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Abstract

Recently, green suppliers ‘selection problem (GSSP) is becoming a trend of any organization in order to satisfy their needs
regarding environmental issues. It is one of the crucial activities in the development of the green supply chain and it attracted
many researchers. As a result, many methods in the literature have dealt with this problem based on multi-criteria group
decision-making ignoring the degree of consensus between the decision-makers, they take into consideration the level of priority
between the decision-makers and the interdependence between the criteria. Due to the complexity of real environments and the
subjective nature of human judgments, the proposal of a consensus model becomes very interesting in order to find agreements
between decision makers using preference relations. We will present in this paper a study of the literature on the problems of
consensus and selection of green suppliers, and then propose a model which is an extension of Hierarchical Fuzzy Technique for
Order of Preference by Similarity to Ideal Solution (H-FTOPSIS) by integrating the concept of consensus. To the best of our
knowledge, this combination with a consensus process has not been previously developed, and we did not find any related
literature on this specific combination. This research bridges that gap and presents a novel approach. The proposed model is
applied in this study for the first time.
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1. Introduction

Faced with unstable, increasingly competitive and globalized
markets, many companies are seeking to explore new sources of
competitiveness through the optimization of their supply chains
and their relationships with their partners [2]. Providing the
customer with the desired product and / or service, with better
cost, quality and time conditions than those offered by competi-
tors on the market, is nowadays the major concern of every

company existing in a local and / or international market [21].
The supplier selection problem has been touted as one of the
most critical issues an organization faces while maintaining a
competitive position. Supplier selection has a direct effect on a
company's profitability and traditionally it was primarily con-
sidered on the basis of economics, but in recent years, organiza-
tions have become increasingly concerned with privacy envi-
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ronmental protection issues [6].

Due to the importance of considering environmental issues,
all sectors face great pressure to consider environmental as-
pects in the supply chain. Green supplier selection is a crucial
operational task in selecting a green partner through supplier
assessment taking into account both economic and environ-
mental factors [20]. The decision to select a green supplier is
based on many contradictory criteria and multiple decision
makers (DM), and is modeled as a multi-criteria Group De-
cision-Making Problem (MCGDM). Since the consideration
of the importance of the green supply chain, many researchers
have widely drawn attention to the design evaluation criteria,
the optimization of the evaluation model and the application
of various methods to solve this problem, Therefore, our main
objective is to present a theoretical study and a case study
dealing with the selection and evaluation of a group of sup-
pliers, based on several environmental criteria.

This paper is organized as follows: Section Il presents a
literature review of main research papers dealing with this
problem. Section 111 presents the methodology for solving the
green supplier choice problem, and finally, section IV pre-
sents the implementation of our model in a practical case.

2. Literature Review

Green supplier selection has imposed considerable atten-
tion on the part of organizations based on the improvement of
environmental regulations and environmental awareness.
With the evolutions of the manufacturing systems, this deci-
sion becomes more and more critical. Recently, a number of
green supplier selection methods have been developed in the
literature.

2.1. Green Supplier Selection

Green supplier selection is defined as a strategic approach
that involves identifying and choosing suppliers who priori-
tize sustainable and environmentally friendly practices. It is
based on the recognition that the environmental impact of a
company's supply chain can significantly affect its overall
sustainability performance.

In this context, Dos-Santos B. M. Et al. [4] integrated fuzzy
TOPSIS with the entropy method for the evaluation and selec-
tion of green supplier [4]. Lu JP. et al [11] used TOPSIS
method for probabilistic linguistic MCGDM with entropy
weight, and they applied it in selecting supplier of new agri-
cultural machinery products [11]. Wen Z. et al [16] presented a
model that combines Stepwise Weight Assessment Ratio
Analysis (SWARA) with the Combined Compromise Solution
(CoCoSo) method for probabilistic linguistic decision-making
environments and subsequently applied it in a drug supplier
selection problem [16]. Mousavi S. et al [12] proposed a new
calculation approach based on Interval Type-2 Trapezoidal
Fuzzy Numbers (IT2TrFNs) and they implemented it in the
automotive industry [12]. Zhou F. et al [20] present an inte-

