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Abstract— Over the last four decades, world energy consumption has shown a twofold increase. Meanwhile, there are renewable 

energies gained from natural resources such as sunlight, wind, rain, tides, and geothermal heat. Broad future perspectives on 

renewable energies are being developed at national and international levels, while many regions and cities worldwide are 

formulating plans for the future of renewable energies. Along the same lines, Iran, as one of the largest fields of gas and old 

resources in the world, intends to produce 20000 MW of its electricity by relying on renewable energies by 2025. This piece of 

evidence, for instance, demonstrates that energy represents one of the crucial factors in the development of every country, 

clarifying that energy resources are seriously taken into account in the economic and political perspective of every country. As 

a result, selecting the most optimal practical opinion can effectively guide each county’s investment in energy. In this study, the 

technique of Fuzzy Group VIKOR (FG-VIKOR) is used to prioritize the application of different types of renewable energies in 

Iran, by considering multiple criteria such as investment requirements, existing potentials, technological advancement rate, and 

so on. Finally, five alternatives are identified and ranked by eight criteria, which are themselves regulated by four decision-

makers. 
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I. INTRODUCTION

Global energy consumption has seen a twofold increase over the past 40 years [1]. Obviously, energy is an indispensable 

factor in a country’s development. Renewable energies are generated from naturally renewable resources such as sunlight, 

wind, rain, tides and geothermal heat. These energies represent exciting prospects for development at national and 

international levels. Presently, at least 30 countries worldwide enjoy more than 20% share of renewable energies at the 

national level, whereas at international levels approximately 120 countries have various types of long-term goals to in the 

renewable energy [2]. 

A considerable number of towns and regions all over the world are planning for the future of renewable energy. 

Additionally, hundreds of cities are developing a variety of planning approaches and support policies for renewable 

energies. Fig.1 illustrates total world energy consumption in 2010 and the share of renewable energies. 

Fig. 1. Total world energy consumption in 2010 and the share of renewable energies[3] 

National renewable energy markets estimate sharp growth for the next decade and beyond, relying on current policies and 

goals as well as scenarios and experts’ anticipations. By 2050, all regions around the world will produce at least 50% of 

their electricity out of renewables [4].  

Iran is one of the top countries that have many natural resources such as crude oil and metals. More specifically, it has huge 

oil and gas resources accounting for 11% of crude oil and 15.9% of natural gas of the world reserves [5]. Dehghani and 

Feylizadeh presented an overview to the resources and potentials of solar energy in Iran [6]. Despite the fact that Iran 

enjoys the second largest natural energy resources in the Middle East after Saudi Arabia, Iran has not yet demonstrated its 

full potential for utilizing renewable energies [1]. Iran is a member of the Organization of the Petroleum Exporting  
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Countries (OPEC). Natural gas reserves are estimated at about 32 trillion cubic meters, second in the world. Iran is expected 

to increase natural gas production from its offshore South Pars natural gas field in the Persian Gulf, an integral component 

of energy sector expansion plans [7].   

Regardless of Iran’s rich reserves of natural gas and fossil fuels as major economic sources of income, the country enjoys 

huge resources of renewable energy. Iran, because of its peculiar geography, can use numerous advantages of utilizing 

renewable energies. To make use of these considerable resources, researchers and scientists have rigorously attempted to 

discover and utilize renewable energy resources, relying on useful technologies to facilitate the process [8]. Other sources 

of renewable energies can also be utilized in Iran because of its regional peculiarities; these sources include solar, wind, 

geothermal, tidal and hydroelectric energies. Beccali et al. applied the ELECTRE (ELimination Et Choix Traduisant la 

Réalité or Elimination and Choice Translating Reality) method to determine regional level for the diffusion renewable 

energy technology [9]. Although going through its initial stages, the process of utilizing renewable energies in Iran was 

basically launched about a decade ago [10].      

