An Integrated, Multi-Criteria Approach Based on Environmental, Economic, Social,
and Competency Criteria for Supplier Selection
Abstract
Supplier selection (SS), which is a critical stage of supply chain management (SCM), is no
longer evaluated solely from the perspective of traditional criteria, due to increasing
environmental problems and ethical concerns. In this study, a multidimensional approach
including environmental, economic, social, and competency concepts was proposed to evaluate
SS, and an integrated approach based on Best Worst Method (BWM) and fuzzy TODIM (an
acronym in Portuguese of Interactive and Multi-criteria Decision Making) techniques was
developed. In the developed approach, BWM was used to first obtain the importance level of
the criteria and then to rank the suppliers with fuzzy TODIM. The proposed approach was tested
on an automotive company in Turkey. The outcomes of the analysis revealed that the most
important main criteria for SS are economic (0.377) and environmental criteria (0.290). In
addition, the sub-criteria with the highest criteria weight were listed as product cost (0.120), ontime delivery (0.112), quality control (0.094), logistics costs (0.069), management commitment
(0.054), and flexibility (0.054). The results of this study offer theoretical and practical outputs
to companies that want to improve their SS process, selection of suppliers, and contributions of
the researchers working on the topic.
Keywords: Supply Chain Management, Supplier Selection, Best Worst Method, fuzzy TODIM
method, Multi-Criteria Decision Making
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1. Introduction
Growing concerns about climate change, environmental protection, and global warming have
led companies to focus on customers’ environmental expectations in order to achieve a
competitive advantage (Chen & Chang, 2013). Supply Chain Management (SCM), which is a
fundamental strategy for companies to obtain reliable and cost-effective products, was
evaluated from the perspective of environmental concerns and the Green Supply Chain
Management (GSCM) idea was evaluated (Javad, Darvishi, & Javad, 2020). GSCM is a concept
that encourages environmental thinking and strategies, strengthens environmental awareness,
and integrates it into the entire supply chain. The sustaining of GSCM has become a critical
issue for companies, as there has recently been strong public awareness of environmental issues
(Gurel et al., 2015).
When managing environmental strategies, organizations should focus not only on the internal
supply process, but also on inter-organizational processes (Fahimnia et al., 2015). For this
reason, companies should cooperate with suppliers who can meet quality and environmental
standards, taking into account their needs and expectations. The supplier selection (SS) process,
which has an effect on both cost and performance, is one of the critical problems faced by
organizations (Gupta, Soni, & Kumar, 2019). However, evaluating suppliers is a complex issue
which requires the consideration of many factors.
Since SS problems are based on many factors such as cost and quality, they are considered as
part of Multi-Criteria Decision Making (MCDM). Many researchers with aims of improving
the SS processes of companies have conducted studies on the topic, and various MCDM
techniques have been used in these projects. However, for those studies, suppliers were
generally evaluated with economic and environmental criteria, and little attention was paid to
supplier evaluations which take different dimensions into account. In this study, suppliers were
evaluated with a four-dimensional structure that included environmental, economic, social, and
competency criteria. In addition, considering that the increase in SS research and the use of
different MCDMs will improve the knowledge on the subject, an integrated approach was
developed in which the Best Worst Method (BWM) and fuzzy TODIM (an acronym in
Portuguese of Interactive and Multi-criteria Decision Making) techniques were used together.
Although economic factors have traditionally been taken into account when evaluating supplier
performance, companies have recently started to focus more on environmental issues (Gupta et
al., 2019). Although there are studies in the literature whose authors consider environmental

criteria to improve the SS process, the subject is rarely approached from social and ethical
perspectives and structured models containing these aspects are rarely presented (Guarnieri &
Trojan, 2019). Supply chain performance can be increased by considering environmental,
social, and economic factors together in SS (Javad et al., 2020). Moreover, there is no specific
study in the automotive sector in which environmental, economic, and social criteria have been
evaluated together for SS. In addition, in this study the competency dimension was included
(which was not previously tested) as a main criterion in the SS literature. The competence of
an alternative was measured by levels of flexibility, innovation, quality control, and R&D.
Thus, in this study, the selection of a supplier of an automobile company operating in Turkey
was based on environmental, economic, social, and competency criteria and they were
evaluated using a four-dimensional frame containing the concepts.
SS, which is one of the critical stages of SCM, is an MCDM process. In this study, taking into
account the multi-criteria nature of SS problems, a multi-criteria approach consisting of two
stages was adopted. In the first stage, the importance levels of the criteria considered in SS were
determined using BWM. In the second stage, alternative suppliers were ranked using the fuzzy
TODIM technique. BWM is a technique based on binary comparisons between the rest of the
criteria and the best and worst criteria through a simple optimization model. Compared to
current MCDM techniques, the method requires fewer data and time comparisons; it is less
complex; and it is easier to implement. In addition, more consistent and reliable results are
obtained. BWM is especially useful for obtaining the importance levels of criteria (Wei et al.,
2018).
TODIM is a technique derived from Prospect Theory, in which alternatives are listed according
to benefit/cost criteria to capture the bounded rationality of the decision maker in a decision
process. The aim of the method is to determine the degree of dominance of alternatives, using
the utility function (Qin, Liu, & Pedrycz, 2017). TODIM is useful because it considers the
bounded rationality behavior characteristics of the decision maker (Huang, Li, & Liu, 2017). In
addition, the fuzzy TODIM technique has been used to overcome problems arising from
subjective decision maker preferences. In a review of the literature, no SS research was found
in which these two techniques were used together. For these reasons, a two-stage, integrated
approach in which BWM and fuzzy TODIM techniques were used together was used in this
analysis.
The primary goal of this research was to provide a different perspective on the subject by
presenting an effective, original, and integrated approach based on environmental, economic,

