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ABSTRACT

The concept of Green Supply Chain Management (GSCM), whose importance has
increased in recent years, is considered as a supply chain that prioritizes environmental
impacts in all its activities. Nowadays, businesses are considered not only in terms of their
economic performance, but also in terms of their environmental performance which makes
GSCM important. However, GSCM cannot be conducted without the participation of the
suppliers. Due to this fact, correct determination of their suppliers has vital importance in
developing a better GSCM performance. While there is a plenty of research in many sectors
in GSCM literature, the research in the paint subfield of the chemical sector, which has a
great environmental impact, is limited. It is seen that Multi-Criteria Decision Making
(MCDM) techniques are frequently used in supplier selection studies, however, there are
few studies where the results of different approaches are compared and integrated. In this
research, green supplier selection is conducted using different MCDM technics, and the
results are compared and combined. In the study, green supplier selection was carried out in
the paint sub-branch of the chemical industry with the MOORA-Ratio Method, MOORA-
Reference Point Approach, GRA and COPRAS methods, each of which is integrated with
the ANP Then, the COPELAND method was used to obtain a general ranking. This research
contributes to the literature by proposing a unique model in terms of the applied sector and
integrating MCDM method results. The model proposed in this study can help the decision
makers in order to build a green supplier selection model.
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Jel Classification: M110.
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Onemi son yillarda daha da artan Yesil Tedarik Zinciri Yénetimi (YTZY) kavrami, tiim
faaliyetlerinde cevresel etkileri 6n planda tutan bir tedarik zinciri olarak ele alinmaktadir.
Giintimiizde igletmeler sadece ekonomik performanslari agisindan degil aym zamanda
YTZY’yi onemli kilan cevresel performanslari agisindan da dikkate alinmaktadir. Ancak
YTZY, tedarikgilerin katilimi olmadan gergeklestirilemez. Bu nedenle tedarik¢ilerinin dogru
belirlenmesi, daha iyi bir YTZY performansinin gelistirilmesinde hayati énem tagimaktadir.
YTZY literatiiriinde bircok sektérde ¢ok sayida arastirma bulunurken, cevreye etkisi biiyiik
olan kimya sektoriiniin boya alt alanindaki arastirmalar simirhdir. Tedarikci segimi
calismalarinda Cok Kriterli Karar Verme (CKKYV) tekniklerinin sikhikla kullamldig), ancak
farkl yaklasimlarin sonuglarimin karsilastinldigi ve biitiinlestirildigi az sayida calisma
oldugu goriilmektedir. Bu aragtirmada, farklhh CKKV teknikleri kullanilarak yesil tedarikci
secimi yapilmakta ve sonuglar karsilastirilarak bir araya getirilmektedir. Calismada, her biri
ANP ile entegre olan MOORA-Oran Yontemi, MOORA-Referans Noktas: Yaklagsimi, GRA
ve COPRAS yontemleri ile kimya endiistrisinin boya alt dalinda yesil tedarikci se¢imi
gerceklestirilmistir. Daha sonra genel bir siralama elde etmek icin COPELAND yo6ntemi
kullanilmigtir. Bu ¢alisma uygulanan sektér agisindan 6zgiin bir model énermekte ve CKKV
yontem sonuglarini entegre ederek literatiire katki saglamaktadir. Calismada 6ne siiriilen
model, yesil tedarikci se¢cim modelinin olusturulmasinda karar vericilere yardimci olabilir.
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1. Introduction

The concept of supply chain (SC) began to develop as of the 1980s. Supply management (SM)
activities are also an important part of supply chain (Cristea and Cristea, 2017:1). SM is defined as a
strategic approach to plan and provide the current and future needs of an institution by effectively
managing supply base and using a process management together with cross functional teams in order to
achieve the organizational mission (Cavinato et al., 2006). Supply chain management (SCM), on the other
hand, is a series of approaches that ensure the production of products and their distribution in the correct
amount, to the right place, at the correct time by efficiently integrating the suppliers, producers, depots
and retailers in order to satisfy customer needs and to minimize the costs within the system (Simchi and
Levi, 2004: 2). While there exist many elements in SM activities, supplier selection that involves a series
of activities such as identifying, analyzing and selecting the suppliers in order for them to be a layer of SC
has an important place in SM.

As supplier selection is based on many criteria, it is not an easy task to select the supplier. Supplier
selection includes an extensive comparison of suppliers by using a series of common criteria and
measures. Two issues are particularly important in selecting the best supplier or supplier group: which
criteria to use, and which method to use in order to compare the suppliers (Alkahtani and Kaid, 2018:
108). Supplier selection used to be considered from an economic point of view. However, in the last
twenty years, organizations have been more concerned about environmental protection. In this context,
new concepts related to SC have emerged. Environmental problems and related environmental
regulations have put businesses under a great pressure in terms of SC practices. At that point where
environmental concerns have combined with SCM practices, the concept of green supply chain
management (GSCM) has emerged (Gupta, 2019: 663).

