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Abstract: Green Supply Chain Management (GSCM) strives to decrease,
if not eliminate, supply chain operations' negative environmental effects.
Multi-criteria decision-making (MCDM) strategies should be utilized to
evaluate suppliers' GSCM performance because GSCM includes multi-
dimensional methods. To address complex and confounding multi-
attribute questions in a fuzzy environment, it is essential to devise fuzzy
group decision making techniques. The present work introduces a
methodology for evaluating the performance of firms in Green Supply
Chain Management (GSCM) with regards to green design, green image,
green transformation, green logistics, and green management system. This
approach relies on integrated fuzzy MCDM techniques. The fuzzy
DEMATEL approach is used to calculate the cause and effect correlation
between GSCM dimensions. Based on this association, the fuzzy AHP
technique is utilized to generate the weights of the relevant criterion.
Finally, the fuzzy VIKOR technique is used to evaluate and rank the
GSCM performance of alternative suppliers or organizations using the
weights obtained from the fuzzy AHP method.
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1. Introduction

SCM and logistics are significant components of today's most critical operations since they are still
necessary tools for firms to remain competitive. As local and global awareness of environmental
concerns grows, as well as increasing pressures on businesses to reduce their negative environmental
effects, many organizations have begun to embrace and apply green practices to improve their
environmental performance and minimize their adverse environmental effects. It is becoming
increasingly common for businesses to unify their supply chains in order to lower their operational
expenses and enhance their level of service to customers. The GSCM initiative aims to lessen the adverse
impacts that the supply chain has on the environment. Technology advancement is also tied to GSCM
methods. Green activities benefit the environment and the manufacturing sector, whereas GSCM
procedures improve technical innovation in businesses. Reduced or eliminated environmental impacts
from supply chain activities is the primary objective of GSCM. Many factors need that businesses
enhance their GSCM operations. These factors encompass, but are not limited to, the introduction of
new environmental regulations and the passionate stances taken by businesses in relation to
environmental policies. As a result of the fact that GSCM necessitates the use of multi-dimensional
approaches, MCDM methodologies ought to be executed in the process of assessing the GSCM
performance of businesses.
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In order to produce a solution that demands consensus, MCDM is a method that combines alternative
performance over various kinds of qualitative and quantitative criteria that are in conflict with one
another. As opposed to promoting the best answer, the aim of MCDM is to provide decision-makers
with assistance in picking a group of possibilities that have been shortlisted or a single option that
satisfies their needs and is consistent with their unique preferences. There are already several competing
goals in supply chain strategy, and the increasing weight of environmental concerns has added green
criteria to the list.

In 1965, Zadeh presented the fuzzy theory, which has been shown to be a successful technique for
MCDM throughout the course of the past few decades, particularly in the supply chain. Fuzzy set theory
is a development of classical set theory that enables the resolution of numerous issues that are associated
with managing data that is both imprecise and ambiguous (Blyukozkan & Cifci, 2012a). It provides
numerous advantages. According to Kannan, De Sousa, and others (2014), fuzzy logic takes into account
both the growth of accessible knowledge and the presence of insufficient information. It permits input
that is not precise. In this way, a small number of rules can be used to solve issues that are extremely
complicated. Developing fuzzy systems can be difficult at times, which is one of the disadvantages of
using them.Before they can be utilised in the actual world, they may, in many instances, be required to
undergo a great deal of simulation. It is possible to take use of the availability of imprecise input in order
to solve many of the decision-making challenges that arise in the supply chain. These applications favour
an approach that is open to ambiguity and can be evaluated multiple times before being used in the real
world to ensure its effectiveness.

The powerful tool DEMATEL allows for the creation and analysis of structural models with complex
causal linkages. As to Govindan and Chaudhuri (2016), one method that excels at analyzing
interdependencies and linkages without being constrained by sample size is the Decision-Making Trial
and Evaluation Laboratory (DEMATEL). For this reason, it is suitable for a limited number of
respondents or, on occasion, groups of respondents (for instance, project teams). Since its inception in
1973 for the purpose of conducting research on social issues, it has evolved into a well-established
technique for conducting multi-criteria analysis in the field of economics. Its primary advantage is that
it makes it possible to determine the fundamental causes that are responsible for a particular problem by
analyzing the interactions and relationships that exist between the criteria that are set for the particular
problem.