social, and competency criteria to support the SS of companies. Other objectives included (i)
defining and investigating evaluation criteria as the result of a systematic and detailed
examination of the SS literature; (ii) providing useful tips for customers and companies by
determining the importance levels of the criteria with the comments of experts with experience
in different areas; (iii) obtaining a comprehensive understanding of SS by incorporating the
concept of competence into the proposed model; (iv) proposing a mixed approach using two
decision-making techniques together; and (v) testing the proposed model for the SS of an
automobile firm in Turkey.
2. Literature Review
SCM consists of many stages and requires a potential supplier at each stage (Gupta et al., 2019).
As a result of the SS decision, the costs should be reduced, the quality should be increased, and
the company should provide a competitive advantage (Chen et al. 2016). The aim of SS is to
identify the most effective suppliers in meeting customer needs (Guarnieri & Trojan, 2019).
Today, environmental concerns have led to more of a focus on alternatives which emphasize
green practice initiatives. For this reason, organizations should evaluate their suppliers’
environmental stances while examining their performance (Govindan, Khodaverdi, & Jafarian,
2013).
Selecting one of the many potential suppliers with varying characteristics is a complicated
process involving qualitative and quantitative criteria. MCDM is an effective and appropriate
approach for solving this complex problem (Almeida, 2007). Table 1 shows a list of studies in
which the authors used MCDM methods for Green Supplier Selection (GSS); it also shows the
environmental criteria recommended in the studies. For this part of the study, current studies
conducted to improve SS from an environmental perspective and MCDM understanding were
included. In the proposed model, the environmental dimension is defined with 10 sub-criteria.
These criteria were determined based on these studies in which MCDM techniques were used
for GSS.
Shaw et al. (2012) focused on the carbon emission problem of an India-based garment company
and performed an SS process using the fuzzy AHP (FAHP)/Multi Objective Linear
Programming (MOLP) techniques. Govindan et al. (2013) analyzed a process that integrates
Qualitative Performance Evaluation (QPE) and fuzzy TOPSIS techniques based on the Triple
Outline approach for SS. Shen et al. (2013) conducted an environmental evaluation of the
suppliers of an automobile company and created an overall performance score. Kannan,

Jabbour, and Jabbour (2014) developed an SS framework for an electronics company, focusing
on GSS practices. Cao, Wu, and Liang (2015) tested an intuitive fuzzy MCDM to select the
most suitable supplier based on key elements in the manufacturing process. Rostamzadeh et al.
(2015) presented a quantitative model to evaluate GSCM indicators and analyzed this model in
the SS problem of a laptop manufacturer in Malaysia. Ghorabaee et al. (2016) aimed to evaluate
suppliers according to environmental criteria and to reduce environmental effects in the supply
chain with an approach based on a procedure in which Interval Type-2 Fuzzy Sets (IT2FS) and
WASPAS were integrated. Rezaei et al. (2016) formed a three-step process of pre-selection,
selection, and consolidation for the supply chain in the food industry. Guo et al. (2017)
evaluated supplier performance in the apparel industry using the Fuzzy Axiomatic Design
(FAD) technique. Qin et al. (2017) tested the technique developed based on IT2FS applied to a
GSS problem. Banaeian et al. (2018) applied three MCDM techniques for evaluation of a
company’s GSS process and compared the results in the environmental management system
(EMS) perspective. Wei et al. (2018) tested an integrated approach to GSCM, which performs
both GSS and order allocation, with real data taken from an electronics firm. Guarnieri and
Trojan (2019) proposed a model that will enable the selection of suppliers in the textile industry
to be evaluated within the perspective of ethical and economic issues. Gupta et al. (2019) made
evaluations among suppliers operating in the Indian automotive industry using traditional and
environmental criteria. Mishra et al. (2019) used the WASPAS technique together with fuzzy
sets and showed the applicability of this method to GSS problems. Đalić et al. (2020) evaluated
the suppliers for seven environmental criteria by integrating the fuzzy PIPRECIA and Interval
Rough Simple Additive Weighting (IRSAW) methods. Ecer (2020) proposed an approach for
SS of a home appliance manufacturer, considering environmental concepts and using the AHP
and IT2FS methods together. Javad et al. (2020) developed an approach to rank steel industry
suppliers according to their environmental innovation capabilities. Kumari and Mishra (2020)
tested the technique developed by using COPRAS and Gray Relational Analysis (GRA)
methods on the GSS problem of a manufacturer company in Iran.
3. Methods
The BWM and fuzzy TODIM techniques used in the approach proposed in this section of the
study are introduced step by step.

