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Abstract: Due to the negative effects of the current way of life and industry on 
mankind’s future, sustainable development has become one of the main factors 
in organisation’s success. One of the strategies to achieve sustainable 
development is sustaining the supply chain of the organisation and industries. 
Identification of critical success factors is essential for any organisation in 
order to achieve the organisation’s goals and missions. This study tried to 
identify critical success factors of sustainable supply chain to prioritise and 
determine the level of each factor. Success factors were extracted using 
literature review and experts’ opinion. Then, the interpretive structural 
modelling was used to determine relationships and levels of each factor. 
‘Cultural and language differences’ was identified as the most influential factor 
and ‘information and transparency’ was identified as the most impressionable 
factor in sustaining the supply chains. In addition, the results indicate a 
relatively strong relationship between identified factors. 
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1 Introduction 

Many scientists believe that in today’s competitive world, companies should concentrate 
on their supply chains (Safari and Mohebbimanesh, 2011). A supply chain structure is 
considered as a combination of potential suppliers, manufactures, distributors, retailers 
and customers that its main focus is on improving serving to customers, profitability and 
better performance in business (Cousins and Menguc, 2006). Supply chain approach 
derives from the fact that there are some dependence between different levels, from 
primary source to final user (Lambert et al., 1998). In the supply chain management 
(SCM) approach, there is an emphasis on the overall optimisation, not on the local 
optimisation or a specific unit. To this end and to enhance the performance in supply 
chain and quick response in turbulent business environment, companies have to change 
their attitude about suppliers, from enemy to partner and consider them as a source 
(Chang and Cheng, 2010). 

In other words, competition in business in today’s world is dependent on sustainable 
management (Gomes et al., 2014). Researchers believe that the importance of sustainable 
development is rising and it has become one of the focal points in governing the countries 
(Huang et al., 2013). According to the definition of sustainability which was presented in 
the report of the World Commission on Environment and Development in 1987, 
sustainability is a development that satisfies the present generation needs without limiting 
the ability of future generations in development of their needs (WCED, 1987). So we can 
say sustainability is decreasing of business harmful effects on people, communities and 
the environment at the same time with increasing value for customers, partners and 
shareholders (Schmidt, 1997). The main reason of increasing attention to sustainable 
development policy is limited possibilities and unlimited needs and demands of 
humankind. The world’s resources are consumed rapidly while next generation cannot 
simply achieve to these resources. Hence, sustainability in resources has become one of 
the challenges of the world (Kavacik et al., 2012). Sustainable development is a challenge 
that today companies have to focus on it, because it has significant effects on their 
strategies (Fülöp and Hernádi, 2013). Researchers believe that to gain competitive 
advantage, it is necessary to use all the available opportunities in the field of 
sustainability (Jenkins, 2009). Sustainable development approach is primarily concentrate 
on changes in thoughts, beliefs and values. Everyone should understand that 
sustainability is about both global and local issues (Goedknegt and Silvius, 2012). The 
benefits of implementing sustainability in organisations is to reduce costs, increase 
productivity, reduce risk, improve reputation and brand value, higher sale, increase 
innovation opportunities, reduce adverse environment effects and great accountabilities to 
stakeholders (Conway, 2014). 

In 90s decade the term and concept of 3P was proposed and it was pointed out that 
the sustainability is a balance or coordination between economic, social and 
environmental sustainability. This concept has been introduced as ‘triple bottom lines’ 
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and it offers a wide range of ideas and values for measuring the success of an 
organisation in the field of economy, society and environment (Silvius et al., 2012). The 
interaction between these three aspects is shown in Figure 1. 

Figure 1 Triple bottom lines of sustainability 

 

Source: Silvius et al. (2012) 

Therefore, in the new economic field, long term success of any organisation is not only 
based on the profit, but its contribution to the future of the people and the earth is 
considered (Barbosa-Póvoa, 2009). Because objects in supply chain are considered from 
initial processing of raw materials to final delivery to the customer, focusing on supply 
chain is a step toward the acceptance and wider development of sustainability  
(Barbosa-Póvoa, 2009). Since supply chain managers are employed in all aspects of 
business including logistics, strategic planning, information services, marketing and sales 
and financials, each manager has an ideal position to do initiatives for sustainability 
(Sarkis, 1998). 