88

grated approach to accurately solve the problem of selecting
green suppliers under the Pythagorean fuzzy scenario (PF)
based on AHP-VIKOR-MRM (Median Ranking Method) and
they implemented it in agrifood company in China [20]. Xu D.
et al [18] developed an extended EDAS method based sin-
gle-valued complex neutrosophic sets and applied it for green
supplier selection [18]. Wei G. et al [15] presented an extended
version of the EDAS method with the Probabilistic Linguistic
Term sets (PLTs) for the selection of green suppliers in order to
guarantee the protection of the environment and have a sus-
tainable economic development in China [15].

2.2. Consensus Based Multicriteria Group
Decision Making

Consensus-based decision-making is a collaborative ap-
proach that aims to reach agreement among a group of indi-
viduals or stakeholders. It involves actively involving all
participants in the decision-making process, seeking their
input and striving to find a solution that is acceptable to eve-
ryone involved. it is often characterized as an iterative process.
It involves multiple rounds of discussion, feedback, and re-
vision to reach a collective agreement or shared understanding
among participants.

Herrera-Viedma E. et al [7] affirmed that the consensus
process is a crucial part of the consensus-based deci-
sion-making process and it can be classified into hard con-
sensus, which is represented by an interval [0, 1] where 0
indicates there is no agreement and 1 indicates a full agree-
ment among the decision makers and soft consensus which is
allows the decision makers to reach a consensus when most of
the decision makers involved in the group decision making
process agree on a specific issue [7].

Much research has been done on the development of nu-
merous approaches for consensus-based multicriteria group
decision making.

Wibowo S. and Deng H. [17] developed a consensus-based
approach for effectively solving the multicriteria group deci-
sion making problem in a fuzzy environment. The subjective-
ness and imprecision of the selection process is modeled by
using intuitionistic fuzzy numbers characterized by a mem-
bership function and a non-membership function. Next, they
developed an interactive algorithm for solving the multicriteria
group decision making problem [17].

Cabrerizo F. et al [3] proposed a method based on an allo-
cation of information granularity in order to increase the
consensus within the group of decision makers [3]. Liang R.
and Chong H.-Y [10] developed a sorting decision framework
for green supplier evaluation using the Qualitative Flexible
Hesitant Fuzzy (QUALIFLEX) method and implemented and
demonstrated this approach in the example of contract section
CBO02 in the Hong Kong-Zhuhai-Macau Bridge project [10].
In addition, Gao H. et al [5] proposed a group consensus
decision making framework to help choosing the best green
supplier for electronics manufacturing [5].
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Zamora Y. [19] presented a hybrid method aimed at con-
sensus building based of Analytic Hierarchy Process (AHP)
with the Delphi method. A new approach characterized by the
stability and exclusion analysis, as well as new coefficients of
concordance and consistency with a statistical approach are
proposed through a case study to explore the consensus
building in the group decision-making process [19]. Huang J.
et al [8] proposed a decision-making method based on attrib-
ute distribution information combined with the proposed
distributed interval weighted arithmetic average (DIWAA)
operator and provided examples to illustrate the feasibility
and efficiency of the suggested approach based on distribut-
ed information for the selection of green suppliers [8].

Li H. et al [9] proposed a new method based on consensus
mechanism in an interval type-2 fuzzy environment in order
to resolve the multicriteria group decision making situation,
and in order to evaluate the efficacy of this method, an ex-
ample is illustrated by a comprehensive evaluation of old-age
institutions in China [9].

The review above shows that there are several consen-
sus-based methods for solving the multicriteria group decision
making problem. These approaches are useful in dealing with
the multicriteria group decision making problem under vari-
ous circumstances. Some of these approaches require tedious
mathematical computation in the decision-making process. In

this situation, it is preferred to have a structured model for
consensus building in solving the multicriteria group decision
making problem.

