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A B S T R A C T   

The supplier selection problem (SSP) is a significant issue in renewable supply chain management (RSCM). 
Selecting a strategic green supplier can not only discover the sustainable development of supply chains but also 
optimize the consumption rate of resources and decrease the negative environmental effects, which adopts to the 
green development context. As a multiple criteria group decision-making (MCGDM) problem, choosing a stra-
tegic green supplier is important to renewable supply chains. However, how to choose a strategic green supplier 
for supply chains is a great effort. Hence, In the present work, evaluating a set of strategic suppliers is primarily 
based on green capabilities by using an integrated fuzzy Best Worst Method (FBWM) with the other two tech-
niques, namely COPRAS (Complex Proportional Assessment of Alternatives) and WASPAS (Weighted Aggregated 
Sum-Product Assessment). Initially, nine strategic supplier selection criteria have been identified through 
literature review and a real-world case study of Iran’s renewable energy supply chain is deliberated to exhibit the 
proposed framework’s applicability. The applied methodology and its analysis will provide insight to decision- 
makers of strategic supplier selection. It may aid decision-makers and the procurement department in differ-
entiating the significant strategic green supplier selection criteria and assess the strategic green supplier in the 
local and global market supply chain. Finally, the strengths and limitation of the framework are discussed by 
using comparative analysis with other methods.   

1. Introduction 

Lately, the demand for energy across the globe has experienced a 
substantial unquestionable surge. According to speculations, such a 
demand will likely rise by 56% during 2010-40 [1]. Meanwhile, many 
difficulties have been looming over the energy market; these issues 
include the absence of security in energy, fossil fuel supply shortage, 
shortage of water supplies (particularly in deserts and dry areas), de-
velopments in the economy and increased urbanization, and population 
growth. Today, a great deal of focus has been placed on EE (Energy 
Efficiency) and RESs (Renewable Energy Sources) procedures to miti-
gate the expected supply and demand shortfall in the area of energy [2]; 

moreover, related attempts have also been in line with taking the dan-
gers of climate change across the world into account [3]. It is already 
known that climate change is the outcome of the emission of Greenhouse 
Gas (GHG) and alternative contaminants and pollutants caused by the 
extreme use of fossil fuels. Subsequently, through the tactical and eco-
nomic perspectives and from the technical and ecological standpoints, 
managing the Renewable Energy (RE) program is of substantial signif-
icance as a considerably fair chance. In 2016, 24.6% of the developed 
countries’ gross electricity consumption was generated by Renewable 
energy sources (RES), mainly from onshore and offshore wind farms and 
solar plants [4]. In this regard, there is a need for an effective, 
well-organized supply chain to carry out the actions above. Across the 
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world, there are positive attempts made by companies and institutions 
which are in line with decreasing their adverse effect on nature and the 
environment through carbon footprint reduction and the utilization of 
an eco-friendly chain of supply [5]. Consequently, suppliers play a role 
of utmost importance for eco-friendly products to attain such a purpose 
[6]. 

When an institution attempts to retain a tactically competitive 
stance, it encounters a vital problem that involves choosing possible 
providers or suppliers. Viability and money stream are both influenced 
by supplier selection (SS). The economic dimension has conventionally 
and mainly been regarded as the foundation behind SS; nevertheless, 
there is a growing anxiety during the past twenty years among in-
stitutions regarding ecological conservation problems. Now, public and 
private sectors are under an immense burden to take ecological di-
mensions into account in their supply chain (henceforth, ‘SC’) activities 
as a result of growing knowledge about ecological supervisory directives 
and environmental problems [7–9]. Here, a new concept has emerged 
called G-SCM (Green Supply Chain Management), and it is the integra-
tion of SCM activities with ecological apprehensions [10]. In this regard, 
greater financial functioning and competitiveness are the outcome of 
G-SCM activities across the SCM system [11]. To be able to remain in the 
universal business and market settings, ecological problems cannot be 
overlooked by institutions [12]. Parallel to this notion, institutions 
accept the ecological dimensions in activities related to SC and specific 
processes to attain a lead in the worldwide competition [13]. None-
theless, supervision over the ecological drift necessitates institutions and 
enterprises to focus on introducing eco-friendly practices of SC both 
within the institution itself and among them [14]. Enhanced business 
effectiveness, decreased total expenses, and raised institutional gains to 
benefit from ecological improvements unknown to minor institutions 
[15]. 

There are a variety of steps in SCM, which begin from buying new 
substances to distributing the final product among buyers [16]. Suitable 
SS is necessary for these steps while considering the institutions’ re-
quirements and prospects. Subsequently, to achieve ecological bench-
marks and raised levels of quality, institutions should surpass their 
limitations and observe their suppliers’ actions [17]. High instability 
and volatility, dynamism, and competitiveness can be used to describe 
business settings [18]. Institutions attempt to guarantee higher func-
tioning levels on their suppliers through frequent execution of abundant 
plans and supervisory investigations into their SCM actions [19]. 

Academics and specialists have been equally concentrating on 
problems surrounding renewable energy SC. In addition to an incon-
siderable number of papers on the renewable energy SC, the supplier 
problem has not been dealt with in any inquiries. Consequently, this 
could lead to the conclusion that choosing a likely supplier is a 
complicated procedure of decision-making aimed at narrowing down 
the initial number of suppliers to the ultimate selection within the RE 
industry. Notably, these procedures involve a great deal of ambiguity. In 
recent years, attempts have been made to mitigate such issues by 
enhancing different MCDM (Multi-criteria Decision Making) practices. 
In these practices, a given number of suppliers is evaluated based on 
quantitative and qualitative parameters taken into account by the 
MCDM methods employed in studies. The foundation of traditional SS 
mainly consists of several measures, including financial worth, service 
level, distribution period, and value [20,21]. The traditional measures 
as the basis for SS have offered a set for most related research to existing. 
Nevertheless, the number of inquiries conducted on eco-friendly sup-
plier assessment is relatively insignificant [22–24]. 

Extensive examinations were conducted into the related research 
while considering the points above and subsequently, several purposes 
were recognized for the case in question, which are listed below:  

• Comprehending and identifying assessment measures tailored for 
GSS (Green Supplier Selection) within the background of SC;  

• Indicating GSS assessment measures’ qualified weights and choosing 
the green supplier with the highest likelihood from multiple choices 
in the SC;  

• And introduce the administrative consequences of the present 
attempt. 

The concentration of the present study is placed assessing the sup-
plier set according to traditional and ecological measures to reach these 
goals. Accordingly, three widespread MCDM approaches were employed 
to rate and choose the most suitable likely supplier; these approaches 
entailed WASPAS (Weighted Aggregated Sum-Product Assessment) and 
COPRAS (Technique for Order Preference by Similarity to Ideal Solu-
tion) integrated with the fuzzy set model. Nevertheless, the compre-
hensive type of fuzzy BWM approach put forth by Ref. [25] was 
employed to compute the weights of the measures. According to the 
above, the contribution of the paper is following:  

✓ In this paper, BWM is used for criteria weight calculation. Two 
popular MCDM techniques (COPRAS and WASPAS) individually in-
tegrated with fuzzy set theory are used to rank the set of green 
suppliers. 

✓ Assessing the set of strategic green suppliers based on both envi-
ronmental and conventional criteria.  

✓ A consistency analysis was executed to evaluate the consistency of 
the expert’s opinion, whereas the validation of the methodology was 
measured by doing sensitivity analysis (SA).  

✓ In the normalization process, the obtained ranking results remain 
independent of the adopted normalization function. 

