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Abstract Protection of environment and human health are

two important issues to which a huge attention has been

paid in recent years. These issues have been taken into

account by supply chain partners, so that GSCM and

HSCM issues have been raised at this area. This paper

proposes a method in green supplier selection and exam-

ines suppliers of a pharmaceutical company in Iran in

order to achieve a green health supply chain. In this

regard, following a literature review, the domestic sup-

pliers of effective raw materials for Tehran Chemie

Pharmaceutical Co. are analyzed and prioritized by using

18 healthy and green criteria via fuzzy ELECTRE method.

Then, by the results of fuzzy ELECTRE, suppliers are

classified via Pareto chart and ultimately regarding posi-

tion of suppliers at each category the suggestions are

proposed.
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Introduction

Supply chain management (SCM) deals with a variety of

decisions (selection of materials, production, transporta-

tion, distribution and so on) at levels of producers, retailers

and consumers. The development of global trade and

increased demand for consumption of commercial products

has accelerated resource depletion and further pollution in

the environment. Green supply chain management has

emerged as a response to the challenge of concurrent

improvement in the economic and environmental perfor-

mance in long-term. On the other hand, the globalization of

economy affects consumers’ rights from many aspects. The

fast developments in globalization have made it difficult to

react properly. In the course of globalization, unprotected

consumer needs the support (Hosseini 2009). Consumer

health protection is perhaps the most important aspect of

this protection (Hosseini 2009). Issues of health supply

chain management have emerged in response to consumer

health protection especially at the area of healthcare and

pharmaceutical services. Since products of healthcare and

pharmaceutical services play a major role in the life of any

person and relate to health of body and soul of humans,

inattention to production process of these products can

harm the consumer’s health (Rubin 2009). Fame and rep-

utation are the most important spiritual capitals at eco-

nomic enterprises in pharmaceutical industry, as it is in

other industries. This spiritual capital will be gained with

compliance with professional ethics. Consumer satisfaction

has a direct connection with compliance with these prin-

ciples, and attention to job commitment and professional

conscience in pharmaceutical and health products can raise

consumer health and satisfaction (Hosseini 2009). In this

study, Tehran pharmaceutical chemistry company has been

selected as the industry in the area of pharmacy. Tehran
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pharmaceutical chemistry company, pioneered at supplying

solutions based on advanced and modern technology

worldwide in the area of generic and proprietary drugs and

pharmaceutical raw materials, is proud of being one of the

largest generic pharmaceutical companies at the Middle

East; therefore, the present research aims to examine sup-

ply chain from health and green perspectives. We have put

emphasis on detection and evaluation of suppliers with

these features. The present research has targeted in exam-

ining green and health perspectives to evaluate suppliers

for which the reason can be the linkage between these

issues with each other especially in the area of health. By

considering the features of the case study in pharmacy

industry, the present research seeks to find green health

suppliers for supply chain.

Decision-making techniques with multiple criteria

enable to consider the efficient solutions by the presence of

a variety of criteria for the decision. On the other hand,

when a decision problem includes multiple decision mak-

ers with different tendencies arisen from ideas and views,

values, goals and their organizational roles, the final deci-

sion is the result of the individuals’ tendencies and pref-

erences, and these different ideas make changes in decision

making process in a way that might have not been con-

sidered by early studies (Leyva-Lopez and Fernandez-

Gonzalez 2003). Multiple criteria decision making,

specifically fuzzy ELECTRE method, is used to evaluate

the suppliers in this paper. The focus in ELECTRE method

is on dominance relations that exist among alternatives. In

other words, this method is built on the concept of con-

cordance derived from outranking relations. These

outranking relations are achieved through comparing the

alternatives (de Almeida 2007).

In addition, flexibility factors such as production flexi-

bility, responsiveness, after-sale support and engineering

support could be considered. Similarly, sustainability cri-

teria can be considered to account for people, planet and

profit (Kaur et al. 2016).

The main objective of this research is the analysis of the

suppliers’ performance and developing proper polices in

cooperation with them in a green and health supply chain.

In this regard, fuzzy ELECTRE method is used to prioritize

the suppliers.

Literature Review

Green Supply Chain Management

Since the early 1990s, green supply chain management has

been widely pursued in academic and business researches

with the development of corporate environmental man-

agement practices, environmentally conscious

manufacturing strategies and supply chain management

techniques (Sheu et al. 2005; Zhu et al. 2008).

Green supply chain management is not a concept on

which all researchers agree (Ahi and Searcy 2013). How-

ever, the majority of authors state that it emerges from the

idea that companies must become greener (Alfred and

Adam 2009), must try to reach a win–win perspective (Hart

and Dowell 2011) and must connect the supply chain

decisions with sustainable development (Seuring 2013).

From the literature, several definitions of GSCM deserve

attention:

• GSCM encompasses a set of environmental practices

that encourage improvements to the environmental

practices of two or more organizations within the same

supply chain (Vachon and Klassen 2006).

• GSCM is the process of incorporating environmental

concerns into supply chain management including

product design, material sourcing and selection, man-

ufacturing, delivery of final products and management

of product’s end-of-life (Srivastava 2007).

• GSCM can be achieved by considering environmental

issues at the purchasing, product design and develop-

ment, production, transportation, packaging, storage,

disposal and end of product life cycle management

stages (Min and Kim 2012).

• GSCM aims to improve environmental management

through environmental collaboration or through the

resolution of mutual problems that reduce the environ-

mental risks in supply chains (Vachon and Klassen

2006).