Table 1. Methods and criteria used in GSS studies
Author(s)
Shaw et al. (2012)
Govindan et al.
(2013)
Shen et al. (2013)

Method
FAHP, MOLP
QPS, TOPSIS

Criteria
Cost, Quality, Lead time, Emission, Demand
Pollution, Consumption, Eco-design, EMS

Fuzzy TOPSIS

Commitment, Green technology, Eco-design, Green materials, Consumption, EMS,
Environmental training, Pollution, Image
Commitment, Cooperation, Compliance, Certification, Green suppliers, Environmental
management, Eco-design, Clean production, Packaging, Clean technology, Product
designs, Unnecessary stock disposal, Scrap disposal, Waste equipment disposal
Remanufacturing, Consumption, Reverse logistics, Waste management, Certification
Design, Production, Purchasing, Recycling, Transportation, Warehousing

Kannan et al.
(2014)

Fuzzy TOPSIS

Cao et al. (2015)
Rostamzadeh et al.
(2015)
Ghorabaee et al.
(2016)
Rezaei et al. (2016)
Guo et al. (2017)
Qin et al. (2017)

Fuzzy TOPSIS
VIKOR

Banaeian et al.
(2018)
Wei et al. (2018)
Guarnieri and
Trojan (2019)
Gupta et al. (2019)
Mishra et al. (2019)
Ecer (2020)
Javad et al. (2020)
Đalić et al. (2020)
Kumari and Mishra
(2020)

Entropy, IT2FS,
WASPAS
BWM
FAD
IT2FS, TODIM
TOPSIS, VIKOR,
GRA
BWM, TOPSIS,
MOLP
AHP, ELECTRE
FAHP, TOPSIS,
WASPAS, MAPAC
WASPAS, VIKOR
IT2FS, AHP
BWM, Fuzzy
TOPSIS
Fuzzy PIPRECIA,
IRSAW
COPRAS, GRA

Pollution, Consumption, Design, EMS, Commitment, Green technology, Green
materials
Compliance on certification, Sustainability performance
Emission, EMS, Pollution, Consumption
Innovation, Image, Technology, Consumption, EMS, Quality, Life cycle, Pollution,
Training
EMS
Environmental performance, Innovation capability, Green logistic
Environmental impact, Packaging, Emission, Hazardous waste, EMS, Projects for
environment, Green image, Diversity, Environmental costs, Security
EMS, Image, Training, Eco-Design, Pollution, Consumption
Design, EMS, Production, Commitment, Technology
Technology, Manufacturing, Management
Collaborations, Environmental investments, Resource availability, EMS, Design,
purchasing, Obligations
Image, Recycling, Pollution, EMS, Green products, Resource consumption, Green
competencies
Pollution, Supply consumption, Eco-design, Management system, Commitment, Green
technology, Green materials, Quality management

3.1. Best Worst Method
BWM is based on paired comparisons among all criteria and the best/worst criteria. Decision
makers should specify the most important and least important criteria and make binary
comparisons of these and others. The method contains many positive features. First, compared
to current MCDM techniques, BWM requires less comparison data because it uses only two
vectors. Secondly, since fewer comparison data are required, it is less complex, easy to
understand, and it saves time. Third, it has a lower inconsistency ratio compared to traditional
methods such as AHP (Hendiani, Mahmoudi, & Liao, 2020). Fourth, it provides reliable results
from a structured, pairwise comparison (Liu et al., 2019). Fifth, it is very easy to find and revise
the reasons for inconsistencies (Rezaei et al. 2016). Finally, using it with other methods does
not require a complicated process. This method, which makes a comparison system, is used to

specify the weight of all selection criteria (Zolfani et al., 2020). The BWM consists of the steps
given below (Rezaei, 2015).
Step 1: The criteria 𝑐𝑛  to be evaluated in the decision process are determined.
Step 2: The best and worst criteria are decided. These may be the most/least desirable or the
most important criteria. There is no comparison at this step.
Step 3: The relationship between the best criterion and other criteria is stated using a number
between 1 and 9. As a result, the best comparison vector for other criteria is obtained as follows:
𝐴𝐵 = (𝑎𝐵1 , 𝑎𝐵2 , …, 𝑎𝐵𝑛 )
In the equation, 𝑎𝐵𝑗 shows the option of the best criterion B based on j criteria, and the 𝑎𝐵𝐵
value will be equal to 1.
Step 4: The relationship between the worst criterion and all criteria is stated using a number
between 1 and 9. The worst comparison vector for other criteria is obtained as follows:
𝐴𝑊 = (𝑎1𝑊 , 𝑎2𝑊 , … , 𝑎𝑛𝑊 )𝑇
In the equation, 𝑎𝐽𝑊 shows the preference of the worst criterion W based on j criteria. The 𝑎𝑤𝑤
value will be equal to 1.
Step 5: The optimal weight values (𝑤𝑛∗ ) of the criteria are obtained.
The optimal weight for the criteria is 𝑤𝐵 / 𝑤𝐽 = 𝑎𝐵𝑗 and 𝑤𝐽 / 𝑤𝑊 = 𝑎𝑗𝑊 for each 𝑤𝐵 / 𝑤𝐽 and 𝑤𝐽
/ 𝑤𝑊 pair. To fulfill the conditions of all j, a solution must be found in which the maximum
𝑊

𝑊

absolute differences | 𝑊𝐵 − 𝑎𝐵𝑗 | and |𝑊 𝑗 − 𝑎𝑗𝑊 | are minimized. Considering the total
𝑗

