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Abstract

In order to remain competitive, businesses must now invest in developing environmentally responsible green suppliers.
The purpose of this article is to determine which vendors should be incorporated into green supplier growth programs
in order to enhance their ecological sustainability, as well as the suppliers' current green/environmental efficiency.
Factor evaluation was used to examine the reliability of the parameters used to assess green suppliers' efficiency and
overall quality. To determine which provider offers the greatest ecological performance, the suggested technigue uses
a hybrid interval-valued neutrosophic set (IVNS) and VIKOR structure to assign relative importance to each criterion.
To manage ambiguity while choosing choices, we combine the neutrosophic method with the VIKOR technique. We
used 10 criteria and ten vendors in this research to demonstrate the usefulness and effectiveness of the suggested
framework. The suggested methodology is applied in the application.
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1. Introduction

When building long-term connections in the supply chain (SC), selecting reliable suppliers is a crucial practical duty.
The selection of a sustainable supplier that may improve SC efficiency requires attention to aspects of the economy,
society, and the environment. A critical topic in the SC and manufacturing and operations literature on management
is the assessment and choice of potential suppliers[1], [2].

Many businesses are paying attention to Green Supply Chain Management (GSCM) in an effort to enhance their
sustainability-related practices. The objective of every business is to maintain its place in the competitive, highly
changing marketplace through the use of various strategies, as ecological management systems, production methods
that are lean, eco-design, recyclable materials, and dedication to green practices during its purchasing and production
operations. The need for sustainable SC has recently come to the fore due to rising governmental pressure and
customer demand. For this reason, it is important to consider how industrial business practices may be linked to
sustainability in order to save prices in the supply chain while also making it more sustainable via the adoption of
green practices[3]-[5].

Businesses must "green" their SC and partner with suppliers who have the skills to participate in green manufacturing
and associated operations. Businesses now expect their vendors to define green apps and get the necessary ecological
certifications. However, not all vendors can boast pristine ecological credentials right from the get. Without the help
of the focal firm, suppliers will not be able to successfully enhance their contribution to the environment. Companies
may improve their environmental and green initiatives by fostering cooperative, close, and interconnected connections
with their suppliers, conducting supplier green performance evaluations, and providing suppliers with assistance
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related to green concerns. Focused businesses might build supplier development programmes to help with green
challenges. Focused businesses need a green performance evaluation system to identify greening requirements among
suppliers and map out green supplier development programmes[6]—[8]. Because of green supplier growth programs,
key organizations may have a greener SC. The green SC has many criteria, so this problem can be solved by using
MCDM concept[9]-[11].

When the decision maker's expression is ambiguous or when the choice's acceptability is in question, neither fuzzy
sets (FSs) nor intuitionistic fuzzy sets (IFSs) can handle the problem well. Consequently, some novel ideas are needed
to address the issue of doubt[12]-[14]. When faced with unreliable insufficient, and conflicting data, neutrosophic
sets (NSs) are more efficient and desirable than FSs and IFSs because they take into account the truth value, the
indeterminacy value, and the falsity value concurrently. Wang et al. developed NSs, and a natural extension of these
is single-valued neutrosophic sets[15]-[17]. The innovative processes and aggregation algorithms of Peng et al. were
established, and Ye provided simpler NS. Lastly, NSs may be extended in many ways, leading to constructs like
interval NSs, bipolar NSs, and multi-valued NSs[18]-[20].

A significant area of study in the field of decision science is the MCDM issue. It has grown in significance in recent
years if multiple factors must be taken into account in a single challenge. This leads to a situation requiring MCGDM,
or multi-criteria group decision-making. In either a hazy or clear setting, MCGDM may be put to use in a variety of
contexts.

This study developed a NS model for evaluation green supplier. The NS is hybrid with the MCDM due to contains
many and various criteria. The VIKOR method is an MCDM method used to rank the alternatives. The neutrosophic
VIKOR method is used in this paper to rank and evaluate the green suppliers.

