We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 185,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter 7

An Intuitionistic Fuzzy Group Decision-Making to
Measure the Performance of Green Supply Chain
Management with TOPSIS Method

Berna Bulgurcu
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73701

Abstract

Green supply chain management (GSCM) integrates environmental regulations into sup-
ply chain management to diminish the negative effects of supply chain processes on the
environment. The environmental problems appeared by an enterprise arise from design-
ing the product and last until the recycling process. GSCM activities include five drivers
such as green design, green purchasing, green transformation, green logistics and reverse
logistics. In this chapter, the main aim is to explain these drivers and to show how to
measure the GSCM success of companies, which operate as tire manufacturers by using
an evaluation of a group of experts in their field. The proposed method, intuitionistic
fuzzy technique for order preference by similarity to an ideal solution as an effective
group decision-making method, helped to identify the alternative company 1 with the
best GSCM performance among six different alternative tire companies under the consid-
eration of five important GSCM drivers. The ranking result was as follows: Al > A3 >
A4>A2> A6> A5.

Keywords: intuitionistic fuzzy TOPSIS, group decision-making, green supply chain
management

1. Introduction

After the Industrial Revolution, rapid developments in technology and industrialization cause
environmental problems to meet the increasing needs. At this point, many countries have
begun to implement environment protection rules, which are part of environmental manage-
ment systems (EMS). Managing and improving environmental performances, increasing
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134 Multi-Criteria Methods and Techniques Applied to Supply Chain Management

resource efficiency, complying with environmental laws and regulations and adapting to
changing requirements are part of EMS and helped organizations for maintaining environ-
mental policy. Environmental regulations can differ from country to country. So, these differ-
ences create barriers to trade. Firms have initiated various ventures in order to remove trading
barriers and be able to make cleaner production and to use natural resources most efficiently as
a result of compulsory pressures created by regulatory regimes. One of these powerful ven-
tures is building an integration environmental thinking into supply chain management, which
is called green supply chain management (GSCM). Jolley’s research [1] supports that EMS
and green supply chain practices are complementary to each other. Over the last years, GSCM
has an important role to build powerful economic environmental performances at different
levels in organizations [2]. To improve green skills, all firms need successful implementation of
GSCM within the organization.

In the literature, there are many different definitions for GSCM. However, in general, GSCM
means the explicit consideration of ecological dimensions in the planning, operations and
management of supply chains [3]. Minimizing or eradicating wastes including hazardous
chemical, emissions, energy and solid waste along supply chain process such as product design,
material sourcing and selection, manufacturing process, delivery of final product to the con-
sumers and end-of-life management of the product are the main aims of GSCM [4, 5]. In order
to reach these main aims and increase the efficiency of green supply chain management, firms
apply multi-criteria decision-making techniques. In a highly competitive fuzzy environment,
using fuzzy group decision-making methods is more effective to find the optimal solutions.

Therefore, in this chapter, an extended technique for order preference by similarity to an ideal
solution (TOPSIS) for group decision-making with intuitionistic fuzzy numbers is proposed to
assess GSCM performance of tire manufacturing companies. First of all, performance drivers of
GSCM performance are determined with the help of literature review and opinions of academic
and industrial experts. After deciding the main drivers of GSCM performances, three decision-
makers who have certain experience and expertise give individual opinions about drivers and
alternatives. In other studies in this area, the weights of each decision-maker in a specific group
are generally ignored; however, in this study, relative importance of each decision-maker’s
opinions is determined by using intuitionistic fuzzy numbers. Intuitionistic fuzzy weighted
averaging (IFWA) operator, developed by Xu in 2007 [6], is utilized to aggregate individual
opinions of decision-makers for rating the importance of criteria and alternatives.

This chapter proposes an intuitionistic fuzzy multi-criteria group decision-making with the
TOPSIS method for GSCM performance evaluation. In Section 2, many definitions of GSCM are
given and researches about GSCM have been explained. The rest of this chapter is organized as
follows. In Section 3, the proposed methodology in this chapter is explained. A brief descrip-
tion of intuitionistic fuzzy sets is also given in subSection 1 of Section 3. SubSection 2 of Section
3 presents a detailed description of intuitionistic fuzzy TOPSIS method. In Section 4, a numer-
ical example, which is about GSCM performances of tire manufacturing companies, is demon-
strated. Finally, the conclusion of this chapter and obtained results are presented in Section 5.
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2. Green supply chain management

Environmentally responsible manufacturing created a relation between environmental researches
in logistics and the reverse logistics. Therefore, the idea of GSCM emerged in this way, and it is
said that its history was based on the researches on reverse logistics in 1990s [7]. According to [8],
if a definition is to be made about supply chain and green supply chain, this definition depends
on the economic, social, environmental, coordination, relationship, efficiency and performance
criteria, which belong to business sustainability and supply chain management characteristics.

The GSCM notion in the literature has been defined in many researches and studies in recent
years. Some of these definitions have been general and comprehensively covered the whole
area, while others have focused on specific aspects [9]. Gilbert [10] explains that GSCM is an
integration of traditional supply chain management facilities and environmental criteria.
Hervani et al. [11] defined that GSCM is the collection of green purchasing, green manufactur-
ing management, green distribution and reverse logistics. GSCM begins at the point of product
design and continues until the end of the product’s lifecycle in every step of the supply chain
process, including recycling or environmentally friendly eradication of the product [12].

