GIS more effectively and 
to expand the field of work in future studies. In addi-
tion, the results of the energy values obtained from the 
solar panels to be built in the suggested areas should 
be measured, and the accuracy of the study should be 
clearly demonstrated. One of the shortcomings of the 
study is that the results obtained in this study could not 
be applied on the land.

Studies are made to these issues in Turkey for more 
metropolitan cities. The fact that this study was carried 
out in underdeveloped cities such as Nigde will be an 
example for future studies.

When Nigde Solar Energy power plants are evaluated 
in terms of location selection efficiency criteria, it is seen 
that the location selection decision is suitable.

When the suitable locations are evaluated in terms 
of environmental impact, it has been determined that 
the agricultural areas will not be affected by the power 
plants since the land-use capability 1, 2, 3 and 4 class.

The situation that is expected to be the most ecologi-
cally affected by solar power plants is that the birds are 
affected by the reflected light from the plants. Nigde is 
located on the seasonal migration route of the birds.

However, it is expected that this effect will be at the 
minimum level since the plants are located in remote 
areas to the river and lake areas.

As of 2019, Turkey also reached 1,362.60 MW of built 
solar power. 108  MW energy is produced from solar 
energy plants located in Nigde Province [19]. It has 
been determined that 18% of annual consumption in 
Nigde Province originates from solar plants. "Active use 
of the Renewable Energy systems transformation pro-
ject" statement is included in the strategic plan report of 
Nigde Municipality covering 2015–2019 [58]. This study 
will be the reference for the solar plants to be made from 
now on.

Landscape design elements should be considered 
during the positioning of the solar plants. The areas that 
will allow solar plants to get sun should not be covered 
with vegetative elements. The south facade, which will 
allow the plants to take the sun, must be open. In order 
to remove the visual pollution that will occur as a result of 
positioning the plants, the areas outside the south facade 
should be covered with vegetative elements.

It may be suggested that the areas next to the elec-
trical transformers should be left blank for the future 
solar plants, to reduce the build cost of the transmission 
cables to the substations, which will allow this energy 
to be stored and distributed after electricity generation.

As a result of the meeting with experts, 20 acres of 
land should be considered for each 1 MW solar plant, 
and the area usage planning should be done according 
to this criterion.

Comparing environmental impact assessment of solar 
power plants to other power plants, it has been deter-
mined to have less impact than other plants. The visual 
effect of the power plants is high and the noise effect is 
almost non-existent.

These evaluations show that solar power plants do 
not produce clean energy completely, they have various 
environmental e�ects, but as a result of comparisons, solar 
power plants have less e�ect than thermal power plants. 
It is an acceptable fact that the energy produced, regard-
less of its source, has various e�ects on the environment.

The discourses, policies and practices regarding the 
fact that solar energy generation systems are a completely 
clean energy source do not match. In this respect, it is 
recommended that solar energy is preferred in terms of 
energy production, considering it to be a cleaner energy 
production source compared to fossil fuel power plants, 
less destruction to the environment and being renew-
able. Nevertheless, it is very important to evaluate the 
environmental dimensions of solar power plants and to 
make applications that will minimize their environmental 
impact and to make location selection decisions [59].
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