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A Multi-Criteria Evaluation for Sustainable Supplier Selection
Based on Fuzzy Sets*
Ahmet Calika
Abstract: It is well known that sustainability strategies have moved further and further
up over the past decade due to help companies to improve the effectiveness of their
marketplace and perform better in their operations. For companies, sustainability would
gain long-term consequences such as getting greater profits and creating their own
consumer path. The Triple Bottom Line (TBL) is a key element of the companies to
achieve social, environmental, and economic benefits. Supplier’s performance directly
affects a company’s performance not only environmental or economic issues but also
sustainable issues. Thus, Sustainable Supplier Selection (SSS) has become the highly
relevant topic and many authors and researchers have focused on this subject. This
study investigates a hybrid multi-criteria decision making (MCDM) framework based on
TBL to determine sustainable suppliers. After construction of hierarchy, the integrated
fuzzy MCDM algorithm is implemented. At first, Fuzzy Analytical Hierarchy Process
(FAHP) is used for obtaining the weights of the main criteria and related sub-criteria.
Then, fuzzy TOPSIS method is applied for ranking the suppliers. Additionally, interval
type-2 fuzzy sets (IT2FSs) that express uncertainty better than traditional type-1 fuzzy
sets are used for selecting an appropriate supplier. The proposed approach is validated
an actual case situation in Konya.
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1. Introduction
Importance of sustainable issues have gained much more interest from several customers,
researchers and industry experts due to our global future depend on it. Sustainability can be defined by three
core elements that are very much linked to one another: economic, environmental and social. Companies
should take into consideration sustainable issues to make strategic decisions such as cost savings, risk
mitigation, tax incentives, and resource limitations. A company's sustainable performance is not solely
dependent on its performance, it is also impressed by the suppliers’ performance.
Supplier selection is the most crucial parts of logistics operations due to its direct impact on cash flow
and profitability (Banaeian et al., 2018). Suppliers have a critical role for companies in production, delivery,
and sustainable issues to increase the quality of products and focus on a specific part of operations.
Therefore, the selection of suppliers is an important decision-making problem (Hamdan & Cheaitou, 2017).
The decision-making process in supplier selection is usually complex and difficult process that the
decision makers cannot take a decision with a single criterion. In order to solve these problems, an
appropriate approach would be the MCDM methods (Aruldoss et al., 2013). MCDM methods deal with the
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problem of identifying and choosing alternatives according to the criteria that are defined by the decision
makers. The main features of an MCDM method include (1) evaluation of criteria, (2) rating of alternatives
with respect to criteria, (3) rating of alternatives on the criteria, and (4) a measure for the comparing the
criteria (Thokala & Duenas, 2012).
A company’s sustainability performance should be assessed not only by taking into account its own
activities but also by taking account of suppliers' performance. Cooperating with suppliers who attach
importance to sustainability issues and put into practice them can help to improve the sustainability
performance of companies. Even though companies consider specific criteria when assessing suppliers’
performance they should consider sustainability for achieving economic profitability and competition.
Integration of sustainability has been increased since the late 1990s. Companies have begun to feel
responsible for controlling their sustainability practices, thus many researchers have attempted to analyse
sustainability in logistics management. In sustainable logistics management, SSS is a very difficult issue that
suppliers’ performance depends on several conflicting criteria.
Many studies have undertaken to improve supplier selection methods in view of the TBL performance
of suppliers (Bai & Sarkis, 2010; Shaw et al., 2012; Shen et al., 2013; Govindan et al., 2013; Wang & Chan
2013; Kumar et al., 2014; Sarkis & Dhavale 2015; Mahdiloo et al., 2015; Akman, 2015; Trapp & Sarkis, 2016).
Also, many studies have been implemented using TOPSIS method for supplier selection. Singh et al. (2018)
employed FAHP, DEMATEL and TOPSIS methods to handle carbon footprint of suppliers in agri-food sector.
Jolai et al. (2011) used TOPSIS method to obtain the ratings of suppliers in their approach. They constructed
a multi-objective mixed integer linear programming for order allocation. Banaeian et al. (2018) compared the
TOPSIS, VIKOR and GRA methods with fuzzy sets to select green suppliers. Chen et al. (2006) assessed
suppliers’ performance using fuzzy TOPSIS method in group decision-making process. Awasthi et al. (2010)
obtained suppliers enviromental performance score with fuzzy TOPSIS. Önüt et al. (2009) proposed a fuzzy
ANP and fuzzy TOPSIS framework for a telecommunication company. Büyüközkan and Çifçi (2012) proposed
a hybrid approach consists of DEMATEL, ANP and TOPSIS methods for evaluation of green suppliers. Wang
et al. (2009) developed fuzzy hierarchical TOPSIS method. Rodrigues Lima Junior et al. (2014) compared FAHP
and TOPSIS methods and showed that Fuzzy TOPSIS method performs better than FAHP method. To address
group decision-making problems, the interval type-2 fuzzy TOPSIS method was first presented by Chen and
