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Abstract Supplier evaluation problems deal with select-

ing appropriate suppliers considering multiple criteria,

which may be related with qualitative and quantitative

aspects. Traditional supplier selection criteria contain cri-

teria such as cost, capacity, delivery reliability, flexibility,

and responsiveness, etc. However, due to the increasing

level of environmental problems, it is a necessity to take

environmental criteria into account together with the tra-

ditional decision criteria in the supplier evaluation pro-

cesses of companies. Considering this necessity, this paper

proposes a decision making methodology for environ-

mental criteria integrated supplier evaluation processes. A

methodology based on intuitionistic fuzzy Choquet integral

operator is utilized to take into account vagueness of the

decision environment and the interactions among the cri-

teria. This methodology also provides the consideration of

the satisfaction and dissatisfaction degrees of alternatives

for each criterion with the help of intuitionistic fuzzy

values. In addition, the effects of the criteria weights to the

final ranking of suppliers are analyzed via sensitivity

analyses.

Keywords Fuzzy sets � Multi-criteria decision making �
Supplier selection � Sustainability

Introduction

Supplier selection is the process by which suppliers are

reviewed, evaluated, and chosen to become a part of the

company’s supply chain (Sean 2010). The contemporary

supply management is to maintain long-term partnership

with suppliers, and use fewer but reliable suppliers.

Therefore, choosing the right suppliers involves much

more than scanning a series of price list, and choices will

depend on a wide range of factors which involve both

quantitative and qualitative aspects (Ho et al. 2010).

Considering these factors, it can be said that supplier

selection problem is a multi-criteria decision making

problem which is affected by several conflicting factors

(Amid et al. 2006).

Supplier selection decisions affect almost every decision

of the supply chain (Bıyık et al. 2005). Due to its impor-

tance for the companies’ long-term success, supplier

selection problem is investigated both from academicians

and practitioners very often. Some of the studies which are

mostly utilized while preparing this study can be summa-

rized as follows. Ghodsypour and O’Brien (1998) pre-

sented an integrated analytical hierarchy process (AHP)

and linear programming approach to consider both tangible

and intangible factors in choosing the best suppliers and

placing the optimum order quantities among them such that

the total value of purchasing becomes maximum. Same

year, de Boer et al. (1998) aimed to depict that an out-

ranking approach may be very well suited as a decision

making tool for initial purchasing decisions. Verma and

Pulman (1998) examined the differences between manag-

ers’ rating of the perceived importance of different supplier

attributes and their actual choice of suppliers in an exper-

imental setting. Valluri and Croson (2003) used agent-

based modeling to study the performance of a supplier

selection model. de Boer et al. (1998) described an

experimental study for formal supplier selection decision

making models focusing on all phases of the supplier

selection process. Wang et al. (2004) presented a paper
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related with the product characteristics of supply chain

strategy and adopted supply chain operations reference

(SCOR) model using Level 1 performance metrics as their

decision criteria. The authors employed an integrated AHP

and preemptive goal programming based multi-criteria

decision making methodology. Ozgen et al. (2008) pro-

posed a two phase possibilistic linear programming meth-

odology for multi-objective supplier evaluation and order

allocation problem. In that study, an integration of AHP

and multi-objective possibilistic linear programming tech-

nique is utilized.

A large body of study on supplier evaluation literature

can be found additionally. However, Kuo et al. (2010),

Weber et al. (1991), Degraeve et al. (2000), de Boer

et al. (2001) are some of the most important articles on

supplier selection literature and detailed information

about the problem and its literature can be obtained from

those articles. Considering the extensive literature on

supplier selection problem, there are a few studies which

evaluate suppliers from an environmental perspective

(Table 1). Some of these studies can be summarized as

follows.

One of the initial studies in which suppliers’ environ-

mental performance is considered prepared by Noci (1997).

In that paper, a conceptual approach that identifies mea-

sures for assessing a supplier’s environmental performance

and some techniques for developing the supplier selection

procedure according to environmental viewpoint are pro-

posed. Handfield et al. (2002) proposed a methodology to

evaluate suppliers from an environmental perspective. In

that study, AHP is utilized as a decision making tool.