GSCM, as a subsystem of a sustainable supply chain

(Seuring 2013; Beske and Seuring 2014), can be defined as

the integration of environmental issues into the interorga-

nizational practices of SCM, including reverse logistics

(Sarkis et al. 2011). Hervani et al. (2005) agree with this

definition of GSCM when emphasizing the adoption of

green purchases, green manufacturing, greener distribution

of products and reverse logistics.

Zhu et al. (2008) empirically investigated GSCM prac-

tices in manufacturing companies. Companies can apply

GSCM as a group of practices, as shown in Table 1.

Their results point to the importance of the following

practices: internal environmental management, green pur-

chases, cooperation with consumers, ecodesign and

recovering investments. Reverse logistics has also been

noted as a GSCM practice (Srivastava 2007).

Health Supply Chain Management

A health supply chain is the network of entities that plan,

source, fund and distribute health products and manage

associated information and finances from manufacturers
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through intermediate warehouses and resellers to distribu-

tors and health service delivery.

Healthcare supply chain management (HSCM) is a set

of approaches to link medicines, equipment, laundry, food,

suppliers, vendors, hospital and transport for efficient and

effective use of resources to achieve total quality man-

agement (Kazemzadeh et al. 2012).

There are few studies which have been conducted at

the area of detection of the criteria for health supply

chain. In Table 2, two studies which are conducted at this

area are mentioned. In these studies, some criteria are

examined to evaluate green and health perspectives of

supply chain.

Mentioned studies in the hospital services fields, put

more emphasis on health perspective of supply chain.

Evaluation of Green Health Suppliers

Numerous studies are conducted to evaluate and select

suppliers, but most of them mentioned general criteria to

evaluate suppliers some of which are presented in

Table 3.

There are few studies concentrating on a specific issue

of the problems related to green health supply chain. In the

context of green perspective of supplier evaluation, Kannan

et al. (2014) evaluated 17 criteria among 21 via Fuzzy

TOPSIS. Some studies that are conducted in the context of

health supply chain are as follow:

Kumar et al. (2017) evaluated the suppliers’ perfor-

mances based on green practices including: environmental

and pollution management, cost, quality and flexibility

using the fuzzy-extended Elimination and Choice

Expressing Reality concept. In another research, Wang

et al. (2017) proposed an integrated MCDM model with

QUALIFLEX (qualitative flexible multiple criteria

method) approach based on the cloud model, in order to

assess the green performance of companies under eco-

nomic and environmental criteria.

Bag and Gupta (2017) considered the influence of both

external factors and internal factors on sustainable inno-

vation in supplier networks with a case in South African

experience. In addition, in some researches we find per-

ception of risk and mitigation strategies regarding GSCM

Table 1 GSCM practice (Zhu et al. 2008)

Measurement items

1. Commitment of GSCM from senior managers

2. Support for GSCM from mid-level managers

3. Cross-functional cooperation for environmental improvements

4. Total quality environmental management

5. Environmental compliance and auditing programs

6. ISO 14001 certification

7. Environmental Management Systems exist

8. Eco-labeling of Products

9. Cooperation with suppliers for environmental objectives

10. Environmental audit for suppliers’ internal management

11. Suppliers’ ISO14000 certification

12. Second-tier supplier environmentally friendly practice

evaluation

13. Cooperation with customers for ecodesign

14. Cooperation with customers for cleaner production

15. Cooperation with customers for green packaging

16. Design of products for reduced consumption of material/energy

17. Design of products for reuse, recycle, recovery of material,

component parts

18. Design of products to avoid or reduce use of hazardous

products and/or their manufacturing process

19. Investment recovery (sale) of excess inventories/materials

20. Sale of scrap and used materials

21. Sale of excess capital equipment

Table 2 Criteria for health supply chain

Authors Criteria

Gupta and Ramesh

(2015)

1. Inadequate profits for healthcare firms Rohini

et al. (2010)

2. Failure of benefit delivery to the patient

Waleed et al. (2001)

3. Absence of flexible decision making systems

David et al. (2014)

4. Breakdown of inventory management of drugs

and chemicals Ramani (2004)

5. Lack of collaboration among decentralized

actors of supply chain De block et al. (2012)

6. Underutilization of information technology

Zheng et al. (2006)

7. Poor positioning of new technology in services

Zheng et al. (2006)

8. Insufficient capacity planning Samuel et al.

(2010)

9. Lack of collaborative and strategic planning

Ramesh et al. (2010)

10. Lack of top management commitment

Ramesh et al. (2010)

11. Lack of human resources Perron (2005)

12. Perception of ‘‘out-of-responsibility’’ zone

Shen and Tam (2002)

Mathew et al.

(2013)

1. Inventory visibility, accuracy and efficiency at

each stage

2. Improved production planning

3. Technology standards to drive down costs with

higher consumption (economies of scale)
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with intuitive and interpretive decision technique (Mangla

et al. 2014).

With regard to the criteria mentioned in Tables 1, 2 and

3 for the present research, 18 criteria, which are mentioned

in Table 4, were selected to examine green health suppli-

ers. The reason for why all the criteria were not used is that

some of the criteria could be integrated with each other. On

the other hand, some criteria have not been among health

and green criteria; thus, they were removed. In addition,

some criteria enabled to have green and health criteria

which were mentioned once.

