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Abstract 

Azerbaijan is an energy-independent country and oil and gas resources are the driving forces 

for the country economy. But heavy reliance on hydrocarbons has two serious implications: 

traditional energy systems are environmentally harmful; all non-renewable resources have a 

limited life cycle of production. In such circumstances, the development of renewables-

based energy systems is of interest for Azerbaijan as well. Geographical features of the 

country provide a list of the country-level available renewables: solar, wind and hydro 

resources. Renewables selection is a multicriteria decision-making process and requires a 

comprehensive study of the social, economic, technological and other specific aspects of 

renewable development. Like any other unique undertakings and innovation, it is 

characterized by insufficient information, uncertainties and intangibles, competitive 

priorities and contradictory decisions. The necessity to rely on experts` opinion also 

contributes to the subjectivity and vagueness of decision-making problem. Taking into 

consideration these circumstances, Fuzzy Analytic Hierarchy Process has been used. 

According to the research results, available renewables are ordered, in accordance with 

priority, as following: solar → wind → hydro. A high priority for the solar resource 

presumably related to its availability almost all around the country, technical solutions 

affordability and relatively low per unit cost. The hydro has limited geographical 

availability, relatively high investment cost and some negative implications for nature. The 

wind is in the intermediate position. 

 

Keywords: fuzzy AHP, linguistic estimates, multi-criteria decision analysis, renewables. 

 

I. INTRODUCTION 

Energy resources are playing a crucial role in the 

economic development of the world, regional and 

country economies, and, due to this decisive role, 

energy resources selection, energy production, 

distribution, export, and import are topical issues for 

policymakers and economists. In most cases, energy 

projects are complex, large-scale and 

multidimensional undertakings. During the last 

decades, the environmental factor becomes a key 

point in energy projects and this sensitive issue 

increases the complexity of the energy resources 

selection process.   

Azerbaijan is an energy-independent country with a 

rich history of oil and gas production and export. 

Reserves of oil and gas allow the country to fully 

satisfy its demand in energy resources and use them 

as a key driving force for the country’s economic 

development. But it is necessary to emphasize that 

the heavy reliance of the country economy on 

hydrocarbons has two serious implications:  

traditional energy systems are environmentally 

harmful; all non-renewable resources have a limited 

life cycle of production, and long-term sustainability 

of the lopsided economy is questionable. In such 

circumstances, in spite of energy-independency, the 

development of renewables-based energy systems is 

of interest for Azerbaijan as well. Moreover, 
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development of the renewables will further 

country`s energy export. 

The objective of our research is to study the 

opportunity of using the fuzzy AHP method for the 

selection of the appropriate renewable for 

Azerbaijan. 

II. LITERATURE STUDY 

The Analytic Hierarchy Process developed in 1971-

1975 by T. L. Saaty was first introduced in the paper 

(T. L. Saaty, 1977) and then in detail presented in 

the book (T. L. Saaty, 1980). Since then, with some 

modifications and developments, it has been 

successfully used by researchers and decision-

makers in various areas (Ali Kamil TASLICALI, 

Sami ERCAN, 2006; Ishizaka A., Labib A., 2011; 

Eric W. Stein, 2013; Alessio Ishizaka, 2014; 

Brijendra Singh et al., 2016; AndrejsRadionovs, 

Oleg Uzhga-Rebrov, 2017; Ali Emrouznejad& 

Marianna Marra, 2017) as a powerful tool for 

multicriteria decision analysis. In an extensive 

review, covering time period from 1979 to 2017 (Ali 

Emrouznejad& Marianna Marra, 2017), authors 

provide a detailed analysis of the AHP research 

developments and its integration with other Multi 

Criteria Decision Analysis (MCDA) tools, 

cooperation in research, advantages of use and 

criticisms,  main areas of interest and applications.    

Ishizaka A., Labib A. (2011) review methodological 

developments of the Analytic Hierarchy Process 

(AHP) since its inception. Developments of the 

decision process modeling, pair-wise comparisons, 

judgment scales, priority derivation methods, 

consistency indices, incomplete matrix, synthesis of 

the weights, sensitivity analysis, and group decisions 

are analyzed. Brijendra Singh et al. (2016) review 

applications of the classical and fuzzy AHP for the 

solution of the MCDA problems in management and 

business, design and development, health care and 

medicine, education and other areas from 2010 to 

2015. Ali Kamil TASLICALI & Sami ERCAN 

(2006) provide a comparative study and review of 

the AHP and ANP as the most important MCDA 

methods based on their usefulness, reliability, 

usability and time effectiveness.  