3. The Proposed Model

We acknowledge the intricate and challenging nature of as-
sessing the outcomes achieved through the majority of the sug-
gested methods. The primary aim is to enhance the deci-
sion-making process and develop a more effective model that
caters to the requirements of decision-makers (DMs). Conse-
quently, we suggest a novel approach that combines the Fuzzy
SWARA (Step-wise Weight Assessment Ratio Analysis)
method with H-FTOPSIS to address the challenge of group
multicriteria decision-making. Our proposed model leverages the
strengths of both methods to provide an effective solution for the
decision problem. The decision-making process is as follows: the
selection of m green suppliers (Al, A2,.., Am) based on the
opinions of decision-makers (D, k=1, 2,...s) and according to
several green criteria (Cy, Cy,..., Cy). In group decision making,
determining the degree of consensus among decision makers is
an important element. Therefore, consensus aims to help deci-
sion makers reach agreement on the solution to a common deci-
sion problem. Figure 1 describes the proposed model.

| Green Suppliers (Al,.. Am) |

¥
‘ Determine the criteria

(Cl....Ca)

Il

\J
Determine the criteria weights
using Fuzzy SWARA ( w/)

4

| Decision-Makers (Dy,.._Dy) |
1

| l

Individual Individual
assessment of Dy assessment of Dy
5 )]
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Collective
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[ P; vs Py J
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Figure 1. The GSSP framework.
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The figure 1 explains our conception of our group deci-
sion-making problem. The first stage, we start with the iden-
tification of the number of green suppliers, decision-makers
and the rating criteria in the multicriteria group decision
making problem. Subsequently, we will determine the deci-
sion matrices of each decision maker. Then, we will deter-
mine the criteria weights with respect to each criterion. This
is followed by the determination of the performance ratings
of available alternatives with respect to each criterion by the
decision makers.

The second stage is to obtain the agreed consensus thresh-
old value, and measure the degree of existing consensus
among decision makers’ opinions. If CI is lower than the
predefined threshold, we will return to the starting phase,
otherwise a consensus agreement is achieved and we will
consider the found matrix as a consensus matrix and
H-FTOPSIS is applied.

3.1. Fuzzy SWARA

The Fuzzy SWARA is one of the new methods used in
multicriteria decision-making that incorporates fuzzy logic to
handle uncertainty and imprecision in the decision-making
process [13]. This method helps the DMs to better understand
and consider their preferences when determining the weights
of attributes. It facilitates the process of appreciating the sig-
nificance and meaning of attributes from the perspective of
decision-makers.

The steps of this method are as follows:

a. Rank the criteria in descending order, based on their

expected importance.

b. The process is started from the second factor where the
experts allocate a score between zero and one to the
factor j in relation to the previous criterion (j - 1). This
process is then applied to each factor.

The ratio called the Comparative Importance of the Aver-

age Value S;.
c. Calculation of the values of the coefficient §.

o 1,j=1 N
GTI5+1,>1 @
d. The recalculated fuzzy weights §;.
1,j=1
g = {g_] -1 @
e. The weight of fuzzy criteria W;.
A= g—]
Wi s ®)
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3.2. H-FTOPSIS-CP (Hierarchical Fuzzy
TOPSIS Based on Consensus Process)

Hierarchical Fuzzy TOPSIS is an extension of the Fuzzy
TOPSIS method that incorporates a hierarchical structure and
fuzzy logic to handle multicriteria decision-making problems
and which is able to solve decision making problems in the
form of hierarchy [14]. This method was initially introduced
by [1] to evaluate university professors’ performance.