Results of study concerning the possible renewable energy utilization in Iran show that a target of 20,000 MW is feasible 

in year 2025 [11]. In fact, According to the Iran’s twenty-year documentation, Iran is assumed to produce 10% of its 

required electricity from renewable sources by 2025. As a primarily step in facilitating the utilization of renewable energies 

in Iran, policy-making and administrative procedures should be clearly defined to constitute reasonable plans for 

development and eliminate inhibitory problems. Setting a dynamic scheme designed to realize Iran’s considerable potential 

for renewable energies utilization, and establishing prices of energy carries can purposefully direct this developmental 

process [12]. As a result of producing renewable energies and energy-efficient products, numerous job opportunities can 

be created, and greenhouse gases can be controlled. Also, because of energy savings, Iran will have more profitable oil and 

gas shares for export [13]. San Cristóbal applied the VIKOR method in the selection of a Renewable Energy project 

corresponding to the Renewable Energy Plan launched by the Spanish Government. The method was combined with the 

Analytical Hierarchy Process method for weighting the importance of the different criteria, which allowed decision-makers 

to assign these values based on their preferences. The results showed that the Biomass plant option (Co-combustion in a 

conventional power plant) was the best choice, followed by the Wind power and Solar Thermo-electric alternatives [14]. 

Kaya and Kahraman had two suggestions. First, it is aimed at determining the best renewable energy alternative for Istanbul 

using an integrated VIKOR-AHP methodology. Second, a selection among alternative energy production sites in this city 

is made using the same approach. In the proposed VIKOR-AHP methodology, the weights of the selection criteria were 

determined by pairwise comparison matrices of AHP [15]. Ansari et al. presented the application of Multi-criteria 

methodologies for selection of Distributed Electricity Generation through Renewable Energy in India. The first example 

was a review of an attempt towards identifying potential areas in India where electricity can be generated and supplied 

through renewable energy-based decentralized generation options by undertaking a comparison of the indicators of 

financial performance. The second example was aimed at determining the best renewable energy alternative for India using 

an integrated fuzzy VIKOR-AHP methodology [16]. Sharma and Azad aimed to rank viable energy resources for India. 

The objective was to provide a quantitative analysis for the selection of most feasible and sustainable source of energy by 

critically analyzing them based on six criteria. They employed fuzzy based multiple attribute decision making approach 

named Fuzzy VIKOR method in order to consider uncertainty associated with the data. Eventually, the research aimed at 

providing constructive inputs to the energy policy of India for sustainable growth of nation [17]. 

Clearly, energy resources are highly important in the economic and political outlook of all countries. As a result, each 

country, depending on its particular circumstances, will have to make optimal decisions for energy investment. Most 

basically, each country has to deal with the uncertainty of future events.  

Fuzzy set theory is a powerful tool while dealing with uncertainty caused by incomplete or ambiguous information and/or 

multi-criteria decision-making. Taking into account a number of criteria, this method helps optimize and rank possible 

options. Fuzzy sets can help construct uncertainty models for decision-making problems. Also, uncertainty can be described 

in terms of a model through FG-VIKOR. 

II. Fuzzy Group VIKOR METHOD 

Problems concerning energy planning with several decision-makers and multiple criteria are among highly complex 

problems. Therefore, to solve such problems, using multiple criteria decision-making is an appropriate choice. Fuzzy 

multiple criteria decision-making has proven to be an interesting method in decision-making disciplines, especially in the 

case of constantly developing multiple criteria decision-making. The VIKOR method is a Multi-criteria decision making 

(MCDM) method. It was originally developed to solve decision problems with conflicting and non-commensurable 

(different units) criteria, assuming that compromise is acceptable for conflict resolution, the decision maker wants a 

solution that is the closest to the ideal, and the alternatives are evaluated according to all established criteria. VIKOR ranks 

alternatives and determines the solution named compromise that is the closest to the ideal. There are k decision-makers 

which varying degrees of influence on the final decision: (𝑙= 1, 2, …, 𝑘); 

There are m alternatives to be selected: (i = 1,2, … , m); 

- There are n criteria for decision-making: (j = 1,2, … , n); 
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A. Fuzzy Group VIKOR method steps 

Fuzzy Group VIKOR method involves some steps as follows: 

 

Step 1: Create the normalized decision matrix 

After establishing a committee composed of  k decision-makers, linguistic variables and their corresponding fuzzy numbers, 

along with the weights of the criteria, are expressed as Table I: 
 
TABLE I.    LINGUISTIC VARIABLE FOR THE WEIGHTS OF THE CRITERIA  

  

 

 

 

 

Thus, the normalized decision matrix will be computed as matrix (1): 

�̃� = [

𝑥11̃ 𝑥12̃ … 𝑥1�̃�       𝑤1̃  

𝑥21̃

⋮
𝑥22̃

⋮

…
…

𝑥2�̃�

⋮
      

𝑤2

⋮
̃

 