Constructing a hierarchical relevant network system, can improve knowledge of challenges, and groups
of interconnected components, and propose a possible solution (Uygun & Dede, 2016). Morteza Yazdani
(2017) states that due to the cause-and-effect nature of DEMATEL, there are instances where soft
approaches like fuzzy sets theory, Complex Proportional Assessment (COPRAS), and Quality function
deployment are required. Moreover, Biylkdzkan&ifci (2012)a and Uygun & Dede (2016) found that
GSCM processes benefit from pairwise comparison methods like AHP and ANP.

The Analytic Hierarchy Process (AHP) approach was first presented by Saaty in the early 1970s.
According to Saaty (1980), the technique makes it easier to find the relative significance of various
characteristics and the order in which a group of choices should be considered in circumstances where
a large number of criteria are available. Meade and Sarkis (1998) argue that the notable advantage of
the AHP approach lies in its capability to efficiently handle different criteria and conduct both qualitative
and quantitative data analysis. Due to its user-friendliness and interpretability, the application of AHP
is extensive in GSCM-related supplier selection and evaluation. AHP is commonly utilized in GSCM
supplier selection and analysis because of its ease of use and interpretability. According to Ireneusz
Miciua (2018) and G. Karunakumar (2018), the majority of the time, AHP is directly applied in GSCM
operations by supply alternative options. Nevertheless, in a significant number of literary works, it is
used in conjunction with other methodologies, like ELECTRE Il (Ali Alazzawi, 2020), VIKOR
(Ashwani Kumar, 2019), PROMETHEE (Tsui & Wen, 2015), TOPSIS (Rajnish Kumar, 2018; Hsiu
Mei, 2016; Yazdani, 2014; White, Wang & Li, 2015), and ARAS (Yan Kai-Fu, 2019; Jolanta
Tamosaitien¢, 2017). These methods are used to finish the decision-making process.

Opricovic (2004) was the one who first presented the concept of VIKOR, which aims on analysing and
choosing from a number of different choices, locating solutions that are a compromise for situations
that involve competing criteria, and providing assistance to decision-makers in the process of making a
final decision (Hsu and colleagues, 2013). The VIKOR technique is a recent development in comparison
to other fundamental approaches of multi-channel data management (MCDM). For supplier selection,
the VIKOR approach was used in conjunction with the Fuzzy Best Worst Best method (Devika Kannan,
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2020; Qun Wu 2019). MCDM strategies like the Analytical Network Process (ANP) were fused with
VIKOR in order to facilitate the selection of environmentally responsible suppliers (Sahaj Valipour,
2017; Akman, 2015).There are a number of benefits that VIKOR offers in comparison to other MCDM
techniques. The main goal of VIKOR is to handle matters related to supplier evaluation and selection.
Hybrid multi criteria decision-making methods grounded on fuzzy environments have been utilized
due to the dearth of literature on the supplier selection problem. The present study is structured into
four clearly delineated sections. The initial part comprises an introduction and literature reviews as
pertinent to the topic. Next level, included the proposed approach in the MCDM methods section. The
suggested method is then illustrated with an example in the third section. The final part is the conclusion
section.

2. Proposed MCDM approach

This research proposes a novel methodology for analyzing the overall GSCM performance of
organizations depending on fuzzy DEMATEL, fuzzy ANP, and fuzzy TOPSIS techniques. The
dimensions and associated variables that affect GSCM performance are established first and foremost
through research and conversation with academic and industry specialists. This research use the fuzzy
DEMATEL method to assess the level of correlation among the dimensions. The approach described by
Lin and Wu (2004) and Wu (2008) is a very efficient tool for collecting ideas from a group and
discovering the link between the causes of complicated issues that crop up in uncertain settings. To
evaluate the weights of the criteria associated with the dimensions using this interrelationship network,
the fuzzy Analytic Hierarchy Process (AHP) methodology is a viable way. Finally, based on their GSCM
capacity, the fuzzy VIKOR technique helps to evaluate and rank alternative organizations.