GSCM s a construct that requires a successful coordination, integration and management in the
face of the members in the supply chain that involves raw material suppliers, producers, distributors,
users and recyclers (Tuzkaya et al., 2009: 478). In GSCM practices, green suppliers focus on green
production design, green packaging, resource recycling, and continuous green innovation (Wu et al., 2019:
395). Accordingly, green supplier selection has transformed supplier performance into a structure that
can be monitored through environmental standards (Mousakhani et al.,, 2017: 205). Green supplier
selection is an important steppingstone in the transition to the design and management of
environmentally conscious supply chains. It plays a significant role in sustaining strategic competition
(Haeri and Rezaei, 2019: 768) and encouraging corporate development in businesses (Banaeian et al.,
2018: 345).

While the criteria used in supplier selection were cost-oriented in the early 1980s, they were
considered to be cycling time and the period of recycling back to the customer in the 1990s and afterwards
(Kiligc and Yalgin, 2019: 1066). When the most recent literature is considered, various traditional criteria
for supplier selection are seen. Among these, the criteria of cost, quality, delivery, flexibility, technological
competence, innovation and finance are frequently used (Weber et al., 1991; Yang and Wu, 2007; Chiou
et al., 2008; Lee et al., 2009; Ho et al., 2010; Blylikézkan and Cifci, 2012; Hashemi et al., 2015; Watrobski
and Salabun, 2016; Kumar et al., 2017). In addition to the traditional criteria mentioned above,
environmental criteria have started to be included in supplier selection processes in recent years. The
most frequently used green criteria in supplier selection can be listed as environmental management
system, pollution control, green image, green innovation, eco-design, green skills, environmental
performance and green product criteria (Tuzkaya et al., 2009; Lee et al., 2009; Tseng, 2011; Hashemi et
al., 2015; Govindan et al., 2015; Watrobski and Salabun, 2016).

Identifying the method to be used in supplier selection is as important as identifying the criteria to
be used. Determining the decision support management to be created through appropriate methods is
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one of the most important steps in supplier selection (Biylkozkan et al., 2011). The methods used in
supplier selection with MCDM techniques can be categorized as individual approaches and integrated
approaches (Yadav and Sharma, 2014: 220). The most common individual approaches can be listed as
Analytic Hierarchy Process (AHP) (Torabi and Boostani 2018), Analytic Network Process (ANP) (Gencer and
Glrpinar, 2007), Vise Kriterijumska Optimizacija | Kompromisno Resenje (VIKOR) (Kaya and Kahraman,
2010; Girubha and Vinodh, 2012), Elimination and Choice Translating Reality (ELECTRE) (Girubha and
Vinodh, 2012; Peng et al., 2015), Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
(Boran et al., 2009; Kamalakannan et al., 2020), Data Envelopment Analysis (DEA) (Dotoli and Falagario,
2012). Commonly used integrated approaches can be listed as AHP-TOPSIS (Taylan et al., 2014), AHP-ANP
(Eshtehardian et al., 2013), AHP-DEA (Sevkli et al., 2007) In the literature, there are also some individual
and integrated approaches in green supplier selection. These approaches can be listed as The Decision
Making Trial and Evaluation Laboratory (DEMATEL) (Hsu et al., 2013), AHP (Kannan et al., 2008; Hruska et
al., 2014), ANP (Hashemi et al., 2015), DEMATEL, ANP ve TOPSIS (Buylkozkan and Cif¢i 2012), DEA and
ANP (Kuo et al., 2010), Artificial Neural Network (ANN) and Fuzzy Analytic Hierarchy Process (FAHP) (Lee
et al., 2009), AHP-Entropi-TOPSIS (Freeman and Chen, 2015).

When the studies conducted in the literature are evaluated, it is seen that there are studies related
to supplier selection in almost all industries. One of these industries is the chemical industry. There are
studies regarding the pharmaceutical industry when the literature related to supplier selection in the
chemical industry is considered (Mehralian et al., 2011; Pourghahreman and Qhatari, 2015; Badi and
Ballem, 2018;). Research consists in other industries as well, such as; cosmetics industry (Tektas and
Aytekin, 2011), paint industry (Azadi, 2015; Alizadeh and Yousefi, 2019) and chemical material production
(Swift, 1995; Pitchipoo et al., 2012). Some studies in the literature suggest that supplier selection studies
can be conducted in the different industries where the number of research is limited and chemical
industry is one of them (Chiou, 2008; Theiben and Spinler, 2014; Chand et al., 2016; Chan et al., 2018).
Especially in the field of the paint industry, there is a gap in terms of supplier selection. Besides, when the
literature was examined, it was seen that there was no integrated study which was weighted with ANP
and in which selection was made with MOORA-Ratio Method, MOORA-Reference Point Approach, Grey
Relational Analysis (GRA) and Complex Proportional Assessment (COPRAS) method, and the results were
combined with COPELAND method. There are very few supplier selection studies in the literature in which
the results were combined with COPELAND method.

