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Abstract: This study is to determine the sustainable supplier selection criteria through the
literature research and to choose the best sustainable supplier with the AHP-Topsis method.
Nowadays, a sustainable supply chain has become one of the main methods of supply chain
management when the growth of information about sustainability in companies bore in mind.
Studies about assessment and evaluation of sustainability create the main requirement in sustainable
supply chain management. In this study, Economic, social and environmental main criteria and 17
sub criteria have been determined. Weights of criteria are evaluated with methods of Analytic
Hierarchy Process (AHP) and Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) As a result of the study, The universe of the research consists of all enterprises affiliated
to Bursa Chamber of Industry and Commerce. The research sample consists of a business affiliated
to Bursa Chamber of Commerce and Industry. it's been determined that the most important main
criterion is "Economical”, for the sub criteria, these are "Quality", "Human Rights" and "Green
Production". As a result of the analysis, Supplier 4 is chosen as the one who has the highest score
among all the existing suppliers of the company.
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Jel Codes: M11, QO1, L22

Siirdiiriilebilir Tedarik Zinciri: AHP — TOPSIS Yontemine Dayali Bir Stralama Modeli

Oz: Bu ¢alismamin amaci, literatiir arastirmast yoluyla siirdiiriilebilir tedarik¢i secim
kriterlerini belirlemek ve AHP Topsis yontemiyle en iyi siirdiiriilebilir tedarikgi se¢imini yapmaktir.
Giintimiizde, isletmelerde stirdiiriilebilirlik hakkindaki bilginin biiyiimesi goz éniine alimdiginda,
stirdiiriilebilir tedarik¢i se¢imi, tedarik zinciri yonetiminin ana faktorlerinden biri haline gelmistir.
Siirdiiriilebilirligin ol¢iilmesi ve degerlendirilmesi ile ilgili ¢calismalar siirdiiriilebilir tedarik zinciri
yonetiminde temel gereksinimini olusturmaktadir. Bu ¢calismada ekonomik, sosyal ve ¢evresel ana
kriterleri ve 17 alt kriter belirlenmigstir. Kriterlerin agirliklar: Analitik Hiyerarsi Siireci (AHS) ve
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) ydntemleriyle
degerlendirilmistir. Arastirmanin evreni Bursa Sanayi ve Ticaret Odasi’na (BTSO) bagh tiim
isletmelerden olusturmaktadr. Arastrma oOrneklemi ise, BTSO’va bagh bir isletmeden
olusmaktadir. Calisma sonucunda en onemli Anakriter “ekonomik” olarak alt kriterler igerisinde
“kalite”, “insan haklar1” ve “yesil iiretim” olarak belirlenmigstir. Analizler sonucunda, isletmenin
mevcut tedarikgileri arasinda Tedarikgi 4 en yiiksek puana sahip tedarikgi segilmigtir.
Anahtar Kelimeler: Siirdiiriilebilirlik, Siirdiiriilebilir Tedarik Zinciri, AHP, TOPSIS
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GENISLETILMIiS OZET

Arastirma Problemi

Bu galigma, literatiir arastirmasi yoluyla siirdiiriilebilir tedarik¢i se¢im
kriterlerini belirlemek amaciyla yapilmistir. Ayrica ¢aligmada, en iyi tedarikgileri
secmek icin bu belirlenen ana ve alt kriterler kullanarak AHP-TOPSIS
yontemiyle yeni bir siralama yontemi onerilmistir.

Arastirma Sorulari

Stirdiiriilebilir tedarik¢i se¢imlerinde en Onemli kriter ve alt kriterlerin
neler oldugu ve AHP-Topsis yontemine gore en iyi tedarik¢inin belirlenmesidir.

Literatiir Arastirmasi

Kiiresellesme ile birlikte artan rekabet kosullarinda tedarik zinciri
yOnetimi, igletmelerin rekabet edebilme durumlarini siirdiirebilmek ve diinyanin
farkli yerlerinde miisteri taleplerini karsilayabilmek i¢in uygulanmaktadir.
Tedarik zinciri yonetiminin verimli bir sekilde uygulayabilmesi, isletmeler
tedarikgileriyle bir araya gelerek ihtiyaci olan hammaddeyi istenilen zamanda ve
en diisiik maliyetle tedarik etmelerine baghdir (Oztiirk, 2019).

Literatiirde, tedarik zinciri yonetimi konusu ile ilgili Analitik Hiyerarsi
Siireci (AHP) yonteminin kullanildigi farkli sektorlerde yapilan ¢ok sayida
caligma bulunmaktadir. Rajesh (2020) Hindistan baglaminda siirdiiriilebilir
tedarik zincirleri biitlinlestirici karar modelinde AHP’yi uygulamistir. Caligma
sonucunda doga dostu teknolojilerin standardizasyonu ve yesil segment
boyutunun 6nemli bir faktoér oldugu tespit etmistir. Hong ve dig. (2018) Tedarik
zinciri dinamik yetenekleri ve kuruluslarin siirdiiriilebilirlik performanslari
iizerinde stirdiiriilebilir tedarik zinciri yonetim (TZY) uygulamalarinin etkisini
aragtirmiglardir. Arastirma sonucunda TZY uygulamalarimin TZ dinamik
yetenekleri iizerinde ekonomik, c¢evresel ve sosyal siirdiiriilebilirlik
performanslarmin ii¢ boyutu Ttlzerinde Onemli pozitif etkisi oldugunu
gozlemlenmistir. Sossou ve dig. (2020) bulanik ¢ok kriterli karar yaklagimi
kullanilarak siirdiiriilebilir risk yonetimi stratejisi se¢imi yapmuglardir. Kannan ve
dig. (2020a), siirdiiriilebilir tedarik zincirinde yeni bir hibrit yaklagim arastirmasi
yapmislardir. Aragtirma sonucunda tedarik¢i se¢iminde ¢ok kriterli karar verme
yontemi kullanarak en iyi tedarik¢i se¢imini belirlemislerdir. Vivas ve dig. (2020)
Stirdiiriilebilir tedarik zinciri optimizasyon ve degerlendirilmesinde Brezilya’da
gergeklestirilenbir vaka calismasini AHP yontemiyle yapmislardir. Caligma
sonucunda ¢evresel parametrelerin sosyal yonlerden daha ¢ok ilgili olduklarini
belirlemislerdir. Mastrocinque ve dig. (2020) yenilenebilir enerji sektoriinde
stirdiirtilebilir tedarik zinciri gelisimi i¢in AHP tabanli ¢ok kriterli bir model
iizerinde ¢alisma yapmuslardir. Onerilerinde fotovoltaik enerji sektdriinde
siirdiiriilebilir yatirim kararlart almak i¢in giiclii bir arag oldugunu saptamislardir.
Kannan ve dig. (2020b), siirdiriilebilir tedarik zinciri ve firma performansi
analizini yapmislardir. Caligmalarinda, silirdiiriilebilirligin ¢esitli yonleri ile firma
performansi arasinda pozitif bir iligski oldugu dogrulanmakta ve siirdiiriilebilirlik-
firma performans iligkilerinin giicliniin zamanla arttig1 ortaya koyulmaktadir.
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Yontem

Bu ¢alisma Bursa Ticaret ve Sanayi Odasina bagli otomotiv sektoriinde
faaliyet gosteren bir isletmede tedarik¢i secim problemi olarak ele alinmugtir.
Analizin ilk asamasinda karar verici kisiler secilmistir. Isletme calisanlarindan
ilgili departmandan otuz uzmana anket ¢aligmasi yaptirilmistir. Anket sonuglar
degerlendirilirken Cok Kriterli Karar Verme (CKKV) teknikleri kullanilmustir.

