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 Today the renewable energy is an alternative energy source being more important. The 
reasons for its importance are minimizing the risks at environmental, economic and social 
areas caused by the traditional energy sources and reducing the need for energy importation. 
Because of these it is important to determine the affecting criteria of the renewable energy 
sources for the investors of this industry as a guide. In modelling and analysis of the criteria 
and the sub-criteria MCDM (Multi Criteria Decision Making Model) can be used. In this study, 
the ANP model is used to propose evaluation of the renewable energy source selection criteria. 
In this study, an application of the recommended basis for the renewable energy source 
selection problem criteria and the ANP model for the optimum renewable energy source 
project is proposed. The expert opinions are employed to gather data in the proposed model. 
The technical, environmental, economic, and social risk criteria and the importance levels of 
the sub-criteria are analyzed under the light of the expert opinions. The Hazardous Waste, 
Effects to Climate Changes, Noise, Reduction in Gas Emission and National Energy Security are 
found as the superior criteria. 
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1. Introduction  
 

The energy is one of the most important elements 
that trigger the development and growth attempts 
through the human history. The technologic 
improvements in industries are enlarging the continuity 
of energy requirements. The traditional energy sources 
are not enough for producing goods and services because 
of the technical, environmental and socio-political affairs 
[1-2]. Besides, these traditional sources, like coal, 
petroleum, natural gas and nuclear energy, are damaging 
the environment and causing climate changes, air and 
water pollution, and radiation. In the last years the 
majority of investments to the renewable energy sources 
are detected to reduce these damages, when the 
traditional sources are using [3-4]. The renewable 
energy sources, hydropower, solar, wind, biomass and 
geothermal power constitute approximately one third of 
the total energy sources of the World, with 289 billion $ 
investment in 2018 [5].  

The evaluation of renewable energy sources is a 
complex problem because of the interconnection of 

criteria and having many of sub-criteria. To solve these 
types of problems systematically classifying the criteria 
hierarchically and determining their importance levels, 
the MCDM (multi criteria decision models), are used [6-
8]. Many of researches can be found performed in 
literature evaluating the technical practicability, 
feasibility of costs, and minority of negative effects for 
environment, social benefits, and the suppressibility of 
risk criteria in the decision process for hydropower, 
solar, wind, biomass and geothermal power sources [9-
14]. 

In this study, in evaluation of renewable energy 
sources supplying a hierarchical structure to determine 
the importance levels of criteria, the ANP model, is 
proposed. This model is analyzed by application. 

There are many studies performed on the renewable 
energy evaluation. One of these studies, Wu et al [15], 
proposed ANP Model to evaluate the risk of the 
renewable energy investment in China.   

Most of the studies in literature are the models used 
for selection of renewable energy studies proposing 
employment of AHP, Fuzzy AHP, DEMATEL, ANP and 
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VIKOR models (Table 1).  There is no research in 
literature sorting the important criteria performed by 
using ANP. In this context, this study can help the 
managers of the energy evaluation industry to determine 
the important criteria about the environment, technical, 
social, economic and risks. 

In the second section of this study the structure of the 
model, ANP is explained. In the third section, the 
hierarchical structure of the model is presented and the 
outputs of the performed analyses. In the last section, the 
results of this study and the proposals will be seen. 

 
Table 1. Methodology of studies in renewable energy evaluation 

Authors Publication year Methodology 
Algarin et al. [6] 2017 AHP 
Karakaş and Yildiran [7] 2019 Fuzzy AHP 
Budak et al. [8] 2019 AHP 
Wang et al. [14] 2020 SWOT-Fuzzy AHP 
Solangi et al. [1] 2019 Delphi-AHP and Fuzzy TOPSIS 
Toklu and Taşkın [3] 2018 Fuzzy AHP and Fuzzy TOPSIS 
Ahmad and Tahar [9] 2014 AHP 
Çelikbilek and Tüysüz [10] 2016 Integrated Gray-based MCDM 
Büyüközkan and Güleryüz [11] 2016 Fuzzy AHP and Fuzzy TOPSIS 
Büyüközkan and Güleryüz[12] 2017 DEMATEL, ANP, TOPSIS 
Rani et al. [13] 2020 Fuzzy TOPSIS 