There are several publications on the application of 

the AHP, ANP, and FAHP in renewables selection 

on a country or regional level.  

Eric W. Stein (2013) has developed a multi-criteria 

model for ranking various renewable and non-

renewable electricity production technologies in the 

USA. The AHP-based model ranks electric power 

plants using wind, solar, geothermal, biomass, 

hydropower, nuclear, oil, natural gas, and coal in 

terms of financial, technical, environmental and 

socio-economic-political criteria. The results 

indicate that wind, solar, hydropower and 

geothermal provide significantly more overall 

benefits than the rest.  

AdekTasria, Anita Susilawatib (2014) have applied 

FAHP, based on a new procedure for the 

aggregation of expert opinions, for selection of the 

most appropriate renewable energy sources for 

electricity generation in Indonesia.  

Madhuri, SudeepYadav, Ajay DevidasHiwarkar 

(2017) have applied  AHP model for the selection of 

the best alternative renewable energy resource for 

Uttar Pradesh energy sector. In  AHP model 4 

criteria (technical, economic, social and 

environmental) and 8 sub-criteria (maturity, 

efficiency, technical cost, operational cost, public 

acceptance, job creation, availability of renewable 

energy and geographical condition) have been 

considered. Solar energy is observed as the best 

energy alternative. 

In (Guido C. Guerrero-Liquet et al, 2016) AHP 

method has been combined with other risk analysis 

tools for the risk evaluation in Sustainable 

Renewable Energy Facilities in the Dominican 

Republic. 

BrahimHaddada, AbdelkrimLiazida, Paula Ferreirab 

(2017) address the sustainability objectives of the 

Algeria program on renewable energy and energy 
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efficiency. The study is based on methodology, 

which combines an analytic hierarchy process 

(AHP) and experts’ feedback for the evaluation of 

the different renewable energy options. The 

performance of solar, wind, biomass, geothermal 

and hydropower RES options were assessed against 

13 sub-criteria reflecting social, environmental, 

economic and technical concerns. It is shown that 

solar power is particularly well suited for Algeria, 

outperforming most of the other renewable options 

in a large set of highly weighted criteria.  

Hesham A. Hefny, Hamed M. Elsayed, Hisham F. 

Aly (2013) discuss a fuzzy ANP approach using the 

linguistic variables and Gaussian fuzzy numbers to 

represent decision-makers’ comparison judgments 

and extent analysis method to decide the final 

priority of different decision criteria. The priority 

weights for main attributes, sub-attributes and, 

alternatives are combined to determine the priority 

weights of the alternatives. The alternative with the 

highest priority weight is selected as the best 

alternative. Based on research results it is 

recommended to decision-makers in the Egyptian 

government to build more nuclear power stations to 

cover 25% of the generated electricity in Egypt and 

to construct solar power stations to cover 5% of the 

generated electricity. 

EsraKarakaş, OzanVeliYildiran (2019) evaluate the 

renewable energy alternatives of Turkey using the 

Modified Fuzzy Analytic Hierarchy Process based 

on four main criteria and eight sub-criteria. In this 

approach, reciprocals are evaluated by using 

negative fuzzy numbers. Hydro, wind, solar, 

biomass and geothermal energy are analyzed as the 

renewable energy alternatives. According to the 

results, solar energy is the best alternative, and wind 

energy is the second-best alternative for Turkey. In 

another research (Merve CENGİZ TOKLU1, Harun 

TAŞKIN, 2018), based on fuzzy AHP and fuzzy 

TOPSIS methods, wind energy was determined as 

the most suitable energy for Turkey. 

SerhanHamal, OzlemSenvar, OzalpVayvay (2018) 

determine the optimal renewable energy investment 

project via fuzzy analytic network process (FANP) 

model. The study presents a comprehensive 

mathematical approach based on Chang’s extent 

analysis method. Four Critical Success Factors and 

five Renewable Energy Sources are identified from 

the literature review. FANP captures inherent to 

project solutions vagueness and uncertainties in the 

evaluation. According to the results of applying the 

FANP method, hydropower is selected as an 

optimum renewable energy investment project for 

the firm. 