𝑥𝑛1̃ 𝑥𝑛2̃ … 𝑥𝑛�̃�       𝑤�̃� 

]                                                                                                                  (1) 

 

Where, 𝑤�̃� is the weight of fuzzy importance of the ith criterion. If wk= [0, 1] is the relative weight of importance of kth 

decision-maker in the decision-making process, then (2) will be resulted: 

𝑤�̃�=(𝑚𝑖𝑛
 

{𝑥𝑗1
𝐿 , 𝑥𝑗1

𝐿 , … , 𝑥𝑗1
𝐿 },  𝑤1 𝑥𝑗1

𝑚 +  𝑤2 𝑥𝑗2
𝑚 + ⋯ +  𝑤𝑘 𝑥𝑗𝑘

𝑚 , 𝑚𝑎𝑥{𝑥𝑗1
𝑅 , 𝑥𝑗1

𝑅 , … , 𝑥𝑗1
𝑅 })                        (2) 

Step 2: Create the decision-alternatives-criteria matrix 

After the creation of the normalized decision matrix, the decision, alternatives, and criteria matrix should be formed. 

Step 3: Combine the normalized decision matrix with the decision-alternatives-criteria matrix  

If  𝑧𝑖�̃�  is a fuzzy variable about the ith alternative based on the jth criterion, one can create a combinational matrix. 

Step 4: Use defuzzification operation to convert fuzzy numbers into crisp numbers 

Consider the fuzzy set �̃�𝑖  = (𝑎1𝑖 , 𝑏2𝑖 , 𝑐3𝑖) for i=1,…,1. The defuzzified value of �̃�𝑖, is represented by the weighted average 

value, S(�̃�𝑖) which is defined as (3):   

S(�̃�𝑖) =
(𝑎1𝑖+2𝑏2𝑖+𝑐3𝑖)

4
                                                                                                                                       (3) 

 

As a result we will have (4): 

𝑓𝑖𝑗 =
(𝑎1𝑖+2𝑏2𝑖+𝑐3𝑖)

4
                                                                                                                 (4) 

 Where fij is the defuzzified value of 𝑧𝑖�̃� fuzzy numbers. 

Step 5: Determine ideal and anti-ideal values  

If the jth criterion is of “profit” type, ideal and anti-ideal values should then be calculated via (5):   

{
𝑓𝑗

∗ = 𝑚𝑎𝑥
𝑖

(𝑓𝑖𝑗)

𝑓𝑗
− = 𝑚𝑖𝑛

𝑖
(𝑓𝑖𝑗)

}                                                                                                                 (5) 

 

If the ith criterion is of “loss” type, ideal and anti-ideal values should then be calculated via (6):   

Fuzzy Number 
Linguistic 

variable 
(0.05,0.2,0.35) Very Weak 

(0.2,0.35,0.5) Weak 

(0.35,0.5,0.65) Moderate 

(0.5,0.65,0.8) Good 

(0.65,0.8,0.95) Very Good 
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{
𝑓𝑗

∗ = 𝑚𝑖𝑛
𝑖

(𝑓𝑖𝑗)

𝑓𝑗
− = 𝑚𝑎𝑥

𝑖
(𝑓𝑖𝑗)

}                                                                                (6) 

Step 6: Calculate the values of Si and Ri for all alternatives 

If the jth criterion is of the “profit” type, Si and Ri values should then be computed as (7) and (8):     

Si=∑  𝑛
𝑖=1

 𝑤𝑗(𝑓𝑗
∗−𝑓𝑖𝑗)

𝑓𝑗
∗−𝑓𝑗

−                                                      (7) 

Ri  = 𝑚𝑎𝑥
𝑖

{
 𝑤𝑗(𝑓𝑗

∗−𝑓𝑖𝑗)

𝑓𝑗
∗−𝑓𝑗

− }                                               (8) 

Step 7: Determine Qi values for all alternatives using (9): 

Qi=𝑣 (
𝑆𝑖−𝑆 

∗

𝑆 
−−𝑆 

∗) + (1 − 𝑣) (
 𝑅𝑖−𝑅 

∗

𝑅 
−−𝑅 

∗)                               (9) 

When we have (10) through (13): 

𝑆 
∗ = 𝑚𝑖𝑛

𝑖
(𝑆𝑖)                                                          (10) 

𝑺 
− = 𝒎𝒂𝒙

𝒊
(𝑺𝒊)                                                         (11) 

𝑅 
∗ = 𝑚𝑖𝑛

𝑖
 (𝑅𝑖)                                                        (12) 

𝑅 
− = 𝑚𝑎𝑥

𝑖
 (𝑅𝑖)                                                      (13) 

Qi  is a VIKOR  index and represents the value of the ith alternative. V is the weight for the group maximum utility and is 

usually equal to 0.5.  