Lee (2010). Deveci et al. (2017) have created a methodology for the destination problem of an airline
company which plans to open a route to one of the five airports in North America. The interval type-2 fuzzy
TOPSIS methods is used to solve this problem. Cengiz Toklu (2018) proposed an approach to select the most
appropriate calibration supplier for an automotive company using the interval type-2 fuzzy TOPSIS method.
Baykasoğlu and Gölcük (2017) combined interval type-2 TOPSIS method with the interval type-2 DEMATEL
method for the SWOT-based strategy selection problem. Büyüközkan et al. (2016) proposed a group decision
framework based on the interval type-2 fuzzy TOPSIS method to evaluate and select the appropriate
information management tool. Küçük and Ecer (2008) determined the performance of suppliers and the
importance levels of supplier selection factors for a small and medium enterprises that operating in Bayburt
with AHP method. Küçük and Ecer (2007) applied fuzzy TOPSIS method to evaluate suppliers in a retail chain
store in Erzurum. Özdemir and Yalçın Seçme (2009) used fuzzy TOPSIS method for selecting strategic supplier
in a furniture factory has been operating in Turkey.
Some of the recent researches on supplier selection and SSS are described as follows. Azadnia et al.
(2015) proposed an integrated approach to SSS with the rule-based weighted fuzzy method. Reuter et al.
(2012) formulated a series of hypotheses consisting of six hypotheses based on the orientation of
stakeholders for the supplier selection problem. Luthra et al. (2017) used an AHP-VIKOR based integrated
approach to prioritize the SSS criteria in an automotive company in India. Song et al. (2017) used the
DEMATEL method and rough set theory to propose an integrated approach for an air conditioner. Awasthi et
al. (2018) presented an integrated AHP-VIKOR approach, taking risk factors into account for SSS. Kannan
(2018) implemented a case study by designing a decision support system based on sustainability performance
with the TBL approach. Amindoust (2018) proposed an integrated FIS-DEA model considering resiliency and
sustainability issues for supplier selection. Ghadimi et al. (2018) investigated a Multi-Agent Systems taking
into account TBL concept for SSS and order allocation. Güner Gören (2018) presented an integrated
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framework consists of DEMATEL, taguchi loss functions and bi-objective optimization. Khan et al. (2018)
implemented a hybrid fuzzy shannon entropy and fuzzy inference system methodology for manufacturing
company. Kannan et al. (2014) utilized three types of fuzzy TOPSIS methods to rank green suppliers for a
Brazilian company. Moreover, three dimensions of sustainability have attracted more attention in recent
years (Amindoust et al., 2012; Zimmer et al., 2015; Kannan 2018; Shalke et al., 2018; Vahidi et al., 2018).
Decision-making is the strategic process for selecting a suitable choice among the given alternatives.
In this process, MCDM methods help to decision makers to select or order the alternatives according to the
multiple criteria. Although in traditional approaches decision makers judgments are represented as exact
numbers, human preferences are uncertain and vague. In order to reach more realistic outcomes fuzzy set
theory can help decision makers for modelling systems with imprecise input data.
As an extension of fuzzy sets, Zadeh (1975) introduced type-2 fuzzy sets that membership functions
of type-2 fuzzy sets are type-1 functions. The type-2 fuzzy sets represent more uncertainty which may model
the uncertainties associated with the use of linguistic assessments due to its usefulness in situations where
it is difficult to determine the full membership function for a fuzzy set (Mendel et al., 2006). The membership
functions of type-1 fuzzy sets are clear. Type-1 fuzzy sets cannot provide sufficient explanations because the
evaluation criteria are different from each other by decision-makers and personal judgments are different.
In such cases, the type-2 fuzzy sets with the membership function type-1 fuzzy sets allow the modelling of
real-world fuzziness much more comfortable.
This study aims to compare the performance of fuzzy TOPSIS methods under type-1 and type-2 fuzzy
sets to evaluate suppliers according to TBL approach. For this purpose a real-world case study is
demonstrated to select sustainable suppliers. At first, the evaluation criteria based on TBL approach are
identified then potential suppliers are evaluated using both type-1 and type-2 fuzzy TOPSIS. In many cases,
type-1 fuzzy sets are used to deal with vagueness in SSS. But, type-2 fuzzy sets are expressed the uncertainty
and the fuzziness of the real world more than those of type-1 fuzzy sets.
This paper proceeds as follows. Section 2 presents some fundamental about the methods FAHP and
Fuzzy TOPSIS. Section 3 presents the results of using the method in a real case application. Finally, concluding
remarks are made in Section 4.
2. The Proposed Framework
In this study, results that are acquired from a hybrid framework to select the sustainable supplier for
a company. After the data collection, the SSS is determined by FAHP and TOPSIS methods. The main steps
and the flowchart of the proposed framework are represented in Fig. 1.
Figure 1. The Steps of the Proposed Framework
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2.1. Fuzzy Analytical Hierarchy Process (FAHP) Method
After the first development by Saaty (1980), Buckley (1985) extend the AHP method using triangular fuzzy
numbers. In this paper, we utilize the geometric mean method (Buckley, 1985) to obtain criteria weights for
the SSS problem. The steps of the method summarized as follows:
Step 1: A fuzzy pair-wise comparison matrix ( A  [a ij ] ) is constructed as:
1


