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Abstract: In this paper, first, factors effective in evaluation of sustainable energies provision system 
are identified using the literature and categorized in four groups: technical, environmental, economic 
and social. Next, using Delphi method, the criteria related to the factors were selected for Tehran 
Province Industries. Accordingly, some of the criteria identified using previous studies were omitted. 
Using the criteria and fuzzy AHP composition of sustainable energies in Tehran Province industries 
was identified. On the basis of the results, hydraulic and pneumatic water power and wind power had 
the highest weights in Tehran Province Industries.  
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INTRODUCTION 

 
  Nowadays energy systems play an important role in economic and social development and quality of life of 
people (Yuan, J-H., et al., 2008). The major energy demand of fossil fuels has major consequences around the 
world. A main environmental problem is the emission of toxic chemical pollutants, greenhouse gases like CO 2 
and other air pollutants (Bilgen, S., et al., 2008; Omer, AM., 2008). These cause climate change and 
environmental pollution of air, land and water, which has a negative impact on the health and the living quality 
of humans (Fung WY.,2006). Contrarily, global environmental issues could significantly affect patterns of 
energy use around the world (Yu¨sel, I., 2008). 
 Some new governmental policies have been adopted to encourage the introduction of energy efficiency 
measures, the technical changes, and the renewable and sustainable energy [Bilgen, S., et al., 2008; Abulfotuh 
F., et al., 2007; Resnier, M., 2007). With the passage of time and overgrowth of societies and complexity of 
industry and technology the need for energy resources has intensely increased, making exploration and 
exploitation of fossil resources inevitable. In the modern world with its population explosion and improvement 
of quality of life and welfare and the increasing damages and threats of fossil energies overuse to the nature and 
environment, continuation of this process seems impossible. Oil shock of the 1970s was a turning point that 
emphasized the need for finding alternative resources and absorbed the attention of energy policy-makers of 
industrial countries (Yuan, J-H. et al., 2008; Soytas, U. and Sari, R., 2006). Thus, man has reconsidered sun, 
wind, waves and other renewable natural resources and has aimed at decreasing their dependence on fossil 
resources. In the recent years the trend to use renewable energy resources has accelerated, especially in 
industrial countries. Industrial countries are after increasing the share of renewable energies in their energy 
portfolio. Despite of having numerous fossil sources, Iran is not an exception. Regarding the desirable potential 
of renewable energies in Iran, logical development of these valuable resources seems justifiable. This way 
measures can be taken to achieve sustainable development. In fact, sustainable development is satisfaction of the 
present needs without recourse to resources of the future generations (WCED, WcoEaD, 1987). Along the 
objectives of sustainable development, in this research attempts have been done to identify the share of 
renewable resources in Tehran Province industries energy portfolio.  
 