A representation of the fundamental stages of the GSCM evaluation approach is shown in Figure 1. The
technique begins with determining the GSCM evaluation dimensions and associated criteria. After that,
the Fuzzy DEMATEL technique is utilized to find correlations between the dimensions. The Fuzzy AHP
technique, which is based on the primary interactions, is used for calculating the local weights of each
criterion. After that, the suppliers are investigated using preset GSCM criteria in order to get evaluation
inputs for the Fuzzy VIKOR technique. Suppliers are given a score based on their GSCM operations in
this last technique.

2.1. Fuzzy DEMATEL Technique

Battelle Geneva Institute established the technique in order to address complicated issues by employing
interactive man model approaches and measuring qualitative and factor-related characteristics of social
concerns (Gabus & Fontela, 1972). The methodology was designed in order to solve complex
challenges. Before translating the elements into the system's explicit structural mode, it assesses their
relative importance and strength. According to Lin and Wu (2004, 2008), the fuzzy DEMATEL
technique was established with the purpose of collecting the opinions of a group and determining the
link between causes and effects of difficult circumstances that occur in settings that are fuzzy. How the
algorithm works is as follows:

Step 1: Design the fuzzy linguistic scale and establish the evaluation criteria.

Sets of dimensions and criteria that are related to them are established in order to conduct the analysis
of GSCM. When making decisions as a group, the fuzzy linguistic scale helps to mitigate the effects of
subjective human judgment. This is due to the fact that evaluation criteria are characterized by the
presence of a causal relationship and typically consist of a number of complex characteristics. There are
five language expressions that are used to indicate the various degrees of influence. These terms are
"No," "Low," "Medium,"” "High," and "Very high." The positive triangular fuzzy numbers that correlate
to these terms are displayed in tableau 3.

Step 2: Make a fuzzy direct-relation matrix.

The initial step in determining the model of the relationships between the n criteria is to build a matrix
with dimensions of n by n. You can use fuzzy numbers to measure how each row of this matrix affects
each column's elements. It is helpful to compute the mathematical mean of all the expert-generated
thoughts in order to develop the direct relation matrix y.

1’1 = [ﬂ }“;”1 j}in u]
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Step 3: It is necessary to normalise the fuzzy direct-relation matrix which can be calculated by,

x
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Step 4: Calculating the total-relation matrix's fuzziness.
In step 3, use the following formula to generate the fuzzy total-relation matrix:

T=EF&i"d.6a5Y
Step 5: Defuzzify into crisp values
It is possible to ascertain the precise value of the total-relation matrix by utilizing the CFCS approach,
which was initially presented by Opricovic and Tzeng. The steps would be as follows:
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The top and lower boundaries of normalised values are calculated as follows:

n
= Ini”f

Pa (1+ m:;rr - 3;?.,;]

n
- ILP"I

L =
pa —
(1+ 1wy, —I5,)
The CFCS approach results in crisp values. The following formula is utilized to obtain the total
normalised crisp values:

_ [Foq [1 — j;q) g X U]

pal [1-15, +us,]
Step 6: Estimate the value of the threshold
It is required for the threshold value to be present before the construction of the internal relations matrix
can begin. A network relationship map is formed by ignoring incomplete relationship. Matrix T values
that are higher than the threshold value are the only ones that are taken into consideration when
determining the NRM for each relationship. For the purpose of determining the relative relationship
threshold, it is necessary to compute the mean of the outcomes of matrix T. Following the discovery of
the threshold intensity, all of the values in matrix T that are lower than the threshold are assigned a value
of zero.
Step 7: Generate a causal relationship diagram that visually represents the ultimate outcome.
After that, remember to add up all the numbers in each row and column of T in the fourth step. The
formula below can be used to determine the sum of rows O and columns L:

T mn
0=)T,, L=)T,
=1 i=1

2.2. Fuzzy AHP Method

Saaty's technique is incorporated into Fuzzy AHP, a decision-making system (Saaty, 2000). In the
1970s, fuzzy set theory was utilized to build the Analytic Hierarchy Process (AHP) (Zimmermann,
2010). Fuzzy integers are generated using this method by means of a membership function, which is a
countable real number between zero and one. Its relevance in dealing with the supplier selection
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dilemma has been demonstrated by several research studies (Kannan et al.). For each of the three criteria
in this study, this technique is used to assign substantial weights to each sub-criterion. The linguistic
elements that were utilized to weight the criterion are listed in Table 11. The language rating "very
strong (VM)" is an example of a numerical evaluation (2.5, 3, 3.5). In accordance with the
recommendations provided by their specialists, the decision-makers are required to assign a priority to
each of the sub-criteria that are included in each of the three sets of criteria.