A   ai1


 an1


a1n   1
 
 
ain   1 / ai1
 
 
1  1 / an1

a1 j
1
anj

a1 j
1
1 / anj

a1n 


ain 


1 

where; aij  (lij , mij , uij ) is a triangular fuzzy number ( i  1, 2,..., n , j  1, 2,..., m ).
Step 2: The fuzzy weight matrix is calculated as
ai  (ai1  ai 2  ...  ain )1/ n

m is the number of alternatives, n is the number of criteria.
Step 3: The fuzzy weights of each criterion/alternative is calculated by
wi  ai  ( a1  a2  ...  an ) 1

where;  is a fuzzy addition operator, and  is a fuzzy multiplication operator (Buckley, 1985).
Step 4: The fuzzy weights w   wl , wm , wu  are defuzzified by using the Center of Area method as follows:
 ( w  wl )  ( wm  wl )  wl  wm  wu
w  wl   u

3
3



2.2. Fuzzy TOPSIS
TOPSIS method was originally proposed by Hwang and Yoon in (1981) that considers the distances between
alternatives. The main steps of the TOPSIS method are given as follows:
Step 1: Weights of criteria are determined. In this research, Buckley’s FAHP method is employed to find the
fuzzy criteria weights.
~
x ij ] is constructed.
Step 2: Fuzzy decision matrix D  [ ~
C1
A1  x11
A2  x21
.  .
D

.  .
.  .

Am  xm1

C2

... C n

x12

...

x22

xm 2

x1n 
... x2 n 
. 

. 
. 

... xmn 
𝑖 = 1,2, … , 𝑚; 𝑗 = 1,2, … , 𝑛

̃ = (𝑤
𝑊
̃1 , 𝑤
̃2 , ⋯ , 𝑤
̃𝑛 )
𝐾
𝑥̃𝑖𝑗
: performance rating of alternative 𝐴𝑖 with respect to criterion 𝐶𝑗 evaluated by 𝐾 𝑡ℎ expert.

~
rij ] can be represented as:
Step 3: The Normalized fuzzy decision matrix denoted by R  [ ~
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𝑎𝑖𝑗 𝑏𝑖𝑗 𝑐𝑖𝑗
,
, ) , 𝑐𝑗∗ = max 𝑐𝑖𝑗 , 𝑖𝑓 𝑗 ∈ 𝐵;
𝑖
𝑐𝑗∗ 𝑐𝑗∗ 𝑐𝑗∗
𝑟̃𝑖𝑗 =
−
−
−
𝑎𝑗 𝑎𝑗 𝑎𝑗
( ∗ , ∗ , ∗ ) , 𝑎𝑗− = min 𝑐𝑖𝑗 , 𝑖𝑓 𝑗 ∈ 𝐶
𝑖
{ 𝑐𝑗 𝑐𝑗 𝑐𝑗
(

(1)

where; 𝐵 denotes benefit criteria and 𝐶 denotes cost criteria.
Step 4: The weighted normalized fuzzy decision matrix 𝑉̃ = [𝑣̃𝑖𝑗 ] is computed as:

~
v~ij  ~
rij  w
j
where 𝑤𝑗 is the weight of the 𝑗th criterion.
Step 5: Fuzzy Positive Ideal Solution (FPIS, 𝐴∗ ), and Fuzzy Negative Ideal Solution (FNIS, 𝐴− ) can be calculated
as:



 v , v ,..., v 

A*  v1* , v2* ,..., vn*

(2)

A

(3)


1


2


n

Step 6: The distances from FPIS and FNIS for each alternative are calculated as:
𝑑𝑖∗ = ∑𝑛𝑗=1 𝑑(𝑣̃𝑖𝑗 , 𝑣̃𝑗∗ ) , 𝑖 = 1,2, … , 𝑚; 𝑗 = 1,2, … , 𝑛

(4)

𝑑𝑖− = ∑𝑛𝑗=1 𝑑(𝑣̃𝑖𝑗 , 𝑣̃𝑗− ) , 𝑖 = 1,2, … , 𝑚; 𝑗 = 1,2, … , 𝑛

(5)

respectively. Where; 𝑑(. , . ) is the distance between two fuzzy numbers and computed by Vertex method.
Step 7: The closeness coefficient of each alternative is calculated by:
𝑑−

𝑖
𝐶𝐶𝑖 = 𝑑−+𝑑
∗ , 𝑖 = 1,2, … , 𝑚
𝑖

𝑖

(6)

The alternatives are ranked in descending order of the 𝐶𝐶𝑖 index.
2.3. Interval Type-2 Fuzzy TOPSIS
Interval type-2 fuzzy TOPSIS method was developed by Chen and Lee (2010) to solve the MCDM
problems based on interval type-2 fuzzy sets (Chen and Lee, 2010). For some definitions of type-2 fuzzy sets
and interval type-2 fuzzy sets please see (Kahraman et al., 2014; Çalık & Paksoy, 2017).
Assume that there is a set 𝑋 of alternatives, where 𝑋 = {𝑥1 , 𝑥2 , … , 𝑥𝑛 } and assume that there is a set
𝐹 of attributes, where 𝐹 = {𝑓1 , 𝑓2 , … , 𝑓𝑚 } and there are 𝑘 experts 𝐷 = {𝐷1 , 𝐷2 , … , 𝐷𝑘 }. The set 𝐹 of attributes
can be divided into two sets 𝐹1 and 𝐹2 , where 𝐹1 denotes the set of benefit attributes, 𝐹2 denotes the set of
cost attributes, 𝐹1 ∩ 𝐹2 = ∅ and 𝐹1 ∪ 𝐹2 = 𝐹. Steps of the used interval type-2 fuzzy TOPSIS method given
as follows:
Step 1: Construct the decision matrix 𝑌𝑝 of the 𝑝th decision-maker and construct the average decision matrix
𝑌̅, respectively, shown as follows:
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𝑥1
𝑝
𝑓̃