𝑊

conditions and the non-negative states of the weights, the following problem arises:
𝑊
min max 𝑊𝐵
{| 𝑊 − 𝑎𝐵𝑗 | , |𝑊 𝑗 − 𝑎𝑗𝑊 |}
j
𝑊
𝑗

s.t.
∑𝑗 𝑊𝑗 = 1
𝑊𝑗 ≥ 0
Equation (1) can be converted to Equation (2).
Min 

(1)

s.t.
𝑊

| 𝑊𝐵 − 𝑎𝐵𝑗 | ≤ ,
𝑗

𝑊

|𝑊 𝑗 − 𝑎𝑗𝑊 | ≤ ,
𝑊

∑𝑗 𝑊𝑗 = 1
Wj ≥ 0

(2)

With the solution to Equation (2), optimal criteria weights and the  value are obtained.
We obtain the value of different values of e by solving various alternatives. The maximum 
value (𝑚𝑎𝑥 ) obtained is used to obtain the consistency index (Table 2). Then, the consistency
ratio is reached through Equation (3). As the consistency ratio approaches zero, consistency
increases and a value below one is considered sufficient.
Consistency Ratio =

𝑚𝑎𝑥 ∗

(3)

Consistency Index

Table 2. Consistency index values
𝑎𝐵𝑊
Consistency Index (𝑚𝑎𝑥 )

1
0.00

2
0.44

3
1.00

4
1.63

5
2.30

6
3.00

7
3.73

8
4.47

9
5.23

3.2. Fuzzy TODIM
TODIM method is a discrete MCDM technique based on Prospect Theory (Kahneman &
Tversky, 1979). The method uses a global measure of value that can be calculated by applying
Prospect Theory (Gomes & Rangel, 2009). The logic of the technique is to minimize the
inconsistency of the process with the perspective of a binary comparison between criteria. The
aim of the method is to specify the degree of dominance of each alternative over the others. The
steps of the TODIM process are given below (Fan et al., 2013).
Step 1: Decision makers (𝐷𝑘 ) evaluate the importance level of criteria (𝐶𝑙 ) for use in evaluating
alternatives (𝐴𝑚 ).
Step 2: Criteria scores are compared using the variables (𝑥 𝑙 , 𝑥 𝑚 , 𝑥 𝑢 ) to calculate the gains and
losses of certain alternatives versus others. The distance between two numbers is calculated by
Equation (4).
1

𝑙
𝑙 2
𝑚
𝑚 2
𝑢
𝑢 2
d (𝑥̃𝑖𝑗 , 𝑥̃𝑘𝑗 ) = √3 [(𝑥𝑖𝑗
− 𝑥𝑘𝑗
) + (𝑥𝑖𝑗
− 𝑥𝑘𝑗
) + (𝑥𝑖𝑗
− 𝑥𝑘𝑗
) ]

(4)

𝑗

𝑗

For criterion 𝐶𝑗 , the 𝐺𝑖𝑘 value shows the gain and the 𝐿𝑖𝑘 value indicates the loss (when 𝐴𝑖 and
𝐴𝑘 alternatives are compared) as defined by Equations (5), (6), (7), and (8).
For the gain criterion,
𝑑 (𝑥̃𝑖𝑗 , 𝑥̃𝑘𝑗 )
0

𝑥̃𝑖𝑗 ≥ 𝑥̃𝑘𝑗
𝑥̃𝑖𝑗 < 𝑥̃𝑘𝑗

(5)

0

𝑥̃𝑖𝑗 ≥ 𝑥̃𝑘𝑗

(6)

−𝑑 (𝑥̃𝑖𝑗 , 𝑥̃𝑘𝑗 )

𝑥̃𝑖𝑗 < 𝑥̃𝑘𝑗

𝑗

𝐺𝑖𝑘 = {
𝑗

𝐿𝑖𝑘 = {

For the loss criterion,
0

𝑥̃𝑖𝑗 ≥ 𝑥̃𝑘𝑗,

𝑑 (𝑥̃𝑖𝑗 , 𝑥̃𝑘𝑗 )

𝑥̃𝑖𝑗 < 𝑥̃𝑘𝑗

−𝑑 (𝑥̃𝑖𝑗 , 𝑥̃𝑘𝑗 )
0

𝑥̃𝑖𝑗 ≥ 𝑥̃𝑘𝑗,
𝑥̃𝑖𝑗 < 𝑥̃𝑘𝑗

𝑗

𝐺𝑖𝑘 = {
𝑗

𝐿𝑖𝑘 = {

(7)

(8)

Step 3: Matrices are normalized using Equations (9) and (10) to compare the gains and losses
𝑗

𝑗

of different criteria. Thus, normalized gain (𝑌𝑗 = [𝑌𝑖𝑘 ]𝑚𝑥𝑚 ) and loss matrices (𝑍𝑗 = [𝑍𝑖𝑘 ]𝑚𝑥𝑚 )
are obtained:
𝑗

𝑌𝑖𝑘 =

𝑗

𝐺𝑖𝑘 − 𝐺𝐽𝑚𝑖𝑛

(9)