While sustainable supply chain tries to integrate the goals of three dimensions of 
sustainable development (economic, environment and social), which is derived from the 
needs of customers and stakeholders, it considers material, information and capital 
management as well as cooperation between companies throughout the supply chain. 
Members of sustainable supply chain try to use social and environmental criteria to stay 
in the supply chain. At the same time, it is expected to maintain the competitiveness by 
responding to customer needs and related criteria (Seuring and Müller, 2008). Due to the 
pressure from the law, communities, shareholders and competitors in many countries, 
suitable choice which is compatible with sustainable activities in supply chain is one of 
the biggest challenges for the industries for moving towards a sustainable SCM (Luthra  
et al., 2014). External pressures on a company lead to sustainable supply and production, 
if both individual companies and entire supply chain be considered as an integrated entity 
and develop prerequisite for the implementation of sustainable SCM (Bowen et al., 
2001). Sustainable SCM, which has already been implemented in developed societies, is 
still relatively a new subject in developing countries and it is in the early stages of 
adoption (Mangla et al., 2014). Therefore, establishing an affordable and environmentally 
friendly supply chain is considerable of the scientific and managing point of view. So, 
identification of critical success factors (CSFs) is required for implementation of SCM in 
a sustainable way, with an economical and effective method (Luthra et al., 2015). 
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CSFs are characteristics, conditions or variables that can have a significant effect on 
the success of an organisation in a specific area, if properly used and managed (Korpela 
and Tuominen, 1996). CSFs determine key areas of performance that is necessary to 
fulfil the mission of the organisation. Managers generally know and consider these 
critical factors in determining the goals. Specifying these factors makes a general 
reference point for the whole organisation. So the organisation must always ensure high 
performance of any action or innovation, in these critical areas. Otherwise the 
organisation may not be able to achieve its objectives and therefore fails to fulfil its 
mission (Caralli et al., 2004). Many experts believe that companies could identify the 
CSFs and gain good results in them for creation competitive advantage. Thus, having a 
distinctive position in some of the CSFs compared with other competitors makes a golden 
and unique opportunity for a company in order to gain competitive advantage (Zandiyeh, 
2001). 

Certainly, some of the CSFs are more important than others. Comparing these factors, 
choosing the best ones and prioritising them can help managers to make transparent 
decisions. So in this study, identification of CSFs of sustainable SCM and classification 
them using interpretive structural modelling have been considered. For this aim, CSFs of 
SSCM have been recognised using the literature review and experts’ opinions. Then, the 
relationships among factors were examined by expert’s consultation and the levels of 
factors were determined whit the help of ISM method. 