2.3. Fuzzy VIKOR Method

In order to rank options in a fuzzy environment, the FUZZY VIKOR approach, which was created by
Opricovic (2007), has been utilized. The following is the method for employing the fuzzy VIKOR
algorithm in this investigation:

Step 1: Make a matrix of options.

Step 2: Create a list of the best and worst possible outcomes.

The following is a list of the solutions that are both positive and negative ideals.

If the criterion is positive, the optimum solution is positive, if the criterion is negative, the optimum
answer is positive as well as a negative ideal solution can be derived from the following relationships:

f:; = Max,p=12,....n. (Positive), ﬁr = Min,p=1,2,....,n (negative)

Step 3: Evaualte the decision matrix that has been normalised.
Create a normalized choice matrix based on both ideal solutions using the following link:

dpq = (fg © fog )/ (1 — jrrjPositiver the best option
g = (foq © 1)/ (7 = L )unfavorable optimum solution
Where fi = (mms) £ = (Gmiyms)

Step 4: Compute the values Opand L,

Prior to being converted back to a normalized matrix, the normalized matrix is transformed into a
Weighted normalized decision matrix. The values Opand Lycan be calculated as

follows: If L,=(LL.L7, L) and 0, = (o},0],0,")

;
0, = Z[Wq & }rqu L, = max (Wq & }rpq]
a=

Step 5:  VIKOR index (Q) Calculation
For the purpose of determining the value of Q, the following formula can be utilized.

if @ = (207" Q5

0= v %28 g -y
P ar — ot LT — L}
Where 0" =min,0, L =maxpsy L' =min,L,L" = maxL}

A value of 0.5 is assigned to the variable v, which denotes the highest level of group usefulness. To
transform the fuzzy numbers O, L, and Q into unambiguous numerical values.

2Zm+1l+r
4
If A=(l,m,r)A denotes fuzzy number.
Step 6: Compromise solution is proposed
To make a decision, the L, O, and Q values for the alternatives, ordered in descending order, are used.

There are two situations in which a decision must be made, and a series of compromise solutions can be
offered as a result of these two elements.

Crisp(4) =
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3. Case study and Discussion

A case study is undertaken to assess four particular suppliers based on predefined green dimensions and
associated criteria. This is done in order to test the performance evaluation technique that has been
provided for GSCM. Hence, the suggested methodology, which combines fuzzy DEMATEL, fuzzy
AHP, and fuzzy VIKOR techniques, is employed to evaluate and rank the different organizations. Prior
to implementing the fuzzy DEMATEL approach, experts from both academic and industrial domains
must ascertain the degree to which each dimension impacts the others. There is no difference between
the pairwise comparison matrix that was developed by experts and the direct relationship matrix that is
displayed in Table 2. Table 3, which may be found on the internet, illustrates the fuzzy scale that was
utilized in the model. It is possible to generate the normalized fuzzy direct-relation matrix as well as the
fuzzy total relation matrix by making use of the equations that are shown in a schematic format in Tables
4 and 5, respectively. The CFCS method developed by Opricovic and Tzeng made it possible to provide
an accurate computation of the total-relation matrix. Table 6 provides an explanation of the equations
that reflect the upper and lower limits of normalized coefficients. These equations may be found here.
As demonstrated in Table 6, the CFCS algorithm produces findings that are straightforward and simple
to understand. It is essential to take into consideration the threshold value that has been chosen before
beginning the construction of the internal relations matrix. A criteria of 0.45 will be employed for this
investigation. When the value of Matrix T is below 0.45, it is assigned a value of zero, therefore
suggesting that the previously observed causal relationship is not considered. Following the examination
of the threshold value, Table 7 presents the precise total-relationships matrix. As previously stated, each
component can be evaluated based on the following factors, which are illustrated in the figure and table
above:

It is possible to quantify the relative relevance of each subcomponent in proportion to the entire system
by using the horizontal vector, which is composed of D and R. When expressed in a different way, the
symbol (D + R) indicates the significance of the impact that factor | has on the entire system, in addition
to the influence that other components of the system have on the factor. The vertical vector level, often
known as the D-R, is a metric that measures the degree to which a certain component has an impact on
the system. A high D-R correlation suggests a causal relationship, while a low D-R correlation suggests
an effect. Green design, green image, and green transformation are regarded as causal variables in this
research, but green logistics and green management systems are the considered effects. Green design is
the first priority, as demonstrated in table 9, according to the Green Supplier Selection. According to the
weights generated using fuzzy AHP, the following priorities are allocated to Green Environmental
Systems, Green Logistics, Green Image, and Green Transformation.

In this research, the fuzzy VIKOR methodology is utilized to rank four different vendors according to
five different criteria. The fuzzy AHP output determines the criterion and weight allocated to each
criterion. Table 11 displays the fuzzy scale that was u tilized throughout the course of the model’s
development. The decision matrix’s outputs are displayed in Table 12 after the options have been
weighed against a number of criteria. If the evaluation involves more than one expert, the matrix below
displays the arithmetic mean of all of them. Table 13 displays both the positive and negative ideal values
for the situation. Table 14 explains how to use both ideal solutions to create a normalized choice matrix.
The variable v is set at 0.5, which represents the greatest group utility in this study. Based on the
information shown in Table 15, the fuzzy values O, L, and Q can be transformed into precise numerical
values. A ranking of the alternatives based on L, O, and Q is presented in Table 16, which also
includes the crisp values O, L, and Q presented in the table. A case study backs up the suggested
method, where various providers were assessed in a fuzzy environment that took into account the
ambiguity and unpredictability of real-life scenarios as well as subjective human judgments. Although
there have been studies that look at green supplier performance, here fuzzy MCDM methodologies are
employed to evaluate suppliers’ whole GSCM performance. Suppliers can use the evaluation to
compare their own green performance to that of other suppliers and to get relevant input on areas
where they can improve.
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Table 1: Dimensions and related criteria
Criterta Related Sub Criteria
Green design (G1) Qualtty Regulattons, Environmental Performances, Economic Petformances
Green image (G2) Quality of Service, : Quality of Technology, Supplier Customer Collaboration
Green transformation (G3) (Green Manufacturing, Packaging and Stock Politics, Remanufacturing
Green logistics (G4) Organization of Logistics Networks, Re-cycling, Reusing Disposal
Green Management system (G5) | Waste management, Pollution control, ISO 14000 Certification
Table 2: The direct relation matrix
Gl G2 G3 G4 G5
Gl (0.000,0.000,0.000) (0.250,0.500,0.750) (0.500,0.750,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000)
G2 (0.000,0.250,0.500) (0.000,0.000,0.000) (0.250,0.500,0.750) (0.500,0.750,1.000) (0.500,0.750,1.000)
G3 (0.750,1.000,1.000) (0.000,0.250,0.500) (0.000,0.000,0.000) (0.250,0.500,0.750) (0.250,0.500,0.750)
G4 (0.000,0.250,0.500) (0.250,0.500,0.750) (0.250,0.500,0.750) (0.000,0.000,0.000) (0.750,1.000,1.000)
G5 (0.250,0.500,0.750) (0.000,0.250,0.500) (0.250,0.500,0.750) (0.500,0.750,1.000) (0.000,0.000,0.000)
Table 3: Fuzzy Scale
Code Linguistic terms L M U