In the study, the basic questions to which answers were sought were: What are the most important
criteria that can be used in supplier selection in the industrial paint sector of the chemical industry? What
criteria can effectively evaluate green suppliers? How are the suppliers ranked by using hybrid methods?
How different will the integrated result that will be obtained be in comparison to the other results? Within
the framework of these gaps in the literature and the research questions, the purpose of the study was
to make the most appropriate green supplier selection among the raw material suppliers in the field of
industrial paints in line with the business policies by using six different methods for external purchase
based on the determined criteria.

2. Literature Review

In recent years, increased environmental problems have drawn the attention of the whole world.
In the face of these problems, governments are looking for solutions to these problems by means of laws
and regulations, while businesses are trying to make a more environmentally sensitive production. In the
scientific field, there are ongoing studies to find a solution to these problems. Particularly green supplier
selection has been one of the topics studied by researchers in recent years. The studies conducted in this
field in the literature can be summarized as follows.
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In most of the studies, applications were implemented by creating MCDM models through green
criteria. AHP and ANP are widely used in MCDM studies regarding green supplier selection. Handfield
(2002) recommended the managers to use a decision support system that will help AHP to understand
the balance between environmental dimensions and examined how AHP can be incorporated into a
comprehensive information system that supports environmentally sensitive purchase. For instance, Hsu
and Hu (2007) applied ANP method to supplier selection in an electronics company in order to determine
the criteria for the competence of hazardous material management. For example, Chiou et al. (2008)
aimed to solve green supplier selection problem of the American, Japanese and Taiwanese electronic
industries in China. In his study, Lee (2009) suggested a model with fuzzy AHP method for the evaluation
of green suppliers. They used fuzzy AHP method to designate different weights to various criteria in
electronics industry. Lee at al. (2012) evaluated the most important factors in supplier selection in GSC in
the economy of Taiwan economy through fuzzy AHP method. Grisi (2009) carried out a supplier
performance analysis through AHP method by considering traditional and environmental factors. Cetin
and Onder (2015) added environmental criteria in the supplier selection process of a manufacturing
company operating in automotive sector. Yu and Hou (2016), on the other hand, analysed green supplier
selection problem with AHP method in order to meet the needs of an automotive company consistently.
In the literature, some studies were carried out with fuzzy AHP method.

When the studies are examined, it is seen that AHP and ANP methods are used not only individually
but also in an integrated way. For example, Wen and Chi (2010) transformed a model integrated with AHP
and DEA methods into a practical framework by handling a criteria cluster that involved environmental
and traditional criteria for supplier selection problem. Thongchattu and Siripokapirom (2010) contributed
to green supplier selection model by weighting company reliability, material quality, material price,
environmental project and environmental management system criteria through AHP and ANN. In the
study conducted by Jakhar (2014), partner selection and flow allocation decision making model in apparel
industry was proposed. In the model, ANN, AHP, and MOLP methods were applied in an integrated way.
In the study carried out by Freeman and Chan (2015), it was aimed to develop a green supplier selection
model with traditional and environmental supplier selection criteria in Chinese electronics industry.
Through AHP and TOPSIS methods, suppliers were ranked. As for the integrated studies with ANP, Kuo
and Lin (2012) made a supplier selection that considered green criteria based on environmental
protection issues with DEA and ANP methods. Blylkozkan and Cifgi (2012) examined GSCM and GSCM
skill dimensions in order to propose an evaluation framework for green suppliers. They created a hybrid
model integrated with fuzzy TOPSIS, fuzzy ANP and fuzzy DEMATEL approaches. Govindan et al. (2015)
aimed to select the best green production practices based on dimensions and relevant criteria through
DEMATEL method on the basis of ANP in the plastics industry in India.

It is also possible to encounter studies in the literature conducted by using different MCDM
methods. Fuzzy logic can be counted as one these methods. For example, Humphreys et al. (2006) added
environmental criteria to current supplier selection process and applied the model on individual
businesses with fuzzy logic system. Yang and Wu (2008) made green supplier selection in an electrical
device production business with multilevel extensible synthetic evaluation model based on entropy
weight. Chen et al. (2010) aimed to present linguistic preferences to GSCM criteria with missing
information in a business that produces electrical appliances. The study focused on developing
quantitative evaluations in uncertainty by using fuzzy clustering theory. Mousakhani et al. (2017)
suggested a new direction for green supplier selection problems under a new group decision making
approach and interval type-2 fuzzy (IT2F) information. Fuzzy Sets theory is not only integrated with AHP
and ANP, it is also integrated with several methods. Bali et al. (2013) suggested an MCDM approach
integrated with IFS and GRA methods for green supplier selection. In the study conducted by Zhao and
Guo (2014), fuzzy entropy-TOPSIS method was used in order to select the best green supplier in Chinese
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electrical energy industry. Oztiirk and Ozgelik (2014) carried out their study in the field of sustainability in
energy sector. In the study, they applied fuzzy TOPSIS method for the selection of the best supplier based
on sustainability principles for supplier selection operations in supply chain. Kumar et al. (2017) evaluated
the performances of suppliers who based on green practices by using fuzzy ELECTRE method in terms of
environmental management, pollution control, cost, quality and flexibility. Gérener et al. (2017) evaluated
the supplier performance in the aviation industry with the hybrid methods of IT2F-AHP and IT2F-TOPSIS.