The study’s remaining segments are structured based on the 
following design. An accurate examination of the related research 
regarding different assessment measures is illustrated in the second 
segment; additionally, this is followed by an account of a variety of 
representations used by scholars in SS-related areas. The distinguished 
models utilized in the specific case of the present inquiry are addressed 
in the third segment. The fourth segment entails a mathematical rep-
resentation involving an all-inclusive practical clarification of the 
adopted approaches. The purpose behind this segment was to offer a 
more detailed observation on the significance of FST (Fuzzy Set Theory) 
along with the decision-making procedure. Moreover, reliability and 
sensitivity assessments are utilized to examine the professional opin-
ions’ homogeneity and the model’s strength. 

Additionally, to investigate the validity of the findings, several 
different standardization procedures are used. The fifth segment deals 
with the administrative consequences of the suggested effort. Finally, 
the sixth and last segment includes an investigation of the findings and 
recommendations for future attempts. 

2. Literature review 

2.1. Renewable energy supply chain (RESC) 

Contrary to the limited fossil fuels, the supplies of RE can be restored 
according to a related USA agency. On earth, five supplies of frequently 
used RE exists, including wind, solar energy, hydro, geothermal, and 
biofuels are consisting of biodiesel, ethanol, and biomass. Biomass 
(waste and wood) is a considerably significant source of RE utilized in 
the US. Fig. 1 demonstrates 2018 statistics on the United States’ use of 
energy by related supplies. Alternatively, five distinct means of har-
nessing energy from oceans are listed as supplies of RE by the 

B. Masoomi et al.                                                                                                                                                                                                                               



Energy Strategy Reviews 40 (2022) 100815

3

International Energy Agency (IEA) [1]: waves, tidal power, marine 
streams, salinity, and heat gradients. 

Nevertheless, an insignificant number of such means are sufficiently 
improved for everyday use, and most of them require more studies and 
thorough explorations [26]. Today’s maintainable sources of energy are 
built upon 4 fundamental existing tools, including solar energy, wind 
energy, hydro, and biomass [27]. All in all, given the distinct form of 
existing energy within different areas based on energy generation and 
the primary challenges and bargains linked to various administrative 
choices, there must be an equilibrium in demand for energy [28]. 

RE has been demonstrated as an alternative energy supply to 
decrease the reliance on fossil fuels and shift to energy effectiveness. RE 
supplies were evaluated by Ref. [26] through the outlook of SC; further, 
they also examined RE concerning 4 primary constituents, including the 
supply chain of RE, the function of RE, limitations and guidelines 
regarding its improvement whilst taking sources of hydro, geothermal, 
wind, solar energy, and biomass into consideration. 

2.2. Review of green supplier selection 

Scholars and individuals involved in commerce have been paying 
significant attention to GSS, considering ecological directives and 
awareness improvements. The GSS has lately witnessed a rise in the 
creation of numerous related approaches. Interestingly, such approaches 
can be considered as comprising two primary groups, including solitary 
and integrated representations. As for the former [29], employed fuzzy 
AHP (analytic hierarchy process) to offer a model for choosing GSS 
aimed at production factories. Using span two-tuple semantic data [30] 
broadened the VIKOR approach intended for collective SS with several 
criteria. A method of decision making with several measures was 
introduced by Ref. [31], termed ‘fuzzy trivial pattern’ to choose the most 
suitable eco-friendly provider for plastic production enterprises. In 
addition [32], also introduced a structure for choosing eco-friendly 
providers for an electronics business in Brazil using fuzzy TOPSIS. To 
find answers to MCGDM issues across the IT2FSs (interval type-two 
fuzzy sets) background and use it on the challenge of GSS [33], broad-
ened the TODIM (a Portuguese abbreviation referring to decision mak-
ing with an interactive nature and several measures). Attempting to 
conduct academic research on the issue of GSS, some researchers 

expanded optimization involving several objectives through proportion 
examination and the complete multiplicative from MULTIMOORA 
approach within the fuzzy environment. To mitigate challenges in an 
issue of GSS [34], employed fuzzy GRA (Grey Relational Analysis) 
regarding an electronics production company [35,36]. 

Created a method according to a fuzzy ANP (Analytic Network 
Process) representation throughout a plan for decision-making involving 
several individuals with unfinished priority connections [37]. utilized 
supervision over carbon use related to GSS to introduce an all-inclusive 
method of DEA (Data Envelopment Analysis). Ultimately, to place 
eco-friendly suppliers under assessment [38], offered an expanded 
approach to MCGDM according to WASPAS with IT2FSs [39]. presents a 
new framework to identify a temporal supplier evaluation model by 
using MCDA methods. The proposed approach extends the classical 
MCDA paradigm with aspects of temporal evaluation and dedicated 
aggregation strategies. The selection of material suppliers was taken into 
consideration [40]. The equal weights, entropy and standard deviation 
methods were used to determine the weights for criteria. It was noticed 
that in the given problem, all of the methods provide highly correlated 
results, and the obtained positional rankings are not significantly 
different. However, practical conclusions indicate the need to look for 
improved solutions in the correct and accurate assessment of suppliers in 
a given period. Brief descriptions of the related research on GSS are 
listed in Table 1. 

2.3. Criteria selection 

In 1966-90, it was shown by Ref. [53] that the most significant SS 
measures were regarded by most related to mainly include volume, 
price, value and distribution. Yet on the other hand [20,36], took the full 
ecological and conventional measures into account for GSS. The 
accepted steps indicated through previous studies and conducting in-
terviews with professionals are provided in Table 2. In addition, a short 
account of different GSS assessment measures reflected upon by many 
scholars in various areas is offered in Table 3. There are other criteria in 
evaluating green suppliers. In this study, nine criteria have been 
considered for assessing the renewable energy supply chain, and the 
desired criteria have been selected according to the activities of the 
renewable energy industry. Interestingly, conventional methods faced 

Fig. 1. U.S. energy consumption by energy source, retrieved from Ref. [1].  
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constraints imposed by economic dimensions; nonetheless, institutions 
were obligated to supplement their SC activities with ecological con-
cerns due to client consciousness, firm ecological guidelines, green 
technology, and commercial universality [9,54]. 

The GSS case presented in this study entails measures of α1 and α7 as 
expense measures; meanwhile, throughout the procedure for analysis, 
alternative criteria are regarded as measures of gain. Accordingly, Fig. 3 
illustrates the GSS procedure flowchart. 

2.4. Model selection 

The FST can deal with the inaccuracies present in the opinions of 
professionals. As a result, a combination of MCDM approaches and FST 
is frequently utilized to provide answers to complicated issues related to 
decision-making. Given the context of SS [64], argued that numerous 
attempts in modeling are principally built upon the combination of fuzzy 
notions and conventional MCDM practices. Investigations into a variety 
of studies on issues related to MCDM demonstrate that each practice 
encompasses its constraints and benefits when it comes to offering an-
swers to challenges posed by decision-making processes. Here, the major 
limitation includes the non-optimal nature of produced resolutions 
because of the issue’s character; in general, these solutions are in fact, 
compensations amid several objectives. On the other hand, their major 
advantage is their capability to take the incomparable, multi-faceted, 
contradictory and unknown impacts of decisions explicitly into ac-
count [65]. Numerous research results suggest the application of 
different representations or models across a variety of academic inquiry 
fields for issues related to decision making. Extensively, this is classified 
into the four groups listed below: 

Table 1 
A summary of representative studies on green supplier selection.  