A number of researchers have focused on supply chain management and also GSCM as the
potential multi-criteria decision-making problem in recent years. For example, Muduli and
Barve [13] have made an attempt to identify main success criteria such as top management
commitment, gap analysis, implementation and continual improvement for GSCM imple-
mentation in Indian mining industries and used the Analytic Hierarchy Process (AHP) to
represent the existing interrelationship between factors in a structured way. Kamolkittiwong
and Phruksaphanrat [14] also have tried to implement GSCM strategy of the electronic
industry in Thailand to help the new companies that want to enter the market in their study.
It aimed to determine the importance level of external and internal critical factors of GSCM
strategy implementation. In another research, Toke et al. [15] have found the weights of
critical success factors of GSCM in Indian manufacturing industry with the help of AHP steps.
Mathiyazhagan et al. [16] examined the pressures for GSCM adoption via AHP. References
[17-26] have built AHP and fuzzy AHP models for the evaluation of different GSCM practices.
As seen, despite the fact that studies which applied on AHP models are mostly in the majority,
in the green supply chain literature, GSCM practices can be often investigated differently by
many different multi-criteria decision-making techniques such as TOPSIS, VIKOR, DEMATEL
among researchers. For instance, Muralidhar et al. [27] have applied TOPSIS and fuzzy AHP
together to evaluate various green supply chain management strategies, which are composed of
green procurement, manufacturing, green service to customers and environmental manage-
ment process. Akman and Piskin [28] have integrated Analytical Network Process (ANP) and
TOPSIS to assess GSCM practices performance of 18 green suppliers by utilizing main criteria
such as pollution control, environment management system, green products, environmental
collaboration and environmental competency. The models [29-33] used in their articles are
given as some examples of TOPSIS and fuzzy TOPSIS.
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Rostamzadeh et al. [34] concentrated on fuzzy VIKOR to maintain GSCM activities in four
laptop manufacturing companies. Main criteria such as green design, green purchasing, green
production, green warehousing, green transportation and green recycling were evaluated to
rank these companies in this research. According to Malviya and Kant [35], measuring the
success of GSCM implementation via a hybrid model which constructed DEMATEL and fuzzy
sets was contributed to green supply chain literature. Strategic, organizational, social-cultural,
buyer and supplier activity, legislation and technical GSCM practices were the evaluated main
factors to compare success and failure assessments in this research. Comparing to other multi-
criteria decision-making techniques, in the literature, there are a few studies about GSCM
performances under intuitionistic fuzzy environment. However, there is a growing interest
about this specific subject. Govindan et al. [36] proposed an intuitionistic fuzzy DEMATEL
method to obtain green practices in an efficient manner for the automotive sector. GSCM
performances criteria such as reverse logistics, green design, green purchasing, carbon man-
agement, supplier environmental collaboration, customer environmental collaboration, ISO
14001 certification, internal management support, environmental performance and economic
performance and their interdependencies were improved by applying the DEMATEL tech-
nique. It has been determined that automotive firms need to properly implement GSCM in
order to avoid the adverse effects of strict regulations and increasing community concerns.

Wan and Li [37] developed a new fuzzy mathematical programming method for solving
complex multi-attribute decision-making problems with interval-valued intuitionistic fuzzy
sets to determine the weights and make green supplier selection. Green supplier selection is
the one of the critical problems of GSCM. According to this research, the focuses of green
supplier selection are different from the traditional supplier selections. Li and Wu [38] have
improved intuitionistic fuzzy TOPSIS model for green supplier selection, and their findings
show that the model can solve this selection problem under uncertain environment effectively.

The performance measurement perspective of GSCM has been supported by various authors.
Hervani et al. [39] firstly aimed at determining the GSCM performance tools. After that, with
an integrated study, green purchasing, green manufacturing, green marketing and reverse
logistics were used in the main definition of GSCM performance. To provide long-term busi-
ness life in green-based organizations, firms have to focus on all important criteria of GSCM
performance. The purposes of this focus on GSCM performance have been identified as
making robust external reporting, managing firms in the best way and also making an internal
analysis about business and environment. Rao and Holt [2] analyzed supply chain manage-
ment from the greening perspective and found a link between GSCM practices and necessity of
competitive activities. According to them, if GSCM was applied by all organizations, economic
performances and competitiveness could be obtainable. Zhu et al. [40] studied on GSCM
practices of four different Chinese industries, and they reached the conclusion that the indus-
trial differences affected the adoption of GSCM. Jakhar [41] determined main criteria and
subcriteria of GSCM performances. Green supplier partnership performance, green produc-
tion performance, green delivery and logistics performance are used as main criteria, while
cost of raw material, carbon footprint, defect rate, flexibility rate, recycling rate, ordering cost,
unit manufacturing cost, capacity utilization level, usage of energy, product quality, production
flexibility, transportation cost, greenhouse gas emission, delivery time and delivery reliability
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are subcriteria. Uygun and Dede [26] applied DEMATEL, ANP and TOPSIS methods under
fuzzy environment to make a general evaluation about GSCM main criteria and subcriteria.
Green design, green purchasing, green transformation, green logistics and reverse logistics are
defined as main criteria, along with product features, material selection, energy usage, life-
cycle design, eco-design, design for environment, reusable materials, green manufacturing,
green packaging, green stock politics, quality of service, quality of technology, quality regula-
tions, and so on. The main aim of this research is to show the effectiveness of green activities of
firms. Surmacz [42] explained why the firms need GSCM performance measurement systems.
Recognition of green goals of firms and early warning for failures must be included while
considering effective factors of GSCM performance measurement.