DEA and GRA are also used in sustainable supplier selection. For instance, Shi et al. (2015)
developed a systematic DEA approach to select suppliers in the framework of sustainable supply chain
and applied it to an industrial business. Azadi et al. (2015) developed an advanced Russell criterion of DEA
in order to select the best sustainable suppliers in the fuzzy context in the field of resin production.
Baskaran et al. (2012) evaluated 63 suppliers in textile and apparel industry in India with GRA method
within the framework of sustainability criteria. Quan et al. (2018) made the evaluation and selection of
green supplier in a chemical processing industry by using weighted GRA model.

When the literature is reviewed, it is observed that various MCDM methods are used in an
integrated manner. For example, Kuo et al. (2010) aimed to develop green supplier selection model of a
camera manufacturer with ANN and MADA integrated methods. In the study conducted by Sahu (2012),
it was aimed to apply decision support tools in supplier selection. In the study, it was suggested to use
grey numbers in order to solve the priority weights of subjective performance criteria. Applying grey
technique to order preference according to the similarity of TOPSIS and COPRAS-G method solved the
supplier selection problem.

In the literature, there are some methods that consider green criteria in supplier selection and
evaluate these criteria without using MCDM methods. For instance, Min and Galle (1997) applied a
guestionnaire to businesses which give out heavy scrap and waste material and revealed that the
frequency of green purchase practices, the awareness of these practices, and environmental factors were
effective in supplier selection decisions. In the survey study they conducted, Varnas et al. (2009) dealt
with supplier selection in the service sector. In their study, Bin and Hong-Jun (2010) emphasized that
businesses with limited resources and environmental conditions hazardous to human health should
improve themselves in terms of the environment in order to increase their competitive power. In the
study, a factor analysis was performed, and main factors for green supplier evaluation were identified.
Yeh and Chuang (2011) aimed to develop the most appropriate mathematical model for green supplier
selection with the criteria of cost, time, product quality, and green evaluation. In their study, Chiou (2011)
aimed to improve environmental performances of businesses, encourage green innovation with GSC, and
fill the gap by increasing their competitive edge in the global market. In a study conducted by Lee (2015),
the structural and relational dimensions of the social capital of a supplier and environmental and
operational performance dimensions of a supplier were determined by using factor analysis.

3. Integrated Supplier Selection with Hybrid Methods

Within the framework of the gaps in the literature and the research questions, the purpose of the
study was to make the most appropriate green supplier selection among the raw material suppliers in the
field of industrial paints in line with the business policies by using six different methods based on the
determined criteria.

3.1. Sample of the Study

The study was carried out in the factory which was active in the field of production of industrial
paints. Sintas Paint continues its activities with a wide range of products produced with 100% domestic
resources both in domestic and foreign markets. While the most part of the company's production is
automobile paint, more than 10 types of paints are produced.
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4. Method

The purpose of the study was to make the most appropriate green supplier selection among the
raw material suppliers in the field of industrial paints in line with the business polices based on the
determined criteria. In line with this purpose, as different results were obtained through different MCDM
methods, a method that integrated all these results was also used. In this context, the method of the
study is to obtain a hybrid study with MCDM methods ANP, MOORA-Ratio Method, MOORA-Reference
Point Approach, GRA and COPRAS methods. The determined methods in the study were brought together
and integrated into a new hybrid MCDM model.

4.1. MCDM Methods

4.1.1. ANP Method: ANP method was developed by Thomas L. Saaty and is the generalized form of AHP.
Saaty brought ANP, which included AHP, to the literature by using network structure in the model
different from AHP. ANP is an approach that takes into consideration the dependencies of the factors in
the decision problem on each other. Effect, dependency and feedback are at the focus of ANP. ANP
method reveals the problems, relationships between components, and their directions and represents
them in the form of a network. Due to this structure, indirect interactions and feedback that may form
between main and intermediate structures are calculated (Ozdemir et al., 2016: 211). With its framework,
ANP is a more flexible decision-making algorithm than AHP. ANP does not require a hierarchical
assumption. The network model provides a considerable validity for this algorithm. The steps of ANP
method are listed as (Saaty, 2009: 31; Oztiirk et al., 2018: 1191-1192):

Step: Identifying the Problem and Forming the Decision Model

Step: Identifying Dependencies

Step: Calculating Priority Vectors

Step: Creating the Supermatrix

5. Step: Creating the Limit Supermatrix

4.1.2. MOORA-Ratio Method: This method deals with a matrix that involves m number alternatives and
n number criteria. By dividing the square root of the sum of the squares of each alternative by the criteria,
normalization is checked. Then, these criteria are determined according to their being maximum and
minimum within the framework of the criteria and summed up. The value of the summed up minimum
criteria is subtracted from the total criteria value obtained. The results obtained are listed in a descending
order, and the process is completed (Brauers and Zavadskas, 2012: 13). MOORA-Ratio method consists of
the application steps given below (Brauers and Zavadskas, 2012; Brauers et al., 2015):