YakupÇelikbilek and FatihTüysüz (2015) have 

combined a fuzzy multi-criteria decision model with 

a fuzzy VIKOR method to evaluate the renewable 

energy sources. According to the results solar 

energy is the best alternative and the geothermal 

energy is the least preferable RES alternative.  

In (AndrejsRadionovs, Oleg Uzhga-Rebrov, 2017) 

the three most frequently used FAHP methods are 

analyzed (van Laarhoven and Pedrycz, Buckley, 

Chang FAHP methods). Chang`s method is used for 

the environmental risk assessment. 

OzgurDemirtas (2013) has applied the AHP method 

for the selection of the best renewable option for 

sustainable energy planning. As information sources 

literature review and expert`s opinion study have 

been used. 

Chia-Nan Wang et al (2018) have applied a hybrid 

approach, based on the FAHP and TOPSIS models, 

for a wind power plant location selection in Vietnam 

under fuzzy environment conditions.  

A brief overview of the research publications on the 

application of the AHP, ANP and, FAHP in 

renewables selection on the country and regional 

level demonstrates that these powerful approaches 

can be successfully applied for the detailed analysis 

of the various aspects of the renewable’s evaluation 

and selection.  
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III. CONCEPT OF THE ANALYTICAL 

HIERARCHY PROCESS 

AHP is a multi-step process (T. L. Saaty, 1980) and, 

depending on problem content and its complexity, 

various tools can be applied for each step.  

1. Subject area analysis, an overall 

objective setting and problem statement. 

2. Identification of the decision criteria and 

factors influencing the decision. 

3. Structuring the problem as a hierarchical 

structure of the overall objective, level 

criteria and sub-criteria, alternatives. 

4. Preference scale selection. Nine-point 

linguistic scale used in AHP (Equal 

importance, Weak, Weak importance, 

Moderate plus, Strong, Strong plus 

importance, Very strong importance, 

Very very strong importance, Absolute 

importance) allows to interpreting these 

comparison estimates as a crisp or fuzzy 

number. 

5. Construction of the pairwise comparison 

matrix for criteria and sub-criteria 

comparisons. According to the scale 

chosen, crisp 𝐴 = (𝑎𝑖𝑗 )𝑛𝑥𝑛 or fuzzy 

comparison matrix 𝐴 = (𝑎 𝑖𝑗 )𝑛𝑥𝑛 should 

be used. 

Effectiveness of applying FAHP method in MCDM 

in general and in renewables selection in particular 

illustrated in various publications (Brijendra Singh 

et al, 2016; Mustafa BatuhanAyhan, 2013; İhsan 

Kaya, Murat Çolak, FulyaTerzia, 2019; Aşkın 

ÖZDAĞOĞLU, Güzin ÖZDAĞOĞLU, 2007, etc.)   

In the case of a fuzzy matrix, we must decide on 

membership functions of the fuzzy set. It would be 

useful to notice that a membership function is a 

graphical representation of a fuzzy set. In general, 

triangular, trapezoidal, Gaussian, sigmoidal, L-R 

and many other functions can be used as a model of 

the fuzzy set. Fuzzy concepts are based on 

subjective perception and opinions, and, by using 

too much complicated membership functions, we 

could not add more precision. Moreover, as it is 

shown in various subject-area related comparative 

studies of the various functions, results, in some 

cases, are contradictory, and these contradictions, 

presumably are generated by the content of the 

applied problem.  

In most cases in applications triangular or 

trapezoidal membership functions have been used 

(Buckley, J.J., 1985; P.J.M. van Laarhoven, W. 

Pedrycz, 1983; Da-Yong Chang, 1996).  

The support M of the triangular fuzzy number (l, m, 

u) is {x ∈R I l<x< u}. A membership function 

𝜇𝑀 𝑥 : 𝑅 →  0, 1  of a triangular fuzzy number is 

equal to  

𝜇𝑀 𝑥 =  

𝑥

𝑚−𝑙
−

𝑙

𝑚−𝑙
, 𝑥 ∈  𝑙,𝑚 ,

𝑥

𝑚−𝑢
−

𝑢

𝑚−𝑢
, 𝑥 ∈  𝑚, 𝑢 ,

0                            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                         (1) 

The formulas (2)-(4) describe basic fuzzy 

calculation operations used in pairwise comparisons 

(Da-Yong Chang, 1996): 

 𝑙1,𝑚1, 𝑢1 ⨁ 𝑙2,𝑚2, 𝑢1 =  𝑙1 + 𝑙2,𝑚1 +𝑚2, 𝑢1 +

𝑢2 (2) 

 𝑙1,𝑚1, 𝑢1 ⨀ 𝑙2,𝑚2, 𝑢1 =  𝑙1𝑙2,𝑚1𝑚2, 𝑢1𝑢2 

 (3) 

(𝑙,𝑚, 𝑢)−1 ≈  
1

𝑢
,

1

𝑚
,

1

𝑙
                                                   (4) 

1. Determining criteria priorities with 

respect to the overall objective. 