As seen, GSCM performance measurement is a very difficult problem for companies. This is
mainly the case because measuring environmental performances is indeed a difficult task
due to the reasons such as the lack of data, weak technology, cultural and organizational
conflicts in an uncertain future. However, in a general view, in this chapter, the components
of GSCM performance measurement are determined and used for GSCM evaluation in tire
manufacturing companies. These components, which are called Green Design, Green Pur-
chasing, Green Transformation, Green Logistics and Reverse Logistics, are used as criteria of
GSCM performance. Green design is an environmental matter that both manufacturers and
producers focus on. From the perspective of GSCM, green design proves helpful during the
design phase particularly in terms of identifying product features, material selection, energy
usage, and so on. Green purchasing is defined as an environmentally sensitive purchasing
practice. According to Min and Galle [43], it is an ongoing procedure of recycling reusable
or recyclable materials. It helps to satisfy customers and to ensure the brand image of the
companies. Green transformation comprises all transformation activities such as green
manufacturing, green packaging and green stock policies for production process of a prod-
uct [44]. Green logistics uses an environmental way to deliver products and services. It aims
to preserve resources to satisfy requirements about ecological balance [45]. Reducing idle use
will help improve work efficiency. Reverse logistics is briefly about reusing the product
materials. It manages networks which help product returns, remanufacturing, recovery,
reuse and redistribution [46].

3. Methodology

A number of researchers have focused on supply chain management and also on green supply
chain management as the potential multi-criteria decision-making problems in recent years.
The evidence from the literature, therefore, is that there is a lack of consensus on the impact of
GSCM on performance outcomes. This conflict was recognized and discussed in different
studies including those by Eltayeb et al. and Zhu et al. [47, 48]. Zhu et al. [48] argued that the
conflicting findings have the potential to become a barrier for organizations that intend to
implement GSCM. In this chapter, the proposed performance evaluation model for GSCM is a
hybrid model which combines TOPSIS and intuitionistic fuzzy set.

137



138 Multi-Criteria Methods and Techniques Applied to Supply Chain Management

3.1. Intuitionistic fuzzy set

The first appearance of the concept of fuzzy logic came in 1965 when Zadeh published a paper
entitled “Fuzzy Sets” in a journal named Information and Control [49]. Fuzzy logic, also
expressed as the adaptation of mathematics to the real world, is based on uncertainties.

The fuzzy set theory, unlike the classical known set theory, operates according to the Aristo logic
and allows the partial membership of an element to a set. For example, this suggests adding less
sharp values into the cluster such as very long-long-medium-short-very short, hot-warm-less
cold-cold-very cold values instead of using sharp values such as long-short, hot-cold, fast-slow,
black and white. These intermediate values are in the form of verbal expressions and are called
fuzzy variables. The intuitive fuzzy set was developed for the first time by Atanassov [50] and
has appeared in the literature as a generalized version of the fuzzy set. According to Atanassov’s
definition [50], intuitionistic fuzzy set A in a nonempty set X can be shown as:

A = {(x,u,(x),04(x))|x€X} where p,(x) :— [0,1], va(x) : X — [0,1] are membership func-
tions and nonmembership functions separately.

0<p,(x)+va(x)<1 (1)

ma(x) is a third parameter of intuitionistic fuzzy set. 14 =1 — p,(x) — va(x) is known as the
degree of indeterminacy of x which belongs to A or not. So, it is clear that 0< 714 (x) <1, Vx € X. On
the other hand, if the 74 (x) is small, an understanding about x is more certain. If the 714 (x) is big,
an understanding about x is more uncertain. Apparently, when 1, (x) = 1 — v4(x) for all elements
of the universe, the ordinary fuzzy set construction is retrieved [51]. A and B are intuitionistic
fuzzy sets of the set X, and multiplication operator is exhibited as in Atanassov’s research [50].

A®B = {u,(x).ug(x),va(x) + vp(x) — va(x).v(x)x € X|} ()

3.2. Intuitionistic fuzzy TOPSIS

Technique for order preference by similarity to ideal solution methods (TOPSIS), one of the
multi-criteria decision-making techniques, was developed by Hwang and Yoon in 1981 [52]; it
is based on the shortest distance to positive ideal solution and the farthest distance to negative
ideal solution and aims to rank alternatives according to distance measurement. TOPSIS also
differs from other multi-criteria decision-making techniques in terms of being a technique that
solves all the evaluation criteria at the same time and presents a single distribution to the
decision-makers. Furthermore, its literature history is really powerful. In this chapter, the TOPSIS
method intends to achieve the ultimate decision by expanding intuitively fuzzy environment.

Let A={4,4,,...4,} be a set of alternatives, while C ={C,,C,,..,C,} be a set of criteria. The relative
importance of decision-makers in group of 1 decision-makers is also a part of the account. The
fact that some of decision-makers have different knowledge, experiences and education level
differentiates the importance levels of their opinions.
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R® =", : kth decision-maker’s intuitionistic fuzzy decision matrix.

r® =, v, P 7, ¢ ith alternatives of an intuitive value from jth criterion given by kth
decision-maker.

"+ jth criterion membership degree of ith alternatives to kth decision-maker.
v, : jth criterion nonmembership degree of ith alternatives to kth decision-maker.

7, : the uncertainty degree to kth decision-maker.