PwnNpE

1. Step: Creation of the Beginning Matrix

2. Step: Normalization of the Matrix

3. Step: Computing Performance Values

4. Step: Choosing the Most Suitable Alternative

4.1.3. MOORA-Reference Point Approach: In this approach, different from the ratio method, if the
purpose of the problem is benefit-oriented, reference points which are maximum points are determined
for each criterion and if the purpose is cost-oriented, minimum points are determined as reference points.
The distances of these identified points to normalized values are determined. This process is realized by
subtracting normalized values from reference points. MOORA-Reference point approach consists of the
application steps given below (Brauers et al., 2015):

1. Step: Creation of the Beginning Matrix

2. Step: Normalization of the Matrix

3. Step: Computing Performance Values

4. Step: Choosing the Most Suitable Alternative
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4.1.4. COPRAS Method: The method was developed by Zavadskas and Kaklauskas in 1996. COPRAS
method can be used for maximum and minimum values in multicriteria evaluation. COPRAS method,
which means to complex proportional assessment, can be easily applied to problems with complex criteria
and host many alternatives (Sarigali and Kundakgi, 2016: 50). Criteria values are used in criteria
assessment to maximize benefit-oriented criterion and minimize cost-oriented criteria (Podvezko, 2011:
137). The steps of COPRAS method are listed as follows (Podvezko, 2011: 138-139; Ozdagoglu, 2013b:
235-236):

Step: Creation of Decision Matrix

Step: Normalizing the Decision Matrix

Step: Weighting of the Decision Matrix

Step: Calculating Benefit and Cost Criteria

Step: Calculating the Relative Importance of the Alternatives

Step: Identifying the Benefit Degree of the Alternatives

7. Step: Calculating Performance Index P, Values for the Alternatives

4.1.5. GRA Method: The method is generally used to exactly reveal the relationships of all situations in
some work fields that can emerge in a system (Huang and Lee, 2003: 74). With GRA, simple and
comprehensible analyses based on the data that can be accessed in their original form can be performed.
This method is among the methods used to enable managers who need to make a decision by evaluating
more than one criteria in markets where there is too much competition to make decisions in the most
appropriate way. (Wu, 2002: 211). The steps of GRA method are as follows (Wu, 2002: 211; Yildirrm and
Onder, 2015: 236; Ozbek, 2019: 157):

ouhkwnNnE

Step: Preparing the Data Set and Creating the Decision Matrix

Step: Creating the Reference Series and Comparison Matrix

Step: Normalizing the Decision Matrix

Step: Creating the Absolute Value Matrix

Step: Creating the Grey Relational Coefficient Matrix

6. Step: Calculating Grey Relational Degrees

4.1.6. COPELAND Method: COPELAND method, developed by Arrow in 1951, is a technique recognized
among alternatives in terms of preference. In COPELAND method, selection is made considering the
number of the alternatives worse than themselves and the number of alternatives better than themselves
before each alternative is connected to several connections (Caillaux et al., 2011: 357). COPELAND
consists of application steps given below (Saari and Merlin, 1996: 5; Cakir, 2017: 48):

Step: Making Pairwise Comparisons

Step: Calculating Comparison Scores

Step: Finding out the Winners

Step: Calculating the Winning and Losing Scores

Step: Calculating COPELAND Scores

vk wWwhN e

ukhwnNRE

5. Analysis and Findings
In order to demonstrate the suggested method and calculations, four suppliers used in green supplier
selection are assessed and ranked. The workflow plan used in the study is presented in Figure 1 below.
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Figure 1: Workflow Plan

Step 1: Defining the Problem

Step 2: Forming the Study Group

Step 3: Determining the Criteria and Sub-Criteria

Step 4: Identifying the Alternatives

Step 5: Applying ANP Method

Step 6: Obtaining the Results Through ANP and COPRAS, ANP and MOORA-Ratio, ANP and MOORA
Reference point, ANP and GRA Integrated Methods

Step 7: Integrating the Results with COPELAND Method

6.1. Identifying the Problem:

The most commonly used 50 criteria used in the literature and determined within the scope of the
literature review were evaluated, first interview was held with the business, and the criteria were
presented to the expert team. 50 criteria were score by the expert team between 1 and 10. The arithmetic
mean of the criteria scored was taken. 26 criteria which were above the mean score constituted the basic
criteria of the study. These criteria obtained were distributed among themselves under five main criteria,
and the study problem and the model of the study were formed.

6.2. Forming the Study Group:

Following the interviews with the business, the study group was formed. The study group consisted
of one certified environmental engineer, two chemists, one accounting and purchasing manager, one
marketing manager, and one academician experienced in the industry.

6.3. Determining the Criteria and Sub-Criteria

The criteria in Table 1 used to evaluate the suppliers were obtained from the literature review of
the current literature.