Humphreys et al. (2003a) proposed a case-based reasoning

methodology to evaluate suppliers’ environmental perfor-

mance. Also, Humphreys et al. (2003b) proposed a deci-

sion support system to integrate environmental criteria to

supplier selection process. Lu et al. (2007) presented an

innovative method using simple and efficient procedures to

evaluate the effectiveness of projects supplying green

supply chain concept. Specifically, a multi-criteria decision

making process for green supply chain management is

presented to help the supply chain manager in measuring

and evaluating suppliers’ performance based on AHP

decision making method (Lu et al. 2007). Lee et al. (2009)

emphasized that while the works on the evaluation and/or

selection of suppliers are abundant, those that concern

environmental issues are rather limited. In their study, a

model for evaluating traditional suppliers and green sup-

pliers is proposed. First, the Delphi method is applied to

differentiate the criteria for evaluating traditional suppliers

and green suppliers. Then, fuzzy AHP is utilized to eval-

uate the importance of criteria of the selected criteria and

the performance of green suppliers (Lee et al. 2009). Bai

and Sarkis (2010) stated that green supplier development is

necessary for effective green supply chain management

and they proposed a rough set theory approach to investi-

gate the relationships between organizational attributes,

supplier development program involvement attributes, and

performance outcomes. In that study, performance out-

comes focus on environmental and business dimensions

(Bai and Sarkis 2010). Hsu and Hu (2009) proposed an

analytic network process (ANP) approach to incorporate

the issue of hazardous substance management into supplier

selection process (Hsu and Hu 2009). Kuo et al. (2010)

developed a green supplier selection model which inte-

grates artificial neural network (ANN) and two multi-

attribute decision analysis (MADA) methods: data envel-

opment analyses (DEA) and ANP. With their methodology,

they considered both traditional supplier selection criteria

and environmental regulations (Kuo et al. 2010). Tuzkaya

et al. (2009) proposed a fuzzy multi-criteria decision

making (MCDM) methodology to evaluate environmental

performance of suppliers. They proposed a hybrid fuzzy

ANP-fuzzy PROMETHEE approach (Tuzkaya et al. 2009).

With a similar study, Awasti et al. (2010) proposed a fuzzy

TOPSIS methodology for the evaluation of environmental

performance of suppliers. Their methodology consists of

three steps: criteria determination, supplier evaluation and

sensitivity analyses (Awasti et al. 2010).

Considering related literature, it can be observed that

most of the studies take into account environmental criteria

separate from traditional supplier selection criteria. Lee

et al. (2009) and Bai and Sarkis (2010) are the studies

containing integrated consideration of both environmental

criteria and traditional supplier selection criteria. This

integration is found necessary after interviews with deci-

sion makers from application areas from various industries.

In today’s business environment, ignorance of environ-

mental criteria can not be acceptable with the increasing

environmental problems. However, some other facts such

as quality, cost, etc. should always be considered in the

decision making processes for the sustainability of the

companies.

Also, considering the difficulties in evaluation of

alternatives for some of the qualitative criteria and

vagueness in the values of some of the quantitative cri-

teria, using fuzzy logic is found useful and proper. When

the environmental supplier evaluation literature is inves-

tigated, the studies prepared by Humphreys et al. (2006),

Lu et al. (2007), Tuzkaya et al. (2009), Lee et al. (2009),

Bai and Sarkis (2010) and Awasti et al. (2010) also

take into account the vagueness of this decision making

environment.

In this study, an environmental criteria-integrated fuzzy

supplier evaluation methodology is proposed and a meth-

odology based on fuzzy intuitionistic Choquet integral

operator is utilized as a decision making tool. When
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Table 1 and abovementioned explanations are investigated,

contributions of this paper to the related literature and the

application areas can be summarized as follows (1) inte-

gration of environmental criteria and traditional criteria is

very rare in the literature (only Lee et al. (2009); Bai and

Sarkis (2010) integrates both aspects). This paper is one of

the very few studies which approach the aspect from this

integrated perspective. (2) Among those studies which

integrate the environmental criteria and traditional criteria,

it can be said that none of them considers the interdepen-

dencies between criteria. This study considers possible

interdependencies among criteria via Choquet integral

operator. In the related literature, Tuzkaya et al. (2009) and

Hsu and Hu (2009) investigate interdependencies among

criteria with the help of ANP approach (Table 1). How-

ever, they do not take traditional supplier selection criteria

into account and Hsu and Hu (2009) do not consider

vagueness in the decision environment. (3) Proposed

methodology may be a useful tool for the supply chain

departments of the companies. Considered criteria provides

a realistic evaluation process and sensitivity analyses give

the opportunity to analyze results from the different point

of views.

Remaining parts of this study can be summarized as

follows. In the second section of the study, decision mak-

ing methodology and its preliminaries are explained. In the

third section, environmental sustainability criteria inte-

grated supplier selection methodology is explained and in

the last section, some conclusion remarks are given. This

research has been conducted in Istanbul, Turkey during the

period April 2011–July 2011.