According to all given definitions, the hybrid use of the intuitive fuzzy set theory with TOPSIS
is proposed by Boran et al. [53], and the steps of the Intuitionistic Fuzzy TOPSIS method are as
follows:

Step 1: Determination of the weights of decision-makers.

Since group decision-making is a matter of concern, the significance ratings within the group
of expert decision-makers are expressed in linguistic terms based on the fuzzy set theory, and
at later stages, these terms are transformed into intuitive fuzzy numbers.

D, =(,,v,,m,) is an intuitionistic fuzzy number for rating kth decision-maker.

The weight of kth decision maker can be calculated, as shown in Eq. 3:

(s, + 7, ()

M +V,
A = (3)
D))

H U,

l
and also 4, >0k=12,.../veY i =1

k=1

Step 2: Conversion of decision-makers” evaluation about alternatives into aggregated intuitionistic
fuzzy decision matrix.

The intuitive fuzzy weighted averaging (IFWA) operator proposed by Xu [6] is used because
all the decision-makers’ evaluations on the subject can be presented as a group decision and no
loss of thought by any party in the group occurs.

According to this operator, different evaluations can be presented as a single evaluation.

- ® @ Dy _ O @ 0
v =IFWA, (n, ) =140 4, @04

y 'y 2

’ f : , 4)
= {] —H(l _‘ujj(’f))ﬂ* ’H(Uy_(k))ﬂ; ’H(] _lul_j(k))ﬂ* _H(Uj(k))’lk }

In Eq. 4, the given r, = (#,.v;.7,;) (i=1,2..,m;j=1,2,...n) is an element of R aggregated intuitionistic
fuzzy decision matrix. R matrix can be shown as follows:
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(v mn) (Vi) o (0, 7) h ha - hy,
P (au213v21,7r21) (#22"’22,7522) (ﬂznavzn,”u) hy B 20 h,
(#ml’vml,”ml) (/umz’va,Eml) (lumn!vnm,ﬂ.mn) rﬂll r’"2 rm"

Step 3: Calculation of the weights of criteria.

As each decision-maker may hold a different opinion on the criterion, the criterion taken for
the evaluation in different topics may also be different from each other. In order to reflect this
situation to the calculations, each decision-maker’s thoughts about the criteria must be
expressed in intuitive fuzzy values and combined with the idea of group decision without loss
of thought. For this reason, a different IFWA operator, proposed by Xu [6] for the weights of
the following criteria, is used as follows:

w, =IFWA,(w P w @, ow)=aw ®iwP & @4w"
! ! ! ! (5)
= |:1 - 1—[ (1 _}lj(k))/iok s H (Uj(k))&}k 5 H (1 - .uij(k) )Ak - H (Uj(k))ﬁ-Jl i|
k=1 k=1 k=1 k=1
W= {wl, w,,W,, ....wj} are the weights calculated for criteria. Each weight is expressed like that:
W] :(#[’vl‘ﬂ]) (j:1’25""n)'
Step 4: Construction of aggregated weighted intuitionistic fuzzy decision matrix.

The aggregated weighted intuitionistic fuzzy decision matrix is constructed by combining
with criteria weights and the aggregated intuitionistic fuzzy decision matrix, which is deter-
mined in second step. The following definition is [50]:

R'=ROW =(u;".v,") ={<x,yij_uj,v,.j +v, —v.._v.>|xeX} (6)

L

and

ﬁ'u =lovy = vy =yt v, (7)

ry=,v,,m,) (=12,.,mj=12,..,n) are the elements of matrix.

The aggregated weighted intuitionistic fuzzy decision matrix (g can be shown as follows:

(nun’vll,’rn) (ﬂlz’vlz,”lz) (Ju]n’vln,ﬂ.ln Fii Fig ses Ly
R = (:”21"’2[,”21) (,uzzavzz,ﬂ'zz) (IuZn’vln,”Ln . Fop Fog == Fyy
(luml’vml,”ml) (Iumzivmz,ﬁml) (an’vmn,ﬂmn) r"ll rml e rm"

Step 5: Calculation of intuitionistic fuzzy positive-ideal solution and intuitionistic fuzzy
negative-ideal solution.

J, is defined as the set of benefit criteria, and ./, is also defined as the set of cost criteria. At this
point, 4" is intuitionistic fuzzy positive-ideal solution and 4" is intuitionistic fuzzy negative-
ideal solution. Respectively, solutions are formulated as:
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7, =| (1) minfy} <
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7 =|[1-minf }-mox{y 1 e ) (1o} -minfy e 09

Step 6: Calculation of positive and negative separation measures.

To measure the separation between alternatives on the positive intuitive fuzzy ideal solution
and the negative intuitive fuzzy ideal solution, calculation of distance measurement can vary.
For instance, the TOPSIS method generally applies to Euclidean distance measurement; how-
ever, in the literature, to remove some mathematical set obstacles, Hamming distance mea-
surement and normalized distance measurement are proposed by Szmidt ve Kacprzyk in 2000
[54]. In this chapter, Hamming distance measurement is used to measure the separation
between the positive and the negative measurement of intuitive fuzzy ideal solution.

According to this, the following formulas are used to calculate for s and S,

1 n

I A R A N T E S

=

_ 1 & ' " ' _ 1 " .

S, ZEZ;DMJ_ —u; |+, —v, | +my -7 |],l:1,2,...,m (16)
=

Step 7: Calculation of the relative closeness coefficient to the intuitionistic ideal solution.

The relative closeness coefficient of an alternative with respect to the intuitionistic fuzzy
positive ideal solution is calculated as follows:

Ci* :L
S, +8.