The algorithm of the proposed model is as follows:

a. The construction of the decision matrix for each decision

maker (P* = pf),

1) De-Fuzzify to the fuzzified values
Set A= (a, b, ) a Triangular Fuzzy Number (TFN)
The defuzzify number is as follows:

A %[(c—a)+(b—a)]+a 4)

2) Group matrix aggregation (P=p;;)

3) Determine the degree of similarity (S) between indi-
vidual decision makers’ assessments and the group
assessments for the preference relation with respect to

each criterion, is obtained as:

d(plspis )
The1 d(pll‘jrpzj)

S(plpy) =1- ®)

Where d(pf, p;; ) is the distance between pf; and p;;
4) Determine the degree of similarity (M) between in-
dividual decision makers’ assessments ij and the

group assessments p; for the criteria weights, is ob-
tained as:

d(wkp;)

ko ) =1— P
M(wf,p;) =1 S d(whey)

©)

Where d(wf,p;) is the distance between w/ = (x) and

— Zi:lxk

pj 5
5) Obtain the consistency index (CI) value for individual
decision makers.
Cl = Max (S(pk,pi; ), M(wf,p; ) (7
If the value of CI < the predefined threshold, the decision
maker concerned needs to go back to Step 2. Otherwise, the
consensus building process is finalized.
6) Construct the aggregate consensus matrix
b. Calculate the Fuzzy normalized decision matrix

L % bij iy + +
Pt o5 ok € B, 4 =maxay, bj

- +
=max by, ¢ =

(®)

max Cij
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a_ ._

T',:j—

= min bij! Cj_ =

)

a5 ]J € ¢ 4 =minay, by

Cij b”
min Cij

B represents the profit criteria and C represents the cost
criteria.
c. Obtaining weighted normalized matrix

ﬁi}': f',:j* W] (10)
Where W;: weight of criteria j
d. Determine The generalized mean (M(vij))
- —al-2j+ci2j—aijbij+bijcij

3(-agj+cij)
e. Determining positive and negative ideal solutions.

A*=1[pf, . ..vi ] ={(Maxjeipij). (Minje pij)}  (12)
=[p1, o, pr] ={Minje pij). Maxje; pij)} (13)

f. Calculating distance of each criterion from the fuzzy
positive (S) and negative (S°) ideal solutions.

1- b; +z::zl]_b— 4 b_ < bl]
D = v a7
3] 1— Cij—a , bl} < b_

b—+cij—a——bij

g. Calculating relative closeness C of each criterion to
ideals.

— '_1 : (18)

h. Ranking the alternatives.

4. Case Study

The proposed H-FTOPSIS based on consensus process
model is intended to solve a variety of problems. The case
study focuses on the sandwich panel industry in Sousse, Tu-
nisia. The company has long been an innovative industrial
company whose main activity is the manufacture and mar-
keting of sandwich panels for building insulation, refrigera-
tion panels for cold insulation and it has been 1SO45001 cer-
tified. It is a typical example that has a great influence on
climate and environmental change and adheres to environ-
mental protection guidelines in daily activities. In practice,
this company intends to buy chemical products, which are the

ingredient in the injection of the foam of the Sandwich Panels
Cem e and represents more than 70% of the supply costs. Therefore,
Si= Li=1 Dy (15 this company should select an optimal green supplier. The
potential candidates are: Wanhua, Vercolor, Itelyum Regen-
Where eration Spa, Galco, Ivonik, Plexint and Dutch2 B.V. In de-
- termining the best green supplier, the final decision lies with
1-— ﬁ, b;ij < b* the administration team, which is composed of the President
D = g (16) (DM 1), purchasing manager (DM2) and financial manager
m'w < by (DM3) who are usually involved in making the crucial deci-
sions of the company.
- Green Material (GM) - ; Wanhua
) ] - Green Product (GP) 4
%] Quality - Green Delivery (GD) Vercol
- Reliability (R) oo
| - Validity (V) Ttelyum
—» Technical —I: - Reference (RE) Regencration Spa
Green Supplier Selection Shutter [ -Technical Sheet (TeS)
- Availibility (AV)
| | Commercial | - Cost(C) R
Shutter - Payment Method (M) [ /// JA\\
- Pavment Condition '
s Plexint
— | - Certificate (Cr) ’
—* EMS 4‘ - Eco-Labeling (EL) k
Dutch2B.V
- Green Image (GI) L

Figure 2. The proposed hierarchical structure for green supplier selection.
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The figure 2 presents the hierarchical structure of criteria.
The root criterion corresponds to the objective: Green supplier
selection. Quality, Technical Shutter, Commercial Shutter and
EMS present the intermediate criteria. The criteria at the next
level, present the elementary criteria in which the DM can

directly evaluates the alternatives. All of them to be maxim-
ized except the cost to be minimized.