Bulgular ve Sonu¢

Arastirmada oOncelikle literatiirde yer alan siirdiiriilebilirlik kriterleri
belirlenmis ve bu kriterler isletme ydneticileriyle yapilan gdriisme sonucunda
nihai haline ulastirilmigtir. Daha sonra isletmelerden elde edilen veriler excell
ofice programi yardimiyla analiz edilmistir. Ana ve alt kriterlerin oncelik
degerleri hesaplanmistir. Buna gore ana kriterlerden ekonomik kriter
0,644989964, sosyal kriter 0,208631065 ve ¢evresel kriter 0,14637897 olarak
belirlenmigtir. Alt kriterlere bakildiginda ise ekonomik alt kriter i¢in en yiliksek
deger “kalite” (0,49668776), sosyal alt kriter i¢in en yiiksek “insan haklar1” (0,25)
ve ¢evresel alt kriter i¢in “yesil liretim” (0,385816275) seklindedir. Elde edilen
alternatiflerin 6ncelik degerleri matematiksel islemler sonrasinda tedarik¢i se¢imi
icin gerekli olan son degere ulastirilmistir. TOPSIS yontemi ile elde edilen
siralamada Tedarikg¢i-4 > Tedarikgi-3 > Tedarik¢i-2 > Tedarik¢i-1 > Tedarikgi-5
seklinde siralanmig ve Tedarikgi-4 aranan kriterlere en ¢ok uyum gosteren firma
olarak belirlenmistir. Ileride yapilacak caligmalar igin kriterlerin hassasiyetini
daha yiiksek diizeyde olciilmesi igin dlgek sayisi arttirilabilir. Kriterler ve alt
kriterlerin siralanmasi1 PROMETHEE, VIKOR, bulantk DEMATEL, bulanik
mantik kullanilarak siirdiiriilebilir tedarik¢i se¢imleri yapilabilir.

1. Introduction

The growing competitive environment in recent years is directing
companies to produce services that have more outstanding technologies, high
quality, and trustworthiness. Intense pressures that consisted of the effect of
globalization is made companies dependent on more suppliers day by day to reach
their aim and it gave chance to sustainability with the improvement of supplier
management to fill the gap between supplier skills and producer expectation
(Ndubisi et al., 2005). Nowadays, sustainable progress had become a very
conspicuous term in fields such as manufacturing, business development,
tourism, and agriculture. In this context, in traditional supply chain management,
companies had evaluated suppliers generally according to price, quality, delivery
time, and submitted services. (Amindoust et al., 2012). However, because of
increasing energy prices, industrial pollution, the absence of compulsory raw
material and natural resources, and environmental disasters, nowadays,
sustainability is accepted as the most decisive criteria that are considered by
companies while choosing the best-fit supplier (Mastrocinque et al., 2020).

When the existing state in the World bore in mind, it is seen that the
environmental problems are growing. In this regard, supporting environmental
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sustainability in operation is seen as the first factor beside that, there is a parallel
interest between operators for sustainability and flexibility in producing to get
advantages to compete in the future. Sustainable Supply Chain Management
(SSCM) is an important way to reach these aims in operation (Solomon, 2007;
Bloomfield, 2015; Rajesh, 2020).

Sustainability is amenable for changing and improving environmental
aspects until the 2000s and from this point of view, sustainability is a revisable
notion, and it has been emphasized mostly on sustainability's environmental
dimensions. Solely afterward, the economical and social dimensions had also
been added to a sustainable supply chain notion for some developments and
transformations. Sustainability is the proper management of the relationship
between economical, social, and environmental resources. Based on
Sustainability's approach, making economical performance sustainable as well to
preserve the companies position in the market represents the economical side of
sustainability (Elkington, 2004).  Accordingly, sustainable supply chain
management (SSCM) is a field that developing in researches and industry. In this
regard, it is seen that companies are trying to increase their competition powers
by implementing sustainable applications to their products and services. (Vivas
et al. 2020, Ansari and Kant, 2017).

This study is done by a literature review to determine the sustainable
supplier selection criteria and also in this study a real case application about the
best sustainable supplier selection was performed in the automotive supplier
companies in Bursa. Moreover, in the review, by using such identified main
criteria and sub criteria to choose the best suppliers, the AHP-TOPSIS method
with a new gradation method is suggested. The study consists of seven sections.
In the first chapter, information was given by leading into the research topic. In
the second chapter, it's mentioned the researches oriented to sustainability and
sustainable supply chain by scanning literature. The third and fourth chapters, it
is telling the methodology of AHP and TOPSIS, which are multi-criteria decision
methods. In the fifth chapter, criteria were sorted (ranked) by the research model
and the AHP method. In the sixth chapter, there are findings as a result of using
AHP-TOPSIS methods. In the last chapter, research was evaluated, findings were
commented and suggestions were given to the researchers who will study this
topic in the future.

2. Literature Review

In the competition conditions that increased with globalization, supply
chain management is being used to maintain companies' competitive positions
and to supply with customer demands from all over the world. Operating the
supply chain management voluminously depends on the companies to meet with
their suppliers and procure the required raw materials at the right time and for the
lowest cost.

In literature, there is a lot of research about supply chain management in
the different sectors by using the relevant AHP method. Rajesh (2020) has used
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the AHP sustainable supply chains as a reintegrative decision model in the Indian
context. As a result of research, it was determined that the eco-friendly
technologies' standardization and green segment dimension are important factors.
Hong et al. (2018) researched the Sustainable Supply Chain Management
(SSCM) effects on operations of dynamic skills and sustainability performance
of organizations. As a result of research, it was observed that SSCM operations
have an economical effect on Supply Chain (SC) dynamic skills and important
positive effects on three dimensions of environmental and social sustainability
performances. Amindoust et al. (2012) developed a new ranking model that basis
on fuzzy inference system, in this research has been handled sustainable supply
selection in terms of the subjectivity of decision-makers assessment. Their study
basis of fuzzy inference system was suggested for supplier selection problem.
Sossou et al. (2020) choose the sustainable risk management strategy by using a
fuzzy multiple criteria decision approach. Kannan et al. (2020a) researched a new
hybrid approach on the sustainable supply chain. As a result of the research, they
determined the best supplier choice by using Multi-Criteria Decision-Making
Method. Vivas et al. (2020) in the assessments and optimization of a sustainable
supply chain, In Brazil, made a case study by using the AHP method. As
concluded by the research, they determined that environmental parameters are
more related than social aspects. Mastrocinque et al. (2020) in the renewable
energy sector, have researched a multiple-criteria model with AHP bounded for
the development of a sustainable supply chain. In their suggestion, they
determined that there is a powerful tool to make decisions for sustainable
investments in the photovoltaic energy sector. Kannan et al (2020b) conducted
the sustainable supply chain and company performance analysis. In their
research, they confirm that there is a positive relationship between
sustainability's' various aspects and company performance and they exhibited that
sustainability and company performance relationship strength gets more
powerful in time.