2. Pairwise comparisons-related questions 

formulation. 

3. Determining sub-criteria priorities with 

respect to the related criteria. 

4. Inputting pairwise judgments and 

reciprocals into pairwise comparison 

matrix. 
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5. Priorities calculations. 

If there is a group of decision-makers, each 

decision-maker inputs data into matrix  𝐴 𝑘 = (𝑎 𝑖𝑗 )𝑘  

and then fuzzy judgments data 𝑎 𝑖𝑗
𝑘  are averaged 

according to formula (5): 

𝑎 𝑖𝑗 =
 𝑎 𝑖𝑗

𝑘𝐾
𝑘=1

𝐾
              (5) 

K is a number of decision-makers (experts). 

Matrix: 

𝐴 =  

 1    𝑎 12 ⋯ 𝑎 1𝑛

⋮ 𝑎 𝑖𝑗 ⋮

𝑎 𝑛1 𝑎 𝑟2 ⋯ 1
  

is composed of the averaged preferences. 

As a mean value of the fuzzy comparison geometric 

mean of each criteria (alternative) (Buckley, 

J.J.,1985) is calculated: 

𝑟 𝑖 = ( 𝑎 𝑖𝑗 )
𝑛

𝑗=1

1/𝑛

         (6) 

A fuzzy weight 𝑤 𝑖of criterion iis calculated by the 

formula (7): 

𝑤 𝑖 = 𝑟 𝑖⨀ 𝑟 1⨁𝑟 2⨁…⨁𝑟 𝑛 
−1 7  

 

6. Defuzzification of the fuzzy weights. 

Most widely used approach for the 

defuzzification is the Center of Area 

(COA):  

𝑋𝐶𝑂𝐴 =
 𝑥𝜇𝐴  𝑥 𝑑𝑥

 𝜇𝐴  𝑥 𝑑𝑥
                          (8) 

In case of the triangular fuzzy numbers it has more 

simple form: 

𝑊𝑖 = (𝑙𝑤 𝑖 +𝑚𝑤 𝑖
+ 𝑢𝑤 𝑖) 3                            (9) 

7. Normalization of the non-fuzzy number: 

 

𝑊𝑖
𝑁=𝑊𝑖  𝑤𝑖

𝑛
𝑖=1                                         (10)   

8. Selection of the alternative with higher 

priority.  

Intensity of the criteria and sub-criteria on linguistic 

scale were evaluated by a group of experts. Factors 

(criteria) and sub-factors influencing renewables 

selection are presented as a hierarchical structure in 

Table 1. 

Fuzzy pairwise evaluations of the factors are 

presented in the Table 2. Data provided in table are 

based on interviews conducted with experts in 

economics and energy systems. Opinions of the 

experts aggregated (averaged). 

Table 1:  The renewables selection objective, criteria and alternatives 

Objective Factors Sub-factors Alternatives 

 

 

 

 

 

Renewable 

selection 

 

Social 

Government policy and regulation  

 

Solar 

Wind 

Hydro 

Social acceptance 

Labor impact 

Economics 
Cost Efficiency 

Spillover effects (R&D, Education) 

Technological and 

management 

Technical efficiency 

Technology availability 

Technology maturity 

Technology reliability 

Environmental 
Renewables availability 

Environmental impact 
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Table 2: Pair wise comparison of criteria 

  
Expe

rt 

Economi

cal 
Social 

Technologic

al 

and 

Managemen

t 

Environm

ental 

Geometric 

mean of the 

criterion, 𝒓 𝒊 

Fuzzy weight 

of the criterion, 

𝒘 𝒊 

Economic

al 

E1 (1,1,1) (2,3,4) (4,5,6) (3,4,5)   

E2 (1,1,1) (1,2,3) (4,5,6) (2.3,4)   

E3 (1,1,1) (2.3,4) (5,6,7) (4,5,6)   

Eavg (1,1,1) 

(1.666, 

2.666, 

3,666) 

(4.666, 

5.333, 6.333 
(3,4,5) (2.2,2.75,3.28) 

(0.136,0.212,0.