𝑝
𝑌𝑝 = (𝑓̃𝑖𝑗 )

𝑚×𝑛

𝑓1 11
= 𝑓2 𝑓̃ 𝑝
21
⋮ ⋮
𝑓𝑚 ̃ 𝑝
[𝑓𝑚1

𝑥2 … 𝑥𝑛
𝑝
𝑝
𝑓̃12 … 𝑓̃1𝑛
𝑝
𝑝
𝑓̃22 … 𝑓̃2𝑛
…
⋮
⋮
…
𝑝
𝑝
̃
̃
𝑓𝑚2
𝑓𝑚𝑛 ]

(7)

𝑝
𝑌̅ = (𝑓̃𝑖𝑗 )

(8)

𝑚×𝑛

̃1

̃2

̃𝑘

𝑓̃𝑖𝑗 ⊕𝑓̃𝑖𝑗 ⊕⋯⊕𝑓̃𝑖𝑗
where 𝑓̃𝑖𝑗 = (
), 𝑓̃𝑖𝑗 is an IT2FS, 1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛, 1 ≤ 𝑝 ≤ 𝑘, and 𝑘 denotes the number of
𝑘

decision-makers.
Step 2: Construct the weighting matrix 𝑊𝑝 of the attributes of the 𝑝th decision-maker and construct the
̅ , respectively, shown as follows:
average weighting matrix 𝑊
𝑝

𝑊𝑝 = (𝑤
̃𝑖 )1×𝑚 =

𝑓1 𝑓2 ⋯ 𝑓𝑚
𝑝
𝑝
𝑝
̃𝑚 ]
[𝑤
̃1 𝑤
̃2 ⋯ 𝑤

(9)

̃𝑖 )
̅ = (𝑤
𝑊
̃
1×𝑚
̃1

(10)
̃2

̃𝑘

̃ ⊕𝑤
̃ 𝑖 ⊕⋯⊕𝑤
̃𝑖
𝑤
̃
̃
where 𝑤
̃𝑖 = ( 𝑖
), 𝑤
̃ 𝑖 is an IT2FS.
𝑘

Step 3: Construct the weighted decision matrix 𝑌̅𝑤

𝑌̅𝑤 = (𝑣̃𝑖𝑗 )

𝑚×𝑛

𝑥1
̃
𝑓1 𝑣11
= 𝑓2 𝑣̃21
⋮
⋮
𝑓𝑚 [𝑣̃𝑚1

𝑥2
̃
𝑣12
𝑣̃22
⋮
𝑣̃𝑚1

… 𝑥𝑛
… 𝑣̃1𝑛
𝑣̃2𝑛
…
…
⋮
… ̃
𝑣𝑚𝑛 ]

(11)

̃
where 𝑣̃𝑖𝑗 = 𝑤
̃ 𝑖 ⊗ 𝑓̃𝑖𝑗 .
Step 4: Based on Eq. (13), calculate the ranking value 𝑅𝑎𝑛𝑘(𝑣̃𝑖𝑗 ) of the IT2FS 𝑣̃𝑖𝑗 where 1 ≤ 𝑗 ≤ 𝑛. Construct
the ranking weighted decision matrix
𝑌̅𝑤∗ = (𝑅𝑎𝑛𝑘(𝑣̃𝑖𝑗 ) )𝑚×𝑛

(12)

where 1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛.
Definition: The ranking value 𝑅𝑎𝑛𝑘(𝐴̃𝑖 ) of the trapezoidal IT2FS 𝐴̃𝑖 is defined as follows:
̃𝐿
̃𝑈
̃𝐿
̃𝑈
̃𝐿
𝑅𝑎𝑛𝑘 (𝐴̃𝑖 ) = 𝑀1 (𝐴̃𝑈
𝑖 ) + 𝑀1 (𝐴𝑖 ) + 𝑀2 (𝐴𝑖 ) + 𝑀2 (𝐴𝑖 ) + 𝑀3 (𝐴𝑖 ) + 𝑀3 (𝐴𝑖 ) −
1
̃𝐿
̃𝑈
̃𝐿
̃𝑈
̃𝐿
̃𝑈
̃𝐿
(𝑆1 (𝐴̃𝑈
𝑖 ) + 𝑆1 (𝐴𝑖 ) + 𝑆2 (𝐴𝑖 ) + 𝑆2 (𝐴𝑖 ) + 𝑆3 (𝐴𝑖 ) + 𝑆3 (𝐴𝑖 ) + 𝑆4 (𝐴𝑖 ) + 𝑆4 (𝐴𝑖 )) +
4
̃𝐿
̃𝑈
̃𝐿
𝐻1 (𝐴̃𝑈
𝑖 ) + 𝐻1 (𝐴𝑖 ) + 𝐻2 (𝐴𝑖 ) + 𝐻2 (𝐴𝑖 )