𝐺𝐽𝑚𝑎𝑥 − 𝐺𝐽𝑚𝑖𝑛
𝑗

𝑗

in which 𝐺𝐽𝑚𝑎𝑥 = max{𝐺𝑖𝑘 ∣ 𝑖, 𝑘 = 1, … , 𝑚}, 𝐺𝐽𝑚𝑖𝑛 = min {𝐺𝑖𝑘 ∣ 𝑖, 𝑘 = 1, … , 𝑚}
𝑗

𝑍𝑖𝑘 =

𝑗

𝐿𝑖𝑘 − 𝐿𝑚𝑎𝑥
𝐽

(10)

𝐿𝑚𝑎𝑥
− 𝐿𝑚𝑖𝑛
𝐽
𝐽
𝑗

𝑗

in which 𝐿𝑚𝑎𝑥
= max {𝐿𝑖𝑘 ∣ 𝑖, 𝑘 = 1, … , 𝑚}, 𝐿𝑚𝑖𝑛
= min {𝐿𝑖𝑘 ∣ 𝑖, 𝑘 = 1, … , 𝑚}
𝐽
𝐽
Step 4: The criterion with the highest importance is determined as the reference criterion. The
transformed importance weights (𝑤𝑗𝑟 ) are obtained by using Equation (11).
𝑤𝑗𝑟 = 𝑤𝑗 /𝑤𝑟

(11)

in which 𝑤𝑗 = max 𝑤𝑗 , j = 1, 2, …, n
Then the degrees of dominance for gain and loss are calculated using Equations (12) and (13).

𝑗(+)

Φ𝑖𝑘

𝑗(−)
Φ𝑖𝑘

𝑗

𝐺 𝑤𝑗𝑟

= √∑𝑛𝑖𝑘

(12)

𝑗 = 1 𝑤𝑗𝑟

𝑗

1

= -Φ √

−𝐿𝑖𝑘 (∑𝑛
𝑗 = 1 𝑤𝑗 )

(13)

𝑤𝑗

𝑗(+)

𝑗(−)

In the equations, Φ is the loss reduction factor. There must be 0 ≤ Φ𝑖𝑘 < 1 and Φ𝑖𝑘

≤ 0 here.

𝑗

The degrees of dominance for gain and loss (Φ𝑖𝑘 ) are calculated by Equation (14). Thus, the
𝑗

dominance degree matrix (Φ𝑗 = [Φ𝑖𝑘 ]𝑚𝑥𝑚 ) for the 𝐶𝑗 criterion is obtained.
𝑗

𝑗(+)

𝑗(−)

Φ𝑖𝑘 = Φ𝑖𝑘 + Φ𝑖𝑘

(14)

Step 5: The overall dominance degree matrix ( = [𝑖𝑘 ]𝑚𝑥𝑚 ) is calculated by Equation (15).
𝑗

𝑖𝑘 = ∑𝑛𝑗 = 1 Φ𝑖𝑘

(15)

Step 6: Based on the matrix  and using Equation (16), the overall performance score ([𝐴𝑖 ])
of each alternative is calculated. At this stage, 0 ≤ (𝐴𝑖 ) ≤ 1 and the greater the (𝐴𝑖 ) value of
an alternative, the better that alternative is considered.
(𝐴𝑖 ) =

𝑚𝑖𝑛
{∑𝑚
 }
𝑖 = 1,…,𝑚 𝑘 = 1 𝑖𝑘
𝑚𝑎𝑥
𝑚𝑖𝑛
𝑚
𝑚
𝑖 = 1,…,𝑚{∑𝑘 = 1 𝑖𝑘 } − 𝑖 = 1,…,𝑚{∑𝑘 = 1 𝑖𝑘 }
∑𝑚
𝑘 = 1 𝑖𝑘 −

(16)

Step 7: Overall performance scores are examined and alternatives are listed.
4. Proposed Method
Automobile manufacturing companies should start implementing environmental practices in all
processes in order to reduce environmental impacts, increase ecological efficiency, and achieve
market share targets. Automobile companies’ selections of their suppliers according to
environmental factors will increase their efficiency and competitive advantage (Shen et al.,
2013). In this study, a method based on environmental, economic, social, and competence
criteria for SS of an automobile firm is presented.
In the research, an expert board consisting of 7 decision makers with more than 10 years of
experience working in an automobile firm was created. Decision makers included a general
manager (D1 ), a purchasing manager (D2 ), a purchasing engineer (D3 ), a production manager
(D4 ), a manufacturing engineer (D5 ), a quality manager (D6 ), and a product development

manager (D7 ). While forming the decision-maker group, attention has been paid to ensure that
decision-makers have information about suppliers and have a say in supplier selection. In
addition, decision makers were asked to make an assessment based on their perceptions about
the supplier in question, while evaluating subjective criteria such as reputation and trust. Current
studies about SS were examined in detail and the criteria to be used in the study were determined
(Table 3). Decision makers were asked to evaluate the importance of the criteria in the first
phase, and the performance of the alternatives in the second phase. In this study, 5 different
alternatives were evaluated. Alternatives are suppliers with institutional characteristics and with
whom the company has experience of working together in the past or today. The evaluation
process with decision makers took place between July 2020 and September 2020 via email and
video conferences. In the analysis process, BWM was used in the first stage and the TODIM
technique was used in the second.
Table 3. Proposed criteria in the study
Criteria