Step 8: Rank the alternatives based on the descending order of values of Si, Ri, and Qi values for all alternatives 

Step 9: Select the best alternative 

The best alternative with the least value of Qi is only established if it satisfies the two conditions as follows: 

Condition 1 (acceptable advantage): 

For the first condition constrains (14) and (15) should be satisfied: 

Q(A[1])- Q(A[2])≥ DQ                                             (14) 

DQ= 
1

𝑚−1
                                                               (15) 

Where A[1] is the alternative with the least Q value, A[2] is the second alternative ranked by Q and m is the number of 

alternatives.   

Condition 2 (acceptable stability): 

For the second condition A[1] must also have the best rank in S and/or R. 

III.  THE APPLICATION OF FG-VIKOR METHOD FOR PRIORITIZING RENEWABLE ENERGIES IN IRAN 

This study used FG-VIKOR method to rank renewable energies in Iran. Moreover, five alternatives including sunlight, 

wind, geothermal heat, biomass, and hydrogen, were analyzed and ranked by eight criteria including (a) energy production 

capacity; (b) technological maturity; (c) Investment cost; (d) maintenance operations costs; (e) ecological effects; (f) land 

use; (g) social acceptability; and (h) employment. These criteria were themselves regulated by four following decision-

makers: technical, economic, environmental, and social. The steps of the method used are as follows:  
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Step 1. Create normalized decision matrix       

First, linguistic variables and their corresponding fuzzy numbers were defined to help to evaluate the importance of the 

criteria (see Table I). Then, the relative weights of Decision Makers and criteria weights are as shown in Tables II and III. 

For example, in table II the weight of technical decision makers is 0.3. Also, the weight and defuzzified value of “Energy 

Production Capacity” are (0.05, 0.5, 0.95) and 0.5 respectively in table III. 
TABLE II.  RELATIVE WEIGHTS OF DECISION MAKERS  

 

 

 

 
 

TABLE III.  CRITERIA WEIGHTS 

Criteria Weight Defuzzified Value 

Energy Production Capacity (0.05,0.5,0.95) 0.5 

Technological Maturity (0.05,0.29,0.65) 0.32 

Investment Cost (0.05,0.5,0.95) 0.5 

Maintenance Operations Costs (0.05,0.35,0.95) 0.42 

Ecological Effects (0.2,0.5,0.95) 0.53 

Land Use (0.05,0.2,0.35) 0.2 

Social Acceptability (0.05,0.5,0.95) 0.5 

Employment (0.05,0.62,0.95) 0.65 

 

Step 2. Create the decision-alternatives-criteria matrix: At this stage, the decision-alternatives-criteria matrix was formed 

(see Table IV). 

 Steps 3, 4, and 5: Combine the normalized matrix with the decision-alternatives-criteria matrix; convert fuzzy numbers 

into crisp numbers; determine ideal and anti-ideal values of the criteria. Using (3) through (6), Steps 3 through 5, were 

followed as illustrated in Table IV. 
TABLE IV.   DECISION-ALTERNATIVES-CRITERIA MATRIX       

 Decision Makers    

Criteria 
Energy 

Type 
Social Environmental Economic Technical W 

Defuzzified 
Value 

fij 

Criteria 

Ideal 

and 

Anti-

Ideal 

Values 

Energy 

Production 

Capacity 

Geothermal (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.24,0.5) 0.26  
 

𝑓𝑗
∗= 0.7 

𝑓𝑗
−=0.2

6 

Solar (0.35,0.5,0.65) (0.5,0.65,0.8) (0.65,0.8,0.95) (0.5,0.65,0.8) (0.35,0.63,0.95) 0.64 

Wind (0.5,0.65,0.8) (0.5,0.65,0.8) (0.65,0.8,0.95) (0.5,0.65,0.8) (0.5,0.68,0.9) 0.7 