Materials and methods

Preliminaries for intuitionistic fuzzy Choquet integral

operator

Atanassov (1986, 1999) extended Zadeh’s fuzzy sets (Zadeh

1965, 2005, 2008) to intuitionistic fuzzy sets (IFSs), which

assign to each of their elements a membership degree and a

non-membership degree under the constraint that the sum of

the two degrees does not exceed one (Xu 2010). Some basic

concepts on IFSs can be explained as below (Xu 2010):

Given a fixed set C = {c1, c2,…, cn}, an IFS is defined as

A ¼ Ci; tA cið Þ; fA cið Þh i ci 2 Cjf g; ð1Þ

which assigns to each element xi a membership degree and

a non-membership degree under the condition

0� tA cið Þ þ fA cið Þ� 1; for all ci 2 C: ð2Þ

An ordered pair is called an intuitionistic fuzzy value

(IFV), if:

ta cið Þ 2 0; 1½ �; fa cið Þ 2 0; 1½ �; ta cið Þ þ fa cið Þ� 1; ð3Þ

Xu (2010) also gave some operators of IFVs as follows:

Let aðciÞ ¼ taðciÞ; faðciÞð Þ and aðciÞ ¼ taðciÞ; faðciÞð Þ be

two IFVs; then

Table 1 Literature on environmental performance evaluation of suppliers

Criteria type Consideration

of vagueness

Consideration of

interdependencies

between criteria

Utilized technique

Traditional

supplier

selection criteria

Environmental

criteria

Noci (1997) – H – – AHP

Handfield et al. (2002) – H – – AHP

Humphreys et al.

(2003a)

– H – – Knowledge based system–decision

support system

Humphreys et al.

(2003b)

– H – – Case-based reasoning

Humphreys et al. (2006) – H H – Fuzzy logic

Lu et al. (2007) – H H – Fuzzy AHP

Tuzkaya et al. (2009) – H H H Fuzzy ANP-Fuzzy PROMETHEE

Hsu and Hu (2009) – H – H ANP

Lee et al. (2009) H H H – Fuzzy AHP

Bai and Sarkis (2010) H H H – Grey system and rough set methodologies

Awasti et al. (2010) – H H – Fuzzy TOPSIS

Kuo et al. (2010) – H – H ANN-ANP-DEA

This study H H H H Fuzzy intuituionistic Choquet integral
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aðciÞ � aðcjÞ ¼ taðciÞ þ taðcjÞ � taðciÞtaðcjÞ; faðciÞfaðcjÞ
� �

;

ð4Þ

aðciÞ � aðcjÞ ¼ taðciÞtaðcjÞ; faðciÞ þ faðcjÞ � faðciÞfaðcjÞ
� �

;

ð5Þ

kaðciÞ ¼ 1� ð1� taðciÞkÞ; ðfaðciÞÞk
� �

; k[ 0; ð6Þ

aðciÞk ¼ taðciÞð Þk; 1� ð1� faðciÞkÞ
� �

; k [ 0; ð7Þ

where the results are also IFVs and have the following

properties:

a cið Þ � a cj

� �
¼ a cj

� �
� a cið Þ; ð8Þ

aðciÞ � aðcjÞ ¼ aðcjÞ � aðciÞ; ð9Þ

k aðciÞ � aðcjÞ
� �

¼ kaðciÞ � kaðcjÞ; k[ 0; ð10Þ

aðciÞ � aðcjÞ
� �k¼ aðciÞð Þk� aðcjÞ

� �k
; k [ 0; ð11Þ

ðk1 þ k2ÞaðciÞ ¼ k1aðciÞ � k2aðciÞ; k1; k2 [ 0; ð12Þ

aðciÞð Þðk1þk2Þ¼ aðciÞð Þk1� aðciÞð Þk2; k1; k2 [ 0: ð13Þ

For every two intuitionistic fuzzy values A and B, the

following operations and relations are valid (Tan and Chen

2010):

ð1Þ aðciÞ ¼ aðcjÞ if and only if taðciÞ ¼ taðcjÞ and

faðciÞ ¼ faðcjÞ for all c 2 C;

ð14Þ

ð2Þ aðciÞ� aðcjÞ if and only if taðciÞ �¼ taðcjÞ and

faðciÞ	 faðcjÞ for all c 2 C:

ð15Þ

However, Eq. (15) is not satisfied in some situations. So

it cannot be used to compare intuitionistic fuzzy values

(Tan and Chen 2010). In such situations, score degree of

IFV proposed by Chen and Tan (1994) and accuracy

degree of IFV proposed by Hong and Choi (2010) can be

used for the comparison. Xu (2010) explained this

comparison method as follows:

Let aðciÞ ¼ taðciÞ; faðciÞð Þ and aðcjÞ ¼ taðcjÞ; faðcjÞ
� �

be

two IFVs, s aðxiÞð Þ ¼ taðxiÞ � faðxiÞ and s aðcjÞ
� �

¼ taðcjÞ �
faðcjÞ be the scores of aðciÞ and aðcjÞ, respectively, and let

h aðciÞð Þ ¼ taðciÞ þ faðciÞ and h aðcjÞ
� �

¼ taðcjÞ þ faðcjÞ be

the accuracy degrees of aðciÞ and aðcjÞ, respectively; then

• If s aðciÞð Þ\s aðcjÞ
� �

, then aðciÞ is smaller than aðcjÞ,
denoted by aðciÞ\aðcjÞ;

• If s aðciÞð Þ ¼ s aðcjÞ
� �

, then

If hðaðciÞÞ ¼ hðaðcjÞÞ, then aðciÞ and aðcjÞ represent the

same information, i.e. taðciÞ ¼ taðcjÞ and faðciÞ ¼ faðcjÞ,
denoted by aðciÞ ¼ aðcjÞ;

If hðaðciÞÞ\hðaðcjÞÞ, then aðciÞ is smaller than aðcjÞ,
denoted by aðciÞ\aðcjÞ.