Table 1: Criteria and Descriptions

CRITERION DESCRIPTION
It provides information about the compliance of the products and
services provided by the business with expected standards.
The percentage of the products that do not meet the determined quality

QUALITY

Defect Ratio

standard.
Improvement Increasing the capability of meeting quality standards
Quality control system Having a quality control system and team
Refusal ratio The number of materials that are refused and returned during quality
control
Process improvement Applying process improvement activities
Total Quality A management approach that is quality-oriented, emphasizes customer
Management satisfaction, and benefits the society.
COST It provides information about the costs of the supplier such as raw
material, processing, transportation and waste disposal.
Processing cost The cost of producing, storing and selling one unit
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Transportation cost

Energy cost
Raw material cost

Chemical waste disposal
cost
Solid waste disposal cost

The cost of transporting the product from production unit to
distribution center
The cost of total energy used in manufacturing the product

The cost of total raw materials used in manufacturing the product
The cost of purification for the destruction of toxic chemical materials

Costs related to the transportation of solid waste for disposal

SOCIAL CRITERIA

It gives information about the attitude of the supplier towards the
stakeholders.

Relations with
stakeholders

Social responsibility

Knowledge level
Safety and health
practices
Employee rights

The existence of behaviour rules in the relations with customers,
suppliers, or distributors.
Supporting community projects and educational institutions, grants and
donations
The knowledge level of the business in its field

Compliance with safety and health requirements

Business relations, human rights and employee interests

GREEN MANAGEMENT

It gives information about the works of the supplier in the field of green
management.

Environmental
management system
Environmental
performance

Waste management

Hazardous material
management

It includes the supplier's controlling and applying environmental policies
and related certification.

It is related with the measurement and analysis of the production
process of the supplier in terms of environment with a green
perspective.

It includes the disposal of annual solid waste going to storage area and
hazardous materials.

Compliance with the minimum legal requirements related to the
processing of chemicals and other toxic substances

GREEN PRODUCTION

It shows the supplier's service design and production capacity with low
environmental impact.

Reproduction
Green package

Solid wastes
Redesign

Energy consumption

Reproduction of a worn-out, defective or discarded product
The level of the environmentally sensitive materials used in packaging

The amount control of solid wastes and what procedures to be followed
with these
Redesigning the product in a way to be dismantled easily or to use less
material in its production
The amount of energy consumption

6.4. Identifying the Alternatives

An alternative set consisting of the company from which the business was currently supplying basic
raw materials and the four companies which the business could evaluate as alternatives in the supply
process was formed. In order to keep the information about the determined alternative supplier
companies confidential, their names were not clearly provided. Alternative suppliers were coded as S1,
S2, S3, and S4 respectively, and these codes were used at every stage of the study.

6.5. Implementation of ANP Method

In ANP method, firstly, the impacts among the criteria were determined by a group decision which
involved the whole study group. After that, this impact matrix was entered into SuperDecision software,
and network structure was formed. Based on this network structure, the questionnaire form was
prepared. The questionnaire form was administered to each member of the 6-person expert team. In the
process of transforming the evaluations obtained into a single group decision, geometrical mean method
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was used for the question group where the criteria were weighted. The group decision formed here was
entered into SuperDecision software, and the criteria weightings were determined through ANP method.

Figure 2: ANP Weighting Values of the Main Criterion and the Sub-Criteria
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Then, decision matrix was formed in order to make the best supplier selection. The criteria values
to be used in the decision matrix were obtained through the scoring of the criteria by the expert team
between 1-10. The arithmetic mean of the scores obtained was taken, and the decision matrix values
were formed as in Table 2.

Table 2: Decision Matrix

Min  Max Max Min Max Max Min Min Min  Min  Min  Min Max

SUPPLIERS Ql Q2 Q3 Q4 Q5 Q6 C1 c2 c3 Cc4 Cc5 (¢ S1
S1 753 615 593 7,79 5,71 6,15 5,77 521 5,26 6,90 837 8,14 6,52
S2 795 753 63 719 7,16 738 6,03 688 562 7,46 4,48 4,48 6,72
S3 877 812 7,00 769 729 7,19 6,17 6,03 6,03 7,72 856 8,56 6,72
sS4 464 741 769 4,04 8,14 8,14 5,14 8,14 6,31 458 332 332 7,38

Max Max Max Max Max Max Max Max Max Max Min Max Min

SUPPLIERS S2 S3 S4 s GM1 GM2 GM3 GM4 GP1 GP2 GP3 GP4 GPS

S1 6,72 738 738 6,72 8,37 856 837 837 856 325 837 293 588
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S2 6,72 6,72 6,72 6,72 7,55 652 6,26 6,88 4,28 8,56 352 38,37 5,49
S3 6,72 738 738 6,72 8,56 856 856 856 7,26 3,39 837 286 5,49
sS4 7,38 738 6,72 6,72 6,17 590 537 6,17 222 3,25 255 255 7,22

In Table 2, there are 4 alternatives and 26 evaluation criteria. In the table, quality sub-criteria were
coded as "Q", cost sub-criteria as "C", social sub-criteria as "S", green management sub-criteria as "GM",
and green production sub-criteria as "GP". The values obtained after the average score of the expert
evaluations was taken were analysed in Microsoft Excel software without any rounding. However, the
representation here was arranged as two digits in the decimal part.