Literature Review: 
 The energy issues applying MCDA includes energy planning and selection (Jovanovic M., et al., 2009; 
McDowall W. and Eames, M., 2007; Pilavachi, PA., et al., 2009; Buchholz, T., et al., 2009; Georgopoulou, E., 
et al., 1997; Aras, H., et al., 2004; Voropai, NI., Ivanova, EY., 2002; Afgan, NH., Carvalho MG., 2002; Afgan, 
NH., Carvalho MG., 2004; Afgan, NH., Carvalho MG., 2008; Begic, F., Afgan NH., 2007; Mamlook, R, et al., 
2001; Mamlook, R., et al., 2001; Akash, BA., et al., 1999; Mohsen, MS., Akash BA., 1997; Chatzimouratidis 
AI, Pilavachi PA., 2009; Dinca, C., et al., 2007; Huang Fu, et al., 2005; Madlener R, et al., 2009; Barda, OH., 
1990) energy resource allocation (Ramanathan R., Ganesh, LS., 1994; Ramanathan, R., Ganesh, LS., 1995; Wu, 
Z., Wei, Z., 1997; Hobbs, BF., Horn, GTF., 1997; Chedid, R., et al., 1999; Afgan, NH., et al., 2007) energy 
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exploitation (Goumas, M., Lygerou, V., 2000; Georgopoulou, E., et al., 1998) energy policy (Kablan, MM., 
2004; Greening, LA., Bernow, S., 2004; Diakoulaki, D., et al., 1999) building energy management (Wang, J-J., 
et al., 2008; Wright, JA., et al., 2002; D’Cruz, NA., 1987; Klemm, K., et al., 2000; Marks, WM., 1997; 
Blondeau, P., et al., 2002; Roulet, CA., et al., 2002; Le, Teno, et al., 1998) transportation energy systems 
(Brand, C., 2002; Yedla, S., et al., 2003) and others (Shackley, S., et al., 2006). The reviewed literatures 
covered are both theoretical/conceptual and empirical. This article mainly reviews the MCDA methods for the 
selection of the energy supply systems. The reviewed articles have different energy supply systems, such as 
combined heating and power (CHP) or combined cooling heating and power (CCHP) systems (Wang, J-J., et al., 
2008) renewable energy systems (Afgan, NH., Carvalho MG., 2002; Mamlook, R, et al., 2001) and different 
focus such as technological, economic and sustainability evaluation, objective and subjective comparison, the 
impact on the living standard and the sensitivity analysis of power plants, etc. (Chatzimouratidis AI, Pilavachi 
PA., 2009). 
 Measuring sustainability of the energy supply systems is a major issue as well as a driving force of the 
discussion on sustainability development. Developing evaluation criteria and methods that reliably measure 
sustainability is a prerequisite for selecting the best alternative, identifying non-sustainable energy supply 
system, informing design makers of the integrated performances of the alternatives and monitoring impacts on 
the social environment. The multiplicity of criteria and measuring tools being developed in this fast-growing 
field shows the importance of the conceptual and methodological work in this area. The development and 
selection of criteria require parameters related to the reliability, appropriateness, practicality and limitations of 
measurement. The used criteria to evaluate the energy supply systems in the literatures mainly divide to four 
aspects: 
technical, economic, environmental and social criteria, which are summarized in Table 1. 
 
Table 1: The typical evaluation criteria of energy supply systems. 

Aspects  Criteria Literatures 
Technical Efficiency [11,13,30,35–44,77,87] 

Exergy efficiency [29,44,76] 
Primary energy ratio [29,45,76,82] 
Safety [29,39–42,45,76,83,86] 
Reliability [39–44,80,81,84] 
Maturity [29,82,84] 
Others [13,29,40,41,43,83–85] 

Economic Investment cost [11,13,29,30,35–45,74,76–78,83–87,92] 
Operation and maintenance cost [30,39–44,74,76,84,85,87,92] 
Fuel cost [11,38,40–43,77,78,87] 
Electric cost [30,35–37,77,83,87] 
Net present value (NPV) [29,45,88–90] 
Payback period [13,29,45,88] 
Service life [30,36,76,85] 
Equivalent annual cost (EAC) [29,45,88,91] 
Others [11,39–42,44] 

Environmental NO x emission [11,29,36–38,45,76,79–81,83,92] 
 CO 2 emission [11,29,30,35–38,45,76–85,87,88,92] 
 CO emission [29,45,76] 
 SO 2 emission [11,38,74,78–81,83] 
 Particles emission [78–82] 
 Non-methane volatile organic compounds (NMVOCs) [79–81] 
 Land use [29,45,76,84–86] 
 Noise [29,35,36,76,77,80–82,86,87] 
 Others [13,44,74,84,85,90,91] 
Social Social acceptability [78,80,81,84] 

Job creation [13,36,38,80–82,86,89,90] 
Social benefits [13,39–42] 
Others [11,29,40–42,45,76,78,80,82] 