No. Reference Technique Case study 

1 [41] Fuzzy AHP, TOPSIS, MABAC, 
WASPAS 

Automobile supply 
chain 

2 [29] Fuzzy AHP Food supply chain 
3 [42] TOPSIS, VIKOR and GRA Agricultural supply 

chain 
4 [43] Fuzzy MULTIMOORA Traditional supply 

chain 
5 [44] DEMATELand COPRAS Dairy supply chain 
6 [33] Fuzzy TODIM Automobile supply 

chain 
7 [38] WASPAS Traditional supply 

chain 
8 [45] Modified AHP Traditional supply 

chain 
9 [46] ANP and GRA Automotive supply 

chain 
10 [47] DANP and VIKOR Electronic supply chain 
11 [31] Fuzzy axiomatic design Plastic supply chain 
12 [47] DANP and VIKOR Electronic supply chain 
13 [30] VIKOR Traditional supply 

chain 
14 [32] Fuzzy TOPSIS Electronic supply chain 
15 [34] GRA Food supply chain 
16 [48] DEA and ANP High-tech supply chain 
17 [36] Fuzzy ANP Traditional supply 

chain 
18 [35] Fuzzy ANP Paper supply chain 
19 [49] AHP and ANN Traditional supply 

chain 
20 [50] GRA Electronic supply chain 
21 [51] DEA with AHP and ANP Traditional supply 

chain 
22 [52] ANN, DEA and ANP Camera supply chain 
23 [37] DEA Traditional supply 

chain  

Table 2 
Literature review summary of supplier evaluation criteria.  

Reference Criteria 

Service 
surface 

sources 
consumption 

personnel environment- 
training 

improving Eco- 
design 

Green 
picture 

contamination 
control 

expend Environmental- handling 
system 

[55] ✓  ✓ ✓   ✓  ✓ 
[24] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
[19] ✓ ✓   ✓  ✓   
[56] ✓ ✓ ✓ ✓  ✓ ✓ ✓  
[57] ✓ ✓ ✓  ✓  ✓  ✓ 
[58] ✓ ✓  ✓ ✓   ✓ ✓ 
[59]   ✓ ✓  ✓  ✓  
[60]  ✓   ✓    ✓ 
[61] ✓ ✓  ✓  ✓  ✓ ✓ 
[59] ✓  ✓  ✓ ✓ ✓ ✓  
[20]  ✓ ✓   ✓   ✓ 
[62] ✓ ✓ ✓  ✓ ✓ ✓  ✓ 
[63]  ✓  ✓ ✓ ✓ ✓  ✓  

Table 3 
MCDM methods used in green supplier selection problem in energy supply 
chain.  

Reference MCDM method Method type 

Crisp Fuzzy Grey 

[83] COMET and TOPSIS ✓   
[84] COPRAS  ✓  
[85] AHP and TOPSIS  ✓  
[86] SWARA and COPRAS  ✓  
[87] SWARA and WASPAS  ✓  
[88] BWM and TODIM  ✓  
[89] AHP and COPRAS ✓   
[90] MABAC  ✓  
[91] q-ROFEOWA  ✓  
[92] COPRAS  ✓  
[93] BWM and COPRAS ✓   
[94] BWM   ✓ 
[95] BWM and VIKOR   ✓ 
[96] AHP and TOPSIS   ✓ 
[97] AHP, TOSIS, WASPAS and MABAC  ✓  
This research BWM, COPRAS, and WAPAS  ✓   
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1. Autonomous Representations: The nature of representations or 
models in this group is qualitative. This model chooses a restricted 
and quantifiable number of prearranged substitutes via several 
measures or qualities. The following is a list of significant repre-
sentations or models in this group: AHP [66], VIKOR- [67], TOPSIS- 
[68], AHP- [69], ELECTRE- [70], ANP- [71] etc.  

2. Mathematical Program Writing Representations: The purpose 
behind this type of representation or model involves optimizing the 
compensation and dealings between various desired parameters 
through considering limitations and multiple challenges such as lo-
gistic expenses, solitary or several sourcing aspects and price 
reduction [72]. The following are specific instances of significant 
representations in this group: Goal Programming [73], Non-linear 
Programming [74], Goal Programming [75], etc. 

3. Artificial Intelligence Representations: This group entails repre-
sentations or models built upon CADs (Computer Aided Systems); 
notably, professional or momentous information can be used to train 
these models. Nevertheless, the system’s complications are a barrier 
against companies trying to find solutions to the problem effectively 
without considerable abilities in cutting-edge computer programs 
[73]. This group also entails certain significant representations, 
which include: Grey System Theory [76,77], Support Vector Ma-
chine [78], and GA (Genetic Algorithm) [79].  

4. Combined Representations: Certain scholars often mix more than a 
single approach and utilize the outcome in problems related to 
decision-making to obtain different benefits of various representa-
tions and models. Certain significant instances in this class include 
DEMETAL + Fuzzy-MABAC [80], Entropy + Fuzzy-TOPSIS [81], 
AHP + TOPSIS [82], etc. 

There is a significant dependency from qualitative representations on 
decision makers’ comments and mathematical scaling. Alternatively, 
quantitative representations rely on the mathematical expressive 
drawings or models that are mainly built upon data and provide nu-
merical quantifiable indices. This falls in contrast with mixed repre-
sentations in which the qualitative and quantitative practices are 
integrated, using their solitary benefits to a maximum [71]. 

Table 3 provides a complete review of the MCDM methods used in 

the green supplier selection problem in energy. 
As shown in Table 3, no research doesn’t use COPRAS and WASPAS 

for green supplier selection in the renewable energy field, and based on 
the following reasons the integrated methodology was selected:  

✓ Relatively new MCDM methods like the F-BWM can cope with green 
criteria. During the choosing process, F-BWM uses subjective data 
which characterizes the judgments and behaviors of humans. Being 
different from AHP, the F-BWM method allows a consistent pairwise 
comparison of evaluation criteria to be made.  

✓ Fuzzy COPRAS and WASPAS can work as linguistic variables. Should 
there be some conflicting criteria in the decision problem considered, 
this method can be very useful. Thus, the proposed integrated 
methodology can be closer to the actual decision-making problems 
like GSS.  

✓ This combination with multi-faceted decision analysis systems can 
cope with complex decision-making processes more quickly and 
efficiently. 

Our research is conducted in a fuzzy environment. F-BWM simplifies 
the calculation steps, and the weighting results are more consistent than 
the traditional AHP. Therefore, F-BWM is selected as the method of 
criteria weighting in this study. Integrated FWASPAS and FCOPRAS 
methods make up for the instability of traditional forms of decision- 
making due to the change of parameter value, improving the accuracy 
and certainty of decision results. Hence, we integrate FBWM, FWASPAS, 
and FCOPRAS techniques to become a new approach, with advantages 
that a single classical approach does not. 

The investigation into the relevant studies showed the analytical 
network and analytic hierarchy processes are the most frequently 
employed techniques to compute weights. However, an insignificant 
number of research was used an integration of these techniques to rank 
suppliers [77]. Another comparison was carried out by Ref. [98] 
regarding four mixed methods, including different comparisons between 
the Fuzzy-AHP and VIKOR, TOPSIS, PROMTHEE, and ELECTRE. Sub-
sequently, they offered a representation to choose the material. Fig. 2 
offers the shortlisted criteria that are identified by literature review. The 
description of each criteria illustrated in Ref. [41]. 

Criteria for evaluation of strategic 
green suppliers 

Fig. 2. Evaluation criteria of strategic green suppliers [19,20,41,99].  
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Fig. 3. Flow chart of GSS process.  
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3. Methodology 

3.1. Introducing the fuzzy BWM 

This segment includes an introduction to the fuzzy best-worst 
method proposed by Ref. [25]. Let us presume that there exist n mea-
sures and their fuzzy pair-related contrasts can be executed via semantic 
phrases (e.g., “similarly significant” to “completely significant”). 
Considering the principle provided by Table 4, such terms are converted 
into numbers with fuzzy features. 