Step 8: Ranking the alternatives.

,0<C <1, i=12,..m (17)

Alternatives are ranked according to descending order of relative closeness coefficient value,
which is calculated in step 7. Thus, the final assessment of all alternatives is completed in this step.
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4. Application of measuring the performance of green supply chain
management for tire manufacturers

This numerical and real case study is about the usage of the TOPSIS method combined with
intuitionistic fuzzy set for the evaluation of drivers of GSCM performance of tire manufactur-
ing companies in the group decision-making environment. These companies as the alternative
companies are evaluated and ranked by intuitionistic fuzzy TOPSIS in terms of performance
determination of GSCM. Firstly, experts from academic and this specific industrial domain
help to determine the necessary drivers of GSCM. Table 1 presents these five drivers, which
are explained in Section 2 as criteria. After pre-evaluation, a committee composed of three
decision-makers filled out the questionnaire about green drivers of six tire manufacturing
companies competing in the same sector.

Also, the importance levels of ideas among decision-makers have been calculated by using
Eq. 3 as the most important detail in this method. The proposed steps in the following are used
to reach the best performance of green supply chain management.

Step 1: Determination of the weights of decision-makers.

Linguistic terms in Table 2 are used to determine both the weights of decision-makers in the
group and criteria. In the literature, it is possible to see that different linguistic terms can be
applied. However, in this chapter, the linguistic terms, which Boran et al. [53] used in their
research, are used. These linguistic terms seem appropriate.

The importance levels and weights of the decision-makers are calculated as in Table 3.

C1 Green design

2 Green purchasing

C3 Green transformation
C4 Green logistics

C5 Reverse logistics

Table 1. Five drivers of GSCM activities.

Linguistic terms Intuitionistic fuzzy number
Very unimportant (0.1.0.9. 0)

Unimportant (0.35.0.6. 0.05)

Medium level important (0.5.0.45. 0.05)

Important (0.75. 0.2. 0.05)

Very important (0.9.0.1. 0)

Table 2. Linguistic terms for rating the importance of criteria and the decision-makers.
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Decision-maker 1 Decision-maker 2 Decision-maker 3
Very important Important Medium level important
0.4062 0.3563 0.2375

Table 3. The importance of decision-makers and their weights.

Decision-makers in this group have different levels of education, different working experi-
ences and company positions.

Step 2: Conversion of decision-makers’ evaluation about alternatives into aggregated
intuitionistic fuzzy decision matrix.

The linguistic terms for evaluating alternatives on a per-criteria basis by three decision-makers
were accepted as presented in Table 4.

Table 5 summarizes questionnaire evaluation about criteria of the alternatives by three
decision-makers.

Linguistic terms Intuitionistic fuzzy number
Very good (VG) (0.75.0.10. 0.15)
Good (G) (0.65.0.25. 0.15)
Fair (F) (0.50. 0.50. 0.00)
Bad (B) (0.25.0.60. 0.15)
Very bad (VB) (0.10. 0.75. 0.15)

Table 4. Linguistic terms for rating alternatives.

Decision-makers Alternatives C1 C2 C3 C4 C5

DM1 Al G G G G G
A2 G G G F G
A3 G G G G G
A4 G G G F G
A5 F B F F F
A6 F F F F F

DM2 Al G G VG F G
A2 G G VG F G
A3 G G VG F G
A4 VG G VG F G
A5 B F F B B
A6 F G G F F
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Decision-makers Alternatives C1 C2 C3 C4 C5

DM3 Al G G G F G
A2 G G G F G
A3 G G G F F
A4 G G F F F
A5 B B F F F
A6 F F F F G

Table 5. Evaluation of alternatives according to criteria by decision-makers.

In order to ensure no losses occur in the decision-makers” opinion, the IFWA operator is used
to construct the aggregated intuitionistic fuzzy decision matrix, shown in Table 6, with the
help of the evaluation in Table 5.

Step 3: Calculation of the weights of criteria.

In the case of decision-making problems, the weight of each criterion is generally different
from each other except for some specific evaluations. The most important reason for this is that
the significance levels of criteria are different for each decision-maker. If the problem requires
the determination of the importance of the decision-makers in a group, as in this study, the
linguistic terms, shown in Table 2, and Eq. 3, are used together.

In addition, evaluation of decision-makers about the criteria is presented in Table 7. By using
IFWA, the weights of criteria are calculated as follows:

— c1 2 C3 c4 C5
Al (0.600, (0.600, (0.662, (0.543, (0.600,
0.250, 0.250, 0.180. 0.377, 0.250,
0.150) 0.150) 0.158) 0.079) 0.150)
A2 (0.600, (0.600, (0.662, (0.500. (0.600,
0.250, 0.250, 0.180. 0.500. 0.250,
0.150) 0.150) 0.158) 0.000) 0.150)
A3 (0.600, (0.600, (0.662, (0.543, (0.578,
0.250, 0.250, 0.180. 0.100, 0.295,
0.150) 0.150) 0.158) 0.150) 0.127)
Ad (0.662, (0.600, (0.643, (0.500. (0.578,
0.180. 0.250, 0213, 0.500. 0.295,
0.158) 0.150) 0.144) 0.000) 0.127)
A5 (0.364, (0.651, (0.500. 0.422, (0.422,
0.557, 0.562, 0.500. 0.534, 0.534,
0.079) 0.087) 0.000) 0.044) 0.044)
A6 (0.500, (0.538, (0.538, (0.500. (0.526,
0.500, 0.391, 0.391, 0.500. 0.424,
0.000) 0.071) 0.071) 0.000) 0.050)

Table 6. Aggregated decision matrix.
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DM 1 DM 2 DM 3
C1 VI VI
2 I VI
C3 I I
C4 M M M
C5 I I M

Table 7. Evaluation of criteria by decision-makers.