2 Literature review 

Sigala (2008) identified the CSFs of SSCM in tourism industry and recognised five 
general factors. These factors include sustainable product design, sustainable 
procurement, sustainable production, sustainable delivery-distribution and sustainable 
reverse logistics. Flores et al. (2008) surveyed the CSFs and challenges of sustainable 
supply chain development in India. In this study three sustainability dimensions were 
considered, but the results are useable in the special situation of India. Hu and Hsu (2010) 
identified the CSFs of green supply chain management (GSCM) in Taiwan’s electrical 
and electronics industries. In this study, 20 factors in four categories were recognised and 
factor analysis (Bartlett) was used to determine the final factors. The four main categories 
are: supplier management, product recycling, organisation involvement and life cycle 
management. Kim and Rhee (2012) identified CSFs and examined their effects on the 
balanced scorecard (BSC) performance, in Korean’s GSCM. Structural equation 
modelling (SEM) was used to examine the relationships. Relationship of SCFs and BSC 
was evaluated of both financial and non-financial performance. Toke (2012) began to 
recognise CSFs of GSCM in order to determine and select appropriate strategy to 
implement GSCM in the manufacturing industry in India. In this study 15 success factors 
and 19 performance measuring factors were identified. Then AHP method used to 
determine the relative importance of factors and select the appropriate approach. Top 
management commitment has gained the highest importance weight and social concern is 
in the second place of importance. Mishra et al. (2012) applied ISM to find the 
interrelationship of drivers of agile manufacturing. They identified the key drivers for 
implementation of agile concept in manufacturing in Indian environment. Kumar and  
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Banerjee (2012) investigated effect of collaborative culture on all collaborative activities 
in a supply chain using partial least squares. Results revealed that collaborative culture 
strongly affects all activities and also operation related activities were recognised as 
important factors enhancing performance. Debata et al. (2012) used ISM method to 
identify the interrelationship between medical tourism design requirements for evaluation 
of the medical tourism service providers in India. Ten dimensions of perceived medical 
tourism service quality were identified and were considered as voice of customers (VoC) 
and 11 design requirements were treated as design requirement for applying quality 
function deployment (QFD) in order to prioritise the design requirements. Mathiyazhagan 
et al. (2013) used ISM to analyse barriers in implementing GSCM. This study aimed to 
recognise the most dominant and influential barriers to the adoption and implementation 
of GSCM in the auto component manufacturing industries in India. In this study, 26 
barriers were identified by reviewing previous researches, then; ISM was applied to 
determine the mutual influence amongst barriers. Finally, factors were classified in three 
groups of Independent, dependent and linkage by MICMAC analysis. Ab Talib and 
Muniandy (2013) by identifying the CSFs of SSM provided a conceptual framework to 
apply in Malaysia’s transport companies. In this study CSFs of SSM were identified, by 
review the previous researches. Then this factors and success factors of green supply 
chain were integrated and four final factors were obtained. These factors consist of: 
information technology/system, human resource management/knowledge, collaboration 
and integration and government support. Ketikidis et al. (2013) evaluated the relationship 
between GSCM practices, pressures and environmental performance in Kosovo’s 
construction industry using regression analysis. The findings indicated that GSCM 
practices and pressures significantly predicted the GSCM performance and 
Environmental performance is predicted GSCM practices and regulatory pressures of 
Kosovo construction companies. Malviya and Kant (2014) discussed cause and effect 
relationship between the influential factors and identified the CSFs for implementation of 
GSCM in Indian automobile industry. So, 12 influencing factors were found through 
reviewing the previous researches. Then, CSFs were extracted using fuzzy DEMATEL 
method. These factors are five: top management commitment and support, strategic 
planning, environmental policy, willingness towards investment and employee 
empowerment and motivation. Grimm et al. (2014) focused on the food industry to 
identify critical factors which overcome the complexities and unique challenges of sub-
supplier management. In this study, 14 CSFs were identified in the form of internal 
critical factors and external critical factors. This research focused on two food supply 
chains, each includes a business centre, a direct supplier and a sub-supplier. Then unique 
CSFs for management of sub-suppliers were identified, to ensure their compliance with 
corporate sustainability standards (CSS) in food supply chains and presented as 14 
factors. Chand et al. (2014) identified ten operational risk factors in supply chain and 
used weighted interpretive structural modelling (W-ISM) approach to develop a structural 
modelling between these factors. Then a method of effectiveness index (EI) was applied 
to identify the key areas. Satapathy (2014) used ANN to test the service satisfaction in 
electricity service in India and designed a frame work by QFD. In this study ISM was 
applied to find interrelationship between design requirements. Luthra et al. (2015) 
recognised CSFs to implement GSCM towards sustainability in mining industry in Indian 
perspective. 
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Table 1 Summary of literature review 

Researchers Survey items Methodology Focus/scope 
Sigala (2008) Identification of CSFs Model development SSCM 
Flores et al. (2008) Identification of CSFs and 

challenges 
 SSCM 

Hu and Hsu (2010) Identification of CSFs Factor analysis GSCM 
Kim and Rhee (2012) Identification of CSFs and 

their effects on BSC 
performance 

SEM GSCM 

Toke (2012) Identification of CSFs AHP and statistical 
analysis 

GSCM 

Mishra et al. (2012) Identification of key drivers ISM Agile 
manufacturing 

Kumar and Banerjee 
(2012) 