The experts listed the criteria according to their expected
level of importance.

Table 1. Criteria.

Criteria Designation
Green Material GM
Green Product GP
Green Delivery GD
Reliability R
Validity \%
Reference RE
Technical Sheet TeS
Availibility AV
Cost C
Payment Method PM
Payment Condition PC
Certificate Cr
Eco-Labeling EL
Green Image Gl

Maximize or minimize the value of the criterion (Max/Min)

Max
Max
Max
Max
Max
Max
Max
Max
Min
Max
Max
Max
Max
Max

Table 2. Linguistic Values By (Chang, 1996)

Linguistic Scale

Much Less Important
Very Less Important
Less Important
Moderately Important

Equally Important

The decision-maker utilizes the values presented in Table 2
to compare the (j-1)th criterion with the jth criterion. In this
comparison, the decision-maker employs linguistic values
denoted as Sj, which represent the initial step in Fuzzy
SWARA. Based on these values, the decision-maker proceeds

Triangular Fuzzy Number (TFN)

(0.222, 0.25, 0.286)
(0.286, 0.333, 0.40)
(0.4,0.5, 0.667)
(0.667, 1, 1.5)
1,1,1)

to rank the factors in terms of their priority.

The decision matrix provided by the decision makers (DMs)
consists of evaluations from each expert for the alternatives
based on the elementary criteria.
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Table 3. Intermediate Criteria Weights.

Criteria DM1 DM2 DM3
Quality (Q) 0.458 0.513 0.498
Technical shutter (TS) 0.239 0.267 0.259
Commercial shutter (CS) 0.181 0.142 0.138
EMS 0.123 0.077 0.105
Table 4. Sub-Criteria Weights. Table 5. Linguistic variables for ratings (Jinus at al, 2013).
Sub-Criteria DM1 DM2 DM3 Linguistic Scale Triangular Fuzzy Number (TFN)
GM 0,220 0,245 0,240 Very weak (1,1,3)
GP 0,118 0,131 0,129 Weak 1,3,5)
GD 0,081 0,090 0,088 Medium (3,5, 7)
R 0,062 0,069 0,067 Good (5,7,9)
\Y 0,097 0,108 0,118 Very good (7,9,9)
RE 0,066 0,074 0,064
TeS 0,054 0,060 0,051
AV 0.090 0071 0.070 Table 6. Importance weights of decision-makers.
C 0,049 0,039 0,039 DMs Weight
PM 0,034 0.027 0.027 President 0.500
PC 0,026 0,021 0,021 Purchasing Manager 0.200
cr 0,054 0,034 0,047 Financial Manager 0.300
EL 0,029 0,019 0,026
Gl 0,020 0,013 0,014

Table 5 provides the rating scale that was used to generate
the importance weights of the decision-makers. The weights

The criteria and the intermediate criteria weights in tables 3 Of the decision-makers are shown in Table 6.
and 4 are determined by Fuzzy SWARA method.

Table 7. President's decision matrix.

DM (1) President

Criteria Q TS Cs EMS

Sub-Criteria GM GP GD R V RE TeS AV C PM PC Cr EL Gl
Itelyum

Regeneration (7,9,9) (57,90 (579 (357) (57,9 (135 (799 (135 (357 (357 (357 (79 (79 357
Spa

Galco 7,9 (57,9 (799 (1,35 (57.9) (579) (57.9) (579 (57,9 (579 (L35) (7.99) (57.9) (57.9)

93


http://www.sciencepg.com/journal/aas

Advances in Applied Sciences http://www.sciencepg.com/journal/aas

DM (1) President
Criteria Q TS CS EMS
Sub-Criteria GM GP GD R Vv RE TeS AV C PM PC Cr EL Gl