As Xu and Xia (2011) stated many aggregation opera-

tors for IFSs have been developed in which the weights of

the corresponding elements are independent (Xu and Xia

2011). However, for the real decision making problems,

most criteria have interdependent or interactive character-

istics so that it is not suitable to aggregate them by tradi-

tional aggregation operators based on additive measures

(Tan and Chen 2010). In such situations, Choquet integral

is a useful and interesting way to deal with this issue (Xu

and Xia 2011). This operator not only considers the

importance of the elements or their ordered positions, but

also can reflect the correlations among elements or their

ordered positions (Xu 2010). For this feature of Choquet

integral, a well-known example from the literature can be

given (Xu 2010; Grabisch 1995; Torra 2003): ‘‘A set of

students is to be evaluated in relation to three subjects:

{mathematics, physics, literature}, more importance to

science-related subjects is wanted to be given than to lit-

erature, but on the other hand some advantage is wanted to

be given to students that are good both in literature and in

any of the science-related subjects.’’ In such cases, corre-

lation between decision criteria can be taken into account

in the decision process via the Choquet integral. Also, as

Choquet stated, Choquet integral is a very useful way of

measuring the expected utility of an uncertain event

(Choquet 1953).

Until now, Choquet integral has been applied to various

decision problems like job-shop scheduling problems (Saad

et al. 2008), intranet web-sites evaluations (Tzeng et al.

2005), 4PL operating models evaluation (Büyüközkan

et al. 1999), software development risk assessment

(Büyüközkan and Ruan 2010), warehouse location selec-

tion (Demirel et al. 2010), customer service perception

evaluation (Hu and Chen 2010), supply chain partner

selection (Ashayeri et al. 2012), etc. Details and the basic

concepts of the Choquet integral can be obtained from

(Choquet 1953; Grabisch 1997; Marichal and Roubens

2000; Torra and Narukawa 2007).

Decision making methodology

In this paper, a methodology is proposed for supplier

evaluation process which considers both environmental

criteria and traditional supplier evaluation criteria. This

methodology consists of several steps starting from deter-

mination of decision makers (DMs) and ending with

evaluation of results (Fig. 1).

For the supplier evaluation phase, intuitionistic fuzzy

Choquet integral operator for the MCDM process is uti-

lized as can be seen from Fig. 1. Recently, Xu (2010), Tan
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and Chen (2010) proposed some intuitionistic fuzzy

aggregation operators based on Choquet integral (Ashayeri

et al. 2012). In this study, one of the aggregation operators

introduced in these two papers is utilized. Intuitionistic

fuzzy Choquet integral operator-based methodology can be

summarized as follows (Tan and Chen 2010; Ashayeri

et al. 2012):

Consider a multi-criteria decision problem with the set of

alternatives A = (a1, a2,…, am) and set of criteria C = (c1,

c2,…, cn). Assume that with respect to criteria cj (j = 1,

2,…, n), the alternative ai (i = 1, 2,…, m) performance is

measured by intuitionistic fuzzy values aaiðcjÞ ¼ ðtaai
ðcjÞ;

faai
ðcjÞÞ ði ¼ 1; 2; . . .;mÞ; ðj ¼ 1; 2; . . .; nÞwhere taai

ðcjÞ
indicates the degree that the alternative ai satisfies the

criteria cj. faai
ðcjÞ indicates the degree that the alternative

ai does not satisfy the criteria cj, and 0� taai
ðcjÞ� 1;

0� faai
ðcjÞ� 1; taai

ðcjÞ þ faai
ðcjÞ� 1. The characteristics

of the alternatives ai (i = 1,2,…, m) are represented by the

intuitionistic fuzzy values (Tan and Chen 2010):

ai ¼ ðtaai
ðc1Þ; faai

ðc1ÞÞ; ðtaai
ðc2Þ; faai

ðc2ÞÞ; . . .; ðtaai
ðcnÞ; faai

ðcnÞÞ
n o

The basic steps of the multi-criteria decision making

methodology with intuitionistic fuzzy Choquet integral

operator is given as below (Tan and Chen 2010).