Sub-Criteria
Eco-design 𝐶𝐴1
Emission 𝐶𝐴2
Green management system
𝐶𝐴3

Environmental
𝐶𝐴

Economic
𝐶𝐵

Green production 𝐶𝐴4
Management commitment 𝐶𝐴5
Management of hazardous
waste 𝐶𝐴6
Resource consumption 𝐶𝐴7
Staff training 𝐶𝐴8
Use of green material 𝐶𝐴9
Use of green technology 𝐶𝐴10
Financial stability 𝐶𝐵1
Logistics cost 𝐶𝐵2
On time delivery 𝐶𝐵3
Order fulfilment 𝐶𝐵4
Product cost 𝐶𝐵5
Customer satisfaction 𝐶𝐶1
Intra organizational
collaboration 𝐶𝐶2

Social
𝐶𝐶

Reputation 𝐶𝐶3
Social service 𝐶𝐶4

Competency
𝐶𝐷

Trust 𝐶𝐶5
Flexibility 𝐶𝐷1
Innovation 𝐶𝐷2
Quality control 𝐶𝐷3
R & D level 𝐶𝐷4

Description
Designing products to consume less material / energy, recyclable and
reduce hazardous material use
Hazardous gas emission produced in production process
Having environmental certificates and developing, implementing and
maintaining of environmental policies / objectives
Adoption level of a clean, recyclable, low scrap rate, high capacity
production process
Commitment to improve and support GSCM practices of managers
Supplier's level of controlling hazardous waste
Low raw material and water consumption in the production stages
Staff training based on environmental targets
The level of using recyclable materials in the production process
Application of environmental science to protect the environment
Financial status and stability of the supplier
Sum of transportation costs from the supplier to the customer
The ability of the supplier to deliver orders on time
The ability of the supplier to fulfill orders
Total price of the product, including production, processing and
maintenance costs
Performance level of the supplier in terms of customer satisfaction
Effective execution of discipline and security practices, providing
employees with job opportunities and career development
opportunities
The reputation degree of the supplier in the industry and past
cooperation experience
Carrying out activities for the benefit of society in the fields of
education, health and culture
Mutual trust relationship between the supplier and the customer
Level of meeting different customer demands
The supplier's level of adopting new ideas, thoughts and methods
The level of control of the quality of the materials used
The level of importance given by the supplier to R&D activities

Four main criteria (environmental, economic, social, and competence) were used in the study.
There are 10 sub criteria under the environmental dimension. Some of these criteria contain
similar meanings. For example, the criteria for eco-design, use of green materials and use of
green technology may evoke similar meanings for decision-makers at first sight. Here, with the
eco-design criterion, it was questioned whether an environmental sensitivity was shown at the
design stage of the product. In the use of green material criteria, it is focused on whether
recyclable materials are used in addition to the stipulated stages in the design process. In the
green technology use criteria, it was evaluated whether technological developments that have
environmental concerns were followed. However, emission, management of hazardous waste
and green production sub-criteria also have similar meanings. Here, the emission criterion
focuses on dangerous gas emissions in the production process. In the hazardous waste
management criteria, it is meant to control different wastes other than gas emissions. In the
green production criteria, it was evaluated whether an environmental understanding such as low
scrap rate or high capacity production is adopted in the production process adopted.
4.1. Weighting Criteria with Best Worst Method
The weights of the criteria to be used in the evaluation of the suppliers were obtained using the
BWM technique. The stages of the applied technique are given below.
Step 1: At this stage, 4 criteria and 24 sub-criteria were determined to compare alternatives
(Table 3).
Step 2: Decision makers identified the best and worst criteria. While the best criterion was
defined as the most important in the selection of the supplier, the worst criterion was the least
important. At this stage, the criteria and sub-criteria below each criterion were evaluated
separately.
Step 3: Decision makers compared the best criteria preferences for SS with each of the other
criteria using a value between 1 and 9.
Step 4: Decision makers compared the criteria preferences that they considered to be the worst
(least important) for SS with each of the other criteria. The experts’ evaluations about the main
criteria are given in Table 4.
Step 5: By solving the linear model given in Eq. (2), the weights of the criteria were determined.
This process was done separately for all decision makers and simple averages of each criterion

were taken. Table 5 gives the weights and averages of the main criteria for all decision makers.
In addition, using Equation (3), consistency ratio values were obtained for each decision maker.
Table 4. Expert evaluation of the main criteria
Decision
Maker
D1
D2
D3
D4
D5
D6
D7

Best
Criterion
C𝐵
C𝐷
C𝐴
C𝐵
C𝐵
C𝐴
C𝐵

C𝐴
3
4
1
1
2
1
2

Criteria
C𝐵 C𝐶
1
5
2
5
2
6
1
6
1
2
3
6
1
5

C𝐷
6
1
3
3
7
3
2

Worst
Criterion
C𝐷
C𝐶
C𝐶
C𝐶
C𝐷
C𝐶
C𝐶

C𝐴
2
3
5
4
3
5
3

Criteria
C𝐵 C𝐶
6
2
3
1
3
1
6
1
6
2
1
1
6
1

C𝐷
1
7
3
4
1
2
3

Table 5. Weights and general averages of criteria for experts
D
D1
D2
D3
D4
D5
D6
D7
wj /n