Description: a pair-related contrast ãij would be described as a 
contrast with fuzzy features, in case i is the most suitable component 
and/or j is the least practical component. Subsequently, the fuzzy matrix 
of contrast can be offered as shown below: 

Ã=

c1

c1

c2

⋮
cn

⎡

⎢
⎢
⎣

c1

ã11

ã21

⋮
ãn1

c2

ã12

ã21

⋮
ãn1

⋯

⋯

⋯

⋱
⋯

cn

ã1n

ã2n

⋮
ãnn

⎤

⎥
⎥
⎦ (1) 

In which ãij is the comparative fuzzy significance of ith measure over 
the jth measure that is a number with trilateral fuzzy characteristics. 
Assuming the presence of n decision measures viewed as {c1,2,…, cn}, 
indicate the most suitable (or significant) and the least suitable (or 
effective) measures and respectively depict them as CB and CW. The 
fuzzy position contrast is performed for the most appropriate measure 
against the entire alternative measures. Accordingly, the ‘Best-to-Other’ 
vector was employed to illustrate such fuzzy contrasts as Ã B = (aB̃1,
B̃2,…,aB̃n). Next, the fuzzy position contrast is carried out for the entire 
measures against the least suitable measure. As such, the fuzzy differ-
ences are shown as ÃW = (a1̃W, 2̃W,…, añW) through the ‘Other-to- 
Worst’ vector. At this point, the subsequent stage involves indicating the 

ideal fuzzy weights, which are those that fulfill the equations, W̃B

W̃j
=

ãBj  and W̃j

W̃w
= ãjw, for each single measure. The highest total breaks, 

⃒
⃒
⃒
⃒
W̃B

W̃j
= ãBj

⃒
⃒
⃒
⃒  and 

⃒
⃒
⃒
⃒

W̃j

W̃w
= ãjw

⃒
⃒
⃒
⃒ Should be reduced to a minimum for the entire 

js to mitigate such limitations. Consequently, the ideal fuzzy weights 
(w̃∗

1.w̃
∗

2.….w̃∗

n) can be acquired as shown below: 

min

vb

max

j

{⃒
⃒
⃒
⃒
w̃B

w̃j
− ãBj

⃒
⃒
⃒
⃒,

⃒
⃒
⃒
⃒
w̃j

w̃w
− ãjw

⃒
⃒
⃒
⃒

}

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∑n

j=1
R
(
w̃j
)
= 1

lw
j ≤ mw

j ≤ uw
j

lw
j ≥ 0

j = 1, 2,…, n

(2)  

where wB̃ = (lwB .mw
B .uw

B ). wB̃ = (lwj .mw
j .uw

j ). wB̃ = (lww.mw
w.uw

w). ã Bj = (lBj.

mBj.uBj) ãjw = (ljw.mjw.ujw). Equation (3) could be transformed into the 
following nonlinearly constrained problem: 

minξ̃

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

⃒
⃒
⃒
⃒
w̃B

w̃j
− ãBj

⃒
⃒
⃒
⃒ ≤ ξ̃

⃒
⃒
⃒
⃒
w̃j

w̃w
− ãjw

⃒
⃒
⃒
⃒ ≤ ξ̃

∑n

j=1
R
(
w̃j
)
= 1

lw
j ≤ mw

j ≤ uw
j

lw
j ≥ 0

j = 1, 2,…, n

(3)  

where ̃ξ = (lξ, mξ, uξ). Considering lξ ≤ mξ ≤ uξ we suppose ̃ξ̃ *=(k*,k*, 
k*), k* ≤ lξ then Equation (3) can be transformed into Equation (4). 

min ξ̃̃*

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

⃒
⃒
⃒
⃒
⃒

(
lw
B .m

w
B .u

w
B

)

lw
j .m

w
j .u

w
j

−
(
lBj.mBj.uBj

)
⃒
⃒
⃒
⃒
⃒
≤ (k∗.k∗.k∗)

⃒
⃒
⃒
⃒
⃒
⃒

(
lw
j .m

w
j .u

w
j

)

lw
w.m

w
w.u

w
w

−
(
ljw.mjw.ujw

)

⃒
⃒
⃒
⃒
⃒
⃒
≤ (k∗.k∗.k∗)

∑n

j=1
R
(
w̃j
)
= 1

lw
j ≤  mw

j ≤ uw
j

lw
j ≥ 0

j = 1.2.….  n

(4)  

Table 4 
Transformation of linguistic variables into triangular fuzzy numbers.  

Level of influence Importance level Likert 5-point 
scale 

Triangular fuzzy 
numbers 

Extremely 
Influential (EI) 

Absolutely 
Important (A) 

9 (7/2, 4, 9/2) 

Moderately 
Influential (MI) 

Very Important (V) 7 (5/2, 3, 7/2) 

Somewhat 
Influential (SOI) 

Fairly Important 
(F) 

5 (3/2, 2, 5/2) 

Slightly Influential 
(SLI) 

Weakly Important 
(W) 

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

Not at all Influential 
(NI) 

Equally Important 
(E) 

1 (1, 1, 1)  
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3.2. Introducing fuzzy WASPAS 

The WASPAS approach was proposed by Ref. [100]. Subsequently 
[101], presented modified WASPAS and turned it into WASPAS-IFIV. In 
addition [102], proposed the mixed FST-WASPAS representation to 
resolve the issue of choosing the building location. Notably, the foun-
dations behind WASPAS involves the two combined representations 
listed below:  

1. WSM (Weighted-Sum Model): This method involves a substantial 
notion built upon indicating the total substitute scores (Ai) in the 
form of a weighted-sum of quality standards. 

2. WPM (Weighted-Product Model): The reason behind the emer-
gence of this notion was to surpass the substitute (Ai) options that 
entailed poor qualities. The indication of every single substitute (Ai) 
score takes place in the form of scale grade outcome of every single 
quality to an equivalent power to the weight ((wi) ̃̃) of the quality’s 
significance. In this regard, the fuzzy WASPAS stages are listed below 
[103]: 

Stage one: Create the matrix for fuzzy decision (y )̃; 
Stage two: Conduct a formulation of “Normalized Fuzzy Decision 

Matrix” (R̃normalized), which is described as: 
R Normalized = [r ĩj]mn 
In which Cα and Bα are sets of price measures and gains measures, 

respectively. 
To create the (R̃Normalized) matrix, the required normalization for 

fuzzy decision matrix (y) is carried out via Equations (2) and (3). 
Stage three: (i) For WSM, determine the Weighted Decision Matrix ̃xq 

x̃q=

⎡

⎣
x̂11 ⋯ x̂1n
⋮ ⋱ ⋮
x̂1m ⋯ x̂mn

⎤

⎦; x̂ij=
(
r̃ij
)
×( ̃̃wi);j=(1.2.….  n);  and  i=(1.2.….  m) (5) 

(ii) For WPM, determine“Weighted normalized fuzzy decision ma-
trix x̂p 

x̂p =

⎡

⎣
̂̃x11 ⋯ ̂̃x1n
⋮ ⋱ ⋮
̂̃x1m ⋯ ̂̃xmn

⎤

⎦; ̃̃xij = r̃ij
̃̃
wi (6) 

Step four: Calculate the values of optimality function:  

(i) For each supplier, according to the WSM; 

̃̃qi =
∑n

j=1
x̂  ij; i= 1.2.….  m; (7)    

(ii) For each alternative, according to the WPM; 

̃̃pi =
∏n

j=1

̂̃x  ij  ; i= 1.2.….m; (8) 

The fuzzy numbers ̃̃q and ̃̃pi are the result of FPM for each supplier. 
For defuzzification, the “center of gravity” method is easier and the most 
practical to apply. 

qi =
1
3
(  qia +  qib +  qic) (9)  

pi =
1
3
(  pia +  pib +  pic) (10) 

Step five: The value of an integrated utility function (IUF) for an 
alternative (Ai) can be determined as: 

k1 =ℶ
∑n

j=1
q1 +(1 − ℶ)

∑n

j=1
p1;ℶ= 0.….1; 0≤ k1 ≤ 1 (11) 

In Eq. (19), ℶ value is determined based on the hypothesis that“a 
total of all suppliers WSM scores” must be equal to the “total of WPM 
scores”: 

ℶ=

∑n
i=1pi∑m

i=1qi +
∑m

i=1pi
; (12) 

Step six: Rank the preference order and choose an alternative (Ai) 
with the highest obtained KI“value. 