Step 4: Construction of aggregated weighted intuitionistic fuzzy decision matrix.

It has become easier to calculate the aggregated weighted intuitionistic fuzzy decision matrix
by determining the weight of each criterion. The final weighted combined decision matrix
formed by the product operator (IFWA) defined in the intuitionistic fuzzy sets is given in

0.500, 0.450,0.050);

0.705,0.242,0.052

\

((0.876,0.118,0.006);
(0.820,0.156,0.024);
(0.750,0.200,0.050);
( )
( )

J

Table 8.

— C1 C2 C3 C4 C5

Al (0.525, (0.492, (0.496, (0.272, (0.423,
0.338, 0.367, 0.344, 0.658, 0.432,
0.136) 0.141) 0.159) 0.071) 0.145)

A2 (0.525, (0.492, (0.496, (0.250, (0.423,
0.338, 0.367, 0.344, 0.725, 0.432,
0.136) 0.141) 0.159) 0.025) 0.145)

A3 (0.525, (0.492, (0.496, 0.272, (0.408,
0.338, 0.367, 0.344, 0.658, 0.466,
0.136) 0.141) 0.159) 0.071) 0.126)

Ad (0.579, (0.492, (0.482, (0.250, (0.408,
0.277, 0.367, 0.370, 0.725, 0.466,
0.144) 0.141) 0.147) 0.025) 0.126)

A5 (0.319, (0.288, (0.375, 0211, (0.298,
0.609, 0.631, 0.600, 0.743, 0.647,
0.072 0.082) 0.025) 0.045) 0.056)

A6 (0.438, (0.441, (0.404, (0.250, (0.371,
0.559, 0.486, 0.512, 0.725, 0.564,
0.003) 0.073) 0.084) 0.025) 0.065)

Table 8. Aggregated weighted intuitionistic fuzzy decision matrix.
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" (0.579, 0.277, 0.144)
r (0.492, 0.367, 0.141)
3 (0.496, 0.344, 0.159)
ry (0.272, 0.658, 0.071)
15 (0.423, 0.432, 0.145)

Table 9. Intuitionistic fuzzy positive-ideal solution value.

Step 5: Calculation of intuitionistic fuzzy positive-ideal solution and intuitionistic fuzzy
negative-ideal solution.

All the criteria discussed in the problem are beneficial. Intuitionistic fuzzy positive-ideal
solution (4 ") and intuitionistic fuzzy negative-ideal solution (4-) are calculated by taking into
consideration the benefit and cost criteria, and shown in Tables 9 and 10.

Step 6: Calculation of positive and negative separation measures.

The separation measures between the alternatives and the positive intuitive fuzzy ideal solu-
tion and the negative intuitive fuzzy ideal solution are given in Table 11.

Step 7: Calculation of the relative closeness coefficient to the intuitionistic ideal solution.

The relative closeness coefficients are determined and shown with positive and negative separa-
tion measures in the same table.

Step 8. Ranking the alternatives.

" (0.319, 0.609, 0.072)
o (0.288, 0.631, 0.082)
£y (0.375, 0.600, 0.025)
e (0.211, 0.743, 0.045)
s (0.298, 0.647, 0.056)

Table 10. Intuitionistic fuzzy negative-ideal solution value.

Alternatives S’ A CJ.*

Al 0.061 1.09 0.9467
A2 0.129 1.04 0.8901
A3 0.095 1.06 0.9173
A4 0.127 1.05 0.8915
A5 1.152 0 0.0000
A6 0.768 0.48 0.3856

Table 11. Separation measures and the relative closeness coefficient of each alternative.
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The relative closeness coefficients are used in the order of the alternatives. Six alternatives are
ranked according to the descending order of C,” value. The alternative with the highest C
value is the best alternative, while the alternative with the lowest value is the last alternative to
be selected with the criterion-based evaluation. In this study, the best alternative was selected
as alternate 1. While alternate 3 is in the second rank, six different tire manufacturing compa-
nies in the form of A1 > A3 > A4 > A2 > A6 > A5 were evaluated.

5. Conclusions and recommendations

In today’s business environment, increasing practices of supply chain management with green
perspectives have become remarkable and necessary. Thus, successful management of green
activities in an uncertain future in a competitive environment has also become important to
survive. This chapter explains an intuitionistic fuzzy group decision-making for green supply
chain management performances of tire manufacturing companies using intuitionistic fuzzy
TOPSIS. Dealing with uncertainties is the subject of this method. In addition to this character-
istic, fuzzy average operator helps to combine ideas of decision-makers. On the other hand, if
only TOPSIS used to make this evaluation, there would be a different solution. Because, even
though TOPSIS has special distance calculations features while calculating the ideal optimal
solution, it does not take into account decision-makers’ ideas with the different importance
levels. All these make the proposed method preferable.

In this chapter, to decide related criteria of GSCM, it is really important to investigate GSCM
performances of Turkey’s top tire manufacturing companies. This proposed approach can be
applied for companies operating in different sectors. In future studies, various multi-criteria
decision-making techniques can be combined with intuitionistic fuzzy sets to create hybrid
techniques.