Dutch2B.V (57.9) (7,99 (679 (113 (357 (L13) (799 (135) (799 (579 (113) (799 (1,35 (7.9.9)
Wanhua (357) (7.99) (357 (135) (357) (357) (7.99) (357) (357) (57.9) (357) (57.9) (135) (5.7.9)
Vercolor 135 (579 (L35 (113) (1,35 (135 (579 (135 (1,35 (579 (L35) (579 (357) (57.9)
Ivonic 357 (579 (357 (135 (357) (357) (579 (357) (357) (357) (7.99) (357) (113) (357)
Plexint @13 (357 (1LL3) 1,13 (@113) (113) (357 113 @13 (L13) (L13) (79 (357 (113)

Table 8. Financial manager's decision matrix.
DM (2) Financial Manager
Criteria Q TS CS EMS
Sub-Criteria GM GP GD R V RE TeS AV C PM PC Cr EL Gl
Itelyum

Regeneration (5,79 (5,79 (5,79 (357 (7,99 (@113 (7,99 (5,79 (799 (7,99 (357 (799 (57,9 (35,7
Spa

Galco (799 (799 (57,9 (357) (57.9) (57,9 (7,99 (7,99 (57,9 (7,99 (579 (799 (57.9) (5.7.9)
Dutch2B.V (7,99 (7.99) (57.9) (1.35) (357) (1L13) (7.9.9) (7.99) (579 (57.9) (57.9) (7.99) (1,35) (7.9.9)
Wanhua (679 (799 (357) (135 (57,9 (799 (579 (7,99 (357) (579 (357) (57.9) (7.99) (5.7.9)
Vercolor (357 (579 (135 (L13) (6579 (579 (135 (579 (1,35 (579 (1,35 (579 (57.9) (135)
Ivonic (135 (57,9 (357) (1.35) (357) (357) (357) (579 (357) (357) (357) (357) (357) (357)
Plexint 357 (357) (357) (357) (1,13) (135 (113) (357) (1.1,3) (113) (1,13) (1,13) (135 (1,13)

Table 9. Purchasing manager's decision matrix.
DM (3) Purchasing Manager
Criteria Q TS Cs EMS
Sub-Criteria GM GP GD R \Y RE TeS AV C PM PC Cr EL Gl
Itelyum

Regeneration (5,79 (5,79 (5,79 (357 (799 (1.13) (799 (5,79 (799 (799 (357 (799 (5,79 (357
Spa

Galco (799) (7.99) (579 (357) (579 (57.9) (799 (7.99) (579 (7.99) (579 (7.99) (579 (57.9)
Dutch2B.V  (7,99) (7.99) (57.9) (135) (357) (1,13) (7.9,9) (7.99) (57,9 (57.9) (57.9) (7.99) (135 (7.9.9)
Wanhua (79 (799 (357) (135) (579 (7.99) (7.9 (799 (357) (57.9) (357) (57.9) (7,99 (57.9)
Vercolor GB57) (579 (1,35 (L13) (7.9 (579 (135 (579 (135 (57.9) (135 (57.9) (579 (135)
Ivonic 135 (579) (357 (135) (357) (357) (357) (579) (357) (357) (357) (357) (357) (357)
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DM (3) Purchasing Manager

Criteria Q TS CS EMS

Sub-Criteria GM GP GD R \Y RE TeS AV C PM PC Cr EL Gl
Plexint (357 (357 (357 (357 (1,1,3) (1,35 (1,1,3) (357 (1,1,3) (1,1,3) (1,1,3) (1,1,3) (1,35 (1,1,3)

Tables 7, 8 and 9 present the decision matrices of each member of group decision making.

Table 10. The degree of similarity of decision makers.