3.3. Introducing fuzzy COPRAS 

The expanded version of the COPRAS approach employed dynami-
cally in various decision-making disciplines is called ‘Fuzzy COPRAS’. 
To guarantee the strength of the selected model or representation, 
sensitivity analysis is required. Here, the necessity for MCDM practices 
based on fuzzy aspects is emphasized; accordingly, they can mitigate 
redundancies existing as a result of incomplete information for a given 
decision-maker [104]. The Fuzzy COPRAS methodology are listed below 
[105]: 

Stage one: The formulation of the MCDM issue is carried out ac-
cording to measures (Cj; j = 1; 2… n) and substitutes (Ai; i =

1; 2; …; m); next, a fuzzy matrix of decision is generated. 
Stage two: As shown below, (13) and (14) are used to acquire a 

standardized decision matrix. 

z̃ij =

(
lij

n+
j
,
mij

n+
j
,

nij

n+
j

)

; n+
j =maxnij, (13)  

z̃ij =

(l−j
nij
,

l−j
mij

,
l−j
lij

)

; e−j =minlij. (14) 

Stage three: An assessment of combined advantageous and non- 
advantageous indices T̃

+

i and T̃
−

i are subsequently conducted for each 
single substitute Ai as demonstrated below: 

T̃
+

i =

{
∑t

j=1
h̃h

l
ij.
∑t

j=1
h̃h

m
ij .
∑t

j=1
h̃h

n
ij

}

(15)  

T̃
−

i =

{
∑n

j=t+1
h̃h

l
ij.
∑n

j=t+1
h̃h

m
ij .
∑n

j=t+1
h̃h

n
ij

}

(16) 

In which j = 1, 2,…, t and j = t + 1, t + 2, …n are the advanta-
geous and non-advantageous measures, respectively. 

Stage four: The definite values V(Ã) regarding each single substitute 
Ai and a = [0; 1] taken from the fuzzy figures (Ã= l,m,n) are indicated. 

V(Ã)= 2e(1 − α) + n − m
2

(1 − α)2 (17) 

Stage five: Ultimately, the substitutes are rated and ranked based on 
the acquired scores related to the performance. 

XCCi=
Vi

Vmax
× 100% (18) 

In which V and Vmax illustrate the ith definite value and the highest 
possible definite value for each substitute, respectively. 

4. Research outline 

The proposed hybrid fuzzy BWM– fuzzy WASPAS and fuzzy COPRAS 
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framework identify green criteria and green supplier selection in RESC; 
for efficient and effective implementation in RESC green supplier se-
lection, The following three steps are suggested. Fig. 2 depicts the 
flowchart of the proposed hybrid framework. 

Phase I: To select these suppliers in the first phase, research criteria 
and green suppliers are identified based on a literature review and ex-
perts’ opinions. 

Phase II: Computing the weight of research criteria’s using fuzzy 
BWM. In the second phase, fuzzy BWM is applied to compute the weight 
of criteria. In this technique, researchers based on evaluating the value 
assigned by the experts, criteria’s weights are computed. 

Phase III: Ranking the suppliers for green supplier selection in RESC 
using fuzzy WASPAS and COPRAS. In the third phase, fuzzy WASPAS 
and COPRAS are applied to rank the green supplier selection in RESC by 
utilizing the obtained weights derived from phase II. 

5. Case study 

The entire business of renewable energy is faced with the consider-
ably significant issue of GSS. In this regard, the present research 
addressed the utilization of an MCDM-based model with respect to GSS. 
Accordingly, the collective decision-making approach was used and the 
GSS issue was resolved. Finally, to discuss the decision-making chal-
lenge, an instance related to a renewable energy enterprise was applied. 

Having become operational in 2014, Sabz Kavir Co. is a prominent 
enterprise in areas including investments in solar and wind power plants 
and solar energy. The operating range of this establishment encompasses 
plan expansion, providing financial support, and taking part in the 

administration and execution of campaigns and missions related to the 
renewable energy area. Another attempt made by this establishment 
involved laying out a system of assessment and rating for its suppliers. 

Initially, professionals capable of placing the suppliers under 
assessment were indicated among the staff. Subsequently, three pro-
fessionals currently holding a position in Sabz Kavir Co. were included in 
this research.  

❖ The 1st individual was a professional with 10 years of expertise in 
management and financial affairs. Having spent all his life time on 
renewable energy, this key figure also has a Ph.D. in Management 
Sciences. 

❖ The 2nd professional specializes in the renewable industry, particu-
larly in solar cells; he has a Ph.D. in Mechanical Engineering as well.  

❖ Finally, the 3rd professional has years of experience in power plants 
and can be considered an investment expert. Notably, he has a Ph.D. 
in Electrical Engineering. 

This number of samples is quite suitable for achieving the goal of the 
research and is even more than some similar studies done by using the 
BWM with other methods such as [106–110]. 

All in all, four suppliers with suitable tools were recognized, whose 
details are listed in Table 5. Moreover, the suppliers’ names were not 
revealed for the sake of confidentiality. In order to obtain information on 
these suppliers, connections were made with other professionals and 
organizations to research their specific experiences with the suppliers 
mentioned above. 

6. Numerical illustration 

Steps to obtain the final supplier ranking has been illustrated in this 
section. 

6.1. Fuzzy BWM results 

Take into account the list of measures as this set: {C1, C2, ‥, C9}; 
shows in Fig. 2. . Considering the input of Decision Maker #1 (DM#1), 
the most suitable and the least reasonable measures are C4 and C6, 
respectively. The semantic phrases uttered by DM#1 for fuzzy in-
clinations of C4 against the entire alternative measures and other mea-
sures against C6 are respectively illustrated by Tables 6 and 7. 

So, the fuzzy best-to-other vector can be obtained as:   

According to Table 4, the fuzzy other-to-worst vector is: 

Table 5 
Characteristics of suppliers.  

Suppliers Characteristics of suppliers 

Suppliers 
1 

The supplier was founded in 2008 and activated in setting up and 
constructing photovoltaic power plants, and the IT team manages and 
controls the power plants. Also has focused its activities in renewable 
energy to design and build MPNS applications for control and 
management of solar power plants. 

Suppliers 
2 

The supplier was founded in 2012 and, as a few EPC contractors in Iran, 
provides farm design, purchase and construction of wind/solar power 
plants. 

Suppliers 
3 

The supplier was founded in 2006 and actively participated in 
spreading solar energy use throughout Iran by performing a variety of 
services, including engineering, consultancy, construction, operation 
and maintenance, in a path to sustainable development. 

Suppliers 
4 

The supplier was founded in 2010 is a private stock E.P.C. The 
company has been engaged in a variety of projects, including Oil, Gas 
& Petrochemical industries, Solar power plants, Environmental 
Engineering, Risk Assessment, HSE, …in Iran.  

ÃB =

[(
3
2
, 2,

5
2

)

,

(
5
2
, 3,

7
2

)

,

(
7
2
, 4,

9
2

)

, (1, 1.1),
(

2
3
, 1,

3
2

)

,

(
7
2
, 4,

9
2

)

,

(
2
3
, 1,

3
2

)

,

(
7
2
, 4,

9
2

)

,

(
3
2
, 2,

5
2

)]

(19)   

Ãw =

[(
7
2
, 4,

9
2

)

,

(
3
2
, 2,

5
2

)

,

(
3
2
, 2,

5
2

)

,

(
7
2
, 4,

9
2

)

,

(
5
2
, 3,

7
2

)

, (1, 1, 1),
(

7
2
, 4,

9
2

)

,

(
2
3
, 1,

3
2

)

,

(
5
2
, 3,

7
2

)]

(20)   

Table 6 
Fuzzy preference of the best criterion over all criteria for DM1.  