Step 1. With respect to criteria cj (j = 1, 2,…, n), the

partial evaluation of the alternative ai (i = 1, 2,…, m) is

made by an intuitionistic fuzzy value
E
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Decide supplier alternatives with DMs

Decide supplier selection criteria with DMs

Decide the decision makers (DMs)

Evaluate results with DMs

Perform sensitivity analyses

Step 2. Calculate score and accuracy values of the 
alternatives. Rank the partial evaluations

Step 1. Evaluate the alternatives via intiutionistic 
fuzzy values

Step 3. Evaluate criteria and criteria sets and 
determine the fuzzy measures of them

Step 4. Using the intuitionistic fuzzy Choquet integral operator, calculate 
the overall evaluation values of alternatives

Step 5. According to overall values of the alternatives calculate 
score and accuracy values like as Step 3 and rank the alternatives

Step 6. End

Fig. 1 Decision making

methodology
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aai
ðcjÞ ¼ ðtaai

ðcjÞ; faai
ðcjÞÞ ði ¼ 1; 2; . . .;mÞ;

ðj ¼ 1; 2; . . .; nÞ:

Then, a decision matrix as follows can be obtained:

R ¼

aa1
ðc1Þ; aa1

ðc2Þ; . . .; aa1
ðcnÞ

aa2
ðc1Þ; aa2

ðc2Þ; . . .; aa2
ðcnÞ

. . . . . . . . . . . .
aa3
ðc1Þ; aa3

ðc2Þ; . . .; aa3
ðcnÞ

0

BB@

1

CCA

Step 2. Sai
ðaðcjÞÞ of the partial evaluation aai

ðcjÞ of the

alternative aiði ¼ 1; 2; . . .;mÞ is calculated, and Sai
ðaðcjÞÞ

is utilized to rank the partial evaluation aai
ðcjÞ. If there is

no difference between two score functions Sai
ðaðcjÞÞ and

Sai
ðaðckÞÞ, then Hai

ðaðcjÞÞand Hai
ðaðckÞÞ of the partial

evaluation aai
ðcjÞ and aai

ðckÞ are calculated, respectively,

and utilized to rank the partial evaluation aai
ðcjÞ and

aai
ðckÞ. So the partial evaluation aai

ðcjÞ of the alternative ai

is reordered such that aai
ðcjÞ� aai

ðcjþ1Þ.
Step 3. Evaluate criteria and criteria sets and determine

the fuzzy measures of them.

Step 4. Using the intuitionistic fuzzy Choquet integral

operator

aggregate all aai
ðcjÞ ¼ ðtaai

ðcjÞ; faai
ðcjÞÞ ði ¼ 1; 2; . . .;mÞ

in the ith line of the intuitionistic fuzzy decision matrix

into an overall values aai
¼ ðtaai

; faai
Þ ¼ IFClðaai

ðc1Þ; . . .; aai

ðcnÞÞ ði ¼ 1; 2; . . .;mÞ of the alternatives ai, where AðjÞ ¼
ðj; . . .; nÞ;Aðnþ1Þ ¼ / .

Step 5. According to the overall values aai
¼ ðtaai

; faai
Þ

of the alternatives ai (i = 1, 2,…, m), the score function

Sðaai
Þ or the accuracy degree Hðaai

Þ is calculated to rank

the alternative ai (i = 1,2,…,m), which is similar to that of

Step 3, then to select the best one.

Step 6. End.

For detailed information on intuitionistic fuzzy Choquet

integral operator, see Xu (2010), and Tan and Chen (2010).

Results and discussion

Environmental criteria integrated supplier evaluation

process

An application is performed to show the effectiveness of

the methodology in an electronic appliances manufacturer.

This manufacturer is a medium-sized one which produces

relatively cheap products. To keep their products’ prices in

a certain level, making long time relations with their sup-

pliers is very important for the management. Also, man-

agement aims to produce products for European Union and

supply chain effectiveness improvement is an important

goal for them. The company also aims to improve its

environmental performance for the new market aims.

First phase of the methodology is determining the

decision makers (DMs) who will contribute to the suppli-

ers’ evaluation process. In this study, ten experts from

management team and supply chain management depart-

ment are selected with the help of managers and a decision

making group is constituted for the evaluation of suppliers.

With the second stage, decision criteria are determined

for the supplier evaluation. For this stage, all possible

criteria alternatives are determined via two ways: literature

investigation and expert opinions. From the literature

related with supplier evaluation with environmental con-

siderations, especially the papers prepared by Tuzkaya

et al. (2008, 2009), Tuzkaya and Gülsün (2008), Naka-

shima et al. (2006), Tsoulfas and Pappis (2006), Lu et al.

(2007), and Lee et al. (2009) are utilized. From the liter-

ature related with supplier evaluation with traditional cri-

teria, Wang et al. (2004) is utilized which uses SCOR

Level 1 performance metrics (SCOR 8.0). The criteria

alternatives are proposed to the experts constituted of

academicians and practitioners. Initially, they are requested

to propose additional criteria alternatives. With the addi-

tional alternatives, they are asked to evaluate all the criteria

alternatives. Criteria alternatives and expert opinions are

proposed to the DMs and mostly preferred composition is

summarized as in Fig. 2.