Hydrogen (0.05,0.2,0.35) (0.5,0.65,0.8) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.05,0.42,0.8) 0.42 

Biomass (0.2,0.35,0.5) (0.35,0.5,0.65) (0.35,0.5,0.65) (0.5,0.65,0.8) (0.2,0.47,0.8) 0.48 

Technologica

l Maturity 

Geothermal (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) 0.2  

 

𝑓𝑗
∗=0.2

8 

𝑓𝑗
−=0.2 

Solar (0.2,0.35,0.5) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.27,0.5) 0.27 

Wind (0.05,0.2,0.35) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.23,0.5) 0.25 

Hydrogen (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) 0.2 

Biomass (0.05,0.2,0.35) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.29,0.5) 0.28 

Investment 

Cost 

Geothermal (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) 0.2  

 

𝑓𝑗
∗= 0.2 

𝑓𝑗
−=0.3

6 

Solar (0.2,0.35,0.5) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.36,0.65) 0.39 

Wind (0.2,0.35,0.5) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.36,0.65) 0.39 

Hydrogen (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.27,0.5) 0.27 

Biomass (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.26,0.5) 0.26 

Maintenance 

Operations 

Costs 

Geothermal (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.24,0.5) 0.26  
 

𝑓𝑗
∗=0.2 

𝑓𝑗
−=0.4

4 

Solar (0.35,0.5,0.65) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.2,0.39,0.65) 0.41 

Wind (0.35,0.5,0.65) (0.35,0.5,0.65) (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.47,0.65) 0.44 

Hydrogen (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) 0.2 

Biomass (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.39,0.65) 0.37 

Ecological 

Effects 

Geothermal (0.2,0.35,0.5) (0.05,0.2,0.35)) (0.35,0.5,0.65) (0.05,0.2,0.35) (0.05,0.3,0.65) 0.32  

𝑓𝑗
∗= 

0.43 

𝑓𝑗
−  

=0.31 

Solar (0.05,0.2,0.35) (0.2,0.35,0.5) (0.5,0.65,0.8) (0.35,0.5,0.65) (0.05,0.38,0.8) 0.4 

Wind (0.05,0.2,0.35) (0.35,0.5,0.65) (0.5,0.65,0.8) (0.35,0.5,0.65) (0.05,0.44,0.8) 0.43 

Hydrogen (0.05,0.2,0.35) (0.05,0.2,0.35) (0.35,0.5,0.65) (0.2,0.35,0.5) (0.05,0.27,0.65) 0.31 

Biomass (0.05,0.2,0.35) (0.2,0.35,0.5) (0.5,0.65,0.8) (0.35,0.5,0.65) (0.05,0.38,0.8) 0.4 

Land Use 

Geothermal (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.21,0.5) 0.24  

 

𝑓𝑗
∗= 0.7 

𝑓𝑗
−=0.2

6 

Solar (0.35,0.5,0.65) (0.5,0.65,0.8) (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.53,0.8) 0.51 

Wind (0.35,0.5,0.65) (0.35,0.5,0.65) (0.35,0.5,0.65) (0.5,0.65,0.8) (0.35,0.51,0.8) 0.54 

Hydrogen (0.05,0.2,0.35) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.05,0.3,0.5) 0.29 

Biomass (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.39,0.65) 0.37 

Geothermal (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.21,0.5) 0.24 

Decision Makers 

Social environmental Economic Technical 

0.1 0.2 0.4 0.3 W 
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Social 
Acceptability 

Solar (0.5,0.65,0.8) (0.2,0.35,0.5) (0.65,0.8,0.95) (0.5,0.65,0.8) (0.2,0.56,0.95) 0.56 𝑓𝑗
∗=

0.54 

𝑓𝑗
−=0.2

4 

Wind (0.5,0.65,0.8) (0.2,0.35,0.5) (0.65,0.8,0.95) (0.65,0.8,0.95) (0.2,0.57,0.95) 0.57 

Hydrogen (0.35,0.5,0.65) (0.2,0.35,0.5) (0.5,0.65,0.8) (0.5,0.65,0.8) (0.2,0.48,0.8) 0.49 

Biomass (0.2,0.35,0.5) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.2,0.35,0.5) (0.05,0.29,0.5) 0.28 

Employment 

Geothermal (0.05,0.2,0.35) (0.2,0.35,0.5) (0.05,0.2,0.35) (0.05,0.2,0.35) (0.05,0.26,0.5) 0.26 