Application of ELECTRE in Supplier Evaluation

De Boer et al. (1998) studied the application of outranking

methods in supplier selection and concluded that outrank-

ing techniques may be a useful additional tool for the

problem of supplier selection. They stated that considering

the increasing importance as well as the increasing com-

plexity of many contemporary supplier selection decisions,

it is somewhat surprising that the following properties have

gained very little attention: non-compensatory decision

rules aimed at selecting acceptable alternatives, uncer-

tainty, indetermination and imprecision resulting from

incomplete data, vaguely and/or arbitrarily defined criteria

and imprecise appraisal of criteria. They conclude

outranking techniques may provide the basis for develop-

ing supplier selection models that can effectively deal with

these properties.

Outranking methods apply the pairwise comparison of

alternatives to build an outranking relation. One advantage

of using outranking methods is that there is no need for

converting the original scales into abstract using an arbi-

trary dictated range; instead, you can use purely ordinal

scales in these methods (Martel and Roy 2006), and thus,

these methods are able to maintain the original concrete

verbal meaning simultaneously for another methodology

considering purely ordinal scales.

In contrast to other methods, outranking methods allow

incomparability between alternatives that can occur because

Table 3 Criteria to select suppliers

Authors Purpose Criteria Method

Wolf and Seuring

(2010)

Analyze whether environmental issues are part of the criteria

for selection of logistics service providers

1. Cost

2. Lead time

3. Reliability

4. Variety

5. Quality

6. Environment

Case studies

Buyukozkan and

Cifci (2011)

Identify a model based on principles of sustainability to select

suppliers for supply chains

1. Organization

2. Financial performance

3. Quality

4. Technology

5. Corporative social and

environmental responsibility

Fuzzy ANP

Buyukozkan and

Cifci (2012)

Evaluate the selection of green suppliers

for qualitative and quantitative factors

1. Organization

2. Financial performance

3. Quality

4. Technology

5. Corporative social and

environmental responsibility

Fuzzy Dematel, Fuzzy

ANP, Fuzzy TOPSIS

Tseng and Chiu

(2013)

Illustrate a case of a company that aims to

select green suppliers to meet

requirements of GSCM

18 criteria, among which:

1. Delivery

2. Financial performance

3. Relationship

4. Quality

5. Price

6. Green design

7. ISO 14000

8. Green purchasing

9. Cleaner production

Fuzzy, MDCM, Grey

theory
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of lack of information or inability of the decision maker to

compare alternatives (Siskos 1982). The first outranking

method called ELECTRE I was developed in 1968. After

that, several other outranking methods were developed

mainly during 1970s and 1980s. ELECTRE and its deriva-

tives have been widely used for different real-world appli-

cations such as energy planning (Beccali et al. 2003), vendor

selection (Montazer et al. 2009), electric project selection

(Buchanan and Vanderpooten 2007), and civil and envi-

ronmental engineering (Hobbs and Meier 2012).

ELECTRE is a MCDM method which is based on the study

of outranking relations, and it uses concordance and discor-

dance indexes to analyze the outranking relations among the

alternatives. Concordance and discordance indexes could be

interpreted as measurements of satisfaction and dissatisfac-

tion that a decision maker prefers one alternative over the

other (Daneshvar Rouyendegh and Erol 2012).

Problem Statement

Protection of human and environment against chemical

substances and polluted equipment has been regarded as

one of the important issues in organizations. Advancement

in technology, technical equipment and use of various

chemical materials in the production process of countries

has raised risks for the man and environment. In the

beginning, attention to environment and human health has

been just the concern for the developed countries, but today

it is also considered as a major concern for developing and

the Third World countries. In international communities,

proliferated trend has started in protection of human health

and environment, so that we are obliged to join the inter-

national treaties. This process has appeared in form of legal

requirements, treaties, agreements and conventions which

keep increasing each year. It can perhaps say that not just

the manufacturing organization but also the business part-

ners in this organization should be committed to the prin-

ciples of protection of man and environment, especially in

the organizations which their products have a direct con-

nection with the man’s health. This also goes true in

Tehran Chemie Pharmaceutical Co; thus, this company has

constantly made attempts to measure output from the fac-

tory emissions, constant use of refinery and elimination of

filters and chemical wastes. This company is aiming to

improve the quality of life through innovative solutions in

the health area with 50 years constant presence in phar-

maceutical industry and productions of over 100 drugs. To

achieve quality goals, Tehran Chemie Pharmaceutical

Company has made attempt to detailed design and imple-

mentation of quality assurance system in compliance with

WHO standards in drug control and has supplied the best

pharmaceutical products with favorable clinical effective-

ness. To produce products, this company is in connection

with many companies such as suppliers, distributors and so

forth through the supply chain. However, supposing that

the company applies all its activities to produce a healthy

and green production, if one of the trade partners does not

comply with the principles and rules pertaining to healthy,

green and high-quality perspectives, it will affect output of

Tehran Chemie Pharmaceutical Company. In its supply

chain, if Tehran Chemie Pharmaceutical Company is

considered as manufacturer, this organization will be in

contact with numerous suppliers to produce its products, so

that this research aims to examine the relationship between

suppliers and manufacturer shown in Fig. 1.

Even though Tehran Chemie Pharmaceutical Company

is in connection with the international and domestic sup-

pliers, this research only considers domestic suppliers.