1 No influence 0 0 0251
2 Very low influence 0 0.251 0.51
3 Low influence 0.251 051 0.751
4 High influence 051 0.751 10
5 Very high influence 0.751 10 1.0
Table 4: The normalized fuzzy direct-relation matrix
Gl G2 G3 G4 G5
GlL (0.000,0.000,0.000) (0.067,0.133,0.200) (0.133,0.200,0.267) (0.200,0.267,0.267) | (0.200,0.267,0.267)
G2 (0.000,0.067,0.133) (0.000,0.000,0.000) (0.067,0.133,0.200) (0.133,0.200,0.267) | (0.133,0.200,0.267)
G3 (0.200,0.267,0.267) (0.000,0.067,0.133) (0.000,0.000,0.000) (0.067,0.133,0.200) | (0.067,0.133,0.200)
G4 (0.000,0.067,0.133) (0.067,0.133,0.200) (0.067,0.133,0.200) (0.000,0.000,0.000) | (0.200,0.267,0.267)
G5 (0.067,0.133,0.200) (0.000,0.067,0.133) (0.067,0.133,0.200) (0.133,0.200,0.267) | (0.000,0.000,0.000)
Table 5: The fuzzy total-relation matrix
Gl G2 G3 G4 G5
Gl (0.056,0.264,0.991) (0.089,0.318,1.068) (0.184,0.455,1.335) (0.274,0.585,1.476) (0.290,0.617,1.476)
G2 (0.031,0.250,0.988) (0.014,0.142,0.793) (0.095,0.320,1.153) (0.172,0.428,1.326) (0.182,0.452,1.326)
G3 (0.220,0.426,1.048) (0.024,0.222,0.880) (0.050,0.227,0.948) (0.136,0.408,1.232) (0.144,0.430,1.232)
G4 (0.035,0.252,0.936) (0.073,0.256,0.909) (0.095,0.319,1.092) (0.054,0.261,1.046) (0.234,0.497,1.256)
G5 (0.090,0.293,0.989) (0.017,0.199,0.871) (0.095,0.309,1.102) (0.168,0.413,1.264) (0.060,0.269,1.054)
Table 6: The crisp total-relation matrix
Gl G2 G3 G4 G5
Gl 0.373 0.422 0.575 0.696 0.718
G2 0.361 0.253 045 0.562 0.579
G3 0.504 0.324 0.347 053 0.546
G4 0.355 0.357 0.44 0.39 0.604
G5 0.395 0.307 0.435 0.542 0.398
Table 7: By taking the threshold value into account, the crisp total-relationships matrix is created.
Gl G2 G3 G4 G5
Gl 0 0 0.575 0.696 0.718
G2 0 0 0 0.562 0.579
G3 0.504 0 0 053 0.546
G4 0 0 0 0 0.604
G5 0 0 0 0.542 0
Table 8: The DEMATEL final result
R D D+R D-R
G1 1.987 2.784 4771 0.797
G2 1.663 2.205 3.867 0.542
G3 2.247 2.251 4.498 0.004
G4 2.721 2.145 4.866 -0.575
G5 2.844 2.077 4.922 -0.767
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Figure 2-Cause-effect diagram
Table 9: Criteria weight using AHP
Critenia Criterion
weight
G1 0.265
G2 0.179
G3 0.169
G4 0.19
G5 0.197
Table 10: AHP Fuzzy Scale
Code Linguistic L M u
Variables
1 Equal 1.0 1.0 1.0
2 Weak 0.50 1.0 1.50
3 Fairly Strong | 1.50 2.0 2.50
4 Very Strong 2.50 3.0 3.50
5 Absolute 3.50 4.0 450
Table 11: VIKOR Fuzzy Scale
Code Linguistic terms L M U
1 Very Low 0 0 0.250
2 Low 0 0.250 0.50
3 Medium 0.250 0.50 0.750
4 High 0.50 0.750 1.0
5 Very High 0.750 1.0 1.0
Table 12: Decision Matrix
Gl G2 G3 G4 G5
Supplier 1 (0.000,0.250,0.500) (0.250,0.500,0.750) (0.250,0.500,0.750) (0.333,0.583,0.833) (0.250,0.500,0.667)
Supplier 2 (0.250,0.500,0.750) (0.083,0.333,0.583) (0.250,0.500,0.750) (0.583,0.833,1.000) (0.000,0.250,0.500)
Supplier 3 (0.417,0.667,0.917) (0.500,0.750,1.000) (0.250,0.500,0.750) (0.250,0.500,0.750) (0.250,0.500,0.750)
Supplier 4 (0.250,0.500,0.750) (0.250,0.500,0.750) (0.167,0.417,0.667) (0.167,0.417,0.667) (0.417,0.667,0.917)
Table 13: The criteria include both positive and negative ideal solutions.
Positive ideal Negative ideal
Gl (0.417,0.667,0.917) (0.000,0.250,0.500)
G2 (0.500,0.750,1.000) (0.083,0.333,0.583)
G3 (0.250,0.500,0.750) (0.167,0.417,0.667)
G4 (0.583,0.833,1.000) (0.167,0.417,0.667)
G5 (0.417,0.667,0.917) (0.000,0.250,0.500)
Table 14: The normalized decision matrix
Gl G2 G3 G4 G5
Supplier 1 (0.091,0.455,1.000) (0.273,0.273,0.818) (0.858,0.000,0.858) (0.300,0.300,0.801) (0.273,0.182,0.727)
Supplier 2 (0.363,0.182,0.727) (0.091,0.455,1.000) (0.858,0.000,0.858) (0.501,0.000,0.501) (0.091,0.455,1.000)
Supplier 3 (0.545,0.000,0.545) (0.545,0.000,0.545) (0.858,0.000,0.858) (0.200,0.400,0.900) (0.363,0.182,0.727)
Supplier 4 (0.363,0.182,0.727) (0.273,0.273,0.818) (0.715,0.142,1.000) (0.101,0.499,1.000) (0.545,0.000,0.545)
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Table 15: The O, L, and Q Fuzzy Values
Supplier Fuzzy Q Fuzzy O Fuzzy L