In the next stage, DMs decide the supplier alternatives.

Considering all possible supplier alternatives, five of them

(S1–S2–S3–S4–S5) found proper by DMs for the evaluation.

After deciding supplier alternatives, intuitionistic fuzzy

Choquet integral-based approach is applied for the evaluation.

Next stage is the supplier evaluation stage considering

each criterion. For this stage, ten experts (DMs), who are

determined in the first stage of the methodology, are asked

to evaluate supplier alternatives’ performances. Evaluation

process is realized via telephone or face to face interviews.

After these interviews, expert opinions are integrated like

IFClðaai
ðc1Þ; . . .; aai

ðcnÞÞ ¼ 1�
Yn

j¼1

1� t~ai jð Þ

� �lðfAjgÞþlðfAðjþ1ÞgÞ
;
Yn

j¼1

f~ai jð Þ

� �lðfAðjÞgÞþlðfAðjþ1ÞgÞ
 !
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as the following example. If six of the DMs think that S1 is

strong for criteria group C1, two of DMs think that S1 is

weak for criteria group C1, and two of DMs do not judge

this alternative for the criteria group C1, its IFV can be

expressed as (0.6, 0.2). After DMs evaluations are realized

for all alternatives and all criteria, intuitionistic fuzzy

decision matrix is obtained as Table 2 (Step 1).

Supplier evaluations represented via IFVs shown in

Table 2 are rearranged in ascending order via the rules

explained in Sect. 2 (Step 2). Before rearranging stage,

score and accuracy degrees are calculated (Table 3).

Supplier evaluations in ascending order can be seen from

Table 4.

In the next step, DMs evaluate the criteria considering

their contribution to the main goal. According to the DMs

judgements, fuzzy measures of each criterion and criteria

set are shown in Table 5 (Step 3):

Using criteria weights, supplier evaluations, and ordered

supplier evaluations, integrated supplier evaluations are

obtained via intuitionistic fuzzy Choquet integral operator

given in Step 4 of the methodology. Results are obtained as

(0.66, 0.18), (0.50, 0.29), (0.81, 0.17), (0.76, 0.18), (0.85,

0.07) for S1, S2, S3, S4 and S5, respectively. Obtained

integrated evaluations are ordered with the same rule in

Step 2 and the final order from best to the worst supplier is

as follows: S5, S3, S4, S1, and S2 (Step 5).

The best supplier, S5, has the best evaluation values for

C3 and C4 and second best evaluation values for C5 and C6.

For C1 and C2, S5 has relatively bad evaluation results.

However, when the integrated membership values are

obtained with the consideration of criteria weights, S5 is

ranked as the best supplier. Second best supplier, S3, has

very close evaluation values to the S5’s evaluation values.

But, S3’s non-membership degrees are worse then S5’s non-

membership degrees which means the number of experts

having bad opinions on S3 are more then the number of

experts having bad opinions on S5. As can be expected, the

worst supplier, S2, has the worst evaluations for all of the

criteria and its membership and non-membership degrees

are the worst among the others.

Sensitivity analyses in the change of supplier evalua-

tions (score values) with the change in the criteria weights

are performed. Also, related criteria sets’ fuzzy measures

are changed with the change of the weight of each crite-

rion. As examples, three of them selected and presented in

Figs. 3, 4, and 5. Figure 3 presents the change in suppliers’

score values with the change in weight of first criterion. As

can be expected, S3’s score value is getting better with the

change in the C1’s weight since this supplier has the best

evaluation for the first criterion. Also, score value of S4 is

getting better with the increase in the weight of first cri-

teria. For S1, S2, and S5’s evaluations, important changes

)1Environmental criteria (C
Green process management
Environmental costs
Pollution control
Green Image
Environmental and legislative 
management
Green product

)2Agility criteria (C
Upside supply chain 
flexibility 
Upside supply chain 
adaptability 
Downside supply chain 
adaptability 

)3criteria (CReliability
Perfect order fulfillment

)4Assets criteria (C
Cash-to-cash cycle time
Return to supply chain fixed 
assets
Return on working capital

)6Responsiveness criteria (C
Order fulfillment cycle time 

)5Cost criteria (C
Supply chain management 
cost (total)
Cost of goods sold

Main Goal
Evaluation of suppliers with environmental criteria integrated SCOR 

Level 1 performance metrics

Fig. 2 Environmental criteria integrated supplier evaluation criteria

Table 2 Intuitionistic fuzzy decision matrix for supplier alternatives

S1 S2 S3 S4 S5

C1 (0.6, 0.2) (0.5, 0.3) (0.9, 0.1) (0.6, 0.2) (0.5, 0.3)

C2 (0.8, 0.1) (0.2, 0.5) (0.5, 0.5) (0.7, 0.2) (0.5, 0.4)