(13)

where 1 ≤ 𝑖 ≤ 𝑛. For detailed information please see (Chen & Lee, 2010; Erdoğan & Kaya, 2016).
+ }
Step 5: Determine the positive ideal solution 𝑥 + = {𝑣̃1+ , 𝑣̃2+ , ⋯ , 𝑣̃𝑚
and the negative-ideal solution 𝑥 − =
−
−
−
{𝑣̃1 , 𝑣̃2 , ⋯ , 𝑣̃𝑚 }, where
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𝑣̃𝑖+

max {𝑅𝑎𝑛𝑘(𝑣̃𝑖𝑗 )}, 𝑖𝑓 𝑓𝑖 ∈ 𝐹1

1≤𝑗≤𝑛

={

min {𝑅𝑎𝑛𝑘(𝑣̃𝑖𝑗 )} ,

1≤𝑗≤𝑛

𝑖𝑓 𝑓𝑖 ∈ 𝐹2

(14)

and
𝑣̃𝑖−

min {𝑅𝑎𝑛𝑘(𝑣̃𝑖𝑗 )}, 𝑖𝑓 𝑓𝑖 ∈ 𝐹1

1≤𝑗≤𝑛

={

max {𝑅𝑎𝑛𝑘(𝑣̃𝑖𝑗 )} ,

1≤𝑗≤𝑛

𝑖𝑓 𝑓𝑖 ∈ 𝐹2

(15)

Step 6: Calculate the distance 𝑑 + (𝑥𝑗 ) between each alternative 𝑥𝑗 and the positive ideal solution 𝑥 + , shown
as follows
2

𝑑+ (𝑥𝑗 ) = √∑𝑚
̃𝑖𝑗 ) − 𝑣̃𝑖+ )
𝑖=1(𝑅𝑎𝑛𝑘(𝑣

(16)

where 1 ≤ 𝑗 ≤ 𝑛. Calculate the distance 𝑑− (𝑥𝑗 ) between each alternative 𝑥𝑗 and the negatif ideal solution
𝑥 − , shown as follows
2

̃
𝑑− (𝑥𝑗 ) = √∑𝑚
̃𝑖− )
𝑖=1(𝑅𝑎𝑛𝑘(𝑣𝑖𝑗 ) − 𝑣

(17)

Step 7: Calculate the relative degree of closeness 𝐶(𝑥𝑗 ) of 𝑥𝑗 with respect to the positive ideal solution 𝑥 + ,
shown as follows
𝐶(𝑥𝑗 ) = 𝑑−

𝑑 − (𝑥𝑗 )
(𝑥𝑗 )+𝑑 + (𝑥𝑗 )

(18)

where 1 ≤ 𝑗 ≤ 𝑛.
Step 8: Rank the values of 𝐶(𝑥𝑗 ) in a descending order, where 1 ≤ 𝑗 ≤ 𝑛. Select the alternative 𝑥𝑗 with the
highest 𝐶(𝑥𝑗 ).
3. Application of the Proposed Framework
The proposed framework is illustrated in a case study. In the case study, SSS is implemented in the
procurement and logistics department of an automotive company, established in 1976 in Konya, Turkey. It
has more than 40 years of experience in the sector and total exports of the firm products have been
transported to several countries. Therefore, the company has been started to improve its supplier selection
practices considering sustainable factors. From this viewpoint, a case study of Turkish automotive company
is illustrated for considering the validity of the proposed methodology.
In the case study, SSS criteria concerning economic, environmental and social criteria are selected
through a detailed literature search and discussion with a committee who have rich knowledge and
experience in sustainability. The committee including CEO (D1), the chief purchasing and operations manager
(D2) and the chief logistics officer (D3) have been determined three main criteria and nine sub-criteria and
four appropriate suppliers. Figure 2 represents the hierarchical structure of the SSS problem. A brief
definition of criteria is represented in Table 1.
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Table 1. Criteria Definition of SSS Problem
Criteria
Cost (C)

Economic Criteria
(EC)

Quality (Q)

On time delivery (OTD)

Carbon dioxide emission
(𝐶𝑂2 )
Pollution Production (PP)
Environmental
Criteria (EN)
Environmental
systems (EMS)

Social Criteria (SO)

management

Occupational Health and
Safety (OHS)
CSR Projects and Campaigns
(CSR)

Definition
The cost includes the unit price of raw materials, parts and/or
products as well as transportation cost, logistics costs,
maintenance costs etc.
In order to reach high standards, companies should take into
consideration the level of quality products that it can directly
affect the quality of the finished products.
Companies require their suppliers to be finished their goods
in a certain time period so that they can reduce inventory,
waste, and overcapacity.
Managing the carbon dioxide emission of products is an
important factor to decrease climate change effects.
The use of detrimental substances should be restricted to
reduce pollution production. Pollution production is an
important criterion that must be taken in order to select
suitable suppliers.
An environmental management system is a set of processes
and practices that enable an organization to reduce
environmental impact and increase operational efficiency.
OHS explains the prevention among workers of adverse
effects on health caused by their working conditions
A company’s performance is directly affected by suppliers’
image, a supplier's adverse CSR performance might damage
the company’s reputation.

