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Abstract: - Solar energy is one of the cleanest and most widely used energy type in the world. The installation of
solar energy power plants is very costly and it is not possible to change the area then. Thus, it is very important
to choose the area where the power plant will be installed correctly. In this study, analytic network process (ANP)
is employed to find the importance of key success factors for installing solar plants in the right area. The success
factors are determined by reviewing the literature and by obtaining the experts opinions.
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1 Introduction

Solar energy, one of the renewable energy sources, is
one of the cleanest and most widely used energy
types. Solar power plants are available to convert
solar energy into usable energy. Although all solar
power plant components can be replaced at a certain
cost, it is not possible to change the area later, that is,
to move the plant to another area. Thus, it is very
important to choose the area where the power plant
will be installed correctly.

Today, the use of solar energy is becoming
widespread in the world. The main goal of this study
is to contribute to the more efficient and effective use
of solar power plants by determining the importance
of key success factors for installing solar plants in the
right area. In this way, our rate of benefiting from
solar energy will increase and it will contribute to the
establishment of a more self-sufficient system in
energy.

In the literature, researchers are employed
different methods for solar energy power plant
installation in Tirkiye. Uyan [1] employed
geographic information system (GIS) and analytic
hierarchy process (AHP). Ozcan et al. [2] combined
analytic network process (ANP) and technique for
order preference by similarity to ideal solution
(TOPSIS). Yousefi et al. [3] used GIS based fuzzy
boolean logic model. Goh et al. [4] employed cost-
benefit analysis analysis. Khorsidi et al. [5]
integrated fuzzy decision-making trial and evaluation
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laboratory (DEMATEL) method and fuzzy multi-
objective optimization based on ratio analysis
(MOORA) method.

In this study, ANP method is employed to find the
importance of key success factors for installing solar
plants in the right area. The success factors are
determined by reviewing the literature and by
obtaining the experts opinions. The rest of the study
is organized as follows. ANP method is explained in
Section 2. Case study is illustrated in the third
Section. Finally, conclusions are provided in the last
Section.

2 Analytic Network Process
ANP is a general form of AHP used in multi-criteria
decision analysis developed by Thomas L. Saaty in
1980 [6]. ANP, which is a technique that can be used
in  multi-criteria  decision-making  problems,
employed to analyze a complex process to find
component weights, i.e., vectors of relative
importance. The application steps of the ANP is as
follows [7]:

Step 1: Identification of the problem and creation
of the model.

Step 2: Determination of criteria and their
relationships.

Step 3: The importance scale from 1 to 9
suggested by Thomas L. Saaty [6] given in Table 1 is
used to create pairwise comparison matrices.
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Table 1. Scale of significance used in pairwise comparisons [6]

Value Definition Explanation
1 Of equal importance Both cr.1ter1a are equally
important.
Judgments and
3 Moderately more experiences make one
important criterion a little more
important than another.
Judgments and
5 Strongly or substantially experiences make one
more important criterion very important
over another.
7 Very strong or One criterion is strongly
demonstrated importance superior to another.
Judgments and
9 Extremely more experience show that one
important criterion is extremely
superior to another.
24 6.8 Intermediate values of the | Intermediate numbers are
T judgment used if necessary.

Step 4: The consistency of pairwise comparisons

made with the help of experts is determined by Number Of
calculating Consistency Rate (CR) for each matrix. Decision RI
For pairwise comparisons to be consistent, the Options (n)

consistency ratio must be less than or equal to 0.10. 1 0.00
Otherwise, comparisons should be reviewed. To ) 0.00
calculate the CR value, it is necessary to know the 3 0.58

Consistency Index (CI). CI is calculated as follows .
(Omiirbek et al., 2014): 4 0.9
5 1.12
CI — A‘max_n (1) 6 1.24
n-1 7 1.32
The largest value among the eigenvalues of a 8 1.41
square matrix is expressed by Amax. In order to 9 1.45
calculate Amax, each element of the entire priority 10 1.49
matrix is divided by the elements of the priority 11 1.51
vector, and the new matrix elements obtained are 12 1.48
averaged. 3 156

The appropriate value is selected according to :
Table 2 showing the values of Random Index (RI) 14 1.57
and CR is calculated with the following formula: 15 1.59

_ca

CR =
RI

)
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Table 2. RI values

Step 5: Create and analyze super matrices.
Step 6: Find the weights of the alternatives.
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3 Case Study

The key success factors for installing solar plants are Table 4. Importance of key success factors

determined as solar radiation, heat, altitude, slope,
distance to roads, and distance to transformer center, Criteria Weights
by reviewing the literature and by the experts
opinions. Solar Radiation 0.38741
In the next step, pairwise comparisons of the
criteria are made. Table 1 is taken as reference during Heat 022418
the scoring. Moreover, the scores are created with the
joint opinions of several experts. These scores then Altitude 0.06842
formed a matrix. This matrix is called super matrix as
mentioneq before. Also, the app checkeq the CR Slope 0.16956
value which is 0.07530, which means it has an
acceptable inconsistency as it is less than 0.1. The )
super matrix created before normalization is given in Distance To Roads 0.03825
Table 3.
The resulting super matrix is first normalized by Distance To 0.11219
the software. After normalization, the limit super Transformer Centers '

matrix is obtained by taking the power of the super
matrix by the software. The weights of the criteria
were found with the super limit matrix. The final
weights obtained are given in Table 4.

Table 3. The super matrix before normalization

Distance
.. Solar . Distance To
Criteria Radiation Heat Altitude Slope To Roads | Transform
er Centers
Solar
Radiation I 4 3 2 6 4
Heat 1/4 1 3 3 5 2
Altitude 1/3 1/3 1 1/3 2 1/3
Slope 12 1/3 3 1 6 2
Distance
To Roads 1/6 1/5 1/2 1/6 1 1/3
Distance
To
Transform 1/4 1/2 3 172 3 1
er Centers
Total 2.50 6.36 13.50 7.00 23.00 9.66
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It is seen form Table 4 that the most important key
success factor is solar radiation followed by heat.
Distance to roads is determined as the least important
criteria. Considering the reality of the design
presented in the study, it can be said that the
determination of the performance criteria and their
weightings following the ANP are realistic. Their
ratings of the performance criteria, which were
created by taking input from a few energy industry
experts, were consistent. Additionally, specialists;
they have the idea that the performance indicators
used in the project are among the most critical
performance indicators for the installation of the
solar power plant.

4 Conclusion

In this study, ANP method is employed to find the
importance of key success factors for installing solar
plants in the right area. The success factors are
determined by reviewing the literature and by
obtaining the experts opinions. According to the
results of the ANP method, the most important
performance indicator is solar radiation. Next comes
the heat. Third, the slope. Fourth, the distance to
transformation centers. Then comes the altitude and
finally the distance to the roads.

It is possible that this work can be improved in the
future. Various assumptions have been made to more
clearly interpret the results of this study and to
facilitate certain treatments. Cost elements can be
added numerically so that this study can be used more
widely. In this study, cost factors are considered to
have only negative effects. Moreover, the selection of
solar power plant location considering the obtained
results can be the subject of the future researches.
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