C3 (0.5, 0.3) (0.5, 0.4) (0.5, 0.3) (0.5, 0.5) (0.9, 0.1)

C4 (0.5, 0.4) (0.3, 0.4) (0.6, 0.2) (0.5, 0.4) (0.8, 0.1)

C5 (0.6, 0.3) (0.6, 0.2) (0.7, 0.1) (0.5, 0.3) (0.6, 0.2)

C6 (0.4, 0.1) (0.5, 0.5) (0.5, 0.4) (0.9, 0.1) (0.6, 0.2)

Table 3 Score and accuracy degrees of alternative suppliers

S1 S2 S3 S4 S5

SðaS1
Þ HðaS1

Þ SðaS2
Þ HðaS2

Þ SðaS3
Þ HðaS3

Þ SðaS4
Þ HðaS4

Þ SðaS5
Þ HðaS5

Þ

0.40 0.80 0.20 0.80 0.80 1.00 0.40 0.80 0.20 0.80

0.70 0.90 -0.30 0.70 0.00 1.00 0.50 0.90 0.10 0.90

0.20 0.80 0.10 0.90 0.20 0.80 0.00 1.00 0.80 1.00

0.10 0.90 -0.10 0.70 0.40 0.80 0.10 0.90 0.70 0.90

0.30 0.90 0.40 0.80 0.60 0.80 0.20 0.80 0.50 0.70

0.30 0.50 0.00 1.00 0.10 0.90 0.80 1.00 0.40 0.80
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are not observed. First criterion is related with the envi-

ronmental aspects, hence it can be said that with the

increase in the importance degree of environmental aspects

for the DMs, S3 and S4’s chance of being selected would

increase in a dramatic way.

Figure 4 presents the change in suppliers’ score values

with the change in weight of C3. This criterion is about the

reliability of suppliers and perfect order fulfilment degrees

of them. For this criterion, supplier evaluation degrees are

almost same and a change in C3’s weight does not have an

Table 4 Supplier evaluations in ascending order

S1 S2 S3 S4 S5

aS1
ðxrð1ÞÞ (0.5, 0.4) aS2

ðxrð1ÞÞ (0.2, 0.5) aS3
ðxrð1ÞÞ (0.5, 0.5) aS4

ðxrð1ÞÞ (0.5, 0.5) aS5
ðxrð1ÞÞ (0.5, 0.4)

aS1
ðxrð2ÞÞ (0.5, 0.3) aS2

ðxrð2ÞÞ (0.3, 0.4) aS3
ðxrð2ÞÞ (0.5, 0.4) aS4

ðxrð2ÞÞ (0.5, 0.4) aS5
ðxrð2ÞÞ (0.5, 0.3)

aS1
ðxrð3ÞÞ (0.4, 0.1) aS2

ðxrð3ÞÞ (0.5, 0.5) aS3
ðxrð3ÞÞ (0.5, 0.3) aS4

ðxrð3ÞÞ (0.5, 0.3) aS5
ðxrð3ÞÞ (0.6, 0.2)

aS1
ðxrð4ÞÞ (0.6, 0.3) aS2

ðxrð4ÞÞ (0.5, 0.4) aS3
ðxrð4ÞÞ (0.6, 0.2) aS4

ðxrð4ÞÞ (0.6, 0.2) aS5
ðxrð4ÞÞ (0.6, 0.1)

aS1
ðxrð5ÞÞ (0.6, 0.2) aS2

ðxrð5ÞÞ (0.5, 0.3) aS3
ðxrð5ÞÞ (0.7, 0.1) aS4

ðxrð5ÞÞ (0.7, 0.2) aS5
ðxrð5ÞÞ (0.8, 0.1)

aS1
ðxrð6ÞÞ (0.8, 0.1) aS2

ðxrð6ÞÞ (0.6, 0.2) aS3
ðxrð6ÞÞ (0.9, 0.1) aS4

ðxrð6ÞÞ (0.9, 0.1) aS5
ðxrð6ÞÞ (0.9, 0.1)

Fig. 3 Sensitivity analyses. Change in the score values of alternatives

with the change in the weight of C1

Fig. 4 Sensitivity analyses. Change in the score values of alternatives

with the change in the weight of C3

Table 5 Fuzzy measures of each criterion and criteria set

lð/Þ ¼ 0;

lðfx1gÞ ¼ 0:3; lðfx2gÞ ¼ 0:4; lðfx3gÞ ¼ 0:4; lðfx4gÞ ¼ 0:2; lðfx5gÞ ¼ 0:5; lðfx6gÞ ¼ 0:3;

lðfx1; x2gÞ ¼ 0:4; lðfx1; x3gÞ ¼ 0:5; lðfx1; x4gÞ ¼ 0:4; lðfx1; x5gÞ ¼ 0:6; lðfx1; x6gÞ ¼ 0:4;