 
Methodology: 
 Since this research gathers criteria and alternatives to make decision making on sustainable energy selection 
in Tehran Province industries possible it is an applied research in terms of its objective. But, in terms of method, 
since criteria analysis and decision making are done by describing criteria and alternatives, the research is 
descriptive-analytical.  
 First, using library research method, valid databases were searched and literature on the subject was 
extracted and initial decision making criteria were identified. The identified criteria were categorized into four 
groups: technical, economic, social and environmental and were submitted through Delphi questionnaire o 
experts and authorities who were asked to either approve or reject the criteria. Furthermore, the experts and 
authorities were asked to add their own identified criteria to the questionnaire if not already included. Final 
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criteria were selected using filled-out questionnaires and used in another questionnaire repared using Fuzzy 
AHP.  
 Delphy and Fuzzy AHP Methods that are used for data analysis in this study are standard methods, so thete 
are not require to check their validity and reliability. 
 The population included all the experts and authorities related to sustainable energies in Tehran Province. 
Sample was selected randomly from the population. Of the 120 distributed questionnaires, 110 questionnaires 
were completed and returned. 
 
Introduction to FAHP: 
Fuzzy numbers:  
 Fuzzy numbers are in fact natural generalizations of ordinary numbers. An ordinary number like  can be 
shown with the following membership function: 
 

 
 
 Therefore, any real number can be stated as a fuzzy number. The simplest fuzzy numbers are triangular 
fuzzy Numbers (Jafari Samimi, et al., 2010). 
 We define a fuzzy number M on R to be a triangular fuzzy number if its membership function. 
 
  is equal to: 

 
 
 The Triangular fuzzy numbers can be expressed by (l,m,u). The parameters l, m, and u respectively, 
indicate the smallest possible value, the most promising value, and the largest possible value that describe a 
fuzzy event (Ertug rul & Karakas oglu, 2009). 
 There are various operations on triangular fuzzy numbers.But here, two important operations used in this 
study are illustrated. If we define, two positive triangular fuzzy numbers (l1 ,m1 ,u1) and (l2 ,m2 ,u2) then: 
 

 

 
 
Fuzzy AHP: 
 AHP is one of the well-known multivariate decision making method invented by Saaty in 1970s. Indices 
may be qualitative or quantitative. AHP is based on pairwise comparisons. In this method, decision-maker forms 
a hierarchical decision tree and determines its indices and options. Then, s/he makes some pairwise comparisons 
and determines the weight of each factor in comparison with rival ones (saaty, 1980).  
 Traditional AHP, as exact values are assumed for various options of the decision-maker (Wang and Chen, 
2007), is problematic in dissonant comparisons and cannot do pairwise comparisons at the state of uncertainty 
(Deng, 1999). For removing this problem FAHP was devised which is more reliable for making decisions 
provided that distance judgment replaces spot judgment (Kahraman, et al., 2003). 
 The traditional AHP method is problematic in that it uses an exact value to express the decision maker’s 
opinion in a comparison of alternatives (Wang and Chen, 2007). And AHP method is often criticized due to its 
use of unbalanced scale of judgments and its inability to adequately handle the inherent uncertainty and 
imprecision in the pair-wise comparison process (Deng, 1999). To overcome all these shortcomings, FAHP was 
developed for solving the hierarchical problems. Decision makers usually find that it is more confident to give 
interval judgments than fixed value judgments. (Kahraman, et al., 2003).  
  In this study the extent FAHP is utilized, which was originally introduced by Chang (1996). Let X = {x1, 
x2, x3, ... , xn} an object set, and G={g1 , g2 , g3 , ... , gn} be a goal set. According to the method of Chang’s 
extent analysis, each object is taken and extent analysis for each goal is performed respectively. Therefore, m 
extent analysis values for each object can be obtained, with the following signs: 
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 where all are Triangular fuzzy numbers.The steps of Chang’s extent analysis (Chang, 