Author details

Berna Bulgurcu
Address all correspondence to: bkiran@cu.edu.tr

Business Administration Department, Cukurova University, Adana, Turkey

References

[1] Jason JG. Green supply chain management practices complement EMS systems. Sustain-
able Enterprise Quarterly. 2005;5(1):1-8

[2] Rao P, Holt D. Do green supply chains lead to competitiveness and economic performance?
International Journal of Operations and Production Management. 2005;25(9):898-916

147



148 Multi-Criteria Methods and Techniques Applied to Supply Chain Management

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[14]

[15]

[17]

Zhu Q, Sarkis J. Relationships between operational practices and performance among
early adopters of green supply chain management practices in Chinese manufacturing
enterprises. Journal of Operations Management. 2004;22:265-289

Rao P. Greening of suppliers/in-bound logistics — mn the south east Asian context. Green-
ing the Supply Chain. 2006:189-204

Srivastava SK. Green supply-chain management: A state-of-the-art literature review.
International Journal of Management Reviews. 2007;9:53-80

Xu ZS. Some similarity measures of intuitionistic fuzzy sets and their applications to
multiple attribute decision making. Fuzzy Optimization and Decision Making. 2007;6(2):
109-121

McKinnon A, Browne M, Whiteing A. Green Logistics: Improving the Environmental
Sustainability of Logistics. Kogan Page Publishers; 2012

Ahi P, Searcy C. A comparative literature analysis of definitions for green and sustainable
supply chain management. Journal of Cleaner Production. 2013;52:329-341

Fahimnia B, Sarkis J, Davarzani H. Green supply chain management: A review and
bibliometric analysis. International Journal of Production Economics. 2015;162:101-114

Gilbert S. Greening supply chain: Enhancing competitiveness through green productivity.
Asian Productivity Organization. 2000

Hervani AA, Helms MM, Sarkis ]J. Performance measurement for green supply chain
management. Benchmarking: An International Journal. 2005;12(4):330-353

Dhull S, Narwal MS. Drivers and barriers in green supply chain management adaptation:
A state-of-art review. Uncertain Supply Chain Management. 2016;4:61-76

Muduli K, Barve A. Sustainable development practices in mining sector: A GSCM
approach. International Journal of Environment and Sustainable Development. 2013;12(3):
222-243

Kamolkittiwong A, Phruksaphanrat B. An analysis of drivers affecting green supply
chain management implementation in electronics industry in Thailand. Journal of Eco-
nomics, Business and Management. 2015;3(9):864-869

Toke LK, Gupta RC, Dandekar M. An empirical study of green supply chain management
in Indian perspective. International Journal of Applied Sciences and Engineering Research.
2012;1(2):372-383. http://dx.doi.org/. DOI: 10.6088/ijaser.0020101038

Mathiyazhagan K, Diabat A, Al-Refaie A, Xu L. Application of analytical hierarchy
process to evaluate pressures to implement green supply chain management. Journal of
Cleaner Production. 2015;107:229-236

Lu LYY, Wu CH, Kuo TC. Environmental principles applicable to green supplier evalua-
tion by using multi-objective decision analysis. International Journal of Production
Research. 2007;45:4317-4331



An Intuitionistic Fuzzy Group Decision-Making to Measure the Performance of Green Supply Chain Management...

[18]

[19]

[21]

[22]

[23]

[24]

[29]

[30]

http://dx.doi.org/10.5772/intechopen.73701

Hu AH, Hsu CW, Kuo TC, Wua WC. Risk evaluation of green components to hazardous
substance using FMEA and FAHP. Expert Systems with Applications. 2009;36:7142-7147

Yang Z K, Li]. Assessment of green supply chain risk based on circular economy. In: IEEE
17th international conference on industrial engineering and engineering management
(IE&EM). 2010;1276-1280

Lin RJ, Chen RH, Nguyen TH. Green supply chain management performance in automo-
bile manufacturing industry under uncertainty. Procedia - Social and Behavioral Sciences.
2011;25:233-245

Muralidhar P, Ravindranath K, Srihari V. Application of fuzzy AHP for evaluation of green
supply chain management strategies. IOSR Journal of Engineering. 2012;2(3):461-467

Rostamy AAA, Shaverdi M, Ramezani I. Green supply chain management evaluation in
publishing industry based on fuzzy AHP approach. Journal of Logistics Management.
2013;2(1):9-14. DOI: 10.5923/j.1ogistics.20130201.02

Odeyale SO, Oguntola AJ, Odeyale EO. Evaluation and selection of an effective green
supply chain management strategy: A case study. International Journal of Research Stud-
ies in Management. 2013;3(1):27-39

Govindan K, Mathiyazhagan K, Kannan D, Haq AN. Barriers analysis for green supply
chain management implementation in Indian industries using analytic hierarchy process.
International Journal of Production Economics. 2014;147:555-568. DOI: 10.1016/j.ijpe.
2010.11.010

Mangla SK, Kumar P, Barua MK. Risk analysis in green supply chain using fuzzy AHP
approach: A case study. Resources, Conservation and Recycling. 2015;104:375-390

Uygun O, Dede A. Performance evaluation of green supply chain management using
integrated fuzzy multi-criteria decision making techniques. Computers & Industrial Engi-
neering. 2016,102:502-511

Muralidhar P, Ravindranath K, Srihari V. Evaluation of green supply chain management
strategies using fuzzy AHP and TOPSIS. IOSR Journal of Engineering. 2012;2(4):824-830