Identification of culture and 
activities 

Partial least squares SCM 

Debata et al. (2012) Identification of design 
requirements 

ISM and QFD Medical 
tourism 

Mathiyazhagan et al. 
(2013) 

Identification of barriers ISM و MICMAC GSCM 

Ab Talib and 
Muniandy (2013) 

Identification of CSFs Present a conceptual 
framework 

GSCM 

Ketikidis et al (2013) Identification of practices, 
pressures and environmental 
performance 

Regression analysis GSCM 

Malviya and Kant 
(2014) 

Identification of CSFs Fuzzy DEMATEL GSCM 

Chand et al. (2014) Identification of operational 
risk factors 

W-ISM and EI SCM 

Satapathy (2014) Identification of design 
requirements 

ANN, QFD and ISM Electricity 
service 

Grimm et al. (2015) Identification and 
classification of CSFs 

 SSCM 

Luthra et al. (2015) Identification of CSFs and 
their relationships 

ISM and MICMAC GSCM 

Gandhi et al. (2015) Identification of influential 
factors 

DEMATEL GSCM 

Hussain et al. 
(2016b) 

Identification of indicators Present a conceptual 
framework 

SSCM 

Hussain et al. (2016a) Identification of alternatives ISM and ANP SSCM 
Mangla et al. (2016) Identification of CSFs AHP و DEMATEL Reverse 

logistics 

In this study, 26 CSFs of sustainability identified based on previous studies and experts’ 
opinion. Next, the relationship between them found out using ISM method and a 
hierarchy structural model was proposed. Gandhi et al. (2015) evaluated the factors 
associated with successful implementation of GSCM. In this study, 15 factors of GSCM 
were extracted using literature review and they were analysed by DEMATEL. Research 
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result shows that top management commitment, human technical expertise and financial 
factors have the highest influence power on acceptance and successful implementation of 
GSCM. Hussain et al. (2016b) provided a framework to develop and assess the 
sustainability in supply chain of service industry. In this framework, 4 indicators of 
environmental management, social responsibility, health, safety and risk management, 
customer management and 18 sub criteria was considered. The results show that all 4 
variables have strongly positive correlation with each other and the most correlation is 
between social responsibility and health, safety and risk management. Hussain et al. 
(2016a) in their study evaluated alternatives for SSCM. They proposed an integrated 
framework based on ISM and ANP methods. To evaluate the enablers of sustainable 
development, the criteria considered in three dimensions of economic, environmental and 
social. The results reveal that governmental regulations, rewards and incentives and 
listening to views of the customers are the main enablers for achieving sustainability in 
supply chains. Mangla et al. (2016) identified and evaluated the CSFs of reverse logistics 
in manufacturing industry of India. In this study, AHP method was used to prioritise of 
the factors and DEMATEL approach was used to categorise the relations among them. 
Findings show that global competitiveness factor get the highest rank in acceptance of 
reverse logistic. 

3 Methodology 

The aim of this research is to identify the CSFs of sustainable SCM and classify them 
based on their contextual relationships. Data were collected using literature review, 
questionnaire and experts’ opinion. Identification of CSFs was done by searching for 
related studies and reviewing the literature. For recognition of the most important CSFs 
and determining the contextual relations among them a questionnaire was developed. 
Research statistical population was university teachers who were specialist in the both 
supply chain and sustainability management. Factors level was determined through ISM 
method after the identification of CSFs. Figure 2 shows the methodology followed in this 
study. This methodology and the results are discussed in the following sections. 

3.1 Step 1: theoretical studies and identification of the SCFs of sustainable 
supply chain 

In the first step, CSFs of sustainable supply chain were extracted based on literature 
review and previous researches in three dimensions of sustainability including: 
environmental, social and economic sustainability. By omitting overlaps, identified 
factors were 67 which were used as the base information in the research. 

3.2 Step 2: determination of the most important CSFs based on experts 
discussions 

In order to identify the most important CSFs of sustainable supply chain and to reduce 
the number of factors, the identified factors list was given to university teachers and 
experts who were specialist in both SCM and sustainability field. Proposed factors in 
Grimm et al. (2014) research were recognised as the major factors based on experts’ 
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opinions. The mentioned research is the only found research which considered all three 
dimensions of sustainability (economic, social and environmental sustainability) to 
identification of CSFs of supply chain. In the other hand, the identified factors of this 
study are in common with the identified factors of other studies. Although, this research 
focused on supplier in sustainable supply chain, its proposed factors overlapped the 
factors of other studies as well. Final factors list is given in Table 2 and their descriptions 
are presented after the table. 