1996) can be given as in the following: 
 Step 1. The value of fuzzy synthetic extent with respect to the ith object is defined as: 
 

 
 

 To obtain , the fuzzy addition operation of m extent analysis values for a particular matrix is 

performed such as: 
 

 
 

 and to obtain , the fuzzy addition operation of  values is 

performed such as: 
 

 
 

 Step 2. As  and are two triangular fuzzy numbers, the 

degree of possibility of  is defined as 

 

 
 
 Fig.1(Chang, 1996) illustrates Eq. (10) where d is the ordinate of the highest intersection point D between 
µMl and µM1. To compare M1 and M2, we need both the values of V(M1 ≥ M2 ) and V(M2 ≥ M1 ). 
 Step 3. The degree possibility for a convex fuzzy number to be greater than k convex fuzzy Mi (i = 1,2, ..., 
k) numbers can be defined by 
 
V(M ≥ M1, M2, …, MK)=V[(M ≥ M1) and (M ≥ M2)and….and(M ≥ MK)]= Min V(M ≥ Mi) , i= 1,2,3,…,k  

 Assume that d(Ai) = min V(Si ≥ Sk ) for k =1, 2, ... ,n; k  i. Then the weight vector is given by  
  

 
 where A i (i =1, 2, ... , n) are n elements. 
 Step 4. Via normalization, the normalized weight vectors are: 
 

  

 
 where W is a non-fuzzy number. 
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Fig. 1: The intersection between two triangular fuzzy numbers (M1 & M2). 
 
Data Analysis:  
 Evaluation criteria were prioritized using FAHP.  
 The questionnaires were distributed among the sample. 93 questionnaires out of the 110 ones were filled 
out and returned. AHP is a standard method for prioritization so in this method it does not need to evaluation of 
reliability and validity. 
 
Prioritization of energy types evaluation criteria using FAHP:  
 Data analysis stages were as follows:  
 When linguistic variables were changed into triangular fuzzy numbers, geometric mean of data was 
calculated and integrated fuzzy data was obtained 
 
Table 2: a comparison of effective criteria in utilizing types of sustainable energies. 

 S1 S2 S3 S4 
S1 1 1.00 1.00 0.11 1.16 9.00 0.11 2.79 9.00 0.13 1.79 9.00 
S2 0.11 0.86 9.09 1.00 1.00 1.00 0.20 2.73 9.00 0.14 1.75 9.00 
S3 0.11 0.36 9.09 0.11 0.37 5.00 1.00 1.00 1.00 0.11 1.09 8.00 
S4 0.11 0.56 7.69 0.11 0.57 7.14 0.13 0.92 9.09 1.00 1.00 1.00 

S1: Economic criteria  
S2: Environmental criteria 
S3: Social criteria  
S4: Technical criteria  

 
 Next, Si vector was calculated. Si vector is the result of multiplication of the two following vectors:  
 The first vector is the sum of fuzzy number factors in each row.  
 The second vector is the sum total of triangular numbers of the above matrix as inversed. The vector is 
equal in calculation of all Sis. The inverse of a triangular number is estimated as follows:  
 If aij=(l,m,u) is a triangular fuzzy number, its inverse will be  
 

)/1,/1,/1(1 lmuaij   

 
 Therefore, Si vectors were calculated as follows:  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 Comparison of Si vectors in fuzzy AHP algorithm is as follows:  
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Table 3:  final matrix of criteria prioritization using FAHP. 
Criteria Weight (Line Mean) Criteria  

0.256 S1 
0.255 S2 
0.245 S4 
0.244 S3 

So,  
S1: Economic criteria  
S2:Environmental criteria 
S4: Technical criteria  
S3: Social criteria  

 
Indices prioritization per identified criteria: 
 When effective factors were weighed and prioritized in utilization of sustainable energy resources, the 
identified indices were evaluated as per identified criteria.  
Accordingly, on the basis of the above fuzzy algorithm, prioritization of the indices as per economic critteria is 
as follows:  
S1: Investment cost  
S2: Repairs and maintenance operations and expenses  
S3: Fuel cost  
S4: Electricity Cost  
S5: Refund 
S6: Services Life  
S7: EAC  

 
Table 4: Prioritization of economic criteria using FAHP. 