2.1. Sustainability

Even if the sustainability notion is being used in the company literature
commonly, there is not a common definition. Sustainability is defined with words
such as "biological system", "eco-system", "preservation", "social equality". Lots
of managers have a common thought who have sustainable company activities,
as long as the company maintains its activities, it has to be responsible to the
environment, it has to contain various wide base operations and periods
(Demirkol, 2020). World commission on environment states in a definement in
1987, "Sustainability is being able to meet the existed human requirements
without harming the next generation's lives and without risking their ability to
meet their requirements" (WCED, 1987).

International academy papers defined sustainability as permanent human
activity and consumption level. In this way, people can ensure goods and services
indefinitely. In this respect, in literature, sustainability is defined with three main
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dimensions which are social, environmental, and economic (Ahi and Searcy,
2013; Mollamohamadi et al., 2013). From a social perspective, sustainability
aims to meet human needs without violating their moral and legal rights.
Economic sustainability aims to increase production income flow to the highest.
Environmental sustainability is defined as companies have to not risk the
environment, natural system, and life while they maintain their activities.
(Common and Perrings, 1992; Mollamohamadi et al., 2013)

2.2. Sustainable Supply Chain

A supply chain is a network with producers and distributors that supplies
raw material, changing these supplied raw materials into semi-finishing and end
products and delivers end products to the last consumers (Lee and Billington,
1992). Besides, the supply chain is operations unitary that contribute to supplying
the material, conducting the process of these materials turning into the last
product, and distributing products to the consumers (Ganeshan and Harrison,
1995).

Sustainable Supply Chain Management (SSCM) ensures the integration of
the flow of economical, environmental, and social dimensions and in-house and
B2B with innovator and collaborationist approaches to create a sustainable figure
(Kannan et al., 2020b). Sustainable supply chain management on the one hand
considers sustainability's main factors such as economic, environmental, social,
and technology, on the other hand, it can be defined as managing and conducting
the tangible, fund, and information flow (Molamohamadi et al., 2013). After
choosing the sustainable supplier, by incorporating the social and environmental
parameters into the supplier choosing process, economic, social, and
environmental criteria were included in this process, as well (Song et al., 2017).
A company that has a sustainable supply chain perspective has to keep in touch
with suppliers and has to satisfy consumers, government, and stakeholders.
Besides, in a sustainable supply chain, sustainability criteria must be considered
to choose the right suppliers to produce sustainable products (Molamohamadi et
al., 2013).

3. Analytic Hierarchy Process (AHP)

Analytic Hierarchy Process is a mathematical theory that was developed
by Thomas L. Saaty in the middle of the 1970s and is used to gauging and
deciding (Saaty and Niemira, 2006: 1). This method relies on the comparison of
criteria and alternatives dyadically. AHP is a method that tries to extrapolate a
complicated decision problem by degrading the problem into pairwise
comparison (Saaty and Vargas, 2012). AHP allows decision-makers to model
complex problems with a hierarchical structure, showing the relationship between
the main goal, criteria, sub-criteria, and alternatives to the problem. In AHP,
criteria get a pairwise comparison to determine the weights then finding the
effects of these weights to the hierarchical structure is on the nail (Wind and
Saaty, 1980). The most important feature of the Analytic Hierarchy Process is
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that it includes both objective and subjective thoughts of the decision-maker in
the decision-making process. AHP is a method that is used effectively on lots of
decision problems that's been reunited logically with information, experience, a
person's thoughts, and intuitions. Thanks to this method, in the decision process,
decision-makers can use their craft knowledge and experiments effectively based
on their profession (Vargas, 1990:2; Karaatl et al., 2014).

3.1. Creation of The Hierarchical Structure

In the first step, the problem that is being decided must be understandable
and transform into a hierarchical structure in terms of ease of implementation.
That's why, the main aim of decision problems is to create criteria, sub criteria,
and alternatives in a hierarchical structure (Oztiirk, 2019)

3.2. Creation of Pairwise Comparison Matrices

The following steps should be followed to make decisions by establishing
priorities with AHP; (Saaty, 2008; Karaatli et al., 2014)

e The problem should be identified and the type of information being
searched should be determined,

e A hierarchical structure should be established with the target of a decision
at the top, the criteria at the middle level, and alternatives at the lowest level,

¢ Pairwise comparison matrices should be created and applied separately
for each level,

While creating pairwise comparison matrices, criteria that partaking in the
hierarchical steps are used. The criteria are compared with each other by
considering the purpose according to the factor in the next step in the hierarchy.
At the end of these comparisons, the matrix defined as the pairwise comparison
matrix is obtained (Ozbek and Erol, 2018). Matrices are created using the 1-9
comparison scale shown in Table 1 suggested by Saaty (1994).
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Table 1: Comparison Scale

Score Definition Description

1 Equally Important | Both options contribute equally.

3 A Little More | Experience and judgment make one criterion superior to
Important another

5 Strongly Experience and judgment make one criterion superior to
Important another

7 Strongly One criterion is considered superior to another and this
Important superiority stands out in implementation.

9 Extremely Evidence that shows one criterion is superior to another
Important has tremendous reliability

2,4,6,8 | Intermediate Values between two consecutive judgments to be used
values when accommodation is required

Pairwise comparison is the most important phase of AHP. Relative and
absolute measurements are used to obtain pairwise comparisons. By making use
of these comparisons, judgments are turned into a matrix in AHP. Aij feature i
and j. In general, the pairwise comparison matrix to show the pairwise
comparison value of the feature; is an nxn sized square matrix. Aji value is j, by
criterion i. is the comparison value of the criterion. This value is obtained by aji
= |/aij equality if the aij value is given. This feature is called the provision feature
(Saaty, 1994; Saaty and Vargas, 2000).

all al2 -+ daln 1 al2 - aln
B a2l a22 --- a2n B 1/al2 1 -~ a2n
anl an2 -+ ann 1/aln 1/a2n --- 1

3.3. Normalization of Pairwise Comparison Matrix

After creating pairwise comparison matrices, each element in the matrix is
normalized by dividing it by its column sum (equality 1). After the normalized
matrix is created, the W priority matrix is obtained, which will have weight values
for each factor (Equality 2). (Saaty, 1987; Aktepe and Ersoz, 2014)

Bij =m0 = 1,2, )T oo (1)
T bij
Wi= 22 3 e )

n
3.4. Calculation of The Consistency Rate
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In the fourth stage of AHP, the compliance ratio (CR) is calculated, which
indicates whether the created matrices are consistent. If the fit rate (CR) is less
than 0.1, it indicates consistency. If it is bigger than 0.1, re-evaluation is required.
When calculating the fit rate, firstly, for each row of the comparison matrix, the
sum of the weights of the elements in the columns is found, and the normalized
matrix values are obtained by dividing the element in each column by these
weights. Priorities vector is calculated by taking the average of each line of this
normalized matrix. Then, by comparing the priority vector with the matrix, all
the priority matrix is obtained. CI (consistency index) and CR (Consistency ratio,
Equality 3) are calculated as follows (Saaty, 1980; Mastrocinque et al., 2020;
Karaatl et al., 2014).