Figure 2 Flow chart of the research methodology 

Step 1: Identification of CSFs of sustainable supply chain management 

Step 2: Determination of the most important CSFs using experts’ opinions  

Step 3: development of the matrix of variables relationships 
(questionnaires development) 

Step 5: presentation of results to experts for final review and correction 

Step 4: collection the comments and determining the factors levels 
using ISM method 

 
 
 
 
 
 
 
 
 

Phase 1: develop the Structural Self-Interaction Matrix (SSIM) 

Phase 2: develop the Initial Reachability Matrix 

Phase 3: develop the final Reachability Matrix 

Phase 4: Partition the Reachability Matrix into different levels 

Phase 5: Plot the final model 

Phase 6: MICMAC analysis 

 

1 Costs and financial resources: high costs of management of sustainable supply chain 
and the limitation of financial resources of organisations. 

2 Willingness towards investment: Tendency to investment in order to sustainability 
goals. 

3 Competences and skills: personnel’s skills and abilities in sustainability field. 

4 Personnel commitment: personnel’s commitment and responsibility for sustainability 
and cooperation in this field without the presence of a supervisor. 
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5 Trainings: promotion of knowledge, skills and abilities of suppliers and employees 
about sustainability. 

6 Top management commitment and support: top management’s valid understanding 
of sustainability and its importance in supply chain; commitment, support and 
management of attempts in sustainability field. 

7 Power over independent suppliers: organisation power over supply chain partners in 
order to adapt them to organisation sustainability standards and provoke responsible 
behaviours in this area. 

8 Stakeholder partnerships, (e.g., suppliers, sellers, industry fellows and non-
governmental organisations): omitting obstacles and difficulties of sustainability 
with cooperation with stakeholders including suppliers, sellers, non-governmental 
organisations and industry fellows. 

9 Stakeholder pressures, (e.g., non-governmental organisations, suppliers and 
customer’s demands): developing advertising campaigns by NGO’s to produce more 
sustainable products; customer’s attention to health, security and environment; and 
buying sustainable products by customers. 

10 Commitment and trust between supply chain partners: trust the partner abilities in 
implementation of sustainability; mutual benefits based on agreement; acceptance of 
the same performance criteria for sustainable products. 

11 Supplier competences: supplier’s competences based on sustainability principles. 

12 Information and transparency: have information and transparency about partners of 
supply chain and their processes and policies. 

13 Cultural and language differences along the supply chain: differences in culture and 
Language among partners of supply chain. 

14 Geographical distance along the supply chain: Geographical distance among partners 
of supply chain. 

3.3 Step 3: developing the questionnaire for assessing the relations of CSFs 

Interpretive structural modelling (ISM) was used to identify the contextual relationship 
among the CSFs and classify them. To do this, a questionnaire was designed and given to 
university teachers and experts who were specialist in sustainability and supply chain. 
This questionnaire is a squared 14 * 14 matrix including CSFs of sustainable supply 
chain, in which relations of factors has been evaluated pairwise by experts. These 
relationships are of ‘leads to’ type which means that one variable leads to another. The 
definition of each identified SCF and the instruction of completing the questionnaire has 
been mentioned in the first part of the questionnaire. In the second part, relation matrix 
has been given to complete. In this questionnaire, the influence of each factor on other 13 
factors has been questioned. Respondents were asked to check the pairwise relation 
between factors and complete it according to ISM method. 
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Validity concept used to ensure that the measures adequately quantify the concepts that 
they are supposed to test (Sekaran, 2003). The questionnaire validity used in this study 
was confirmed by experts’ comments. To do this, the questionnaire was given to some 
academic experts in the field of sustainable supply chain, along with its objectives, in 
order to be logical and clear. They were asked to state their modification ideas about the 
questions. Feedbacks were used to improve the questions and eliminate redundancies that 
existed. 