DM Q TS CS EMS
Alternatives

GM GP GD R V RE TeS AV C PM PC Cr EL Gl

DM1 0,638 0,696 0,667 0,667 0,69 0,782 0,667 0,907 0,793 0,815 0,725 0,722 0,667 0,725
DM2 0,724 0,696 0,667 0,667 0,608 0,954 0,667 0598 0,556 0,593 0,725 0,639 0,667 0,725
DM3 0,638 0,607 0,667 0,667 0,69 0,264 0,667 0495 0,651 0,593 055 0,639 0,667 0,55

DM1 0,696 0,696 0,606 0,815 0,696 0,494 0,722 0,69 0,69 0,722 0,855 0,667 0,667 0,614
Galco DmM2 0,608 0,608 0,697 0593 0,696 0,494 0,639 0,608 0,696 0,639 0478 0,667 0,667 0,614

Itelyum Re-
generation Spa

DM3 0,696 0,696 0,697 0593 0,607 1,013 0,639 0,69 0,607 0,639 0,667 0,667 0,667 0,772
DM1 0,722 0,667 0,667 0,833 0,667 0,667 0,667 0921 0,606 0,667 098 0,667 0,667 0,667
Dutch2 B.V DM2 0,639 0,667 0,667 0,583 0,667 0,667 0,667 054 0697 0,667 051 0,667 0,667 0,667
DM3 0,639 0,667 0,667 0,583 0,667 0,667 0,667 054 0697 0,667 051 0,667 0,667 0,667
DM1 0,794 0481 0,725 0,757 0,769 0,815 0,606 0,793 0,757 0,614 0,589 0,614 0,876 0,696
Wanhua DM2 0,651 0481 0,725 0,757 0,615 0,593 0,697 0,556 0,757 0,614 0,589 0,614 0,419 0,696
DM3 0,555 1,037 055 0486 0,615 0593 0,697 0651 0486 0,772 0822 0,772 0,705 0,607
bDM1 0,859 0,667 0,818 0,771 0,889 0,889 0,333 0,855 0,818 0,548 0,579 0,548 0,667 0,543
Vercolor DmM2 0,667 0,667 0,818 0,771 0,556 0,556 0,833 0,478 0,818 0,548 0579 0,548 0,471 0,914
DM3 0,474 0,667 0,364 0458 0,556 0,556 0,833 0,667 0,364 0,905 0,842 0,905 0,863 0,543
DM1 0,587 0,494 0,667 0,757 0,667 0,667 0,545 0,667 0,725 0,667 0,385 0,667 0,933 0,725
Ivonic DM2 0,825 0,494 0,667 0,757 0,667 0,667 0,727 0471 0,725 0,667 0,71 0,667 0,533 0,725
DM3 0,587 1,013 0,667 0486 0,667 0667 0,727 0863 055 0,667 0,905 0,667 0533 0,55
DM1 0963 0,757 0,852 0,852 0,667 0,833 0,222 0,933 0,863 0,863 0,863 0,373 0,374 0,863
Plexint DM2 0,621 0,757 0,296 0,296 0,667 0,583 0,889 0,533 0,863 0,863 0,863 1,013 0,703 0,863
DM3 0,416 0,486 0,852 0,852 0,667 0583 0,889 0533 0,275 0,275 0,275 0,613 0,923 0,275
bDM1 0,383 0,387 0,388 0,389 0,027 0,791 0,788 0,304 0,306 0,307 0,307 0,541 0,545 0,383
\(,:vzlt;:'é DmM2 0,606 0,607 0,608 0,608 0,953 0,201 0,205 0,682 0,682 0,688 0,689 0,455 0,453 0,614
DM3 0,728 0,777 0,779 0,779 0,064 0,406 0,414 0,616 0,616 0,617 0,617 0,913 0,908 0,768

In this situation, the decision makers agreed to assign the  consensus threshold value to be at 0.70. This consensus
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threshold value is obtained based on the negotiation between
the decision makers.
If the consensus threshold value > 0.7, it implies a higher
degree of consistency among the decision makers’ opinions.
Table 11 presents the calculation of the Cl using (4), (5), (6)
and (7).

Table 11. The ClI of individual decision makers.