w1∗
0.235
0.156
0.472
0.170
0.262
0.494
0.239
0.290

w2∗
0.544
0.277
0.175
0.477
0.478
0.253
0.437
0.377

w3∗
0.126
0.073
0.075
0.092
0.188
0.107
0.085
0.107

w4∗
0.095
0.494
0.278
0.261
0.072
0.146
0.239
0.226

∗
0.683
0.838
1.298
1.172
0.541
0.628
0.172
-

CR
0.228
0.364
0.432
0.391
0.145
0.273
0.075
-

Weights of the main criteria of environmental, economic, social, and competence were 0.29,
0.377, 0.107, and 0.226, respectively (Table 6). By following the same process, the local
weights of the sub-criteria were obtained (Table 6). Global weights were achieved by
multiplying the local weight of the sub-criterion by the global weight of the main criterion of
that sub-criterion.
4.2. Evaluation of Suppliers with Fuzzy TODIM
At this stage of the study, suppliers were evaluated using the TODIM technique. The
importance levels of the criteria were taken from the first stage results in which the BWM
technique was applied. The steps of the adopted technique are given below.
Step 1: In the approach adopted, criterion weights were obtained from the first stage results.
Step 2: Decision makers evaluated suppliers with linguistic variables. Variables were
transformed into fuzzy numbers and their arithmetic averages were taken to create a fuzzy
decision matrix. Then, gain and loss matrices were created by using Equations (5), (6), (7), and
(8).

Table 6. Importance levels of criteria
Main
Criteria

𝐶𝐴
(0.290)

𝐶𝐵
(0.377)

𝐶𝐶
(0.107)

𝐶𝐷
(0.226)

Sub-criteria

Local Weights

Global Weights

𝐶𝐴1

0.080

0.023

𝐶𝐴2

0.052

0.015

𝐶𝐴3

0.048

0.014

𝐶𝐴4

0.123

0.036

𝐶𝐴5

0.185

0.054

𝐶𝐴6

0.077

0.022

𝐶𝐴7

0.148

0.043

𝐶𝐴8

0.167

0.048

𝐶𝐴9

0.074

0.021

𝐶𝐴10

0.046

0.013

𝐶𝐵1

0.086

0.032

𝐶𝐵2

0.182

0.069

𝐶𝐵3

0.296

0.112

𝐶𝐵4

0.116

0.044

𝐶𝐵5

0.319

0.120

𝐶𝐶1

0.260

0.028

𝐶𝐶2

0.095

0.010

𝐶𝐶3

0.215

0.023

𝐶𝐶4

0.099

0.011

𝐶𝐶5

0.330

0.035

𝐶𝐷1

0.238

0.054

𝐶𝐷2

0.215

0.049

𝐶𝐷3

0.416

0.094

𝐶𝐷4

0.131

0.030

Step 3: Using Equations (9) and (10), normalized gain and loss matrices were obtained.
Step 4: By using Equation (11), the criteria weights obtained in the first phase were converted
based on the reference criteria. Then, using Equations (12) and (13), gain and loss dominance
degrees were obtained. The value of Φ was accepted as 1 in Equation (13) in order to contribute
with the real values of the losses on the total score. Finally, the dominance degree matrices for
all criteria were calculated using Equation (19).
Step 5: The overall dominance degree matrix was obtained using Equation (20). The matrix in
question is given below:

=

0
−118.014
−130.345
−2.783
[ −62.334

0.533
0
−49.709
3.952
−2.452

4.047
−18.395
0
4.493
3.366

−54.354
−140.487
−150.553
0
−88.685

−21.635
−97.849
−112.023
−1.981
]
0

Step 6: Considering the ∆ matrix, the performance scores of all suppliers were calculated using
Equation (16). Accordingly, the performance scores of the suppliers were determined as (A1 )
= 0.832, (A2 ) = 0.152, (A3 ) = 0, (A4 ) = 1, and (A5 ) = 0.655.
Step 7: According to the obtained performance scores, the performance ranking of the suppliers
was (A4 ) > (A1 ) > (A5 ) > (A2 ) > (A3 ). Accordingly, the most suitable option for the
company is A4 .
5. Discussion and Conclusions
The decrease in natural resources and increasing environmental pollution have made GSS a
critical issue for businesses (Javad et al., 2020). In addition, GSS helps to increase productivity
and customer satisfaction by saving resources and reducing costs (Gupta & Barua, 2017).
However, it is not sufficient to solely consider environmental criteria in the SS process.
Therefore, in this study, an effective model is proposed for SS with an integrated method,
considering different dimensions.
The current literature examining SS and GSS problems was first examined. As a result of this
survey, 4 main criteria and 24 sub-criteria were proposed for SS. A case study for an automotive
firm operating in Turkey was taken into account. An expert committee consisting of 7 decision
makers with expertise in different fields and with more than 10 years of experience was
established. A two-step approach was developed in which BWM and fuzzy TODIM techniques
were used together so that decision makers could select the best supplier. In the first stage,
criteria were evaluated through BWM and criteria weights were determined. In the second
stage, 5 suppliers wishing to work with the automotive company were evaluated and ranked
using the fuzzy TODIM technique. In addition to providing ease of calculation, low
inconsistency, and reliable results, the developed approach has not been used before in studies
on SS.
In the first stage, it was determined that economic and environmental criteria were the most
critical main criteria for SS. Also, respectively, product cost, on-time delivery, quality control,
logistics costs, management commitment, and flexibility were sub-criteria with the highest
criterion weights. When analyzed from an environmental perspective, it was seen that the most
important features sought in a supplier were management commitment, staff training, and