[ti]nxl = [Xij]nxn' [W]nxl

“ooye
— i En for
b Vienf
n L
=lw
6max= n -
6max_n
Cl =
n—1
CI
CR S PR RRRTRRRRs 3)

The random index (RI) value in the equation is given in the table below
(Alonso and Lamata, 2006).
Table 2: Random Index

N|3 4 5 6 7 8 9 10 |11 |12 |13 |14 |15
RI [ 058 [ 090 | 1,12 | 1,24 | 132 | 1,41 | 1,45 | 149 | 1,51 | 1,48 | 1,56 | 1,57 | 1,59

4. Topsis Method

TOPSIS method developed by Hwang and Yoon in 1981 is a multi-criteria
decision-making technique based on the idea of the shortest distance to the
positive-ideal solution and the farthest distance to the negative-ideal solution
(Marchetti and Wanke, 2020). The first step of this method is the preparation of
the decision matrix. In the decision matrix, the options are recorded from top to
bottom and towards each alternative, it is written that alternative's features related
to the criterion. Therefore, gradation operations are performed using this matrix.

The steps of the Topsis method are listed as follows (Marchetti and Wanke,
2020; Chen, 2019; Dutta et al., 2019; Bertolini et al. 2020; Ramya and Devadas,
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2019; Chakravarthi et al., 2020; Bathrinath et al., 2020; De Farias and Ferreira,

2019).
1. Creation of the decision matrix
X11 oo Xln
A= i P “
Xm - Xmn
2. Calculating the Normalized Decision Matrix
A X,:]' (l=1,2,3, ,m) 5
Iiy= TP J=1,2,3,. , m) s ®)]
i=14ij
3. A weighted normalized decision matrix is calculated as follows
V= [vij ]mxn
W11 v Wnma
W=| DT (6)
Wni - Wmn
i=123,..,m
Uij:Wj*Tij (i:1,2,3,--- ’ n) ................................. (7)

Particularly wj: The weight of each j criterion, relative weight values of the
normalized decision matrix elements based on purpose found towards importance
given to the criteria. Then, the elements in each column of the matrix r given in
the equality number 2 are multiplied by the corresponding wij value given in the
equality number 3 and the matrix V shown in the equality number 4 is created.

4. Determination of positive ideal (A*) and negative ideal (A ") solution
values

A*={v1 Vg, V3, v, Up} = {(maxivijlj € ])’ (minivijlj € ])’} ..... ®)
E TS i=12,..m

A7={v1 Uy, V3, ., Up} = {(minivijlj € ])’ (maxivijlj € ])’}....(9)
’ " i=12,..m

J = Maximized factor group (benefits)
J = Minimized factor group (Costs)

5. The distinction between alternatives is measured. Distance values to

positive S;* ideal and negative S;” ideal solutions are calculated for each
alternative.
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St = \/27=1(vi,- — v;+)? i=1,2..,m0<S} <1 (10)

S7 =\/27=1(vi,- — v;7)? i=1,2..,m0<S <l..... (11)

6. Relative proximity to positive ideal solution;

Where Cit+ value takes a value in the range of 0< Ci+ <1 Among the
alternatives evaluated, the alternative with the highest coefficient of proximity is
considered as the best.

5. Implementation of AHP Method

This study has been handled as a supplier selection problem in a business
operating in the automotive sector affiliated to Bursa Chamber of Commerce and
Industry. In the first stage of the analysis, decision-makers were selected. These
surveys were conducted by thirty experts from the relevant department among
the business employees. Evaluation of the survey results MCDM techniques were
used.

In the first step of AHP, the decision problem's main aim, criteria, sub
criteria, and alternatives were created in a hierarchical structure and shown in
Figurel.

The main criteria are determined respectively as environmental, social, and
economic. Sub criteria are; under the environmental main criterion,
"Environmental handling and packaging (C1)", "Eco-friendly production (C2)"
and "Reverse logistics (C3)", "Emission (C4)" and "Cleaner technology usability
(C5)". Under the social main criteria; "Human Rights (S1)", "Number of
Employees (S2)", "Social Responsibility (S3)", "Continuous improvement (S4),
"Occupational Health and Safety (S5), "Wages and Working Hours (S6) and
"Education of Employees (S7). Under the economical main criteria; "Quality
(E1)", "Cost (E2)", "On-Time Delivery (E3)", "Flexibility (E4)", "Distance (E5)"
and Supplier (P).
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Figure 1 The Structure of AHP-TOPSIS
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In the second and third steps of AHP, pairwise comparison matrices were
created, relative priorities were determined and the consistency rates of the
matrices were calculated. Geometric averages of pairwise comparison values
obtained by taking the opinions of experts in the enterprise were calculated and a
common opinion was formed. Comparing the main criteria with each other, it is
seen that the most important criterion is economical (0,645). The economical
criterion is followed by social (0,209) and environment (0,146). The pairwise
comparison matrix was found to be below 0.10 with a consistency rate of

0,09557. (Table 3).

Table 3: AHP Matrix for Weighting Criteria

Economic Social Environmental Priorities
Economic 1,00 4510115 3,335326 0,644989964
Social 0,221724 1,00 1,983465 0,208631065
Environmental 0,299821 0,504168 1,00 0,14637897
Consistency Ratio: 0,09557
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Pairwise comparison of sub criteria, relative priority values, and
consistency ratios are given in Table 4-6 According to this, quality in terms of
economical criterion (0,49668776), human rights in terms of social criterion
(0,25), green production in terms of environmental criterion (0,385816275) are
seen as the most important sub criteria. For all pairwise comparisons, the
consistency rate was found to be below 0,10.