318) 

Social 

E1 
(1/4.1/3,1

/2) 
(1,1,1) (3,4,5) (2,3,4)   

E2 
(1/3,1/2,1

) 
(1,1,1) (2,3,4) (1,2,3)   

E3 
(1/4,1/3,1

/2) 
(1,1,1) (3,4,5) (3,4,5)   

Eavg 
(0.273, 

0.375, 

0.667) 

(1,1,1) 

(2.666, 

3.666, 

4.666) 

(2,3,4) 
(1.098,1.425,1

.829) 

(0.06,0.177,0.3

07) 

Technolog

ical 

and 

Managem

ent 

E1 
(1/6,1/5,1

/4) 

(1/5,1/4,1/3

) 
(1,1,1) 

(1/5,1/4,1/

3) 
  

E2 
(1/6,1/5,1

/4) 

(1/4,1/3,1/2

) 
(1,1,1) 

(1/4,1/3,1/

2) 
  

E3 
(1/7,1/6,1

/5) 

(1/5,1/4/1/3

) 
(1,1,1) 

(1/6,1/5,1/

4) 
  

Eavg 

(0.157, 

0.188, 

0.214) 

(0.214, 

0.273, 

0.375) 

(1,1,1) 
(0.2, 0.25, 

0.333) 

(0.286,0.333,0

.405) 
(0.149,0.193,0.

258) 

Environm

ental 

E1 
(1/5,1/4,1

/3) 

(1/4,1/3,1/5

) 
(3,4,5) (1,1,1)   

E2 
(1/4,1/3,1

/2) 
(1/3,1/2,1) (2,3,4) (1,1,1)   

E3 
(1/6,1/5,1

/4) 

(1/5,1/4.1/3

) 
(4,5,6) (1,1,1)   

Eavg 
(0.2, 

0.25, 

0.333) 

(0.25, 

0.333, 0.5) 
(3,4,5) (1,1,1) 

(0.622,0.76,0.

955) 
(0.096,0.136,0.

140 

 

ALTERNATIVES EVALUATION 

Alternatives should be evaluated with respect to 

each criterion. In our case, we have to evaluate 

solar, wind and hydro renewables with respect to 

economic, social, technological and environmental 

criteria. Techniques applied are the same as in the 

case of factors analysis.  

We provide all details of the alternatives pairwise 

comparison with respect to economical criterion. 

Other criteria are analyzed with respect to 

alternatives in the same way and based on this 

information a summary table for the alternative 

selection is composed (Table 3-5).   
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Table 3: Fuzzy pairwise evaluations of the alternatives with respect to Economic criterion 

  
 

Expert Solar Wind Hydro 

Geometric 

mean of the 

criterion,𝒓 𝒊 

Fuzzy weight 

of the 

crit3rion, 𝒘 𝒊 

Solar 

 E1 (1,1,1) (4,5,6) (6,7,9)   

 E2 (1,1,1) (1,2,3) (4,5,6)   

 E3 (1,1,1) (2.3,4) (5,6,7)   

 
Eavg (1,1,1) 

(1.666,2.666,3

,666) 

(4.666,5.333,6

.333 
(2.2,2.75,3.28) 

(0.136,0.212,0

.318) 

Wind 

 E1 (1/4.1/3,1/2) (1,1,1) (3,4,5)   

 E2 (1/3,1/2,1) (1,1,1) (2,3,4)   

 E3 (1/4,1/3,1/2) (1,1,1) (3,4,5)   

 
Eavg 

(0.273,0.375,0

.6) 
(1,1,1) 

(2.666,3.666,4

.666) 

(1.098,1.425,1

.829) 

(0.06,0.177,0.