Domestic suppliers collaborate with each other at three

areas of effective early materials, lateral early materials

and packaging. In this research, just the suppliers of

effective early materials have been examined that on the

whole there were 19 suppliers. Due to non-homogeneity of

the products of these suppliers, the present research will not

aim to select suppliers but examine and classify the sup-

pliers in a way that the suppliers who comply less with

Table 4 G&HSCM criteria used in this article

Criteria Code

Senior manager’s commitment to health and green supply

chain

GH1

Having IMS license GH2

Detection of new technologies GH3

Exploitation from information technology GH4

Awareness from responsibility area GH5

Collaboration with customers to produce healthy and clean

products

GH6

Collaboration with customers to use environmentally friendly

packaging

GH7

Designing products that reduce, reuse, rework materials,

components and energy

GH8

Design the products that avoid the use of harmful and

dangerous substances

GH9

Sell the used materials, additional and old equipment (after

the purchase of new equipment)

GH10

Acceptance of legal environmental requirements and auditing

programs

GH11

Select suppliers based on environmental aims and criteria GH12

Reducing transportation errors in the supply chain GH13

Technology standards for saving at scale (at a lower cost to

produce more)

GH14

Timely delivery advantages GH15

Inventory management of chemical substances and drugs GH16

Planning for sufficient capacity GH17

Improvement in asset management GH18
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principles of company are identified and obliged to accept

these principles by taking some policies. The expected

principles of manufacturer are in collaboration with the

green health suppliers in supply chain, protection from

health and security of the end consumer and protection of

environment. Therefore, there are some major goals in

conducting this research which are:

• Proposing a method for analyzing the suppliers based

on green and health issues

• Taking into account the vagueness of data

• Classification of suppliers into different groups in order

to take proper polices for each class of suppliers

• Implementing the method in the case study and analyze

the results

Development of Methodology

The present research aims to examine and evaluate the

green health suppliers, for which Tehran Chemie Phar-

maceutical Company has been selected as the case study.

This study serves in the context of pharmaceutical products

producing over 100 types of products which is in connec-

tion with numerous suppliers for its products. Thus,

domestic suppliers and suppliers of effective early mate-

rials have been selected as the sample group providing

various products for the company. The present research

intends to evaluate these 19 companies based on 18 criteria

which are mentioned in Table 4. Fuzzy ELECTRE method

has been mentioned as the analysis and evaluation method

for this issue. Thus, the 6-point questionnaire (very high,

high, relatively high, relatively low, low and very low) has

been designed in which the respondents have been asked to

evaluate these 19 companies based on the mentioned cri-

teria. In this study, the respondents were three decision

makers working in Tehran Chemie Pharmaceutical

Company having general recognition from 19 suppliers. In

next section, fuzzy description of responses, ELECTRE

technique and data analysis are described. In next sections,

reliability and validity of questionnaire, fuzzy description

of responses, Fuzzy ELECTRE method and data analysis

are explained.

Reliability and Validity of Questionnaire

Two components are applied to measure the extent to

which measurement instruments (questionnaire) are suit-

able: validity and reliability. Validity determines to which

extent the prepared instrument measures the specific con-

sidered concepts. Validity tests have been classified in

three groups: content validity, criterion validity and con-

struct validity. Apparent validity and extensive question-

naire scale are considered a preliminary index for content

validity. Criterion validity refers to efficiency of a mea-

surement instrument in predicting behavior of a person at

specific situations. Construct validity indicates to which

extent measurement instruments measure a characteristic

with theoretical background. In this research, content

validity confirmed by experts’ and professors’ views has

been used. Cronbach’s alpha has been used to measure the

reliability of instruments, found as the most suitable tech-

nique in terms of reliability and time saving, and it equals

to 0.893. Thus, it can conclude that reliability of ques-

tionnaire is at acceptable level.

Fuzzy Set Theory

In most of conditions, the certain data and information are

not sufficient to develop the model of problem because

people’s judgment is made ambiguous for which it cannot

consider certain values (Tsaur et al. 2002); fuzzy set theory

was proposed by Professor Lotfi Zadeh in 1985 in response

to such conditions. Indeed, this theory has been developed

Supplier Supplier 

Manufacturer 

Distributer 

Consumer 

Fig. 1 Supply chain in this research
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to resolve the problems in which the evaluations are

ambiguous and uncertain. Fuzzy set theory provides a

suitable framework to describe behavior of uncertain states.

Certain types of fuzzy numbers which are called triangular

and trapezoidal are the traditional instruments of express-

ing vague states. Figure 2a displays triangular fuzzy

number which is displayed in [t1, tm, tu], and Fig. 2b dis-

plays trapezoidal fuzzy number which t1; t
0
1; t

0
u; tu

� �
is used

to display it. In this research, triangular fuzzy numbers

have been used to evaluate each company regarding vari-

ous criteria.

Fuzzy ELECTRE Method

To quantify criteria, verbal variables have been used,

scored via triangular fuzzy numbers in the ranges. For

instance, fuzzy number (4, 6, 8) is used to display status

‘‘almost high’’ (Fig. 3).

To develop decision matrix to evaluate suppliers based

on each criteria, a special evaluation and scoring ques-

tionnaire has been designed and on the whole three fuzzy

questionnaires have been obtained, which it requires

transforming matrices to a fuzzy performance matrix

before applying ELECTRE method. In this regard, with

regard to nature of triangular fuzzy number, three points of

triangular number at final matrix were obtained through

making an average among experts’ judgments.

LEij ¼
Pm

k¼1 LEk
ij

h i

m
; MEij ¼

Pm
k¼1 MEk

ij

h i

m
;

UEij ¼
Pm

k¼1 UEk
ij

h i

m

ð1Þ

where m = 3, i = {1, 2,…19} and j = {1, 2,…18}.