1 (0.704,0.129,1.000) (0.328,0.262,0.852) (0.024,0.121,0.265)

2 (0.706,0.062,0.872) (0.370,0.219,0.809) (0.016,0.090,0.197)

3 (0.789,0.000,0.789) (0.497,0.112,0.701) (0.038,0.076,0.171)

4 (0.719,0.070,0.864) (0.392,0.216,0.806) (0.019,0.095,0.193)

Table 16: The crisp values O, L, Q and alternatives ranking
Crisp value of L Rank in L Crisp value of O Rank in O Crisp value of Q Rank in Q

Supplier 1 0.121 4 0.262 4 0.139 4
Supplier 2 0.09 2 0.219 3 0.073 3
Supplier 3 0.071 1 0.107 1 0 1
Supplier 4 0.091 3 0.211 2 0.071 2
4, Conclusion

In recent years, company’s interest in GSCM operations has expanded, resulting in a vast body of study
in the literature. For the purpose of making green operators more effective, it is of the utmost importance
to improve the performance of Green Supply Chain Management (GSCM). In order to evaluate the total
environmental performance of suppliers, the research resulted in the development of a hybrid fuzzy
multi-criteria decision-making technique. Fuzzy VIKOR, fuzzy AHP, and fuzzy DEMATEL are the
schemes that are utilized in this method. In order to validate the proposed approach, a case study is
conducted, which involves contrasting four distinct alternatives that are capable of satisfying the
prerequisites for environmentally responsible supply chain management. The relationships between
several criteria and environmental factors are evaluated using MCDM approaches (Sarkis, 1998). These
methods help firms achieve a balance between their other objectives and their concerns for the
environment. The approaches of MCDM are currently being utilized in order to address a wide variety
of decision-making issues that are associated with GSCM applications. These decisions include, among
other things, the selection of environmentally friendly suppliers, the adoption of sustainability supply
chain management benchmarking methodologies, the evaluation of green performance, the evaluation
of green supplier development programs, and the establishment of important GSCM success criteria.
First and foremost, the size of the GSCM and the criteria that should be used are decided. The
interrelationships between the dimensions are then recovered utilizing fuzzy DEMATEL approach. For
the purpose of calculating the criterion weights, which are determined by the significance of each
dimension in relation to the other dimensions, the fuzzy AHP approach is utilized. For the last step,
alternative suppliers are evaluated based on the GSCM activities they engage in, and organizations are
ranked according to the GSCM performance they exhibit through the application of the fuzzy VIKOR
method. This approach evaluates suppliers' overall performance in terms of GSCM activities, allowing
suppliers or enterprises to compare their own relative performance levels and receive useful input on
areas where they may improve in terms of green activities.

The proposed technique can be used to differentiate GSCM criteria and can be used to a wider number
of providers especially in mining industry. The methodology can be used to evaluate and rate a wide
range of tasks. At some point in the future, additional MCDM strategies, such as fuzzy cognitive map
or DEA, might be utilized. It is possible that mathematical programming techniques will be utilized in
upcoming research endeavors.
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