Table 4: Economic Dimension

El E2 E3 E4 ES Priorities
El 1,00 4457377 | 4,878456 4,783803 6,232772 | 0,49668776
E2 0,224347 | 1,00 3,429932 2,970184 4,558492 | 0,22335133
E3 0,204983 | 0,291551 | 1,00 2,543375 5,134134 | 0,14816851
E4 0,209039 | 0,336679 | 0,393178 1,00 2,69919 | 0,08651698
ES5 0,160442 | 0,219371 | 0,194775 0,370482 1,00 0,04527542
Consistency Ratio: 0,099702
Tablo 5: Social Dimension
S1 S2 S3 S4 S5 S6 S7 Priorities
S1 | 1,00 3,54 | 2,84 | 2,383 0,99 2,58 2,73 0,25
S2 10,2826 | 1,00 | 0,31 | 0,24627 0,2634 | 0,23274 | 0,27169 0,04
S3 10,3521 | 3,22 | 1,00 | 0,29744 0,2462 | 0,30687 | 0,40449 0,07
S4 10,3531 | 4,06 | 3,36 | 1,00 0,40 1,08 0,94 0,13
S5 | 1,0054 | 3,80 | 4,06 | 2,47221 1,00 1,22 1,04 0,21
S6 | 0,3876 | 4,30 | 3,26 | 0,92399 0,82 1,00 0,29 0,13
S7 10,3663 | 3,68 | 2,47 | 1,06355 0,96 3,45 1,00 0,17
Consistency Ratio: 0,07
Table 6: Environmental Dimension
Cl 2 C3 C4 cs Priorities
Cl 1,00 0,19 0,20 0,18 0,54 0,051735575
C2 5,19 1,00 3,82 1,82 3,45 0,385816275
C3 4,89 0,26 1,00 0,22 3,19 0,16706605
C4 5,57 0,55 445 1,00 2,75 0,305239862
Ccs 1,84 0,29 0,31 0,36 1,00 0,090142237
Consistency Ratio:0,086703
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managers of the company.

6.

Implementation of Topsis Method

In operation, the TOPSIS method was carried out in six steps.
Step 1: Creation of 1the decision matrix
The decision matrix is formed according to the geometric average of the
scores ranging from 1-10 given by the decision-makers to the suppliers towards
the criteria determined by the decision-makers (Table 7). decision-makers consist
of a team of thirty experts, consisting of merchandising, production, and supply

Table 7: Decision Matrix

El E2 E3 E4 ES S1 s2 | s3
Pl | 037 | 015 | 015 | 046 | 089 | 078 | 089 |078
P2 | 166 | 156 | 152 | 178 | 1,89 | 1588 | 288 |256
P3 | 333 125 | 245 | 346 | 389 | 364 | 388 |2,00
P4 | 414 | 425 | 335 | 456 | 365 | 3,88 1,89 | 2,88
Ps | 0,12 | 045 | 054 | 021 | 014 | 0,17 | 048 |045
Table 7 (Continued)

S4 [ S5 ] s6 | s7 | CI C2 | c3 | c4 Cs
Pl | 064|082 ] 092 | 046 | 025 | 058 | 088 | 061 0,33
P2 1156 145] 1,78 | 1,98 | 207 | 235 | 2,36 | 246 1,87
P31 145186 | 1,78 | 1,56 | 1,78 | 231 | 256 | 28 | 2,99
P4 1278 1299 | 245 | 265 | 245 | 201 | 358 | 321 331
P5 | 0,78 | 0,88 | 098 | 0,56 | 0,66 | 086 | 0,54 | 0,62 | 0,66

8).

Step 2: Normalization of decision matrix
In this step, the normalization of the decision matrix was made by dividing
each value into the columns by the square root of the sum of the squares of all
values in the relevant column and reducing them to a single denominator (Table

Table 8: Normalized Decision Matrix

El

E2

E3

E4

E5

S1

P1

0,07

0,0317759

0,03366793

0,07646588

0,15530985

0,13687223

P2

0,297495817

0,3304699

0,34116840

0,29588974

0,32981530

0,329897169

P3

0,596783777

0,2647996

0,54990959

0,57515646

0,67882621

0,638737072

P4

0,741947398

0,9003186

0,75191720

0,75800967

0,63694490

0,680851604

P5

0,021505722

0,0953278

0,12120456

0,03490834

0,02443076

0,029831127
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Table 8: (Continued)

S2 S3 S4 S5 S6 S7

P1]0,1683644 | 0,1759199 | 0,17560628 | 0,205327502 | 0,244607329 | 0,123374065
P2|0,5448197 | 0,5773781 | 0,42804032 | 0363079119 | 0,473262006 | 0,53104489
P30,7339933 | 0,4510766 | 0,39785799 | 0,46574287 |0,473262006 | 0,418399004
P4 |0,3575379 | 0,6495504 | 0,76278981 | ( 748694184 | 0,651399952 | 0,710741898
P5|0,0908032 | 0,1014922 | 0,21402016 | 0,220351465 | 0,260559981 | 0,150194514

Table 8: (Continued)

Step 3: Creation of the weighted decision matrix
The weighted decision matrix (Table 10) was created by multiplying the
normalized decision matrix values created in the previous step by the weight
coefficients (W) (Table 9) of the criteria obtained in AHP.

Cl C2 C3 C4 (O8]
P1 0,06692559 0,145115 0,172564 0,120883 0,067449
P2 0,554143881 0,587965 0,462784 0,487494 0,382209
P3 0,476510198 0,577957 0,502003 0,572706 0,611126
P4 0,655870777 0,502898 0,70202 0,63612 0,676531
P5 0,176683556 0,21517 0,105891 0,122864 0,134897

Table 9: Criteria Weight Values
|W| 0,32035846 | 0,144059294 | 0,095567154 | 0,055802556 | 0,029202177 | 0,052157766 |

Table 9: (Continued)
| W | 0,008345243 | 0,014604175 | 0,027122038 | 0,043812524 | 0,027122038 | 0,035467281 |

Table 9: (Continued)
(W | 0007573062 | 0056475 | 0024455 | 0044681 | 0013195 |

Table 10: Weighted Decision Matrix

Pl 0,02 0,00 0,00321754 | 0,0042669 | 0,0045353 | 0,0071389
P2 ]0,09530530 | 0,0476072 | 0,03260449 | 0,0165114 | 0,0096313 | 0,0172066
P3  10,19118473 | 0,0381468 | 0,05255329 | 0,0320952 | 0,0198232 | 0,0333150
P4 10,23768912 | 0,1296992 | 0,07185858 | 0,0422988 | 0,0186001 | 0,0355116
P5 ]0,00688954 | 0,0137328 | 0,01158317 | 0,0019479 | 0,0007134 | 0,0015559
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Table 10: (Continued)

Pl

0,0014050

0,0025691

0,0047628

0,00899591

0,00663424

0,00437574

P2

0,0045466

0,0084321

0,01160932

0,01590741

0,01283583

0,01883471

P3

0,0061253

0,0065876

0,01079072

0,02040537

0,01283583

0,01483947

P4

0,0029837

0,0094861

0,02068841

0,03280218

0,01766729

0,02520808

P5

0,0007577

0,0014822

0,00580466

0,00965415

0,00706691

0,00532699

Table 10: (Continued)

P1

0,000506832

0,008195

0,00422

0,005401

0,00089

P2

0,004196566

0,033206

0,011317

0,021782

0,005043

P3

0,003608641

0,03264

0,012276

0,025589

0,008064

P4

0,00496695

0,028401

0,017168

0,028422

0,008927

P5

0,001338036

0,012152

0,00259

0,00549

0,00178

Step 4: Determination of positive and negative ideal solutions

In the weighted decision matrix, ideal and negative ideal solution values
were determined by selecting a positive and negative solution for an ideal solution
from the relevant column of each criterion (Table 11).