 
2. Method 

 

The main problem of the Multi Criteria Decision 
Making problems is to determine the priority, 
importance and weight by evaluating more than one 
criterion between the choices. The AHP is, one of the 
MCDM techniques, commonly and effectively using to 
find solve this problem. The objective and subjective 
ideas of decision makers’ can be included in AHP [16]. 

ANP, providing realistic and effective solutions to 
the complex decision-making problems. ANP is one of the 
multi criteria decision making techniques that involve 
the qualitative values as much as the quantitative values 
for building hierarchical models to solve the problem by 
evaluating the relations and interactions between the 
criteria formulating the model. ANP is the basic form of 
AHP. While the hierarchical structure from up to down is 
used in AHP, the decision-making criteria in hierarchical 
structure, the sub criteria and the interactions, 

feedbacks, inner and outer dependencies between 
choices without looking to their ranks are considered in 
ANP [17].  

ANP, developed by Thomas L. Saaty is a method 
considering the measurable and experimental values to 
state priorities for elements affecting the solution of the 
problem [18].  AHP is a strong and comparative method 
considering the effects of qualitative and quantitative 
factors proposed by all of the stakeholders of the 
problem. The ANP can be used to make decisions by 
studying the social, governmental and common problems 
in detail. All of the elements, either tangible or intangible, 
affecting the optimization of problem are considered in 
this process. All of the internal (between cluster 
components) and external (between clusters) relations 
are evaluated in ANP. In the case of uncertainty and risk, 
the feedback has the ability to exhibit unexpected 
interacting causes for population.  
 

 

 
Figure 1.  A hierarchy and a network [19]. 

 
 

Fig. 1(a) shows the hierarchical relation of a cluster; 
where a change occurs at the low-level cluster (affecting 
node), its influence is seen at the upper-level cluster 
(affected node). Fig. 1(b) exhibits the network relations. 
The arc from C4 to C2 defines the outer dependence of C2 
on C4 and a loop in C2 indicates the inner dependence. 

The feedback in the network implies the mutual outer 
dependencies in a cluster pair [19].  

All of the components and the possible relations 
between them are defined first. Then the pairwise 
comparisons are performed for all other components 
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affecting a component to analyze priorities of them in 
AHP and ANP.   

The pairwise comparisons and matrix algebra are 
used to derive the weights of criteria. The final decision 
depends on these derived weights of the evaluative 
criteria [20]. In this way, the criteria are evaluated among 
themselves, and the importance of criteria on the choices 
is transformed to numbers. 

The ANP contains four main steps [21]: 
The first step is building of model and problem 

construction: The problem must be defined in detail and 
divided into components in a rational format as a 
network. 

The second step is pairwise comparisons and priority 
vectors:  The decision factors of each cluster are 
compared pairwise on the importance basis against their 
control criteria. Another pairwise examination must be 
performed on the interdependencies between the 
criteria of a cluster. Eigenvectors represent the effect of 
an element on others. The relative importance is defined 
by using the Saaty’s Scale. 

The third step is construction of the supermatrix: 
Supermatrix has the same meaning as the Markov Chains. 
The local priority vectors are put into the suitable 
columns of the matrix for determining the global 
priorities with interdependent effects. This is a sectioned 
matrix named as the supermatrix; its each element 
exhibits the relation between clusters. 

The fourth step is synthesizing the criteria, choices, 
priorities to determine the best alternative: The 
normalized supermatrix include the priority weights for 
criteria and alternatives.  