lðfx2; x3gÞ ¼ 0:5; lðfx2; x4gÞ ¼ 0:5; lðfx2; x5gÞ ¼ 0:6; lðfx2; x6gÞ ¼ 0:5; lðfx3; x4gÞ ¼ 0:5;

lðfx3; x5gÞ ¼ 0:6; lðfx3; x6gÞ ¼ 0:5; lðfx4; x5gÞ ¼ 0:5; lðfx4; x6gÞ ¼ 0:4; lðfx5; x6gÞ ¼ 0:6;

lðfx1; x2; x3gÞ ¼ 0:5; lðfx1; x2; x4gÞ ¼ 0:5; lðfx1; x2; x5gÞ ¼ 0:6; lðfx1; x2; x6gÞ ¼ 0:5;

lðfx1; x3; x4gÞ ¼ 0:6; lðfx1; x3; x5gÞ ¼ 0:6; lðfx1; x3; x6gÞ ¼ 0:6; lðfx1; x4; x5gÞ ¼ 0:6;

lðfx1; x4; x6gÞ ¼ 0:5; lðfx1; x5; x6gÞ ¼ 0:7; lðfx2; x3; x4gÞ ¼ 0:5; lðfx2; x3; x5gÞ ¼ 0:6;

lðfx2; x3; x6gÞ ¼ 0:6; lðfx2; x4; x5gÞ ¼ 0:6; lðfx2; x4; x6gÞ ¼ 0:6; lðfx2; x5; x6gÞ ¼ 0:7;

lðfx3; x4; x5gÞ ¼ 0:6; lðfx3; x4; x6gÞ ¼ 0:6; lðfx3; x5; x6gÞ ¼ 0:7;lðfx4; x5; x6gÞ ¼ 0:6;

lðfx1; x2; x3; x4gÞ ¼ 0:6; lðfx1; x2; x3; x5gÞ ¼ 0:7; lðfx1; x2; x3; x6gÞ ¼ 0:6;

lðfx1; x2; x4; x5gÞ ¼ 0:6; lðfx1; x2; x4; x6gÞ ¼ 0:7; lðfx1; x2; x5; x6gÞ ¼ 0:8;

lðfx1; x3; x4; x5gÞ ¼ 0:7; lðfx1; x3; x4; x6gÞ ¼ 0:8; lðfx1; x3; x5; x6gÞ ¼ 0:7;

lðfx1; x4; x5; x6gÞ ¼ 0:7; lðfx2; x3; x4; x5gÞ ¼ 0:6; lðfx2; x3; x4; x6gÞ ¼ 0:7;

lðfx2; x3; x5; x6gÞ ¼ 0:7; lðfx2; x4; x5; x6gÞ ¼ 0:7; lðfx3; x4; x5; x6gÞ ¼ 0:7;

lðfx1; x2; x3; x4; x5gÞ ¼ 0:7; lðfx1; x2; x3; x4; x6gÞ ¼ 0:7; lðfx1; x2; x3; x5; x6gÞ ¼ 0:9;

lðfx1; x2; x4; x5; x6gÞ ¼ 0:9; lðfx1; x3; x4; x5; x6gÞ ¼ 0:9; lðf x2; x3; x4; x5; x6 gÞ ¼ 0:8;

lðfx1; x2; x3; x4; x5; x6gÞ ¼ 1:
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important effect on the integrated evaluations. Only,

small fluctuations are observed in the score values of S2

and S5.

Fifth criterion is related with the cost aspects. While the

weight of cost criterion is increasing, S2, S3 and S5’s score

values are getting better. However, in the final evaluation,

current order of S5 does not change. Most dramatic change

in the score values is observed in the score value of S3 since

this supplier has the best evaluation for the cost-related

aspects.

Conclusion

This study proposes a supplier evaluation methodology

which considers both traditional supplier selection criteria

and environmental criteria. Considering the related litera-

ture, there is a large number of papers which take into

account traditional supplier selection criteria like cost,

capacity, flexibility, etc. can be found. Also, there are an

important number of papers which evaluate suppliers from

environmental point of view. However, integration of these

two perspectives is very rare. Also, in this paper, vagueness

inherent to decision environment is taken into account

using a methodology based on intuitionistic fuzzy Choquet

integral operator. This methodology allows us to take

evaluations from DMs linguistically which is an easier and

more proper way comparing to evaluations with certain

numerical judgements. Also, synergies coming from sat-

isfaction of certain criteria together are taken into account

with the help of utilized technique. In addition, the effects

of criteria weights to the decision making process is ana-

lyzed with the sensitivity analyses.

For the future researches, integration of the fuzzy in-

tuitionistic Choquet integral operator-based methodology

with another MCDM technique, like as ANP, AHP may be

considered, especially for the determination of criteria and

criteria sets’ membership values considering their contri-

bution to the achievement of main goal.
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