𝑓𝑗
∗=

0.71 

𝑓𝑗
−

=0.26 

Solar (0.5,0.65,0.8) (0.65,0.8,0.95) (0.35,0.5,0.65) (0.35,0.5,0.65) (0.35,0.66,0.95) 0.65 

Wind (0.5,0.65,0.8) (0.65,0.8,0.95) (0.5,0.65,0.8) (0.5,0.65,0.8) (0.5,0.71,0.95) 0.71 

Hydrogen (0.05,0.2,0.35) (0.2,0.35,0.5) (0.35,0.5,0.65) (0.2,0.35,0.5) (0.05,0.36,0.65) 0.34 

Biomass (0.2,0.35,0.5) (0.05,0.2,0.35) (0.2,0.35,0.5) (0.35,0.5,0.65) (0.05,0.3,0.65) 0.32 

For instance, social decision maker assigns the fuzzy number (0.05, 0.2, 0.35) for geothermal energy type in Employment 

Criteria. Also, the employment Criteria Ideal solution and anti-Ideal solution are  𝑓𝑗
∗= 0.71 and 𝑓𝑗

−= 0.26, respectively.

Steps 6: Calculate Si and Ri values for all alternatives using (7) and (8) as shown in Tables V and VI. 

 iSTABLE V.  THE VALUES OF  

Rank 

S*= 

1.04 
S-

=2.65 

5 2.65 𝑆1
 

2 1.19 𝑆2
 

1 1.04 𝑆3
 

4 2.12 𝑆4
 

3 1.89 𝑆5
 

TABLE VI. THE VALUES OF Ri 

Rank 

R*= 

0.48 

R- = 
0.56 

4 0.56 𝑅1
 

2 0.5 𝑅2
 

2 0.5 𝑅3
 

3 0.53 𝑅4
 

1 0.48 𝑅5
 

The least values of  Si  and Ri criteria are S* and R* respectively, in addition,  the most values of  Si  and Ri criteria are S- 

and R- respectively.  

Steps 7: Calculate Qi values for all alternatives as it is in Table VII. 

TABLE VII. THE VALUES OF Qi 

Rank 

5 1 𝑄1
 

2 0.38 𝑄2
 

1 0.09 𝑄3
 

4 0.68 𝑄4
 

3 0.45 𝑄5
 

At this stage, (7) through (9) will be used to compute Qi values for all alternatives. 

Steps 8: Rank the alternatives based on a descending order of Si, Ri and Qi values 

The alternatives were ranked based on the observed descending order of Si, Ri and values as illustrated in tables V, VI and 

VII. 

Steps 9: Select the best alternative 

The best alternative with the least Qi value can be only realized if it satisfies two following conditions: 

Condition 1 (acceptable advantage): 

The following conditions should be satisfied (which is expressed in (14) and (15)): 

Q(A[1])- Q(A[2])≥ DQ 

DQ=
1

𝑚−1
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Where A[2] is the second alternative ranked by Q. A[1] is the best alternative with the least Q value, and m is the number of 

alternatives.   

0.38 - 0.09 = 0.29 ≥  DQ = 
1

5−1
 = 0.25 

Condition 2 (acceptable stability): 

Also, the alternative A[1] i.e. “wind energy” has the best rank in S  (in table V). Then, in this case the best renewable energy 

is “wind energy”. 

IV. CONCLUSION

The availability of renewable energy resources, their reliability, and technological maturity in this regard are among the 

important factors justifying the use of renewable energies. In order to accomplish this, experts and decision-makers 

endeavour to reduce technical and financial risks. The present study, ranked renewable energies in Iran. This study is based 

on fuzzy multiple criteria decision making. We arrived at the conclusion that, in view of the criteria and limitations in Iran, 

the energies produced by wind, biomass, and sunlight occupied the first three ranks, respectively. Therefore, as a 

suggestion, to make a better use of renewable energies in Iran, investment and planning should be directed towards these 

three sources of energies. Obviously, reliance on biomass energy, at a larger scale, can further reduce the dependence on 

fossil fuels, while creating job opportunities in the country’s villages. The wind energy, too, can have an important role in 

overcoming energy shortage in Iran especially in remote rural regions. Furthermore, Iran can prove to have a high potential 

for using solar energy, considering the fact that the country receives solar light over 2800 hours per year.     
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