Akman G, Piskin H. Evaluating green performance of suppliers via analytic network
process and TOPSIS. Hindawi publishing corporation. Journal of Industrial Engineering.
2013:1-13. http://dx.doi.org/10.1155/2013/915241

Shen L, Olfat L, Govindan K, Khodaverdi R, Diabat A. A fuzzy multi criteria approach for
evaluating green supplier’s performance in green supply chain with linguistic prefer-
ences. Resources, Conservation and Recycling. 2013;74:170-179

Kannan D, de Sousa Jabbour ABL, Jabbour CJC. Selecting green suppliers based on
GSCM practices: Using fuzzy TOPSIS applied to a Brazilian electronics company. Euro-
pean Journal of Operational Research. 2014;233(2):432-447

149



150 Multi-Criteria Methods and Techniques Applied to Supply Chain Management

[31]

[33]

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Freeman J, Chen T. Green supplier selection using an AHP-entropy-TOPSIS framework.
Supply Chain Management: An International Journal. 2015;20(3):327-340. DOI: https://
doi.org/10.1108/SCM-04-2014-0142

Kusi-Sarpong S, Bai C, Sarkis J, Wang X. Green supply chain practices evaluation in the
mining industry using a joint rough sets and fuzzy TOPSIS methodology. Resources Policy.
2015;46:86-100

Boutkhoum O, Hanine M, Boukhriss H, Agouti T, Tikniouine A. Multi-criteria decision
support framework for sustainable implementation of effective green supply chain manage-
ment practices. SpringerPlus. 2016;5(664):1-24. https://doi.org/10.1186/s40064-016-2233-2

Rostamzadeh R, Govindan K, Esmaeili A, Sabaghi M. Application of fuzzy VIKOR for
evaluation of green supply chain management practices. Ecological Indicators. 2015;49:
188-203

Malviya RK, Kant R. Hybrid decision making approach to predict and measure the success
possibility of green supply chain management implementation. Journal of Cleaner Produc-
tion. 2016;135:387-409

Govindan K, Khodaverdi R, Vafadarnikjoo A. Intuitionistic fuzzy based DEMATEL
method for developing green practices and performances in a green supply chain. Expert
Systems with Applications. 2015;42(20):7207-7220

Wan SP, Li DF. Fuzzy mathematical programming approach to heterogeneous multi
attribute decision-making with interval-valued intuitionistic fuzzy truth degrees. Infor-
mation Sciences. 2015;325:484-503

Li M, Wu C. Green supplier selection based on improved intuitionistic fuzzy TOPSIS
model. Metallurgical and Mining Industry. 2015;7:193-205

Hervani AA, Helms MM, Sarkis J. Performance measurement for green supply chain
management. Benchmarking: An International Journal. 2005;12(4):330-353. DOI: https://
doi.org/10.1108/14635770510609015

Zhu Q, Sarkis ], Lai KH. Green supply chain management implications for closing the
loop. Transportation Research Part E: Logistics and Transportation Review. 2008;44(1):1-18

Jakhar SK. Designing the green supply chain performance optimisation model. Global
Journal of Flexible Systems Management. 2014;15(3):235-259

Surmacz T. Performance evaluation of green supply chain management. Economy in
Practice and Theory. 2017;46(1):73-82

Min H, Galle WP. Green purchasing practices of US firms. International Journal of
Operations & Production Management. 2001;21(9):1222-1238

Shang KC, Lu CS, Li S. A taxonomy of green supply chain management capability among
electronics-related manufacturing firms in Taiwan. Journal of Environmental Manage-
ment. 2010;91:1218-1226



An Intuitionistic Fuzzy Group Decision-Making to Measure the Performance of Green Supply Chain Management...

[45]

[46]

[47]

[48]

[54]

http://dx.doi.org/10.5772/intechopen.73701

Lai KH, Wong CWY. Green logistics management and performance some evidence from
Chinese manufacturing exporters. Omega Journal. 2012;40(3):276-282

Das K. Integrating reverse logistics into the strategic planning of a supply chain. Interna-
tional Journal of Production Research. 2012;50(5):1438-1456

Eltayeb T, Zailani S, Ramayah T. Green supply chain initiatives among certified compa-
nies in Malaysia and environmental sustainability: Investigating the outcomes. Resources,
Conservation and Recycling. 2011;55:495-506

Zhu Q, Sarkis ], Lai K-H. Examining the effects of green supply chain management
practices and their mediations on performance improvements. International Journal of
Production Research. 2012;50(5):1377-1394

Zadeh LA. Fuzzy sets. Information and Control. 1965;8:335-353
Atanassov K. Intuitionistic fuzzy sets. Fuzzy Sets and Systems. 1986;20(1):87-96

Shu MS, Cheng CH, Chang JR. Using intuitionistic fuzzy sets for fault tree analysis on
printed circuit board assembly. Microelectronics Reliability. 2006;46(12):2139-2148

Hwang CL, Yoon K. Multiple Attribute Decision Making Methods and Applications.
New York: Springer-Verlag; 1981

Boran FE, Genc S, Kurt M, Akay D. A multi-criteria intuitionistic fuzzy group decision
making for supplier selection with TOPSIS method. Expert Systems with Applications.
2009;36(8):11363-11368

Szmidt E, Kacprzyk J. Distances between intuitionistic fuzzy sets. Fuzzy Sets and Sys-
tems. 2000;114:505-518

151



ntechOpen

ntechOpen