Center of area represented in Eq. 2 is used to defuzzify

decision making matrix.

CAij ¼
UEij � LEij

� �
þ ðMEij � LEijÞ
3

þ LEij ð2Þ

Crisp decision making matrix is shown in Table 5.

Up to now, the score for evaluation of each item has

been obtained based on each criterion. With regard to rest

of inputs, it requires specifying importance or weight of

each of criteria. Shannon entropy method has been used to

determine weights of criteria. With regard to the results

from distributed questionnaire and their analysis based on

mentioned method, scores and nature of criteria are rep-

resented in Table 6. The main idea has been grounded on

this basis that the more dispersion in values of a criterion,

that criterion will be of greater importance. Using the

formula below, weight for each criterion has been

calculated.

nij ¼
aijPn
i¼1 aij

; 8i; j

k ¼ 1

ln mð Þ

Ej ¼ �k
X

i

nij ln nij

" #

; 8j

dj ¼ 1 � EJ ; 8j

Wj ¼
djPn
j¼1 dj

ð3Þ

With regard to Table 6, the highest weight relates to the

criterion of sale of used materials and old used equipment

t1 tm                          tu

Ut

t t1 t'1 t'u tu

Ut

t

(a) (b)Fig. 2 Fuzzy display

0        1         2            3          4           5         6            7          8         9 

Very Low Almost Very High Almost 

Fig. 3 Numbers correspond to the linguistic variables
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and the least weight relates to the criterion of advantages of

timely delivery.

Proposed Fuzzy ELECTRE

By performing the previous stages, prioritization of deci-

sion problem is provided though fuzzy ELECTRE. After

developing the crisp decision matrix, it requires calculating

the concordance and discordance parameters of items.

The first and second stages: normalization

and weighted decision matrix

The criteria may have specific dimensions; thus, normal-

izing should be used to be able to compare various mea-

surements. In this research, vector descaling method using

Eq. 4 has been used under which values of various criteria

become dimensionless.

nij ¼
aijffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPm
i¼1 a

2
ij

q ð4Þ

Then, the obtained matrix should be weighted via Eq. 5.

The normalized weighted matrix is obtained through

multiplying descaled matrix (N) by diagonal matrix of

weights (Wn�n), i.e.,

V ¼ N �Wn�n ð5Þ

To avoid prolongation of Contents, normalized weighed

matrix as shown in Table 7 has been sufficed.

The Third Stage: Calculate Concordance

At this stage, firstly concordance set of each pair of alter-

natives must be calculated based on Eq. 6. In this regards,

there will be concordance matrix of 18 criteria in which

pairwise comparison of items regarding the considered

criterion has been considered.

Cij ¼ set of criteria at which item i performs equally

or better than j

ð6Þ

Then, with regard to Eq. 7, the elements of the total

concordance matrix (c) are calculated. In Table 8, the total

concordance matrix is shown.

ckl ¼
X

j2Ckl

Wj ð7Þ

The Fourth Stage: Discordance Calculation

At this step, firstly paired discordance of parameters for

each pair of alternatives is calculated regarding Eq. 8:

Dij ¼ set of criteria at which item i performs worse than j

ð8Þ

Table 5 Decisive decision making matrix

Decision making

matrix

GH1 GH2 GH3 GH4 GH5 GH6 GH7 GH8 GH9 GH

10

GH

11

GH

12

GH

13

GH

14

GH

15

GH16 GH17 GH

18

S1 7.78 8.44 8.44 7.78 8.44 8.44 7.33 8.44 8.89 8.44 7.78 7.33 8.44 8.44 8.44 8.44 8.44 7.33

S2 7.78 8.89 9.33 6.67 8.44 8.44 7.33 7.78 8.44 8.89 7.33 8.44 8.22 8.00 8.00 8.00 9.33 8.00

S3 8.89 7.33 8.00 7.78 8.89 7.33 6.67 8.00 8.44 7.33 8.44 6.00 8.00 8.00 8.44 7.78 8.89 8.44

S4 7.33 8.89 8.89 8.22 8.22 6.67 7.33 7.33 8.00 8.00 8.00 8.00 8.89 7.33 8.44 8.44 7.78 6.67

S5 8.22 8.89 8.00 8.00 8.22 7.33 6.67 7.33 7.11 6.67 8.44 7.33 8.89 8.00 8.44 8.44 8.00 8.00

S6 8.00 8.89 9.33 8.89 8.44 8.44 7.78 8.00 8.44 8.89 8.00 8.00 7.33 8.44 8.44 8.44 8.44 8.44

S7 6.00 8.00 8.89 8.22 7.56 8.44 6.67 7.33 7.11 6.00 8.44 8.44 8.89 8.00 8.44 8.44 8.44 8.00

S8 8.44 8.89 8.89 8.44 7.33 8.44 8.22 8.44 8.44 8.89 8.00 8.44 8.00 8.44 8.44 8.44 8.00 8.44

S9 7.33 7.33 6.67 6.22 8.89 8.00 8.00 7.33 7.11 7.33 8.00 7.33 8.22 7.33 8.44 8.00 8.44 7.33

S10 8.44 8.44 6.67 7.78 7.11 8.89 7.56 8.44 6.67 8.44 9.33 8.44 7.33 7.78 8.00 8.89 8.89 6.67

S11 8.22 8.00 8.22 8.44 8.22 8.00 8.00 6.67 8.00 7.33 8.00 7.33 7.78 8.00 9.33 8.44 8.44 8.00

S12 8.44 8.44 8.44 8.00 8.00 8.00 7.33 8.00 8.22 8.00 8.00 7.78 8.00 8.00 8.00 8.00 8.44 8.44

S13 8.89 8.89 8.89 7.78 8.89 8.89 8.44 7.33 8.44 6.67 8.44 7.33 7.33 8.00 8.44 8.44 8.44 8.00

S14 8.44 7.78 7.56 7.78 8.00 8.44 8.22 8.00 7.78 8.00 8.00 8.00 7.33 7.78 8.44 8.00 8.44 8.44

S15 8.44 8.44 7.11 8.89 8.89 8.00 7.33 6.67 8.44 8.00 8.44 8.00 8.00 7.33 8.44 8.00 8.44 8.44

S16 8.00 8.44 8.44 8.44 8.44 8.00 7.78 8.00 8.00 8.44 8.89 8.00 7.33 8.00 8.00 8.44 8.44 8.00

S17 8.22 8.89 8.44 7.78 8.44 8.44 7.33 8.00 8.44 8.00 8.44 8.00 8.00 8.00 8.44 8.00 8.89 7.33

S18 8.89 8.89 7.78 8.44 8.22 8.44 7.78 7.78 8.00 7.33 8.00 8.00 7.33 8.44 8.00 8.00 9.33 7.33

S19 8.44 8.89 8.44 8.44 8.89 7.78 6.67 8.00 6.67 8.00 8.44 7.33 8.00 8.44 8.22 7.33 8.44 6.67
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Then, elements of total discordance matrix are

calculated via Eq. 9 after calculating discordance index

for each pair of alternatives. In Table 9, total discordance

matrix has been shown.

dkl ¼
max
j2Dkl

vkj�
�� vlj

��

max
j

vkj�
�� vlj

�� ð9Þ

The Fifth Stage: Develop Concordance

and Discordance Boolean Matrix

With regard to Eq. 10, concordance Boolean matrix (C)

and discordance Boolean matrix (d) are calculated for

paired comparisons of items through combining indices of

concordance and discordance values.

�C ¼
Pm

l¼1

Pm
k¼1 ckl

� �

mðm� 1Þ

�d ¼
Pm

l¼1

Pm
k¼1 dkl

� �

mðm� 1Þ
if cij � �c ! bij ¼ 1

if cij\�c ! bij ¼ 0

if dij � �d ! hij ¼ 0

if dij\�d ! hij ¼ 1

ð10Þ

The Sixth Stage: Develop the Final Dominance

Matrix (Table 10)

By completing the stages above, the general matrix is

calculated via equation below:

Dominance matrix ¼ concordance and discordance

Boolean matrix

Ranking suppliers via the equations deduced from

general matrix is as follows, respectively: S6, S8, S1 and

S16, S2 and S17, S12, S13, S14 and S15, S4 and S11, S5

and S18 and S19, S3 and S7 and S10 and at the lowest rank

S9.

As observed, supplier 6 with 18 superiorities has the

highest score and supplier 9 without any superiority has the

lowest rank.

Classification of Suppliers via Pareto Chart

Pareto chart is used to discover the causes which are

responsible for most effects. Using this chart, we can detect

the changes made in the factors and their interactions to

make suitable and optimal actions before increasing con-

sequences (Wilkinson 2006). Since the present research

aimed to evaluate suppliers rather than to select them, theT
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Table 7 Weighed normalized matrix

Normalized weighted

matrix

GH1 GH2 GH3 GH4 GH5 GH6 GH7 GH8 GH9 GH

10

GH

11

GH

12

GH

13

GH

14

GH

15

GH

16

GH17 GH

18

S1 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02

S2 0.02 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S3 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02

S4 0.02 0.01 0.03 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.01

S5 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02

S6 0.02 0.01 0.03 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S7 0.01 0.01 0.03 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S8 0.02 0.01 0.03 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S9 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.02

S10 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.01

S11 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02

S12 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S13 0.02 0.01 0.03 0.02 0.01 0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02

S14 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S15 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.00 0.00 0.00 0.01 0.02

S16 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S17 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S18 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.00 0.00 0.01 0.02