At the end of the pairwise comparison matrices are 
achieved, the aij element of this matrix is equal to 1/aij 
and if, i=j then aij=1.The range of wi is in between 1 and 
9. 1/1 represents both criteria have equal importance 
where 9/1 represents significant or absolute importance 
[22]. The scale for this pairwise comparison can be seen 
at Table 2. Whatever the real value of (i;i) pair, the result 
is 1 and the value of (i;j) is equal to the reciprocal of the 
value of (j;i) or vice versa [19].  
 

Table 2. Saaty Evaluation Scale [23] 
Num value Verbal scale 
1 Equal importance 
3 Moderate importance 
5 Strong importance 
7 Very strong importance 
9 Extreme or absolute importance 
2,4,6,8 Intermediate values 

 

𝐀 = [

𝟏 𝐚𝟏𝟐 ⋯ 𝐚𝟏𝐧
𝐚𝟐𝟏 = 𝟏/𝐚𝟏𝟐 𝟏 ⋮ 𝐚𝟐𝐧

⋮ ⋮ ⋮ ⋮
𝐚𝐧𝟏 = 𝟏/𝐚𝟏𝐧 𝐚𝐧𝟐 ⋯ 𝟏

] (1) 

 

The pairwise comparison is expressed as matrix A at 
Equality (1) [24]. 

aij is the pairwise comparison value of criterion i and 
criterion j. It implies that where aij is the matrix element 
representing the relationship between components I and 
j,  
 

aij S=1/aji (2) 

Here, the relative importance values are calculated 
for all decision factors. The importance of the factor may 
be defined as the effect on the final decision to achieve 
the objective of decision maker. The required 
calculations, for achievement to the goal by synthesizing 
the arguments, are performed by employing the Super 
Decision software including the computation the 
eigenvectors of each pairwise comparison matrix, 
derivation of supermatrix and limit matrix that is the 
convergence of supermatrix and, if it is required, 
weighted supermatrix. The priorities of sub-nodes are 
according to their parent node are covered in the 
eigenvector [9]. To calculate the eigenvector easily, each 
element of the matrix is divided by the sum of the column, 
normalizing the pairwise comparison matrix, the sum of 
each column will be equal to 1 [8]. 

To obtain the normalized matrix the Equation (3) is 
used [25].  
 

𝐚𝐢𝐣 =
𝐚𝐢𝐣

∑ 𝐚𝐢𝐣𝐧
𝐢=𝟏

  where i, j= 1,2, …, n (3) 

 
For normalizing the pairwise comparison matrix the 

Equation (3) is employed, the normalized matrix is 
found. The priority vector is calculated by using the 
values obtained from the calculation of average of the 
sum of the row of normalized matrix. To verify the result, 
the consistency of comparison matrices is calculated. The 
Consistency Index Coefficient must be calculated.  
 

𝐂𝐈 =
𝛌𝐦𝐚𝐤𝐬 − 𝐧

𝐧 − 𝟏
 (4) 

 
max is calculated by using the Equation (5) 
 

𝛌𝐦𝐚𝐤𝐬 = (
𝟏

𝐧
) . ∑ [

∑ 𝐚𝐢𝐣. 𝐰𝐣𝐧
𝐣=𝟏

𝐰𝐢
]

𝐧

𝐢=𝟏

 (5) 

 
Where 
 

𝐰𝐢 =  ∑ 𝐚𝐢𝐣𝐧
𝐢=𝟏    i,j=1,2, …, n (6) 

 
 

The largest eigenfactor of n-sized matrix A is max, its 
correct eigenfactor is q and the n-sized identity matrix is 
I.The estimation of relative priorities is generated by 
correct eigenfactor q. To derive the priorities, the 
eigenfactors must be scaled to as their sum is equal to 1. 
Saaty proved that where max=n is enough and 
necessary condition to achieve the consistency. In 
pairwise comparisons become inconsistent when max 
differs from n. The consistency of matrix A must be tested 
by using CI index, mentioned above [26]. 

At the end, the Consistency Ratio is calculated by 
using Equation (7). 
 