Table 11: Positive and Negative Ideal Solutions

at|0,2376891 | 0,12969927 | 0,0718585 | 0,04229887 | 0,01982320 | 0,03551169
a- | 0,0068895 0 0,0032175 | 0,00194797 | 0,00071343 | 0,00155592
Tablo 11: (Continued)
at+ | 0,00612535 | 0,00948614 | 0,02068841 | 0,03280218 | 0,01766729 | 0,02520808
a- | 0,00075777 | 0,00148221 | 0,0047628 | 0,00899591 | 0,00663424 | 0,00437574
Tablo 11: (Continued)
at 0,00496695 0,033206 0,017168 0,028422 0,008927
a- 0,000506832 0,008195 0,00259 0,005401 0,00089
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Step S: Calculation of distinction criteria
Positive ideal and negative ideal values were subtracted from the values in
the column that belong to each criterion and positive and negative ideal solution
distance values were determined respectively (Table 12 and Table 13).
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P1] 0,046849035 | 0,015655427 | 0,004711593 | 0,001446424 | 0,000233717 | 0,000805013
P2 | 0,020273153 | 0,006739098 | 0,001540884 | 0,000664994 | 0,000103874 | 0,000335073
P3| 0,002162659 | 0,008381847 | 0,000372694 | 0,000104115 | 5,86871E-20 | 4,82505E-06
P4 | 1,56712E-19 | 3,07501E-21 | 8,38488E-18 | 1,68206E-19 | 1,49579E-06 | 2,90086E-20
P5 | 0,053268449 | 0,013448208 | 0,003633126 | 0,001628195 | 0,000365183 | 0,001152995
Table 12: (Continued)
P1 | 2,22813E-05 | 4,78447E-05 | 0,000253625 | 0,000566738 | 0,000121728 | 0,000434
P2 | 2,49229E-06 | 1,11095E-06 | 8,24299E-05 | 0,000285433 | 2,33431E-05 | 4,06E-05
P3 | 5,87766E-20 | 8,40156E-06 | 9,79644E-05 | 0,000153681 | 2,33431E-05 | 0,000108
P4 | 9,86972E-06 | 3,26881E-24 | 1,61124E-19 | 1,35948E-19 | 1,99195E-19 | 1,16E-19
P5 | 2,88109E-05 | 6,4063E-05 | 0,000221526 | 0,000535831 | 0,000112368 | 0,000395
Table 12: (Continued)
Total Si*
1,99 | 0,0006 | 0,0001
P1 | E-05 2 68 0,00053 | 6,46E-05 | 0,07249044 | 0,269240498
593 | 2,2E- | 3,42E-
P2 | E-07 13 05 4,41E-05 | 1,51E-05 | 0,03017142 | 0,173699236
1,85 | 3,2E- | 2,39E-
P3 | E-06 07 05 8,03E-06 | 7,45E-07 | 0,01145115 | 0,107010076
1,02 | 2,31E- | 1,76E-
P4 | E-19 05 14 9,29E-14 | 6,05E-14 | 3,44504E-05 | 0,005869446
1,32 | 0,0004 | 0,0002
P5 | E-05 4 13 0,000526 | 5,11E-05 | 0,07604888 | 0,275769619
Table 13: Negative distance values to the ideal solution
3,11702E
P1 | 0,000206 | 2,09546E-05 | 1,75215E-18 | 5,37784E-06 | 1,46073E-05 -05
0,000244
P2 | 0,007817 | 0,002266451 | 0,00086359 | 0,00021209 | 7,95288E-05 947
0,001008
P3 | 0,033964 | 0,001455182 | 0,00243401 | 0,00090885 | 0,00036518 645
0,001152
P4 | 0,053268 | 0,016821901 | 0,00471159 | 0,00162819 | 0,00031993 995
1,6235E- 2,62932E
P5 20 0,000188592 | 6,99837E-05 | 1,46251E-19 | 2,2959E-19 -21
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Tablo 13: (Continued)

P1 | 4,18953E-07 | 1,18147E-06 | 2,33415E-19 [1,06674E-21 |1,47015E-19 [1,22E-19  |1,12E-19
P2 | 1,43556E-05 | 4,83014E-05 | 4,68749E-05 |4,77688E-05 [3,84596E-05 [0,000209  |1,36E-05
P3 | 2,88109E-05 | 2,6065E-05 | 3,63358E-05 [0,000130176 |3,84596E-05 [0,000109  [9,62E-06
P4 | 4,95492E-06 | 6,4063E-05 | 0,000253625 |0,000566738 [0,000121728 [0,000434  |1,99E-05
P5 | 2,16088E-19 | 1,40837E-19 | 1,08548E-06 [4,33277E-07 |1,87202E-07 [9,05E-07  |6,91E-07
Tablo 13: (Continued)
Total Si-
P1 11,66E-13 |2,66E-06 |1,52E-14 |4,62E-16 |0,000282382 |0,016804225
P2 10,000626 |7,62E-05 |0,000268 |1,72E-05 |0,012889662 |0,113532648
P3 0,000598 |9,38E-05 |0,000408 |5,15E-05 |0,041665974 |0,204122447
P4 10,000408 |0,000213 |0,00053 6,46E-05 |0,080583435 |0,283872217
P5 1157E-05 |1,88E-13 |7,86E-09 |7,92E-07 |0,000278333 |0,016683321

Step 6: Calculation of the relative proximity to the ideal solution

For each alternative value, proximity was found according to the ideal
solution by dividing the negative ideal solution value by the sum of its value and
the positive ideal solution value of the same alternative (Table 14).

Table 14: Ranking of Selected Supplier According to TOPSIS Method

Si+ Si- Ci Rank
Pl 0,269240498 0,016804225 0,058746845 4
P2 0,173699236 0,113532648 0,395264783 3
P3 0,107010076 0,204122447 0,656062713 2
P4 0,005869446 0,283872217 0,979742485 1
P5 0,275769619 0,016683321 0,057046174 5
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Table 15: Sorting by Supplier Score

Supplier 5 .057046174
Supplier 4

Supplier 3

Supplier 2

Supplier 1 .058746845

0 0.2 0.4 0.6 0.8 1 1.2

When the proximity coefficients of alternatives are examined in the
TOPSIS method; Supplier-4 Company 0.979742485, Supplier-3 company
0,656062713, Supplier-2 company 0,395264783, for Supplier-1 company
0,058746845 and Supplier-5 it's 0,057046174. According to the Topsis method,
the supplier companies' sorting fis listed as Supplier-4> Supplier-3> Supplier-2>
Supplier-1> Supplier-5. According to the results obtained, it has been found
suitable for the company working with the Supplier-4 company which has the
highest coefficient.

Conclusion

Sustainability is a large scale strategy based on resource permanency that
produces the most appropriate solutions covering all segments of society. It refers
to having a holistic approach when considering solutions as it considers both
natural balance and future generations. From a social perspective, sustainability
aims to meet human needs without violating their moral and legal rights.
Economical sustainability aims to increase production income flow to the highest.
Environmental sustainability is defined as companies have to not risk the
environment, natural system, and life while they maintain their activities.