S19 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01

Table 8 Total concordance matrix

Overall concordance

matrix

GH1 GH

2

GH

3

GH4 GH

5

GH6 GH

7

GH8 GH

9

GH

10

GH11 GH

12

GH

13

GH

14

GH15 GH

16

GH

17

GH

18

S1 – 0.58 0.75 0.63 0.65 0.35 0.60 0.35 0.87 0.67 0.67 0.67 0.52 0.69 0.63 0.61 0.76 0.62

S2 0.66 – 0.63 0.81 0.73 0.57 0.81 0.57 0.85 0.63 0.72 0.69 0.63 0.62 0.68 0.68 0.75 0.73

S3 0.34 0.47 – 0.47 0.75 0.44 0.59 0.39 0.75 0.56 0.57 0.47 0.66 0.64 0.57 0.44 0.54 0.64

S4 0.46 0.29 0.55 – 0.72 0.22 0.73 0.30 0.75 0.48 0.60 0.62 0.54 0.64 0.54 0.37 0.55 0.56

S5 0.45 0.41 0.53 0.50 – 0.24 0.68 0.22 0.71 0.50 0.48 0.30 0.56 0.40 0.33 0.30 0.41 0.38

S6 0.82 0.86 0.77 0.95 0.84 – 0.85 0.69 0.85 0.68 0.80 0.87 0.74 0.86 0.80 0.97 0.82 0.90

S7 0.51 0.40 0.53 0.58 0.72 0.25 – 0.40 0.70 0.53 0.53 0.45 0.53 0.50 0.43 0.42 0.50 0.41

S8 0.81 0.78 0.82 0.91 0.88 0.76 0.85 – 0.88 0.88 0.92 0.93 0.71 0.93 0.83 0.90 0.90 0.85

S9 0.31 0.22 0.46 0.45 0.50 0.22 0.47 0.16 – 0.42 0.49 0.29 0.36 0.18 0.34 0.24 0.26 0.41

S10 0.62 0.45 0.54 0.59 0.50 0.37 0.54 0.32 0.68 – 0.48 0.55 0.48 0.63 0.56 0.54 0.57 0.40

S11 0.44 0.38 0.57 0.57 0.83 0.28 0.65 0.21 0.86 0.52 – 0.34 0.46 0.50 0.34 0.55 0.35 0.66

S12 0.55 0.43 0.73 0.59 0.80 0.31 0.59 0.30 0.83 0.58 0.79 – 0.48 0.81 0.69 0.59 0.65 0.53

S13 0.68 0.59 0.68 0.69 0.87 0.49 0.81 0.54 0.83 0.69 0.74 0.57 – 0.69 0.62 0.66 0.69 0.64

S14 0.47 0.46 0.57 0.59 0.61 0.50 0.59 0.38 0.91 0.60 0.55 0.63 0.47 – 0.68 0.47 0.61 0.53

S15 0.51 0.47 0.72 0.73 0.71 0.53 0.64 0.47 0.84 0.56 0.78 0.82 0.57 0.71 – 0.60 0.71 0.57

S16 0.73 0.47 0.64 0.79 0.81 0.42 0.72 0.19 0.83 0.68 0.80 0.72 0.53 0.72 0.58 – 0.66 0.78

S17 0.66 0.57 0.80 0.75 0.78 0.53 0.61 0.33 0.85 0.53 0.76 0.77 0.57 0.79 0.73 0.62 – 0.74

S18 0.53 0.47 0.56 0.70 0.71 0.43 0.65 0.37 0.83 0.67 0.68 0.53 0.53 0.68 0.52 0.56 0.52 –

S19 0.49 0.36 0.71 0.61 0.76 0.34 0.55 0.37 0.65 0.58 0.70 0.65 0.52 0.64 0.56 0.51 0.61 0.55
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suppliers are classified to determine the appropriate poli-

cies to face with suppliers via Pareto chart. For this,

dominance of each supplier has been considered as

frequency based on which Pareto chart has been depicted.

Pareto chart relating to classification of suppliers is dis-

played in Fig. 4.

Table 9 Discordance matrix

Discordance

matrix

GH1 GH2 GH

3

GH

4

GH

5

GH

6

GH

7

GH

8

GH

9

GH

10

GH

11

GH

12

GH

13

GH

14

GH

15

GH

16

GH

17

GH

18

S1 – 1.00 0.66 0.50 0.24 1.00 0.26 1.00 0.24 0.43 0.39 1.00 0.41 0.97 0.65 0.73 0.86 0.66

S2 0.97 – 0.47 1.00 0.38 1.00 0.35 1.00 0.16 0.32 0.73 0.96 0.33 0.48 0.77 1.00 0.80 0.73

S3 1.00 1.00 – 1.00 0.86 1.00 0.73 1.00 0.69 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

S4 1.00 0.89 1.00 – 0.64 1.00 0.43 1.00 0.31 0.51 1.00 1.00 0.77 1.00 0.78 1.00 1.00 1.00

S5 1.00 1.00 1.00 1.00 – 1.00 0.50 1.00 0.63 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

S6 0.64 0.26 0.38 0.57 0.30 – 0.23 0.75 0.17 0.15 0.12 0.33 0.27 0.20 0.16 0.29 0.32 0.38

S7 1.00 1.00 1.00 1.00 1.00 1.00 – 1.00 0.72 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

S8 0.55 0.34 0.35 0.33 0.17 1.00 0.13 – 0.30 0.18 0.20 0.27 0.25 0.21 0.37 0.88 0.44 0.20

S9 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 – 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

S10 1.00 1.00 0.84 1.00 0.62 1.00 0.75 1.00 0.57 – 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83