2. The Interval Valued Neutrosophic (IVN) VIKOR Method

This section presented the steps of the N-VIKOR method. Figure 1 shows the steps of the N-VIKOR method. The NS
is used to overcome inconsistent information by using the indeterminacy value. The NS has three values truth,
indeterminacy, and falsity values. This paper used the VNS which is a type of NS[21], [22]. The IVN can be
represented as V = ([Ay1, Apul, [Buis Boul, [Cotr Cou]), Where [A,,;, Ay, ] refers to the truth value, [B,,;, B, ] refers to the
indeterminacy value, and [C,,;, C,,,] refers to the falsity value[23].
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Figure 1: The steps of IVN-VIKOR method.

The steps of the IVN-VIKOR are discussed as:

Step 1: Build the matrix of decision T = ¢;;

The values between criteria and alternatives are added in decision matrix by each decision makers.
Step 2: Determine the weights of features

This step computes the weights of features. The weights of features can be computed as:

Wi = L ()

— yn
2i=1wi

Where the w; refers to the weights of feature I, and n refers to the number of features.
Step 3: Establish the normalization decision matrix

This step builds the normalization matrix from the decision matrix as:

rl = t
U s (eh)

R=m;= " 2
i = o
T (eh)
ti]__tmin
R = rij = W (3)
] ]

Step 4: Build the weighted normalized matrix

E;j = (wW/ry)) (4)
Step 5: Compute the values of a; and B; by using distance of Manhattan and Chebyshev
a; = Z}nﬂ E;j ®)
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Bi = maX(Eij) (6)
Step 6: Compute the value of priority
Y, = ‘P(“l ‘x 1-— (ﬁl 181) 7
R e ARl e o
aif = minq;
a; = max q;
Where { ' 8
B = min g, ®
Bi = max f;
@ =0.5

Step 7: Compute the crisp value

The crisp value can be computed by the score function S; [23].

Step 8: Compute the absolute distance

0; = Smax — Si ©)
Step 9: Compute the relative weights, then rank the alternatives

0;

F, = ——
L Z?=1 0;

(10)

Then rank the alternatives by descending order of F;
3. Results

This section presented application of IVN-VIKOR method. The application applied in green suppliers to select best
suppliers in different criteria. This study collated ten criteria from previous study. The ten criteria are listed in the
Figure 2. This study aims to select best supplier from ten suppliers are presented in this paper.

Select best supplier

Pollution Resource Green Environmental
. ) Eco-design Green image Quality Cost Service Delivery i management
Production consumption capability system

Figure 2: The ten green supplier’s criteria.

Build the decision matrix by the decision makers and experts. This matrix contains the value of criteria and
alternatives. The values are interval valued neutrosophic numbers[23]. Then compute the weights of criteria by using
Eq. (1). Figure 3 shows the weights of criteria.
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Figure 3: The importance of factors.
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Then build the normalization decision matrix by using Egs. (2 and 3). Table 1 shows the normalization decision matrix.
Then build the weighted normalized decision matrix by using Eq. (4). Table 2 shows the weighted normalized decision

matrix.

Table 1: The normalization decision matrix

GSPC; | GSPC; | GSPCz | GSPC4 | GSPCs | GSPCs | GSPC; | GSPCs | GSPCy | GSPCyo

GSPA; 0.3 0.23 0.63 0.23 0.12 0.96 0.78 0.86 0.36 0.23
GSPA; 0.96 0.36 0.92 0.93 0.36 0.32 0.25 0.362 0.36 0.32
GSPA; 0.123 0.23 0.12 0.116 0.23 0.11 0.36 0.12 0.32 0.236
GSPA4 0.236 0.96 0.36 0.15 0.236 0.63 0.369 0.15 0.55 0.236
GSPAs 0.36 0.36 0.89 0.95 0.63 0.236 0.69 0.96 0.56 0.25
GSPAg 0.52 0.74 0.23 0.153 0.36 0.396 0.98 0.36 0.85 0.29
GSPA, 0.63 0.85 0.96 0.236 0.36 0.123 0.963 0.32 0.96 0.21
GSPAg 0.752 0.236 0.45 0.56 0.96 0.26 0.23 0.56 0.75 0.69
GSPAy 0.823 0.36 0.89 0.23 0.26 0.26 0.39 0.36 0.74 0.87
GSPA 0.823 0.82 0.18 0.15 0.12 0.26 0.29 0.36 0.26 0.56