6.6. Obtaining the Results Through ANP and COPRAS, ANP and MOORA-Ratio, ANP and MOORA
Reference Point, ANP and GRA Integrated Methods

The ranking results were obtained by using the weightings determined with ANP method in
integration with the relevant methods. The ranking results obtained through ANP and COPRAS, ANP and
MOORA-Ratio, ANP and MOORA Reference Point Approach, and ANP and GRA Integrated Methods are
presented in Table 3, 4, 5 and 6, respectively.

Table 3: Relative Importance and Performance Index Values

SUPPLIERS Q Pi RANKING
s1 0,235 0,841 4
s2 0,247 0,883
s3 0,241 0,862 3
s4 0,279 1,000 1

According to the results of ANP and COPRAS integrated method, S1 alternative is in the most
important supplier position for the business. The ranking was as S4>52>53>S1.

Table 4: Performance Values and Ranking

SUPPLIERS yi* RANKING
S1 -0,0048 4
S2 0,0166
S3 0,0064 3
sS4 0,0678 1

According to the results of ANP and MOORA-Ratio integrated method, S4 alternative is in the most
important supplier position for the business. The ranking was as S4>52>S3>S1.

Table 5: Performance Values and Ranking

SUPPLIERS yi* RANKING
S1 0,0277 2
S2 0,0237 1
S3 0,0289 3
sS4 0,0352 4
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According to the results of ANP and MOORA-Reference Point approach integrated method, S2
alternative is in the most important supplier position for the business. The ranking was as $2>51>53>54.

Table 6: Grey Relational Degrees and Ranking

SUPPLIERS DEGREES RANKING
S1 0,456 3
S2 0,455 4
S3 0,520 2
sS4 0,828 1

According to the results of ANP and GRA integrated method, S4 alternative is in the most important
supplier position for the business. The ranking was as $4>53>51>S2.

6.7. Integration of the Results with COPELAND Method

It was seen that there were differences in the selection processes of the supplier businesses that
were analyzed through the integration of ANP with four different MCDM methods. The ranking results
obtained from four methods were integrated to be as one ranking by using COPELAND method.

Table 7: COPRAS, MOORA-Ratio Method, MOORA-Reference Point Approach, GRA and COPELAND
Supplier Evaluation Results

COPRAS MOORA- Ratio MOORA- GRA
Reference Point COPELAND

SUPPLIERS Pi RANKING yi* RANKING yi* RANKING fi RANKING CPi RANKING

S1 0,841 4 -0,0048 4 0,0277 2 0,456 3 -3 4
S2 0,883 2 0,0166 2 0,0237 1 0,455 4 1 2
S3 0,862 3 0,0064 3 0,0289 3 0,520 2 -1 3
sS4 1,000 1 0,0678 1 0,0352 4 0,828 1 3 1

When the ranking results obtained from COPELAND method are compared with the results
obtained from the other methods, it is seen that the ranking results obtained from COPRAS and MOORA-
Ratio methods are the same as the ranking obtained from COPELAND method.

7. Discussion, Conclusion, and Suggestions for Future Research

In the study, among MCDM methods, ANP, MOORA-Ratio Method, MOORA-Reference Point
Approach, GRA, COPRAS, and COPELAND methods were used for the solution of supplier selection
problem. The methods chosen were appropriate for the solution of multicriteria decision making problem,
and it was possible to analyse the data through these methods. The methods were integrated with each
other to minimize the inadequacies that may form when each method was used on its own. The rankings
obtained from different methods were integrated to form a single ranking.

In the study, it is seen that according to the weighted criterion obtained through ANP method, the
most important criterion in the main criteria group is the quality criterion. The least important main
criterion is the green management criterion. In the interviews held with the business, the issue that the
experts emphasized the most was that the quality criterion was very important for them. In fact, when
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the criteria weighting results are considered, it is seen that the main criterion of quality was in the first
place among the other criteria with a considerable difference. This situation proves that expert opinions
were correctly conveyed to the study results. When the sub-criteria are considered, it is observed that the
most important criterion was the processing cost, and the least important criterion was the environmental
performance.

Although the cost criterion was important for the customers when purchasing a product, the
quality of the product purchased outranked its cost. As a matter of fact, when the weighting results in the
traditional supplier selection criteria are considered, the weighting value of the quality criterion is higher
than that of the cost criterion. When the products produced in the paint sector of the chemical industry
are considered, it is seen that the same raw material has been used for years, and there has been no
improvement based on innovation. This situation shows that supplier selection in the field of paint
industry is based on quality and cost. Today, customers gaining awareness and evaluating more than one
criteria in preferring a product have led to an increase in conscious consumption. At this point, customers
pay attention not only to the product purchased, but also to the company where the product is produced,
the compatibility of the product with the environment or the social responsibility projects of the company.
However, although the customers evaluate the products in different dimensions, it is observed that none
of these dimensions can outrank the quality criterion. The increase in competition in paint industry, new
laws and regulations on the environment, and increase in social responsibility projects drive the
businesses to produce by considering all these criteria with a green management approach. The business
where the study was conducted continues its production with optimum price, high quality and
environmental sensitivity.