In this study, it was focused on how the selection of suppliers, one of the
most important elements of the supply chain, can be realized for sustainability.
At this point, the AHP-Topsis method which is frequently used in the literature
was used to select the most suitable supplier. In the research, firstly, sustainability
criteria in the literature were determined and these criteria were finalized as a
result of the meeting with the business managers. After that, the data obtained
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from the companies were analyzed with the help of the excel office program.
Priority values of main and sub criteria were calculated. The economic criterion
0,644989964, social criterion 0,208631065, and environmental criterion
0,14637897 is calculated as a main criteria. When the sub criteria are analyzed,
the highest value for the economic sub criterion is "quality" (0,49668776), the
highest for the social sub criterion is "human rights" (0,25) and for the
environmental sub criterion, it is "green production" with (0,385816275). Priority
values of the alternatives obtained were reached to the final value required for
supplier selection after the mathematical operations. In the ranking obtained by
the TOPSIS method, the supplier-4> supplier-3> supplier-2> supplier-1>
supplier-5 were listed and the supplier-4 was determined as the company that best
complies with the criteria.

When the literature is analyzed, it is seen that there are some similar studies
on sustainable supplier selection. Kannan et al. (2020b) accepted in their study
carried out in 2020, priorities of many criteria were determined based on
economic, social, and circular factors as three dimensions of sustainability. It is
seen that the economic criterion has the highest value. Vivas et al. (2020)
examined the economical, environmental, and social sustainability with AHP and
PROMETHEE methods. They emphasized that environmental criteria are more
important than other criteria. It is seen that emissions are the most important
among the environmental criteria. Mastrocinque et al. (2020) in their study on an
AHP-based multi-criteria model for sustainable supply chain development in the
renewable energy sector, made choices on a country basis. It was observed that
the highest value in the selection of suppliers in the renewable energy sector
belongs to Germany. In the research of Luthra et al. (2017) according to the
criteria of sustainable supplier selection, "Environmental costs", "Product
quality", "Product price", "Occupational health and safety systems", and
"Environmental qualifications" are listed as five sustainable supplier selection
criteria.

For further studies, the number of scales can be increased to measure the
sensitivity of criteria at a higher level. By using PROMETHEE, SWARA,
COPRAS, VIKOR, fuzzy DEMATEL, fuzzy logic, sorting criteria, and sub
criteria can be made and sustainable supplier selections can be done.

References
Ahi, P., Searcy, C. (2013). A Comparative Literature Analysis Of Definitions for
Green and Sustainable Supply Chain Management. Journal of Cleaner
Production, 52, 329-341. https://doi.org/10.1016/j.jclepro.2013.02.018
Aktepe, A, Ersoz, S. (2014). Ahp-Vikor ve Moora Yontemlerinin Depo Yeri
Secim Probleminde Uygulanmasi. Endiistri Miihendisligi, 25 (1) , 2-15.
Alonso, J., Lamata, T. (2006) Consistency In The Analytic Hierarchy Process: A
New Approach. International Journal of Uncertainty, Fuzziness and

614 Iktisadi ve Idari Bilimler Dergisi, Nisan 2021, Cilt: 35, Sayi: 2



Isa DEMIRKOL

Knowledge Based Systems 14(4)
445459. https://doi.org/10.1142/S0218488506004114

Amindoust A., Shamsuddin A., Ali S., Ardeshir B., (2012), Sustainable Supplier
Selection: A Ranking Model Based On Fuzzy Inference System, Applied
Soft Computing 12 (2012) 1668-1677.
https://doi.org/10.1016/j.as0¢.2012.01.023

Ansari, Z. N., & Kant, R. (2017). A State-Of-Art Literature Review Reflecting
15 Years Of Focus On Sustainable Supply Chain Management. Journal of
Cleaner Production, 142, 2524-2543. doi: 10.1016/j.jclepro.2016.11.023

Bathrinatha S., Bhalajia, R.K.A., Saravanasankara S., (2020), Risk Analysis in
Textile Industries Using AHP-TOPSIS, Materials Today: Proceedings
doi: 10.1016/j.matpr.2020.04.722

Bertolini M, Esposito G, Romagnoli G (2020) A TOPSIS-based approach for the
best match between manufacturing technologies and product
specifications. Expert Syst Appl 159:113610.
https://doi.org/10.1016/j.eswa.2020.113610

Bloomfield C., (2015), Putting Sustainable Development in to Practice: Hospital
Food Procurement In Wales, Region. Stud. Region. Sci. 2 (1) (2015) 552—
558.

Chen, P. (2019). “Effects of Normalization on the Entropy-based TOPSIS
method [J].” Expert  Systems  with  Applications 136: 33-41.
doi:10.1016/j.eswa.2019.06.035.

Chakravarthi K. K., L. Shyamala, V. Vaidehi (2020), TOPSIS inspired cost-
efficient concurrent workflow scheduling algorithm in cloud J. King Saud
Univ. Comp. Inform. Sci. (2020), 10.1016/j.jksuci.2020.02.006

Common M., Perrings C., (1992) Towards And Ecological Economics of
Sustainability Ecological Economics, 6 (1992), pp. 7-34

De Farias A. R.F., Ferreira L. (2019) A New Approach To Avoid Rank Reversal
Cases in the TOPSIS Method. Comput Ind FEng 132:84-97
https://doi.org/10.1016/j.cie.2019.04.023

Demirkol, 1., (2020), “Yalin Uretim, Siirdiiriilebilirlik ve Firma Performansi
Iliskisi Uzerine Bir Arastirma”, Uciincii Sektér Sosyal Ekonomi Dergisi,
55(1), s. 58-75 doi: 10.15659/3.sektor-sosyal-ekonomi.20.01.1233

Dutta B., T, Singha, M. Goh, M.T. Lamata, J. L. Verdegayd, (2019), Post Factum
Analysis in TOPSIS Based Decision Making Method, Expert Systems With
Applications, Vol.138, No.30, December, 2019, 112806.
https://doi.org/10.1016/j.eswa.2019.07.023

Elkington, J. (2004). Enter The Triple Bottom Line: Does It All Add Up? London:
Earthscan.

Ganeshan R., Harrison T. P., (1995), An Introduction To Supply Chain
Management, Department of Management Science and Information
Systems, 5, 1-7.