Reliability refers to the extent to which a measuring procedure 
(questionnaire/instrument) yields the same results on repeated trials (Carmines and 
Zeller, 1979). In fact it shows the consistency and logical coordination between items in 
each variable, during the survey period (Hair et al., 2006). Since in this study 
questionnaires were completed by experts, reliability test was not necessary. 
Table 2 CSFs of sustainable SCM 

Critical factors to SSCM 

Sources 

G
ri

m
m

 e
t a

l. 
(2

01
5)

 

Lu
th

ra
 e

t a
l. 

(2
01

5)
 

H
u 

an
d 

H
su

 
(2

01
0)

 

K
im

 a
nd

 R
he

e 
(2

01
2)

 

To
ke

 (2
01

2)
 

M
al

vi
ya

 a
nd

 
K

an
t (

20
14

) 

Ab
 T

al
ib

 a
nd

 
M

un
ia

nd
y 

(2
01

3)
 

1 Costs and financial resources        
2 Willingness towards 

investment 
       

3 Competences and skills        
4 Personnel commitment        
5 Trainings        
6 Top management commitment 

and support 
       

7 Power over independent 
suppliers 

       

8 Stakeholder partnerships        
9 Stakeholder pressures        
10 Commitment and trust 

between supply chain partners 
       

11 Supplier competences        
12 Information and transparency        
13 Cultural and language 

differences 
       

14 Geographical distance        

3.4 Step 4: comments collection and determining factors levels using ISM 
method 

Structural self-interaction matrix (SSIM) in ISM model contains qualitative variables. So, 
mode (data frequency) is used to collect all opinions and take one response. Then, the 
matrix is converted to a binary matrix and compatibility is established in its relations. As 
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a result, final reachability matrix is obtained and the driver power and dependence power 
of each factor is determined. Then, by determining the antecedent and reachability sets, 
the variables were classified (Kannan et al., 2009). Moreover, MICMAC matrix is 
portrayed to identify the key CSFs that drive the system in various categories. Based on 
their drive power and dependence power, the CSFs, have been classified into four 
categories of: Independent, Dependent, Linkage and Autonomous variables. 

3.5 Step 5: presenting the results to experts for reviewing and correction if it is 
necessary 

Finally, to check for conceptual inconsistencies and make the necessary modifications, 
the results of levels partition and classification of the factors was given to experts. 

3.6 ISM approach 

Discovering the relations and dependencies between variables and ranking and 
determining the levels of them can help managers for better implementation of designed 
model, in models in which qualitative variables are at different levels of importance and 
have an effect on each other (Benítez and Fierro, 2011; Huang et al., 2005). ISM method 
is one of the ways that analyse the impact of an element on others and places variables in 
different levels. In this way, the complexity of the elements is overcome and mental and 
unclear models are transformed to visible and well-defined models (Sage, 1977). This 
method can classify the variables into 4 groups, based on their dependency and driving 
power. By identification of the variables discussed in the study, ISM will start. This can 
be done using previous studies and receiving experts’ opinion. 

In this study, ISM model variables are the CSFs which identified in step 2. The 
various steps involved in the ISM methodology are as follow (Kannan and Haq, 2007; 
Kannan et al., 2009): 

3.6.1 Phase 1: develop a SSIM 
In the first step, pairwise relationships among factors are checked by experts and based 
on contextual relationships among identified CSFs, a SSIM is developed. Relation 
between the variables (i and j) are determined with the following symbols: 

• V: The variable in row (i) helps to achieve the variable in column (j) 

• A: The variable in column (j) helps to achieve the variable in row (i) 

• X: Variable in row (i) and column (j) help each other to be achieved 

• O: Variable in row (i) and column (j) are unrelated. 