Table 2: The weighted normalization decision matrix

GSPC; | GSPC, | GSPCs | GSPCs | GSPCs | GSPCs | GSPC; | GSPCs | GSPCy | GSPCio

GSPA | 0.0503 | 0.0489 | 0.0526 | 0.0422 | 0.0255 | 0.2042 | 0.0442 | 0.0217 | 0.0656 | 0.0014
1 32 36 6 47 32 55 55 83 53 83
GSPA 0.0402 | 0.0063 | 0.0011 | 0.0182 | 0.0504 | 0.1615| 0.1302 | 0.0656 | 0.0081
2 0 22 83 74 37 63 32 63 53 56
GSPA | 0.0638 | 0.0489 | 0.1340 | 0.0489 | 0.0221 0.1371 | 0.1829 | 0.0700 | 0.0019
3 3 36 43 36 88 0 91 79 3 28
GSPA | 0.0552 0.0957 | 0.0469 | 0.0220 | 0.1249 0.1764 | 0.0448 | 0.0019
4 12 0 45 41 06 56 | 0.1352 44 63 28
GSPA | 0.0457 | 0.0402 | 0.0111 0.0100 | 0.0302 | 0.0641 0.0437 | 0.0029
5 56 22 7 0 3 78 7 0 69 66
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GSPA | 0.0335 | 0.0147 | 0.1164 | 0.0467 | 0.0182 | 0.0687 0.1306 | 0.0120 | 0.0059
6 54 48 89 65 37 26 0 99 36 32
GSPA | 0.0251 | 0.0073 0.0418 | 0.0182 | 0.0031 | 0.0037 | 0.1394

7 66 74 0 95 37 24 62 12 0 0
GSPA | 0.0158 | 0.0485 | 0.0813 | 0.0228 0.0360 | 0.1659 | 0.0871 | 0.0229 | 0.0355
8 62 34 83 84 0 45 57 33 79 9
GSPA | 0.0104 | 0.0402 | 0.0111 | 0.0422 | 0.0212 | 0.0360 | 0.1305| 0.1306 | 0.0240 | 0.0489
9 48 22 7 47 77 45 53 99 73 36
GSPA | 0.0104 | 0.0093 | 0.1244 | 0.0469 | 0.0255 | 0.0360 | 0.1526 | 0.1306 | 0.0765 | 0.0259
10 48 85 68 41 32 45 81 99 96 51

Then compute the distance of Manhattan and Chebyshev by using Egs. (5 and 6). Then compute the priority value by
using Egs. (7 and 8). Then compute the absolute distance by using Eq. (9). Then compute the relative weight by using
Eg. (10). Then rank the supplier as shown in Figure 4.

GSPA10
GSPA9
GSPA8
GSPA7
GSPA6
GSPA5
GSPA4
GSPA3

GSPA2

GSPA1

o
o
e
o
N

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 4: The ordering of ten suppliers.

4. Conclusion

In order to reap the benefits of becoming green, businesses must provide vendors with the knowledge and skills they
need to adapt their operations to green manufacturing practices and take the initiative to implement sustainable
practices across the supply chain. Thus, the purpose of this research is to begin implementing GSCM practices by
including ecological variables in the choice of vendors. The current research helped determine which environmental
factors should be prioritized in assessing and selecting eco-friendly vendors. This paper used ten criteria collected
from previous studies and ten suppliers to select the best green supplier. The VIKOR method was used in this paper
to compute the weights of 10 criteria, then rank the ten suppliers. The neutrosophic set was used to overcome the
uncertain information in the evaluation process.
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