When the sub-criteria under the main criterion of social criteria are examined, it is seen that
knowledge level criterion is the most important one. This situation indicates that the business where the
study was conducted wants its suppliers to be well equipped in terms of sectoral knowledge. As paint
production is made based on formulas, the high knowledge level of the supplier leads to forming good
formulas, which is reflected in the quality of the product. When the sub-criteria under the main criterion
of social criteria are examined, it is also seen that employee rights criterion has the lowest weighting
value. This situation can be expressed as follows: In a country, employee rights in a business are
supervised or examined through the laws of that state. Therefore, it is difficult for these rights to be
supervised by customers, and it can be perceived as intervening. Also, when a business located in Turkey
requests information about such rights, it can be perceived as a negative request in terms of culture and
trade. In this context, a low value of this criterion does not reflect an adversity for the business.

When the sub-criteria under the main criterion of green management were examined, EMS
criterion was found to be the most important one. As EMS requires businesses to control and implement
environmental policies and involves certification, it is the natural right of the business to demand
information of certification about these issues. Since this situation can be proved or documented, it does
not lead to a problem between the supplier and the business. Besides, as the suppliers having these
certificates indicates that they are supervised by certain institutions in that country, it indirectly shows
that these suppliers make green production. It is also perceived indirectly that suppliers with these
certificates make quality production. In this main criteria group, the sub-criteria of environmental
performance has the lowest value. As the environmental performance is related to the measurement and
analysis of whether the production process of the suppliers is "green" in terms of environment, it is
difficult to obtain this information. This situation causes businesses to focus on EMS rather than on the
environmental performance in evaluating their suppliers.

When the results obtained from the current study are compared with the results of the literature,
there exist similarities and differences in terms of criteria and methods. In their study, Govindan et al.
(2015) emphasized that implementation of green issues in supplier selection process was limited. They
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put forth that the criterion that was considered the most in green supplier selection was EMS, and that
the most commonly used MCDM method was AHP. In the present study, EMS criterion was found to be
the most important sub-criteria under the main criterion of green management. Nevertheless, although
AHP is the most commonly used method, ANP method was used in the study, as the relations between
the criteria formed a network structure. In their study, Kumar et al. (2017) evaluated the performances
of suppliers based on green practices by using fuzzy ELECTRE method in terms of environmental
management, pollution control, cost, quality and flexibility. When compared with the current study, it is
seen that the criteria of cost and quality are common. Besides, among the criteria they suggested for
future studies on supplier selection, they emphasized that criteria such as solid waste, chemical waste,
energy, product redesign and reproduction could be used. It is seen that the said criteria are among the
criteria obtained as a result of the scoring by the expert team. In the study carried out by Freeman and
Chan (2015), it was aimed to develop a green supplier selection model with traditional and environmental
supplier selection criteria. As a result, they suggested that traditional criteria were more important than
environmental criteria. When the results obtained from the current study are considered, it is seen that
the weighting values of quality and cost criteria among supplier selection criteria are more important than
environmental supplier selection criteria and in upper ranks in terms of scores. In this case, it can be said
that though there may be differences on a sectoral basis, green criteria are generally not adopted, are not
frequently used in the literature, and mostly traditional criteria are used more. The study conducted by
Govindan et al. (2015), in which implementation of green issues in supplier selection process was limited,
verifies this situation. In the study conducted by Jabbor (2009), it was emphasized that businesses still
used traditional criteria such as quality and cost in selecting suppliers, and that they did not fully adopt
environmental requirements in supplier selection process.

In the evaluation process of the alternatives according to the degree of importance of the
determined criteria, as a result of the analysis performed with ANP+COPRAS integrated method, the
alternatives were ranked as S4>52>53>S1, as a result of the analysis with ANP+MOORA-Ratio integrated
method, the alternatives were ranked as S4>52>S3>S1, as a result of the analysis with ANP+MOORA-
Reference Point approach integrated method, the alternatives were ranked as $2>51>S3>S4, and as a
result of the analysis with ANP+GRA integrated method, the alternatives were ranked as S4>53>51>S2.
The results obtained through these four methods were integrated by using COPELAND method, which
yielded the ranking of the alternatives as S4>52>5S3>S1.

Considering the analysis results, it is seen that the results obtained with each pairwise integrated
method are consistent. As a result, it was seen that ANP+ MOORA-Ratio Method, ANP+MOORA-Reference
Point Approach, ANP+GRA, and ANP+COPRAS methods produced easy and fast results and could
successfully be implemented in the supplier selection decision problem. In future studies, the framework
of the suggested criteria for the chemical industry in the study can be compared with the results to be
obtained by using other MCDM methods. The results can be compared by using different decision makers
and different industries. In future research, different green criteria can be added, and the effects of these
criteria on supplier selection can be investigated.

The results obtained in this study can be extended by attempting to exceed the limitations of the
current study. In the study, a business in a specific region was examined. Therefore, new studies can be
conducted by considering different geographical regions and industries. It can be revealed what criteria
stand out in shaping the businesses' attitudes towards green practices in supplier selection in different
regions and more businesses.
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