Iktisadi ve Idari Bilimler Dergisi, Nisan 2021, Cilt: 35, Sayi: 2 615



Sustainable Supply Chain: A Gradation Model That Based On AHP-TOPSIS Method

Hong J., Zhang Y., Ding M., (2018), Sustainable Supply Chain Management
Practices, Supply Chain Dynamic Capabilities, And Enterprise
Performance, J. Clean.  Prod. 172 (2018)  3508-3519.
https://doi.org/10.1016/j.jclepro.2017.06.093

Kannan D., Hassan M., Saeede N.-A., Ghasem K., (2020a), Sustainable Circular
Supplier Selection: A Novel Hybrid Approach, Science Of The Total
Environment 722 (2020) 137936
https://doi.org/10.1016/j.scitotenv.2020.137936

Kannan G., Rajeev A., Sidhartha S. P., Rupesh K. P., (2020b), Supply Chain
Sustainability and Performance Of Firms: A Metaanalysis Of The
Literattire, Transportation Research Part E 137 (2020) 101923 DOI:
10.1016/j.tre.2020.101923

Karaaatli, M., Omiirbek, N., Aksoy, E., Karakuzu, H. (2014). “Turizm isletmeleri
Igin AHP Temelli Bulanik Topsis Yontemi Ile Tur Operatorii Segimi”,
Anadolu  Universitesi Soyal Bilimler Dergisi, 14(2): 53-70. DOI:
10.18037/ausbd.31063

Lee, H.,L. and Billington, C. (1992), Managing Supply Chain Inventory: Pitfalls
and Opportunities Sloan Management Review, 33, (3), pp.65-73

Luthra, S., Govindan, K., Kannan, D., Mangla, S. K. ve Garg, C. P. (2017). “An
Integrated Framework for Sustainable Supplier Selection and Evaluation
in Supply Chains”, Journal of Cleaner Production, 140, 1686-1698.
DOI: 10.1016/].jclepro.2016.09.078

Marchetti, D., Wanke, P., (2020), "Efficiency Of The Rail Sections in Brazilian
Railway System, Using Topsis And A Genetic Algorithm To Analyse
Optimized Scenarios," Transportation Research Part E: Logistics and
Transportation Review, Elsevier, vol. 135(C). DOLI:
10.1016/j.tre.2020.101858

Mastrocinque E., Ramirez F. J., Honrubia-Escribano A., Pham D.T., (2020), An
AHP-Based Multi-Criteria Model For Sustainable Supply Chain
Development in The Renewable Energy Sector, Expert Systems With
Applications 150 (2020) 113321
https://doi.org/10.1016/j.eswa.2020.113321

Molamohamad Z., Napsiah 1., Zulkiflle L., and Norzima Z., (2013), Supplier
Selection in a Sustainable Supply Chain, Journal of Advanced
Management Science Vol. 1, No. 3, September 2013 DOI:
10.12720/joams.1.3.278-281

Ndubisi O. N., Jantan, M., Hing, L. C., Ayub, M. S. (2005). “Supplier Selection
and Management Strategies and Manufacturing Flexibility 7, Journal of
Enterprise Information Management, 18 3), 330-349.
DOI: 10.1108/17410390510592003

Ozbek, A., Erol, E. (2018). Ahs ve Swara Yontemleri Ile Yem Sektdriinde Is
Saghigi Ve Giivenligi Kriterlerinin Agirliklandirilmasi. Afyon Kocatepe

616 Iktisadi ve Idari Bilimler Dergisi, Nisan 2021, Cilt: 35, Sayi: 2



Isa DEMIRKOL

Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 20 (2) , 51-66.
DOI: 10.33707/akuiibfd.451969

Oztiirk, D. (2019). AHP ve TOPSIS Yéntemleri ile Tedarik¢i Secimi: Hazir
Giyim Sektoriinde Bir Uygulama. Tekstil ve Miihendis, 26 (115) , 299-
308.

Rajesh R., (2020), Sustainable Supply Chains in the Indian Context: An
Integrative Decision-Making Model, Technology in Society 61 (2020)
101230 https://doi.org/10.1016/j.techsoc.2020.101230

Ramya S., Devadas V. (2019), Integration of GIS, AHP and TOPSIS in
Evaluating Suitable Locations for Industrial Development: A Case Of
Tehri Garhwal District, Uttarakhand India J Clea Product, 238 (2019)
117872 https://doi.org/10.1016/j.jclepro.2019.117872

Saaty T.L., (2008). Decision Making With The Analytic Hierarchy Process,
International  Journal  Services  Sciences, 1, (1), 83-98.
DOI: 10.1504/1JSSCI1.2008.017590

Saaty, T. L., Vargas, L. G. (2012). Models, Methods, Concepts & Applications of
the Analytic Hierarchy Process (Vol. 175). Springer US

Saaty, T.L. (1980) The Analytic Hierarchy Process. McGraw-Hill, New York.

Saaty, T.L., Vargas, L.G. (2000) Models, Methods, Concepts and Applications of
the Analytic Hierarchy Process, Boston: Kluwer Academic Publishers.

Saaty, T.L., (1987) The Analytic Hierarchy Process, What It Is And How It is
Used Mathematical Modellin Volume 9, Issues 3—51987 Pages 161-176
https://doi.org/10.1016/0270-0255(87)90473-8

Saaty, T.L., Niemira, M.P., (2006), A Framework For Making A Better Decision,
Research Review, 13(1)

Saaty, T. L. (1994), Fundamentals of Decision Making and Priority Theory.
RWS Publications, Pittsburgh, PA

Solomon S., Qin D., Manning M., Chen Z., Marquis M., Averyt K. B., Miller
H.L., (2007), The Physical Science Basis, Contribution of Working Group
I to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change, , pp. 235-337.,

Song W., Zhitao X., Hu-Chen L., (2017) Developing Sustainable Supplier
Selection Criteria for Solar Air-Conditioner Manufacturer: An Integrated
Approach, Renewable and Sustainable Energy Reviews Volume
79, November 2017, Pages 1461-1471
https://doi.org/10.1016/j.rser.2017.05.081

Sossou A. M. E., Daniel G., Olivier D., Marwan A. H., Thierry V., Laurent D.,
Olivier C., Mauricio C., Laure M., (2020), Sustainable Risk Management
Strategy Selection Using A Fuzzy Multi-Criteria Decision Approach,
International Journal of Disaster Risk Reduction 45 (2020) 101474
DOI: 10.1016/j.1jdrr.2020.101474

Iktisadi ve Idari Bilimler Dergisi, Nisan 2021, Cilt: 35, Sayi: 2 617



Sustainable Supply Chain: A Gradation Model That Based On AHP-TOPSIS Method

Vargas, L.G. (1990). “An Overview of the Analytical Hierarchy Process and Its
Applications.” Europeon Journal of Operational Research 48:. 2—4.
https://doi.org/10.1016/0377-2217(90)90056-H

Vivas R. D. C., Angelo M. O. S.A, Karla P. S., Oliveira E., Francisco G. M. F.,
(2020), Integrated Method Combining Analytical and Mathematical
Models for The Evaluation and Optimization of Sustainable Supply
Chains: A Brazilian Case Study, Computers & Industrial Engineering 139
(2020) 105670 DOI: 10.1016/j.cie.2019.01.044

Wind, Y, Saaty, T. L. (1980), “Marketing Application of the Analytic Hierarchy
Process”, Management Science, 26(7), S. 641-658.
http://www jstor.org/stable/2630699

World Commission On Environment and Development WCED, (1987), Our
Common Future, New York, 1987. 49762/505889

618 Iktisadi ve Idari Bilimler Dergisi, Nisan 2021, Cilt: 35, Sayi: 2