Alternatives Decision-Maker (DM) Cl
DM1 0,907
Itelyum Regeneration
Spa DM2 0,954
DM3 0,913
DM1 0,855
Galco DM2 0,953
DM3 1,013
DM1 0,98
Dutch2 B. V DM2 0,953
DM3 0,913
DM1 0,876
Wanhua DM2 0,953
DM3 1,037
DM1 0,889
Vercolor DM2 0,953
DM3 0,913
DM1 0,933
lvonic DM2 0,953
DM3 1,013
DM1 0,963
Plexint DM2 1,013
DM3 0,923

Then, we determine the utility degrees of all alternatives
according to the criteria to create the complete pre-order in
Table 12.

Table 12. The complete pre-order.

Alternatives \Distance Ci Ranking
Itelyum Regeneration Spa 0,375 6
Galco 0,862 1
Dutch2 B. V 0,157 7
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Alternatives \Distance Ci Ranking
Wanhua 0,380 5
\ercolor 0,665 3

lvonic 0,622 4

Plexint 0,689 2
5. Discussion

The proposed methodology for classifying green suppliers
depends on the number of suppliers, decision makers, and
evaluation criteria. In our application, we focus on selecting
suppliers of chemical products worldwide based on specific
criteria. The weights for these criteria were determined using
fuzzy SWARA, which revealed that the most significant cri-
terion was Q, followed by TS, CS, and EMS.

Subsequently, the selection of green suppliers for chemical
products was carried out using H-FTOPSIS, incorporating a
consensus process. The analysis identified "Iltelyum Regen-
eration Spa" as the top-ranked supplier, followed by Galco,
Dutch2 B.V, Wanhua, Vercolor, Ivonic, and Plexint.

Compared to the model to that proposed by Gupta et al, [6]
the proposed approach is able to effectively deal with the
involvement of multiple decision-makers and the presence of
subjectivity and imprecision in the group multi-criteria deci-
sion-making problem. Indeed, the application of this approach
helps to improve the effectiveness of the consensus building
process in solving the multi-criteria group decision-making
problem and is applicable to efficiently solve the general
multi-criteria group decision-making problem in real-world
situations.

6. Conclusion

Achieving consensus in multicriteria group decision mak-
ing is a complex and demanding task due to the involvement
of multiple decision makers, the presence of various selection
criteria, and the inherent subjectivity and imprecision associ-
ated with assessments during the group decision-making
process.

Consideration of a new green strategy could generate a
competitive advantage for an organization and this requires a
change in the capabilities and resources provided. This study
proposed an MCGDM (Multicriteria group decision making)
approach based on consensus process and hierarchical Fuzzy
TOPSIS to support such an assessment in order to achieve
sustainable economic and environmental performance. The
Fuzzy SWARA method is indeed utilized to calculate the
criteria weights and the H-FTOPSIS approach based on con-
sensus process, on the other hand, is used to rank the options.
The implementation of this method to select the green sup-
plier who respects the conditions of sale indicates the rate of
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danger when using its products. Among the advantages of our
model: it is a structural technique compared to others such as
AHP, ELECTRE and that it is based on the utility which
compares each supplier directly according to the data in the
evaluation matrix and weights.

Abbreviations

GSSP Green Suppliers‘Selection Problem

H-FTOPSIS Hierarchical Fuzzy Technique for Order
of Preference by Similarity to Ideal
Solution

H-FTOPSIS-CP Hierarchical Fuzzy TOPSIS Based on
Consensus Process

DM Decision Maker

MCGDM Multicriteria Group Decision Making

SWARA Stepwise Weight Assessment Ratio
Analysis

CoCoSo Combined Compromise Solution

IT2TrFENs Interval Type-2 Trapezoidal Fuzzy Numbers

PF Pythagorean Fuzzy

AHP Analytic Hierarchy Process

VIKOR-MRM  VIKOR Median Ranking Method

EDAS Evaluation Based on Distance from
Average Solution

PLTs Probabilistic Linguistic Term sets

Cl Consistency Index

C Criteria

W; Weight

P Individual Assessment of D

TFN Triangular Fuzzy Number

M(Vij)) Generalized Mean
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