Figure 2. The Hierarchical Structure of the SSS Problem

Sustainable Supplier Selection

Environmental
Criteria

Economic Criteria

Cost

Quality

On time
delivery

Supplier 1
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Carbon dioxide
Emission

Supplier 2

Pollution
production

Social Criteria

Environmental
management systems

Supplier 3

Occupational health
and safety

CSR projects and
Campaigns

Supplier 4
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3.1. FAHP Method for Determining Criteria Weights
The three managers express their opinions to assess the importance of the criteria using the linguistic
variables shown in Table 2. The assessment of each managers’ main criteria and sub-criteria are given in
Tables 3-6. The geometric mean method is used to aggregate their opinions and aggregated fuzzy pair-wise
comparison matrix is presented in Table 7. The importance of criteria are given in Table 8.
Table 2. Linguistic Variables for Pairwise Comparisons of Each Criterion (Lin, 2010)
Intensity of
importance
1

Triangular fuzzy
scale
(1, 1, 1)

Intermediate

2

(1, 2, 3)

Weakly more important

3

(2, 3, 4)

Intermediate

4

(3, 4, 5)

Strongly more important

5

(4, 5, 6)

Intermediate

6

(5, 6, 7)

Very strongly more important

7

(6, 7, 8)

Intermediate

8

(7, 8, 9)

Absolutely more important

9

(9, 9, 9)

Linguistic variables
Equally important

The same procedure is implemented for sub-criteria and relative importance weights of the subcriteria are summarized in Table 9.
Table 3. The Assessments of Decision Makers for Main Criteria
D1
EC

D2

D3

EC

EN

SO

EC

EN

SO

EC

EN

SO

(1, 1, 1)

(2, 3, 4)

(4, 5, 6)

(1, 1, 1)

(4, 5, 6)

(2, 3, 4)

(1, 1, 1)

(2, 3, 4)

(2, 3, 4)

(1, 1, 1)

(2, 3, 4)

(1, 1, 1)

(1, 2, 3)

(1, 1, 1)

(4, 5, 6)

EN
SO

(1, 1, 1)

(1, 1, 1)

(1, 1, 1)

Table 4. The Assessments of Decision Makers for Economic Criteria
D1
C

D2

D3

C

Q

OTD

C

Q

OTD

C

Q

OTD

(1, 1, 1)

(4, 5, 6)

(6, 7, 8)

(1, 1, 1)

(4, 5, 6)

(5, 6, 7)

(1, 1, 1)

(1, 2, 3)

(1/4, 1/3, 1/2)

(1, 1, 1)

(2, 3, 4)

(1, 1, 1)

(1, 2, 3)

(1, 1, 1)

(1/4, 1/3, 1/2)

Q
OTD

(1, 1, 1)

(1, 1, 1)

(1, 1, 1)

Table 5. The Assessments of Decision Makers for Environmental Criteria
D1
𝐶𝑂2
PP
EMS

D2

D3

𝐶𝑂2

PP

EMS

𝐶𝑂2

PP

EMS

𝐶𝑂2

PP

EMS

(1, 1, 1)

(2, 3, 4)

(1/4, 1/3, 1/2)

(1, 1, 1)

(4, 5, 6)

(4, 5, 6)

(1, 1, 1)

(1/6, 1/5, 1/4)

(2, 3, 4)

(1, 1, 1)

(1/6, 1/5, 1/4)

(1, 1, 1)

(1, 2, 3)

(1, 1, 1)

(6, 7, 8)

(1, 1, 1)
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Table 6. The Assessments of Decision Makers for Social Criteria
D1
OHS

D2

D3

OHS

CSR

OHS

CSR

OHS

SO

(1, 1, 1)

(2, 3, 4)

(1, 1, 1)

(4, 5, 6)

CSR

(1/6, 1/5, 1/4)

CSR

(1, 1, 1)

(1, 1, 1)

(1, 1, 1)

Table 7. Aggregated Assessments of Managers’ for Main Criteria
EC

EN

SO

EC

(1, 1, 1)

(2.520, 3.557, 4.579)

(2.520, 3.557, 4.579)

EN

(0.218, 0.281, 0.397)

(1, 1, 1)

(2, 3.107, 4.160)

SO

(0.218, 0.281, 0.397)

(0.240, 0.322, 0.5)

(1, 1, 1)

Table 8. The Fuzzy Weights for the Main Criteria
EC

(0.409, 0.624, 0.924)

EN

(0.168, 0.256, 0.396)

SO

(0.083, 0.120, 0.195)

Table 9. The fuzzy weights for sub-criteria
Fuzzy Weights
C

(0.406, 0.598, 0.864)

Q

(0.131, 0.202, 0.318)

OTD

(0.135, 0.200, 0.306)

𝐶𝑂2

(0.300, 0.473, 0.752)

EC

PP

(0.189, 0.314, 0.511)

EMS

(0.133, 0.213, 0.343)

OHS

(0.462, 0.662, 0.961)

CSR

(0.231, 0.338, 0.481)

EN

SO

3.2. Fuzzy TOPSIS Method for Ranking Sustainable Suppliers
The three DMs express their assessments using the linguistic variables shown in Table 10 with respect
to each sub-criterion. Table 11 shows the assessment information provided by the three managers. It is aimed
to determine the rank of the best suppliers by using fuzzy TOPSIS method and results of the method are given
in Tables 12-16. All the calculations were conducted using Ms. Excel.
Table 10. Linguistic Variable for Assessment of Sub-Criteria
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Linguistic variable

Fuzzy Numbers

Very poor (VP)

(0, 1, 3)

Poor (P)

(1, 3, 5)

Fair (F)

(3, 5, 7)

Good (G)

(5, 7, 9)

Very good (VG)