307) 

Hydro 

 E1 (1/6,1/5,1/4) (1/5,1/4,1/3) (1,1,1)   

 E2 (1/6,1/5,1/4) (1/4,1/3,1/2) (1,1,1)   

 E3 (1/7,1/6,1/5) (1/5,1/4/1/3) (1,1,1)   

 
Eavg 

(0.157, 

0.188,0.214) 

(0.214,0.273,0

.375) 
(1,1,1) 

(0.286,0.333,0

.405) 
(0.149,0.193,0

.258) 

 

Table 4:  Fuzzy pairwise comparison of Social sub-criteria 

 
Exp

ert 
GP&RSolar Acceptance Labor Impact 

Geometic 

mean of the 

criterion, 𝒓 𝒊 

Fuzzy weight 

of the 

criterion, 𝒘 𝒊 
Governm

ent 

Policy 

and 

Regulatio

ns 

(GP&R) 

E1 (1,1,1) (4,5,6) (2,3,4)   

E2 (1,1,1) (3,4,5) (3,4,5)   

E3 (1,1,1) (4,5,6) (2,3,4)   

Eav

g 
(1,1,1) 

(3.667,4.667,5

,667) 

(2,333,3,333,4

,333) 

2.045,2.496,2.

907 

(0.622,0.630,0.

621) 

Acceptan

ce 

E1 (1/6.1/5,1/4) (1,1,1) (1/5,1/4,1/3)   

E2 (1/5,1/4,3) (1,1,1) (1/5,1/4,1/3)   

E3 (1/4,1/3,1/2) (1,1,1) (1/6,1/5,1/4)   

Eav

g 
(0.178,0.217,0

.278) 
(1,1,1) 

(0.189,0.233,0

.306) 

(0.323,0.370,0

.439) 

(0.098,0.093,0.

094) 

Labor 

Impact 

E1 (1/4,1/3,1/2) (3,4,5) (1,1,1)   

E2 (1/5,1/4,1/3) (3,4,5) (1,1,1)   

E3 (1/4,1/3,1/2) (4,5,6) (1,1,1)   

Eav

g 

(0.233, 

0.306,0.444) 

(3.333,4.333,5

.333) 
(1,1,1) 

(0.919,1.098,1

.333) 
(0.280,0.277,0.

285) 

 

Table 5:  Aggregated results for the renewable selection 

Objective Factors Weights Sub-factors Weights Solar Wind Hydro 

 

 

 

 

 

Social 0.1816 

Government policy 

and regulation 
0.1133 0.0518 0.0506 0.0110 

Social acceptance 0.1172 0.0099 0.0056 0.0017 

Labor impact 0.0511 0.0294 0.0161 0.0056 

Economics 0.2711 Cost Efficiency 0.2309 0.0738 0.0713 0.0858 
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Renewable 

selection 

 

Spillover effects (R&D, 

Education) 
0.0599 0.0370 0.0162 0.0067 

Technological 

and 

management 

0.1438 

Technical efficiency 0.0389 0.0034 0.0076 0.0024 

Technology availability 0.0542 0.0240 0.0169 0.0132 

Technology maturity 0.0317 0.0074 0.0050 0.0193 

Technology reliability 0.0190 0.0123 0.0024 0.0043 

Environmental 0.4036 
Renewables availability 0.3264 0.2268 0.0710 0.0287 

Environmental impact 0.0772 0.0083 0.0228 0.0461 

Total weight of alternatives 0.4841 0.2855 0.2247 

According to the experts` opinion and the method 

applied, solar renewables significantly outperform 

wind and hydro and the wind has some advantages 

in comparison with hydro.   

CONCLUSION 

Renewables selection on a country level is the 

serious economic policy-making issue and requires 

multidimensional and comparative analysis and 

evaluation of the alternatives available within the 

given priorities and criteria.   

The paper provides a model supporting the 

renewables selection process based on experts` 

opinion study. As a decision-making tool, FAHP has 

been used. The model evaluates renewables 

available in Azerbaijan (solar, wind and hydro) in 

comparison with economic, social, technological 

and environmental criteria and 12 sub-criteria.  

Spreadsheet based model is flexible and can be 

successfully used for the analysis of the other cases 

with various lists of renewables, criteria, and sub-

criteria, number of experts, etc.  

Based on study results we can conclude that higher 

priority in development in the case of Azerbaijan 

has solar energy, followed by wind and hydro. Solar 

has 20 percent priority margin in comparison with 

the “next best” alternative-wind, and these 

circumstances rule out the possibility of inversing 

priorities due to reasonable variations in experts` 

opinions and criteria and sub-criteria priorities. 

One promising area for future research is a selection 

of the regions for renewables location via FAHP and 

Z-information based AHP.   

 

 

REFERENCES 

[1] Saaty, T. L (1980). The Analytic hierarchy 

Process. New York, NY: McGraw-Hill. 