Criteria C1  C2  C3  C4  C5  C6  C7  C8  C9  

Best Criteria (C4)  FI VI AI EI WI AI WI AI FI  
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Now according to Equation (4), the optimal criteria weights can be 
derived from solving the following nonlinear constrained optimization 
problem: 
⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

⃒
⃒
⃒
⃒
l4,m4, u4

l1,m1, u1
−

(
3
2
, 2,

5
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l2,m2, u2
−

(
5
2
, 3,

7
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l3,m3, u3
−

(
7
2
, 4,

9
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l5,m5, u5
−

(
2
3
, 1,

3
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l6,m6, u6
−

(
7
2
, 4,

9
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l7,m7, u7
−

(
2
3
, 1,

3
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l8,m8, u8
−

(
7
2
, 4,

9
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l4,m4, u4

l9,m9, u9
−

(
3
2
, 2,

5
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l1,m1, u1

l6,m6, u6
−

(
7
2
, 4,

9
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l2,m2, u2

l6,m6, u6
−

(
3
2
, 2,

5
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l3,m3, u3

l6,m6, u6
−

(
3
2
, 4,

5
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l5,m5, u5

l6,m6, u6
−

(
5
2
, 3,

7
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l7,m7, u7

l6,m6, u6
−

(
7
2
, 4,

9
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l8,m8, u8

l6,m6, u6
−

(
2
2
, 1,

3
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

⃒
⃒
⃒
⃒
l9,m9, u9

l6,m6, u6
−

(
5
2
, 3,

7
2

)⃒
⃒
⃒
⃒ ≤ (k*, k*, k*)

1
6
(li + 4mi + ui) = 1 ∀i = 1,…, 9

li ≤ mi ≤ ui ∀i = 1,…, 9

li > 0 ∀i = 1,…, 9

k ≥ 0

(21) 

The ideal fuzzy weights are collected through solving Eq. (21). 
Subsequently, the consistency rate would be 0.0312, which indicates a Ta
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 Table 7 
Fuzzy preference of all criteria over the worst criterion 
for DM1.  

Criteria Worst Criteria (C6)  

C1  AI 
C2  FI 
C3  FI 
C4  AI 
C5  VI 
C6  EI 
C7  AI 
C8  WI 
C9  VI  
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significantly high level of consistency by being considerably close to 
zero. As for the inputs of other DMs on the contrast between measures, 
comparable computations are carried out. A brief representation of the 
findings is offered in Table 8. 

Notably, the geometric average value of DMs’ input on every single 
measure of fuzzy weights was applied. Consequently, the combined 
ideal fuzzy weights of 3 measures are collected as shown below: 

6.2. Fuzzy WASPAS results 

Results demonstrated that the combined fuzzy decision matrix 
related to fuzzy WASPAS and fuzzy COPRAS approaches are equal. 
Table 9 shows the decision matrix. Table 10 shows the normalized 
matrix. Then the weighted standardized decision matrix for both WSM 
and WPM is shown in Tables 11 and 12, respectively. Table 13 repre-
sents the final results of WASPAS that calculated using Equation (5) 
which is identical to that of WSM. 

For WPM calculation, each element value in a “weighted normalized 
fuzzy decision matrix” (X p) is calculated as- (X̂p11) =

[(1.00)0.078
; (1.00)0.078

; (1.00)0.078
)];

Likewise, the calculation steps for the rest of the objects will be 

identical. Table 14 shows the weighted normalized matrix for WPM 
(X̂p). 

In both WPM and WSM, the rate of optimality function is measured 
with Eqs. (7) and (8) For WSM, calculation of the optimality value of 
each function for suppliers can be done as; 

̃̃Q1 =(0.819, 0.840, 0.868);

Similarly, other values for WSM optimality function are calculated; 
For WPM, the optimality function value is calculated as; 

̃̃p1 (0.920; 0.945; 0.975)

Then defuzzied the obtained result by using equations (9) and ((10): 

Q1[defuzzification] =
1
3
(0.819+ 0.840+ 0.868)= (0.8344);

P1[defuzzification] =
1
3
(0.920+ 0.945+ 0.975)= (0.9380);

By using Eq. (12), the value of integrated utility function (IUF) in 
fuzzy WASPAS for an suppliers (Ai) is calculated as: 

λ= 0.4912; K1 =(0.4912*0.834)+ (1–0.4912)*
(0.938)= 0.0.8871 

In the same way, Ki can be valued for other alternatives. Table 14 
demonstrates calculated ki values. The maximum K1 the value defines 

Table 9 
Decision matrix.   

GSS1 GSS2 GSS4 GSS4 

c1 (3.66,5.66,7.33) (6.33,8.33,9.66) (4.33,6.33,8.33) (5.66,7.67,9.33) 
c2 (5.66,7.66,9.33) (5.00,7.00,9.00) (6.33,8.33,9.67) (3.67,5.67,7.67) 
c3 (4.33,6.33,8.33) (2.33,4.33,6.33) (5.00,7.00,8.67) (6.33,8.33,9.67) 
c4 (5.66,7.66,9.33) (5.66,7.66,9.33) (5.67,7.67,9.00) (3.67,5.67,7.67) 
c5 (8.33,9.66,10.0) (6.33,8.33,9.67) (5.00,7.00,8.67) (5.00,7.00,8.67) 
c6 (5.66,7.66,9.00) (4.33,6.33,8.33) (5.67,7.67,9.00) (3.67,5.67,7.33) 
c7 (1.66,3.66,5.66) (4.33,6.33,8.00) (5.67,7.67,9.33) (3.67,5.67,7.33) 
c8 (6.33,8.33,9.66) (5.66,7.66,9.33) (4.33,6.33,8.00) (5.67,7.33,8.67) 
c9 (5.66,7.66,9.33) (3.66,5.66,7.67) (5.67,7.66,9.33) (4.33,6.33,8.00)  

Table 10 
(WASPAS) normalized matrix.   

GS-1 GS-2 GS-3 GS-4 

c1 (1.00,1.00,1.00) (0.57,0.68,0.75) (1.00, 
1.00,0.95) 

(0.73,0.80,0.84) 

c2 (0.89,0.92,0.96) (1.00,0.96,0.96) (1.00, 
1.00,1.00) 

(0.57,0.68,0.79) 

c3 (0.68,0.76,0.86) (0.47,0.60,0.72) (0.78,0.84,0.89) (1.00,1.00,1.00) 
c4 (0.80,0.88,0.96) (1.00, 

1.00,1.00) 
(0.80,0.88,0.93) (0.42,0.57,0.72) 

c5 (1.00, 
1.00,1.00) 

(0.76,0.86,0.96) (0.60,0.72,0.86) (0.52,0.65,0.80) 

c6 (1.00, 
1.00,1.00) 

(0.88,0.91,1.00) (1.00, 
1.00,1.00) 

(0.52,0.65,0.74) 

c7 (1.00, 
1.00,1.00) 

(0.84,0.89,0.91) (0.64,0.73,0.78) (0.57,0.68,0.75) 

c8 (1.00, 
1.00,1.00) 

(0.89,0.92,0.96) (0.68,0.76,0.82) (1.00,0.96,0.96) 

c9 (1.00, 
1.00,1.00) 

(0.88,0.86,0.85) (0.88,0.91,0.96) (0.76,0.82,0.85)  

Table 11 
(WASPAS)Weighted normalized matrix for VSM.  