(7, 9, 10)
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Table 11. Evaluation of Suppliers of Managers Related with Sub-Criteria
Suppliers

C

EC

Q

OTD

CO2

EN

PP

EMS

OHS
SO
CSR

Managers
M1

M2

M3

S1

F

G

G

S2

F

F

P

S3

F

G

F

S4

VG

VG

G

S1

F

F

P

S2

G

G

VG

S3

P

VP

P

S4

VG

G

VG

S1

F

F

G

S2

G

G

F

S3

P

P

F

S4

VG

G

VG

S1

P

P

P

S2

F

F

G

S3

VP

VP

P

S4

VG

VG

G

S1

P

F

P

S2

F

F

G

S3

VP

VP

P

S4

VG

VG

G

S1

F

F

F

S2

G

G

G

S3

P

VP

P

S4

G

VG

G

S1

VP

P

P

S2

P

F

F

S3

VP

P

P

S4

G

G

VG

S1

VP

P

P

S2

F

P

F

S3

VP

P

VP

S4

G

VG

G
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Table 16. Computations of 𝑑+ , 𝑑− and 𝐶𝐶𝑖
Suppliers

𝑑+

𝑑−

𝐶𝐶𝑖

S1

5.057

3.150

0.384

3

S2

5.114

3.220

0.386

2

S3

5.396

2.908

0.350

4

S4

4.724

3.463

0.423

1

Rank

Comparative ranking of the alternative suppliers based on the closeness coefficients is obtained.
Under the light of the results, Supplier 4 is the best sustainable supplier because of the shortest distance to
the ideal solution.
3.3. Interval Type-2 Fuzzy TOPSIS method
Extension of the proposed framework also is investigated by interval type-2 fuzzy TOPSIS method.
The weights of criteria determined by Eq. (9) to perform interval type-2 fuzzy TOPSIS method. The DMs use
a seven-point scale that is taken from (Chen & Lee, 2010) to obtain the weights of the main criteria and subcriteria and evaluate the suppliers, respectively. Table 17 indicates the linguistic evaluations of the main
criteria and sub-criteria and Table 18 shows the calculation results of criteria weights.
Table 17. Linguistic Evaluations of the Main Criteria and Sub-Criteria
Decision makers
Criteria

D1

D2

D3

EC

H

MH

M

EN

MH

MH

ML

SO
C

M

ML

ML

H

MH

MH

Q

MH

M

ML

OTD
𝐶𝑂2

ML

ML

ML

M

MH

M

PP

M

M

ML

EMS

L

ML

ML

OHS

MH

M

ML

CSR

M

ML

ML

Based on Table 17 and Eq. (9), Table 18 represents the interval type-2 weights of criteria. These
results are used in interval type-2 fuzzy TOPSIS method then the ranking values are obtained. Evaluation of
the suppliers with respect to criteria is determined by using rating scale (Chen & Lee, 2010). Evaluation of
suppliers that given in Table 11 is used to obtain decision matrix. The decision matrix for the suppliers is
computed by using Eqs. (7) and (8) in Table 19. The weighted decision matrix is constructed with Eq. (11) and
shown in Table 20. The distances from positive ideal and negative ideal solutions can be computed using Eqs.
(16) and (17), presented in Table 21. Finally, the closeness coefficient of each alternative is computed by Eq.
(18) and given in Table 21. For more details about interval type-2 fuzzy TOPSIS calculation examples, please
see (Chen & Lee, 2010; Erdoğan & Kaya, 2016; Büyüközkan et al., 2016).
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S4

S3

PP
((0.009, 0.057,
0.057, 0.210;
1,1,), (0.009,
0.057, 0.057,
0.210; 1,1,))
((0.043, 0.172,
0.172, 0.421;
1,1,), (0.043,
0.172, 0.172,
0.421; 1,1,))
((0.000, 0.008,
0.008, 0.081;
1,1,), (0.000,
0.008, 0.008,
0.081; 1,1,))
((0.071, 0.237,
0.237, 0.486;
1,1,), (0.071,
0.237, 0.237,
0.486; 1,1,))

𝑑+
1.627
1.541
2.121
2.531

Suppliers
S1
S2
S3
S4

4.083

2.079

2.298

2.375

𝑑−

0.617

0.495

0.599

0.593

𝐶𝐶𝑖

1

4

2

3

Rank

EMS

((0.019, 0.123,
0.123, 0.332; 1,1,),
(0.019, 0.123, 0.123,
0.332; 1,1,))

((0.000, 0.009,
0.009, 0.078; 1,1,),
(0.000, 0.009, 0.009,
0.078; 1,1,))

((0.015, 0.110,
0.110, 0.321; 1,1,),
(0.015, 0.110, 0.110,
0.321; 1,1,))

((0.009, 0.075,
0.075, 0.255; 1,1,),
(0.009, 0.075, 0.075,
0.255; 1,1,))

Table 21. Ranking of Suppliers with Interval Type-2 Fuzzy TOPSIS Method

((0.112, 0.310,
((0.042, 0.203,
((0.125, 0.338, 0.338,
0.203, 0.433; 1,1,), 0.310, 0.588; 1,1,),
0.607; 1,1,), (0.125,
(0.112, 0.310,
0.338, 0.338, 0.607; (0.042, 0.203, 0.203,
0.310, 0.588; 1,1,))
0.433; 1,1,))
1,1,))