CR =
CI

RI
 (7) 

Where CI is the Consistency Index, RI is the Random 
Index obtained n-sized matrix and CR is the Consistency 
Ratio [27]. If CR<0.10, it means the matrix is consistent. 
If CR is greater than or equal to 0.10, to procure the 
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consistency some or all of comparisons have to be 
iterated [7]. 

The probable faults made in evaluations can be 
identified by analyzing the inconsistencies as in the real 
life. The logical conflicts of evaluations can be measured 
by inconsistencies. For example, events A, B and C are 
sorted according to their priorities respectively, if the 
judgement is C is more prior than A; this is the 
inconsistency [28]. 

The following three actions must be done when the 
inconsistency is greater than expected: 

The most inconsistent evaluation is determined in the 
matrix. The interval of values is defined in which the 
inconsistent evaluation can be improved by changing in 
this interval. The decision maker must be informed, if it 
is possible, to change the evaluation with an acceptable 
value in this interval. If it is rejected by decision maker, 
the next evaluation is tried. If all of proposed changes are 
rejected the decision must be suspended to find more 
explicit criteria. The three acceptable ways are to correct 
the inconsistencies by changing the judgements [20]. The 
expert advices have to be combined; the reciprocal of the 
combined advices is equal to the combination of 
reciprocals of these advices. The single proven method to 
achieve this is using the geometric mean.  The advice 
owners may not accept to combine their advices; the final 
result can be derived by using their hierarchies. In this 
position the geometric mean of the final outcomes is 
taken. The advices of the experts will be raised to power 

of their priorities to form the geometric mean, when their 
importance priorities are different [29]. 

The geometric mean is theoretically defined by Feng 
et.al.[30]. 
 

GM = exp [∫ ln(X)f(X)dX
∞

0

]    for X >  0 𝑜𝑛𝑙𝑦 
(8) 

f(X) is the probability distribution of X. 

 
 

3. Results  
 

All of the factors affecting the decision are defined 
and grouped into clusters to prepare the network in 
model construction.  

The clusters of nature are created after renewable 
energy description from the literature classification. It is 
shown in Fig. 2.  

The ANP procedures are used to list and take the 
optimal criteria for this study, where the decision 
variables are quantitative or qualitative.     

The criteria of this study are determined by a group 
of three experts. The application of geometric mean is 
performed to their judgements in accordance with the 
Saaty Scale.  

The detailed submatrix of initial supermatrix of the 
constructed model (Fig. 3) is shown in Table 3. As an 
example, C defines the influences among the sub-criteria 
and criteria.     
 

 
 

 
Figure 2. Methodology – Renewable Energy – Criteria matrix from literature 
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Figure 3. ANP model 

 
 

Table 3. Submatrix of initial supermatrix 

Sub matrix GOAL Criteria Attributes 

GOAL 0 0 0 

Criteria A B 0 

Attributes 0 C 0 

 

Formulation of relations and pairwise comparisons of 
the clusters and elements: In order to compose the 
eigenvectors and then the supermatrix in the network, 
the links between the elements must be formulated and 
the required pairwise comparisons must be performed. 

Cluster Comparisons: The pairwise comparisons to 
state the effects between the clusters are done in 
accordance with the control criterion of the network. The 
derived decisions must have consistency with the 
direction of efficacy. The column elements of the 
supermatrix are weighted by using the resulting weights 
of this operation.    

Comparisons of Elements: The pairwise comparisons 
are done on the elements of clusters. The comparison is 
required to see the effect of an element of a cluster on the 
element of same or another cluster.  

Comparing the Alternatives: Comparison is done for 
all elements according to their relations. It is necessary 

for construction of pairwise comparison tables 
processing the expert judgements on the SuperDecision 
software. The SuperDecision computes the weights with 
this operation.  The question asked to experts, who have 
publications on collaborative innovation, is to assess the 
nature of five main criteria. The Saaty Scale is used to 
evaluate, and the geometric means are calculated for 
these behaviors. If the number of variables is in series n 
must be greater than zero; n is equal to 3 in this study. 
The decisions of experts can be expressed in numerical 
form, between 1 and 9 or in verbal meaningful words, as 
moderately, strongly, etc. [31]. 