S11 1.00 1.00 0.78 0.78 0.66 1.00 0.43 1.00 0.21 0.86 – 1.00 0.83 1.00 0.72 1.00 1.00 1.00

S12 0.62 1.00 0.31 0.33 0.28 1.00 0.19 1.00 0.24 0.30 0.54 – 0.45 0.65 0.52 1.00 0.26 0.41

S13 1.00 1.00 0.70 1.00 0.69 1.00 0.34 1.00 0.36 0.96 1.00 1.00 – 1.00 0.90 1.00 1.00 0.72

S14 1.00 1.00 0.39 0.97 0.49 1.00 0.55 1.00 0.38 0.39 0.83 1.00 0.83 – 1.00 1.00 1.00 0.60

S15 1.00 1.00 0.64 1.00 0.55 1.00 0.74 1.00 0.21 0.67 1.00 1.00 1.00 0.84 – 1.00 1.00 0.77

S16 1.00 0.65 0.51 0.77 0.37 1.00 0.27 1.00 0.25 0.26 0.17 0.66 0.33 0.40 0.27 – 0.66 0.53

S17 1.00 1.00 0.62 0.50 0.32 1.00 0.21 1.00 0.24 0.30 0.64 1.00 0.45 0.97 0.65 1.00 – 0.66

S18 1.00 1.00 0.62 0.89 0.99 1.00 0.48 1.00 0.26 1.00 0.86 1.00 1.00 1.00 1.00 1.00 1.00 –

S19 1.00 1.00 1.00 1.00 0.64 1.00 0.43 1.00 0.48 0.43 1.00 1.00 0.89 1.00 1.00 1.00 1.00 1.00

Table 10 Dominance matrix

The final

dominance

matrix

GH1 GH2 GH3 GH4 GH5 GH6 GH7 GH8 GH9 GH10 GH11 GH12 GH13 GH14 GH15 GH16 GH17 GH18

S1 – 0 1 1 1 0 1 0 1 1 1 0 0 0 1 1 0 1

S2 0 – 1 0 1 0 1 0 1 1 1 0 1 1 0 0 0 1

S3 0 0 – 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

S4 0 0 0 – 1 0 1 0 1 0 0 0 0 0 0 0 0 0

S5 0 0 0 0 – 0 1 0 1 0 0 0 0 0 0 0 0 0

S6 1 1 1 1 1 – 1 1 1 1 1 1 1 1 1 1 1 1

S7 0 0 0 0 0 0 – 0 1 0 0 0 0 0 0 0 0 0

S8 1 1 1 1 1 0 1 – 1 1 1 1 1 1 1 0 1 1

S9 0 0 0 0 0 0 0 0 – 0 0 0 0 0 0 0 0 0

S10 0 0 0 0 0 0 0 0 1 – 0 0 0 0 0 0 0 0

S11 0 0 0 0 1 0 1 0 1 0 – 0 0 0 0 0 0 0

S12 0 0 1 0 1 0 0 0 1 0 1 – 0 1 1 0 1 0

S13 0 0 1 0 1 0 1 0 1 0 0 0 – 0 0 0 0 1

S14 0 0 0 0 1 0 0 0 1 1 0 0 0 – 0 0 0 0

S15 0 0 1 0 1 0 1 0 1 0 0 0 0 0 – 0 0 0

S16 0 0 1 0 1 0 1 0 1 1 1 1 0 1 0 – 1 1

S17 0 0 1 1 1 0 1 0 1 0 1 0 0 0 1 0 – 1

S18 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 –

S19 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
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As shown in Fig. 4, suppliers 6, 8, 1, 16, 17, 12, 13 with

the highest dominance outperform about 75% to others;

thus, they have been considered in category A. Suppliers

14, 15, 11, 4 and 5 are classified in category B, and others

with 5% contribution are classified in category C.

Discussion on Findings

HSCM and GSCM are considered as two issues emerged

for protection from environment and consumer health in

the process of supply chain management (i.e., these two

can protect environment and human health). There are a

variety of techniques through which protection from

environment and human health can be achieved. In the

present research, an attempt has been made to explain one

of these methods. For this, two supply chain levels have

been examined, considering the fact that suppliers provide

healthy and green raw materials for the producer. The

study under discussion is supply of effective early mate-

rials for a pharmaceutical company by its 19 domestic

suppliers so that evaluation and examination of these

suppliers have been targeted to have healthy and green

supply chain. These suppliers were evaluated based on the

criteria extracted from previous investigations via fuzzy

ELECTRE method, so that the results from investigation

indicate that some of the suppliers outperform others (i.e.,

their adherence to healthy and green principles is greater).

For instance, supplier S6 outperforms other 19 suppliers.

Then, supplier S8 outperforms other 17 suppliers. Further,

some of the suppliers do outperform others such as sup-

pliers S1 and S16 who outperform supplier 10. Further,

supplier S9 has been ranked the lowest, among suppliers,

as it did not outperform others. Yet, since the present

research has not aimed to select and remove suppliers

among them, in this stage the results from evaluation of

fuzzy ELECTRE were grouped using Pareto chart.

Classification of suppliers aimed to propose optimal policy

for them well suited to position each of them. Results from

classification via Pareto chart indicate that 75% of superi-

orities are classified in group A. 20 and 5% are classified in

group B and C, respectively. Existing companies in group

A outperform others followed by other groups.

Conclusion

Suppliers play an important role in the performance of the

supply chain. In recent years, there are more concerns with

the health and environment issues. Therefore, the analysis

of the suppliers performance and developing proper polices

in cooperation with them is an important issue. In this

paper, fuzzy ELECTRE method is used to prioritize the

suppliers and then put them in different classes of A, B and

C. The researchers have suggested that the companies in

group A require the policies such as protection and

improvement; thus, the policies such as reward, subside

and so forth can be effective for their protection. The

companies in groups B and C can be persuaded via the

policies such as sharing the company’s benefit to increase

their adherence to principles of HSCM and GSCM. On the

other hand, providing competitive conditions between

suppliers can be an important factor to achieve goal of

organization. Lack of sufficient information resources at

the area of HSCM especially at the area of HSCM criteria

due to novelty of issue has been one of the restrictions

faced by the researchers in this research; thus, the future

researchers are suggested to detect the criteria at area of

HSCM. Further, the researchers are suggested to use other

multicriteria decision making methods for similar studies.

Conducting research at other SCM areas can be also ben-

eficial or using hybrid supplier selection models may be

concentrated on the application of different methods for

evaluating multiple attributes in supplier selection.
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