((0.000, 0.011,
((0.002, 0.035,
((0.005, 0.058, 0.058,
0.035, 0.159; 1,1,), 0.011, 0.098; 1,1,),
0.222; 1,1,), (0.005,
(0.000, 0.011,
0.058, 0.058, 0.222; (0.002, 0.035, 0.035,
0.011, 0.098; 1,1,))
0.159; 1,1,))
1,1,))

((0.104, 0.304,
0.304, 0.620; 1,1,),
(0.104, 0.304,
0.304, 0.620; 1,1,))

S2

((0.236, 0.519,
0.519, 0.809; 1,1,),
(0.236, 0.519,
0.519, 0.809; 1,1,))

((0.058, 0.203,
((0.028, 0.161,
((0.115, 0.327, 0.327,
0.161, 0.390; 1,1,), 0.203, 0.470; 1,1,),
0.607; 1,1,), (0.115,
(0.058, 0.203,
0.327, 0.327, 0.607; (0.028, 0.161, 0.161,
0.203, 0.470; 1,1,))
0.390; 1,1,))
1,1,))

CO2

((0.066, 0.233,
0.233, 0.512; 1,1,),
(0.066, 0.233,
0.233, 0.512; 1,1,))

OTD

S1

Q

((0.000, 0.032,
((0.022, 0.133,
((0.030, 0.128, 0.128,
0.133, 0.347; 1,1,), 0.032, 0.176; 1,1,),
0.344; 1,1,), (0.030,
(0.000, 0.032,
0.128, 0.128, 0.344; (0.022, 0.133, 0.133,
0.032, 0.176; 1,1,))
0.347; 1,1,))
1,1,))

C

((0.142, 0.376,
0.376, 0.701; 1,1,),
(0.142, 0.376,
0.376, 0.701; 1,1,))

Suppliers

Table 20. The Fuzzy Weighted Normalized Decision Matrix
OHS
((0.002, 0.024,
0.024, 0.106;
1,1,), (0.002,
0.024, 0.024,
0.106; 1,1,))
((0.010, 0.067,
0.067, 0.225;
1,1,), (0.010,
0.067, 0.067,
0.225; 1,1,))
((0.000, 0.012,
0.012, 0.093;
1,1,), (0.000,
0.012, 0.012,
0.093; 1,1,))
((0.038, 0.171,
0.171, 0.397;
1,1,), (0.038,
0.171, 0.171,
0.397; 1,1,))

((0.021, 0.117,
0.117, 0.310; 1,1,),
(0.021, 0.117,
0.117, 0.310; 1,1,))

((0.000, 0.004,
0.004, 0.054; 1,1,),
(0.000, 0.004,
0.004, 0.054; 1,1,))

((0.006, 0.049,
0.049, 0.182; 1,1,),
(0.006, 0.049,
0.049, 0.182; 1,1,))

((0.001, 0.022,
0.022, 0.118; 1,1,),
(0.001, 0.022,
0.022, 0.118; 1,1,))

CSR
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It can be seen in Table 21, the ranking of suppliers are obtained at the same order (Supplier 4-Supplier
2-Supplier 1-Supplier 3) for the company. Fuzzy TOPSIS method is useful in solving problems that require
linguistic uncertainty and group decision. Decision makers evaluate the significance of decision criteria and
each alternative according to these decision criteria. The best alternative is chosen that has the closest
distance to the positive ideal solution and the farthest distance the negative ideal solution. As a result of
evaluations made by decision makers according to their criteria, the best supplier is obtained as Supplier 4.
4. Conclusion
Incorporation of sustainability into supply chain management has attracted the greatest interest
from practitioners and researchers. Although in the past decade, sustainability has become an important goal
for companies, non-profit-making organizations, and governments, it is difficult to measure the extent to
which an institution is sustainable or a sustainable growth line. Analysing sustainability is always subjective,
and thus the decision-making models are crucial in this environment. In the practice of sustainability, TBL
principles expand the traditional accounting by considering environmental and social impacts. This research
presents an integrated fuzzy multi-criteria evaluation fremework SSS in the context of TBL. Firstly, criteria
weights are evaluated by using FAHP method. Based on the weights of sustainability criteria, we observed
that economic criteria are the most effective factor the considered factors. Then, fuzzy TOPSIS method is
performed to rank potential suppliers both type-1 fuzzy sets and type-2 fuzzy sets considering economic,
environmental and social main criteria and their sub-criteria. Performance of the fuzzy sets was compared
for the integrated method. Interval type-2 fuzzy sets are most noteworthy because the mathematics required
for such clusters is much simpler than the mathematics required for a general type-2 fuzzy sets. Additionally,
interval type-2 fuzzy sets allow to come from the linguistic uncertainties in human thinking style and capture
the vagueness of this style rather than type-1 fuzzy sets. This methodology may be used together with
another multi-criteria methods such as AHP-ELECTRE, or AHP-VIKOR. Also, different fuzzy MCDM methods
such as interval hesitant or intuitionistic fuzzy sets can be used in the future.

End Notes
 This paper is an extension of a conference paper entitled A Triple Bottom Line Approach for Sustainable Supplier
Selection by Using Fuzzy Multi-Criteria Evaluation that published in Conference Proceedings of 11 th International
Conferences on in İstanbul.
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