GS-1 GS-2 GS3 GS-4 
c1 (0.078,0.078,0.078) (0.045,0.053,0.059) (0.078,0.078,0.074) (0.057,0.063,0.066) 
c2 (0.109,0.112,0.117) (0.122,0.117,0.117) (0.122,0.122,0.122) (0.070,0.082,0.096) 
c3 (0.070,0.078,0.088) (0.048,0.068,0.074) (0.081,0.086,0.092) (0.103,0.103,0.103) 
c4 (0.114,0.124,0.136) (0.141,0.141,0.141) (0.114,0.124,0.131) (0.060,0.081,0.102) 
c5 (0.164,0.164,0.164) (0.124,0.141,0.158) (0.098,0.118,0.142) (0.085,0.107,0.131) 
c6 (0.059,0.059,0.059) (0.052,0.054,0.059) (0.059,0.095,0.059) (0.031,0.038,0.043) 
c7 (0.059,0.059,0.059) (0.050,0.052,0.054) (0.038,0.043,0.046) (0.034,0.040,0.044) 
c8 (0.094,0.094,0.094) (0.084,0.086,0.091) (0.064,0.071,0.078) (0.094,0.090,0.091) 
c9 (0.070,0.070,0.070) (0.062,0.061,0.060) (0.062,0.064,0.068) (0.054,0.058,0.060)  

Table 12 
(WASPAS) weighted normalized matrix for WPM.   

GS-1 GS-2 GS-3 GS-4 

c1 (1.00,1.00,1.00) (0.95,0.97,0.97) (1.00, 
1.00,0.99) 

(097,0.98,0.98) 

c2 (0.98,0.98,0.99) (1.00,0.99,0.99) (1.00, 
1.00,1.00) 

(0.93,0.95,0.97) 

c3 (0.96,0.97,0.98) (0.92,0.94,0.96) (0.97,0.98,0.98) (1.00,1.00,1.00) 
c4 (0.97,0.98,0.99) (1.00, 

1.00,1.00) 
(0.97,0.98,0.98) (0.88,0.92,0.95) 

c5 (1.00, 
1.00,1.00) 

(0.95,0.97,0.99) (0.91,0.94,0.97) (0.89,0.93,0.96) 

c6 (1.00, 
1.00,1.00) 

(0.99,0.99,1.00) (1.00, 
1.00,1.00) 

(0.96,0.97,0.98) 

c7 (1.00, 
1.00,1.00) 

(0.99,0.99,0.99) (0.97,0.98,0.98) (0.96,0.97,0.98) 

c8 (1.00, 
1.00,1.00) 

(0.98,0.99,0.99) (0.96,0.97,0.98) (1.00,0.99,0.99) 

c9 (1.00, 
1.00,1.00) 

(0.99,0.99,0.98) (0.99,0.99,0.99) (0.98,0.98,0.98)  

Table 13 
WASPAS results.  

Alternatives Qi Pi Ki Rank  

GS-1 0.834421 0.93800 0.887124 1 
GS-2 0.764566 0.85958 0.812911 2 
GS-3 0.759771 0.85902 0.810269 3 
GS-4 0.658734 0.74807 0.704191 4  
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the highest rank of supplier. By Table 15, GS-1 has the highest score, and 
GS-3 comes next. So, the Fuzzy-WASPAS and BWM hybrid technique 
result is ordered GS-1 > GS-2 > GS-3 > GS-4. 

6.3. Fuzzy COPRAS results 

Findings showed that the fuzzy combined decision matrix related to 
fuzzy WASPAS and fuzzy COPRAS approaches are equal. Table 9 dem-
onstrates the decision matrix. In the next step, the matrix of weighted 
standardized decisions is drawn. Table 14 provides the acquired 
weighted decision matrix for fuzzy-COPRAS from Equations (13) and 
(14). As an example, the matrix of weighted standardized fuzzy decision 
information in the form of data would be: 

x*
11 =

(
w1

∑7
i=1xi1

)

× x11 =

(
0.0782
18.666

)

× 3.666 = 0.0153 

Subsequently, the values Si+ and Si− Have been determined for all the 
alternatives according to Equations (14) and (15). The results are shown 
in Table 15. 

Si+ =
∑5

j=1
d1j = 0.0314 + 0.0239 + 0.0374 + 0.0569 + 0.0173 +

0.0263 + 0.0200;0.0315 + 0.0244 + 0.0372 + 0.0505 + 0.0166 +

0.0259 + 0.0195;0.0316 + 0.0254 + 0.0376 + 0.0451 + 0.0158 +

0.0250 + 0.0192 = (0.213,0.205,0.199) And Si− =
∑6

j=1
d1j = 0.0153+

0.0108;0.0166+ 0.0119;0.0172+ 0.0126 = (0.0262,0.0285,0.0298). 
Then the relative significance of each alternative (eQi) was deter-

mined according to Equation (16). Afterward, the determined (eQi) has 
been defuzzied (Qi) by Equation (17). Finally, the degree of the variant 
utility (Ni) was calculated by Equation (18). The results are illustrated in 
Table 16. 

Q11 = 0.213 +
0.0262 + 0.0393 + 0.0321 + 0.0396

0.137
(
0.0262− 1 + .0.0393− 1 + 0.0321− 1 + 0.0396− 1

)

= 0.213 +
0.137

0.137(119.867)
= 0.257  

6.4. Sensitivity analysis 

Investigating the significance of measures’ weights is the goal behind 
carrying out SA (Sensitivity Analysis) in issues related to decision 
making. Various scenarios collected during the analysis process can 
imply the possible outcome as alterations in the substitute priority. 
Following the alteration of measures’ significance, it can be mentioned 
that the acquired findings are sensitive or strong, in case of likely 
changes in the hierarchy. Additionally, SA can provide knowledge to 
DMs in issues where the description of significance regarding various 
parameters faces uncertainties or ambiguities. To determine whether 
weight substitution leads to alteration or not, one measure’s weights 
were exchanged with another; to this end, 36 trials were carried out, and 
the CCj value (Closeness Coefficient) was acquired. Additionally, the 
radar diagram is mapped (Fig. 4b) in which α.x-y refers to the weights, 
switched between measure x and measure y, while the weights or other 
measures did not face any alterations. 

The conclusion that can be drawn from this case study concerning 
the radar map (Fig. 5b) and line map (Fig. 5a) is that the GS-1 substitute 
score is the highest among the entire 36 trials. After GS-3, despite the 
insignificantly higher GSS 2 compared to that of GS-4, the scores ofGSS 2 
compared to GS-4, the GS-2 and GS-4 are relatively close to one another. 
Given how altering the measure’s significance does not change the 
substitute priority, it can be established that the acquired findings 
involve a robust nature. 

7. Managerial implications 

The examined case study showed an efficient approach for GSS with 
emphasis on G-SCM problems. The related authorities of united enter-
prises can use the oriented plan in line with placing their suppliers under 
assessment. Consequently, the findings of this study can be employed as 
a directive for the organizations’ SC in a manner that does not enable the 
involvement of an inconsiderable supplier in the SC. In such cases, ex-
penses would be saved and adverse environmental effects are reduced. 

Interestingly, the entire listed measures can facilitate dealing with 
countless issues and enhancing attempts in line with generating green 
products for enterprises and institutions. Furthermore, the considerable 
benefit of the introduced framework involves the generation of GSS 
assessment measures through industry professionals and related 
research. Administrators will be able to put the surveillance constancy to 
test using the employed SA. 

8. Conclusion 

Nowadays, significance is being attributed to the integration of 
environmental aspects under the SS procedure and eco-friendly 

Table 14 
(COPRAS) weighted normalized matrix.   