[2] Emrouznejad, A &Marram M (2017) The 

State of the Art Development of AHP (1979–

2017): A Literature Review with a Social 

Network Analysis. International Journal of 

Production Research, 2017, 55(22), 

https://doi.org/ 

10.1080/00207543.2017.1334976 

[3] Omkarprasad V., Sushil, K. (2006) Analytic 

Hierarchy Process: An Overview of 

Applications, European Journal of 

Operational Research, 169(1):1-29 

https://doi.org 10.1016/j.ejor.2004.04.028 

[4] Russo, R. de F. S. M., &Camanho, R. 

(2015). Criteria in AHP: A Systematic 

Review of Literature. Procedia Computer 

Science; volume 55, page 1123-1132; ISSN 

1877-0509 

[5] Darko, A., Chan, A. P. C., Ameyaw, E. E., 

Owusu, E. K., Pärn, E., & Edwards, D. J. 

(2019). Review of Application of Analytic 

Hierarchy Process (AHP) in Construction. 

International Journal of Construction 

Management, 19(5),436–452. 

https://doi.org/10.1080/15623599.2018.1452

098 

[6] Singh, B (2016). Analytical Hierarchical 

Process (AHP) and Fuzzy AHP 

Applications-A Review Paper, International 

Journal of Pharmacy & Technology, 8 (4),  

4925-4946, Retrieved from 

|www.ijptonline.com 



 

January – February 2020 

ISSN: 0193-4120 Page No. 13627 - 13636 

 

 

13635 

 Published by: The Mattingley Publishing Co., Inc. 

[7] İhsan Kaya, Murat Çolak, &FulyaTerzi. 

(2019). A Comprehensive Review of Fuzzy 

Multi Citeria Decision Making 

Methodologies for Energy Policy Making. 

Energy Strategy Reviews, (207–228), 207. 

https://doi.org/10.1016/j.esr.2019.03.003  

[8] Ozdagoglu, A, Ozdagoglu,G (2007) 

Comparison of AHP and Fuzzy AHP for the 

Multi-Criteria DSecision Making Processes 

with Linguistic Evaluations.Retrieved from: 

https://hdl.handle.net/11467/347 

[9] Ishizaka, A. (2014). Comparison of Fuzzy 

Logic, AHP, FAHP and Hybrid Fuzzy AHP 

for New Supplier Selection and its 

Performance Analysis. Retrieved from: 

https://doi.org/10.1504/IJISM.2014.064353 

[10] Stein, E. (2013) A Comprehensive Multi-

Criteria Model to Rank Electric Energy 

Production Technologies, Renewable and 

Sustainable Energy Reviews, ( 22), 640-654 

https://doi.org/10.1016/j.rser.2013.02.001 

[11] Ishizaka A.&Labib A (2011). Review of the 

Main Developments in the Analytic 

Hierarchy Process, Expert Systems with 

Applications, 38(11), 14336-14345.  

[12] Saaty, T. (1977). A Scaling Method for 

Priorities in Hierarchical Structures. Journal 

of Mathematical Psychology, (15), 234-281. 

[13] Chang, D.Y. (1996) Applications of the 

Extent Analysis Method on Fuzzy AHP. 

European Journal of Operational Research, 

(95), 649-655. 

[14] Buckley, J.J. (1985) Fuzzy Hierarchical 

Analysis, Fuzzy Sets and Systems,17 (1), 

233-247.  

[15] Mustafa BatuhanAyhan. (2018). A Fuzzy 

AHP Approach for Supplier Selection 

Problem: A Case Study in a Gearmotor 

Company.  

https://doi.org/10.5281/zenodo.1344950 

[16] Ali Kemal Taslıcalı,& Sami Ercan. (2006). 

The Analytic Hierarchy & the Analytic 

Network Processes in Multicriteria Decision 

Making: A Comparative Study. 

HavacılıkveUzayTeknolojileriDergisi, (4), 

55. Retrieved from: 

https://doaj.org/article/997081f157114ee6af8

46b1fbf44f507 

[17] Radionovs, A., &Uzhga-Rebrov, O. (2017). 