If the point of view is the goal, the result of the 
pairwise comparison, the environmental criterion is the 
most important of the other main criteria. The weights 
and distribution of attributes in goal relations with main 
criteria is displayed in Fig. 4.  

After all iterations are performed, the weights of 
attributes are calculated. The results have five criteria 
having weights greater than 10% (Table 4), which will be 
used as threshold to rank the criteria in this study. All 41 
criteria are directed by hazardous waste criteria. It is 
followed by the effects on the climate changes, reduction 
in the gas emission and national energy security criteria. 
The inconsistency level is stated as acceptable according 
to the results of internal criteria analysis.   
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Figure 4. The weights and distribution of attributes. 

 
 
Table 4. Local weights of attributes 

Attributes Local Weights 

Hazardous waste  0,2 

Effects to climate changes 0,1 

Noise 0,1 

Reduction in gas emission 0,1 

National energy security  0,1 

 
 
 

4. Discussion and Conclusion 
 

Based on the results, some targeted investment 
recommendations for critical risk factors are given as 
follows, which could provide a reference for investors in 
practice. However, there are some limitations in this 
study. On the one hand, further researches and 
improvement are required for practical overseas 
investment on the account of constantly changing 
international conditions and limited available 
information. 

In this study, an application of the recommended 
basis for the renewable energy source selection problem 
criteria and the ANP model for the optimum renewable 
energy source is proposed. The expert opinions are 
employed to gather data in the proposed model. The 
evaluation of the model is improved as the result of the 
detailed literature survey and gathering the expert 
opinions. To validate the performance of the proposed 
model an experimental search is conducted. It is decided 
that this model will be helpful to develop the decision-
making studies having many of criteria affecting their 
decisions for the local administrations, investors, and 
practitioners after validation of the model.  

More dependable decisions can be performed with 
ANP method, where the processing time is slightly long. 

ANP is a useful method to search the interrelations 
between the decision criteria of the problem if there are 
tight dependences between the criteria and the choices. 
The parameters can be compared with their numerical 
values and classified according their importance in 
comparison with each other on the base of data obtained 
from the scientific studies. 

The ANP model is proposed to perform an optimum 
renewable energy source project, together with the 
application for building the framework of the criteria 
selection for the project in this study. Energy sources are 
evaluated realistically and the sight of the decision-
making staff to undefinedness of the presented choices 
also. 

The basic elements in definition of selection criteria 
for renewable energy sources are examined. In 
measurements of correlations between the adequate 
elements five dimensions are employed. Totally 42 
assessment features are associated with these elements.  

The outputs of the application are analyzed and give 
positive comments to the energy experts by decision 
making staff. The building of pairwise comparisons must 
be performed; derivation of data from the expert 
opinions and network construction is defined as an 
important work. It must not be forgotten that in the 
presented model all of the possible decision criteria and 
alternatives are not covered about the renewable energy 
projects. 

Sorting the criteria on the base of their effects on 
studied conditions before is achieved. The 
environmental criteria are seen having greater values 
than the preset acceptable value where the values are 
normalized. 

The Hazardous Waste criterion is found for all 
dimensions having the highest weight among the results. 
When selecting project criteria, it is not only important to 
consider the impact. Based on the ranking of all the 
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criteria, the four criteria as assessed by the experts and 
academicians are Effects to climate changes, Noise, and 
Reduction in gas emission, National energy security. This 
shows that the decision makers focus more on the safety 
and efficiency of renewable energy projects. 

The results of this study emphasis some critical risk 
factors for usage of the investors. It is also known that 
this study has some restrictions. Because of the scarcity 
of data sources and continuous changes on the global 
conditions this study needs further searches and 
improvements. 
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