Weight of Indices (Line Mean) Indices  
0.1411 S5 
0.1418 S2 
0.1429 S3 
0.1429 S4 
0.1436 S7 
0.1438 S6 
0.1438 S1 

  
 Accordingly, on the basis of the above fuzzy algorithm, prioritization of the indices as per Environmental 
criteria is as follows: 
  
Table 5: Prioritization of Environmental criteria using FAHP. 

Weight of Indices (Line Mean) Indices  
0.2026 S1 
0.2014 S2 
0.2007 S3 
0.1984 S4 
0.1971 S5 

S1: NOx emission 
S2: CO emission 
S3: SO2 emission 
S4: Land use 
S5: Noise 

 
 on the basis of the above fuzzy algorithm, prioritization of the indices as per Social criteria is as follows: 
 
Table 6: Prioritization of Social criteria using FAHP. 

Weight of Indices (Line Mean) Indices  
0.3144 S3 
0.3358 S2 
0.3498 S1 

S1: Social acceptability 
S2: Job creation 
S3: Social benefits. 

 
 Accordingly, on the basis of the above fuzzy algorithm, prioritization of the indices as per Technical criteria 
is as follows:  
 
 
 



Aust. J. Basic & Appl. Sci., 5(12): 2584-2594, 2011 

2591 

Table 7: Prioritization of Technical criteria using FAHP. 
Weight of Indices (Line Mean) Indices  

0.2026 S1 
0.2014 S2 
0.2007 S3 

S1: Efficiency 
S2: Safety 
S3: Reliability. 

 
 In order to finally weigh types of energy in Tehran Province industries, energy type priority matrix per 
criteria (tables 4 to 7) is to be multiplied by criteria priority matrix (table 3).  
 

 
 
 By virtue of the results, water, wind, solar, geothermal and hydrogen energies with the above weight means 
may be prioritized respectively in prioritizing sustainable energies in Tehran Province industries.  
 
Conclusion:  
 The evaluation and calculation in the sustainable energy decision-making is usually obtained in a MCDA 
method. It is necessary that a few different styles of MCDA methods are applied to get the ranking orders of 
energy projects’ alternatives and the validity in MCDA methods is verified. It is believed that the results 
obtained by the aggregation methods are more rational and more aggregation methods will aid in the sustainable 
energy decision-making in the future. 
 Due to energy crisis in the world and since non-renewable energy sources are terminable and environmental 
pollution has been increasing because of anomalous use of fossil energy, sustainable energies have been 
emphasized, especially in industry section that is a noticeable consumer of energy in Iran. regarding the 
development of technology and the emphasis put on sustainable energies and continuous decrease of non-
renewable energy resources and the existence of sustainable energies (sun, water, wind, etc.) in Iran, Iranian 
industries can adopt suitable architectural designs compatible with Iranian climate with due regard to Iranian 
architectural patterns that have already found suitable methods for utilizing sustainable energies in architecture 
and with recourse to modern technology in order to create a desirable space and condition. 
 
Discussion: 
 Fuzzy set theory introduced by Zadeh in 1965 can just solve the problem and it play a significant role in this 
kind of decision situation. The combination of MCDA methods and fuzzy set theory  has been applied in many 
systems in addition to energy systems (Doukas, HC., et al., 2007; Lee, SK., 2008; Wang, J-J., et al., 2008; 
Mamlook, R, et al., 2001; Mamlook, R., et al., 2001; Goumas, M., Lygerou, V., 2000; Wang, J-J., et al., 2008). 
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