GS-1 GS-2 GS3 GS-4 

c1 (0.0153,0.0166,0.0172) (0.0265,0.0244,0.0226) (0.0153,0.0166,0.0179) (0.0209,0.0205,0.0203) 
c2 (0.0315,0.0316,0.0317) (0.0351,0.0328,0.0316) (0.0351,0.0342,0.0327) (0.0203,0.0233,0.0259) 
c3 (0.0239,0.0244,0.0254) (0.0165,0.0193,0.0214) (0.0275,0.0270,0.0265) (0.0349,0.0321,0.0295) 
c4 (0.0374,0.0372,0.0376) (0.0462,0.0421,0.0389) (0.0374,0.0372,0.0362) (0.0198,0.0243,0.0282) 
c5 (0.0569,0.0505,0.0451) (0.0432,0.0436,0.0463) (0.0341,0.0366,0.0391) (0.0296,0.0331,0.0361) 
c6 (0.0173,0.0166,0.0158) (0.0153,0.0151,0.0158) (0.0173,0.0166,0.0158) (0.0091,0.0108,0.0117) 
c7 (0.0108,0.0119,0.0126) (0.0128,0.0133,0.0137) (0.0167,0.0162,0.0160) (0.0187,0.0176,0.0166) 
c8 (0.0263,0.0259,0.0250) (0.0235,0.0238,0.0242) (0.0180,0.0196,0.0207) (0.0263,0.0248,0.0242) 
c9 (0.0200,0.0195,0.0192) (0.0176,0.0170,0.0164) (0.0176,0.0178,0.0185) (0.0153,0.0161,0.0164)  

Table 15 
Matrix of Si+ and.Si −

Si+ Si−

GS1 (0.213,0.205,0.199) (0.026,0.028,0.029) 
GS2 (0.197,0.193,0.192) (0.039,0.037,0.036) 
GS3 (0.187,0.189,0.189) (0.032,0.032,0.034) 
GS4 (0.155,0.164,0.172) (0.039,0.038,0.036)  

Table 16 
COPRAS results   

Qei Qi Ni final 

GS1 (0.257,0.246,0.239) 0.27443 100% 1 
GS2 (0.266,0.244,0.224) 0.22517 91.24% 2 
GS3 (0.223,0.224,0.244) 0.22422 90.51% 3 
GS4 (0.184,0.195,0.203) 0.19476 78.71% 4  
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capacities. Managers and DMs can significantly benefit from the acces-
sibility and generation of fresh SS representations and analytical 
equipment by dealing with countless issues encountered in SC supervi-
sion’s procurement procedures. In this study, a ranking representation 
built upon fuzzy notions is proposed for planned SS under eco-design 
capacities across the renewable energy SC. The introduced mixed 
framework was found to be credible through conducting a case study on 
the renewable energy industry of Iran. A variety of assessment measures 
were obtained from the examined related research and consultations 
with professionals. Ultimately, nine features were collected by taking 
traditional and ecological measures into account through an accumu-
lation of professional opinions; further, an integrated pair-wise contrast 
matrix was drawn to collect the weights by utilizing the fuzzy BWM. The 
acquired measures from the highest weight precedence during analysis 
include supply intake, eco-friendly appearance, contamination man-
agement, and quality; later on, they were applied as inputs for the 
alternative three approaches so as to choose the likely suitable substi-
tute. In addition, 2 well-regarded decision-making approaches were 
fused to analyze the supplier sets (i.e., fuzzy-COPRAS, fuzzy- and fuzzy- 
WASPAS with fuzzy-BWM). The findings are consistent with the relative 
eco-design supplier ranking, as Fig. 4a and b. To examine the coherence 

among the professionals’ opinions, a consistency test was carried out. 
Moreover, SA was carried out to ensure the strength of the used 
arrangement, the results of which are illustrated in Fig. 5a and b. Ac-
cording to the findings, the 1st substitute (i.e., GS-1) gained the best 
score. Nevertheless, an insignificant vague border exists between GS-3 
and 4; yet GS-2’s ultimate score is higher than that of GS-3. Therefore, 
the obtained GS ranking in descending order was GS-1 > GS-2 > GS-3 >
GS-4. The general findings derived from a variety of hybrid MCDM 
methods are listed in Table 16. The adopted approaches in this case 
study adhere to a similar procedure of standardization. Notably, 
changing their standardization in fuzzy BWM and fuzzy-WASPAS would 
not lead to a variation in ranking. The present research offers a solitary 
framework for GSS under the fuzzy setting. It also provides the context 
for more investigations in such a prominent area of study. Overall, DMs 
usually state their evaluations using semantic phrases instead of pure 
numbers, leading to the continuation of subjectivity in the offered mixed 
representations. 

From the analysis, we can infer the following:  

1) unlike other methods under fuzzy context, the proposed framework 
provides methods for systematically calculating attributes’ weights, 

Fig. 4. Final ranking obtained by different hybrid fuzzy methods. (a) Fuzzy- (BWM, COPRAS) and (b) Fuzzy- (BWM, WASPAS).  
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effectively capturing uncertainty in the preference information and 
reducing inaccuracies in the decision-making process [111]. made 
clear arguments about the importance of attributes’ weight calcu-
lation and [112] claimed that weights of DMs must be calculated 
systematically to reduce subjective randomness from human inter-
vention and inaccuracies in the decision-making process. Driven by 
these claims, the BWM method is an extended fuzzy form for attri-
butes’ weight calculation is developed for weight calculation.  

2) Further, popular WASPAS and COPRAS methods are extended to the 
Fuzzy context for rational prioritization of green suppliers. The 
ability of WASPAS and COPRAS methods to prioritize alternatives 
based on their closeness to ideal solution provides a logical reason for 
the prioritization order. It motivates the research focus in this di-
rection. Moreover, from work presented in [113], it is evident that 
WASPAS and COPRAS methods are superior to TOPSIS and VIKOR 
and driven by the advantages of WASPAS and COPRAS; in this paper, 
these methods are extended to fuzzy context for prioritization. Also 
the results of this section are consistent with [41].  

3) Based on the sensitivity analysis of DMs’ strategy values of attributes, 
it is clear that the proposed decision framework is stable and can 
effectively capture the competition between green suppliers. Also, 
Fig. 4 shows that the proposed framework is stable even after 
adequate changes to the attributes’ weights. 

Nonetheless, the means to alleviate the subjectivity in decision- 

making issues are introduced in the applied models. As for further 
studies, the presented approach can also incorporate the ambiguous, 
active environment by including new parameters that influence the 
alteration. In addition, the present inquiry can be employed in particular 
cases of SC for various industries, including textiles, electronics, food, 
oil, and gas in line with examining the overall credibility of the findings. 
Moreover, future studies could use of future studies to use various 
decision-making means such as TOPSIS, ARAS, and KEMIRA. One of the 
barriers in the introduced model involved the lack of minimized com-
plications on the part of subsystems linked to the measures. Despite the 
numerous attempts made in line with GSS, environmental issues are still 
a challenge to overcome. Finally, future inquiries can also focus on how 
to allocate orders to possible eco-friendly suppliers in such a 
representation. 

While it is believed that the suggested approach provides operational 
value in the strategic green supplier section, this research has several 
limitations. The decision maker’s psychological behaviors, which are 
essential factors, were not considered in the proposed method. Another 
significant limitation is that we did not consider the possible interactions 
and relationships among the criteria. It is suggested to consider these 
factors in future research for developing a more effective green supplier 
selection. Furthermore, the study could be continued with anticipation 
that the suggested approach could be applied to other decision-making 
problems in manufacturing and different management applications such 
as product design selection, location selection, office layouts, material 

Fig. 5. (a) Line plot for sensitivity analysis. (b) Radar plot for sensitivity analysis.  
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substitution selection, flexible manufacturing systems, etc. Finally, more 
work and additional research are needed for defining and identifying 
green supplier selection criteria. 
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