resource consumption. According to the economic dimension, which was seen to be the most
effective criterion for SS, a supplier should be able to deliver on time as well as keep the product
and logistics costs low. While the most important concepts in social terms were trust and
customer satisfaction, it was quality control and flexibility in terms of competency.
In the second stage, five alternative suppliers were evaluated in terms of the determined criteria.
The suppliers were ranked as 𝐴4 , 𝐴1 , 𝐴5 , 𝐴2 , and 𝐴3 , respectively. The results showed that 𝐴4
had the highest score, and this alternative stood out through environmental and social criteria.
Ranking second, 𝐴1 stood out with its superiority in terms of economic and social criteria. Being
an economical alternative for 𝐴5 was considered as a positive feature. The unsuccessful
perception of 𝐴2 in environmental and social issues and 𝐴3 in economic and competency areas
prevented them from being accepted as good suppliers. The proposed method is valuable both
for suppliers that aim to be a better alternative for companies, and for firms that want to evaluate
their suppliers effectively.
5.1. Contributions and Implications
The main target of the search was to present a systematic and comprehensive model that is
compatible with different dimensions in SCM and that can support the decision-making stage.
A firm working with outsourcing may adopt this approach in order to identify suitable suppliers.
The results obtained in this study may prevent an ineffective supplier from entering the supply
chain of the companies. Thus, resource and cost savings will be achieved and negative
environmental impacts will be reduced. In addition, as the result of a detailed literature review,
presenting an approach that uses environmental, economic, social, and competency criteria
together and including the opinions of professionals in the study enriched the theoretical
contributions of the results. However, a new and integrated method that can be used in SS has
been proposed.
According to the results of the research, the most effective dimension in SS is economy. The
sub-criterion with the highest criterion weight was the product cost. Although the increasing
environmental and ethical concerns directly affected the SS decisions of the companies, the
costs of the products to be purchased were still very important. Therefore, suppliers should keep
the product cost, which includes production, processing, maintenance, and warranty costs, at a
reasonable level.
Another critical economic criterion is on-time delivery. Suppliers must keep their delivery
performance high and comply with pre-defined delivery schedules. However, inexpensive

transportation alternatives should be preferred and the cost of transportation should not reach
the amount that will be a bother to the customer.
The results show that it is important for companies to choose their suppliers by considering the
environmental dimension as well as the economic dimension. First, suppliers’ managers must
make a commitment to support GSCM practices and the improvement of environmental
performance. This commitment will ensure the acceptance of environmental practices and it
will likely increase the motivation of employees. Thus, environmental awareness will increase
and the development of GSCM applications will be provided. However, effective training on
environmental targets should be provided to staff. This will increase the motivation and
participation of the staff, who will understand the importance of adopting an environmental
approach. In addition, the fact that suppliers keep their resource consumption at a low level in
terms of raw materials, energy, and water during the production stage is a feature that brings
them to the forefront in the eyes of customers.
The competency dimension comes to the fore, especially with the quality control and flexibility
sub-criteria. Suppliers must establish a quality policy and control the quality of materials used
in production. Thus, the quality level will increase and competitive advantage will be obtained.
In addition, companies should be able to design and manufacture different products within the
same planning period. Being able to meet different customer demands and orders in a short time
and at a low cost will provide a great advantage to suppliers. Moreover, the trust sub-criterion
had the highest importance among the social criteria. Fulfilling the commitments given by the
supplier to the customer and gaining the trust of the customer will provide the basis for a longterm business partnership.
In addition to practical results, the findings from this study offer theoretical clues that will
benefit researchers. Recent studies on SS have been examined systematically and in detail, and
the criteria proposed in this research have been obtained as a result of this review. This study
included economic and social criteria as well. However, the concept of competence, which was
not previously recommended in the current literature, was included in the developed approach.
In addition, the importance levels of the criteria were determined by taking the opinions of
experts who have experience in different fields of study and by adopting a quantitative
approach. Researchers working in the field of SS are expected to benefit from the criteria and
results proposed in this study.

In this study, an approach that integrates two techniques that are effective in different study
areas but not used together in SS problems before is proposed. The aim is to reduce complexity
and inconsistency and increase the reliability of the results. It is possible to use the developed
approach in solving different SS problems. This study fills a gap in the literature with both the
proposed four-dimensional criteria structure and the developed integrated approach.
5.2. Limitations and Further Research Issues
Although the suggested approach makes a contribution to the GSS literature, it has some
limitations and aspects that can be further developed. First of all, different MCDM techniques
can be used for SS in future studies. A committee of experts consisting of 7 different decision
makers evaluated the criteria and alternatives in this study. In future studies, experts with
careers in different fields can be added to the panel of decision makers and a wider community
can be created. In addition, the proposed model can be formulated differently in line with the
different goals and expectations of various companies, and it can be added or removed with a
new factor.
With minor modifications, the approach developed in this study can be tested in cases involving
the supply chains of different industries. In addition, the method can be applied to other
problems and management practices in production. Moreover, in future studies, taking into
account the interactions among criteria will yield useful results. As a result, more research is
needed to define SS criteria and to develop selection methods.
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