Comparison of Different Fuzzy AHP 

Methodologies in Risk 

Assessment.Retrieved from: 

https://doi.org/10.17770/etr2017vol2.2521 

[18] Tasria, A., Susilawatib, A (2014). Selection 

Among Renewable Energy Alternatives 

Based on a Fuzzy Analytic Hierarchy 

Process in Indonesia, Sustainable Energy 

Technologies and Assessments (7), 34–44.   

http://dx.doi.org/10.1016/j.seta.2014.02.008 

2213-1388/ 2014  

[19] Madhuri, SudeepYadav, Ajay 

DevidasHiwarkar (2017).  Selection of 

Appropriate Renewable Energy Resources 

for Uttar Pradesh by using Analytical 

Hierarchy Process (AHP). International 

Journal of Innovative Research in Science, 

Engineering and Technology, 6(2) 

http://dx.doi.org:10.15680/IJIRSET.2017.06

02074  www.ijirset.com  

[20] Çelikbilek,Y&Tüysüz, F (2015). A Fuzzy 

Multi Criteria Decision Making Approach 

for Evaluating Renewable Energy Sources, 

FUZZYSS’15 The 4th International Fuzzy 

Systems Symposium, 5-6 November, 2015.  

[21] Guerrero-Liquet, G. C., Sánchez Lozano, J. 

M., García-Cascales, M. S., Lamata, M. T., 

&Verdegay, J. L. (2016). Decision-Making 

for Risk Management in Sustainable 

Renewable Energy Facilities: A Case Study 

in the Dominican 

Republic.Retrievedfrom:http://hdl.handle.net

/10481/45022 

[22] OzlemSenvar, ÖzalpVayvay, SerhanHamal 

(2018). Selection of Optimal Renewable 

Energy Investment Project via Fuzzy AHP. 

Retrieved from: 

https://doi.org/10.17261/Pressacademia.2018

.827 



 

January – February 2020 

ISSN: 0193-4120 Page No. 13627 - 13636 

 

 

13636 

 Published by: The Mattingley Publishing Co., Inc. 

[23] Haddad, B., Liazid, A., & Ferreira, P. V. 

(2017). A multi-criteria approach to rank 

renewables for the Algerian electricity 

system.Retrieved from: 

https://doi.org/10.1016/j.renene.2017.01.035 

[24] EsraKarakaş, OzanVeliYıldıran (2019). 

Evaluation of Renewable Energy 

Alternatives for Turkey via Modified Fuzzy 

AHP. INTERNATIONAL JOURNAL OF 

ENERGY ECONOMICS AND POLICY, 

Vol 9, No 2 (2019)Retrieved from: 

https://www.econjournals.com/index.php/ije

ep/article/view/7349/4202DOI: 

https://doi.org/10.32479/ijeep.7349 

[25] Hesham A. Hefny, Hamed M. Elsayed, 

&Hisham F. Aly. (2013). Fuzzy Multi-

Criteria Decision Making Model for 

Different Scenarios of Electrical Power 

Generation in Egypt.Retrieved from: 

https://doi.org/10.1016/j.eij.2013.04.001 

[26] van Laarhoven, P. J. M., &Pedrycz, W 

(1983) A Fuzzy Extension of Saaty`s Priority 

Theory, Fuzzy Sets and Systems, 11(1), 229-

241. 

[27] Alexandre CHACHINE (2019). Sustainable 

Energy for all in Eastern Europe, the 

Caucasus and Central Asia. Analysis of 

National Case   Studies (2019)/ Retrieved 

fromhttps://www.unece.org/fileadmin/DAM/

projectmonitoring/unda/16_17X/A2.1_Imple

ment_Natl_CS/SE4ALL_CSS_Analysis.pdf 

[28] OzgurDemirtas (2013). Evaluating the Best 

Renewable Energy Technology for 

Sustainable Energy Planning. International 

Journal of Energy Economics and Policy, 

Vol. 3, Special Issue, 2013, pp.23-33, ISSN: 

2146-4553www.econjournals.com Retrieved 

from: 

https://dergipark.org.tr/tr/pub/ijeeep/issue/31

907/350760 

[29] Chia-Nan Wang, Ying-Fang Huang, Yu-

Chien Chai, & Van Thanh Nguyen. (2018). 

A Multi-Criteria Decision Making (MCDM) 

for Renewable Energy Plants Location 

Selection in Vietnam under a Fuzzy 

Environment. Retrieved from: 

https://doi.org/10.3390/app8112069 

[30] Merve CENGİZ TOKLU1, 

HarunTAŞKIN(2018). A Fuzzy Hybrid 

Decision Model for Renewable Energy 

Sources Selection. (2018).Retrieved from: 

https://doi.org/10.22399/ijcesen.399976 