The data are collected based on non-parametric methods and frequency. Structural-self 
interactive matrix is given in Table 3 which is gained by experts’ opinion. 
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Table 3 SSIM of CSFs 
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Geographical distance 

Cultural and language 
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transparency 

Supplier competences 

Commitment and trust 
between supply chain 

Stakeholder pressures 

Stakeholder partnerships 

Power over independent 
suppliers 

Top management 
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Trainings 

Personnel commitment 

Competences and skills 

Willingness towards 
investment 
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3.6.2 Phase 2: develop the initial reachability matrix 
In the second step, initial reachability matrix is obtained by converting the SSIM to a 
binary matrix. It is done by transforming the symbols of X, O, V and A into binary digits, 
(i.e., ones or zeros) for each cell of SSIM. This transformation is done with the following 
rules: 

• If the (i, j) entry in the SSIM is V, the (i, j) entry in the initial reachability matrix is 
set to 1 and the (j, i) entry is set to 0. 

• If the (i, j) entry in the SSIM is A, the (i, j) entry in the reachability matrix is set to 0 
and the (j, i) entry is set to 1. 

• If the (i, j) entry in the SSIM is X, then the entries in both the cells (i, j) and (j, i) in 
the reachability matrix is set to 1. 

• If the (i, j) entry in the SSIM is O, then the entries in both the cells (i, j) and (j, i) in 
the reachability matrix is set to 0. 

• If i = j in SSIM, the (i, j) entry in the initial reachability matrix is set to 1. 
Table 4 Final reachability matrix for the drivers of CSFs 

CSFs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Costs and financial 

resources 
1 1 1 1 1 1 0 0 0 1 1 1 0 1 

2 Willingness towards 
investment 

1 1 1 1 1 1 0 0 0 1 1 1 0 1 

3 Competences and skills 1 1 1 1 1 1 0 0 0 1 1 1 0 1 
4 Personnel commitment 1 1 1 1 1 1 0 0 0 1 1 1 0 1 
5 Trainings 1 1 1 1 1 1 0 0 0 1 1 1 0 1 
6 Top management 

commitment and support 
1 1 1 1 1 1 0 0 0 1 1 1 0 1 

7 Power over independent 
suppliers 

1 1 1 1 1 1 1 0 0 1 1 1 0 1 

8 Stakeholder partnerships 1 1 1 1 1 1 0 1 1 1 1 1 0 1 
9 Stakeholder pressures 1 1 1 1 1 1 0 1 1 1 1 1 0 1 
10 Commitment and trust 

between supply chain 
partners 

1 1 1 1 1 1 0 0 0 1 1 1 0 1 

11 Supplier competences 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
12 Information and 

transparency 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 

13 Cultural and language 
differences 

1 1 1 1 1 1 0 1 1 1 1 1 1 1 

14 Geographical distance 1 1 1 1 1 1 0 0 0 1 1 1 0 1 
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Table 5 Level partitions for CSFs 

CSFs Reachability set Antecedent set Intersection 
set Level 

1 Costs and financial 
resources 

1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

2 Willingness towards 
investment 

1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

3 Competences and skills 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

4 Personnel commitment 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

5 Trainings 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

6 Top management 
commitment and support 

1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

7 Power over independent 
suppliers 

7 1, 2, 3, 4, 5, 6, 7, 
10, 11, 12, 14 

7 4 

8 Stakeholder partnerships 8, 9, 13 1, 2, 3, 4, 5, 6, 8, 
9, 10, 11, 12, 14 

8, 9 4 

9 Stakeholder pressures 8, 9, 13 1, 2, 3, 4, 5, 6, 8, 
9, 10, 11, 12, 14 

8, 9 4 

10 Commitment and trust 
between supply chain 
partners 

1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

11 Supplier competences 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 13, 14 

11, 12 11 2 

12 Information and 
transparency 

1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14 

12 12 1 

13 Cultural and language 
differences 

13 1, 2, 3, 4, 5, 6, 8, 9, 
10, 11, 12, 13, 14 

13 5 

14 Geographical distance 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 13, 14 

1, 2, 3, 4, 5, 6, 10, 
11, 12, 14 

1, 2, 3, 4, 5, 
6, 10, 14 

3 

3.6.3 Phase 3: develop the final reachability matrix 
The final reachability matrix is constructed from the initial reachability matrix taking into 
account the transitivity rule. So, by controlling secondary relations between variables, the 
internal consistency has to be established. It states that if a variable ‘i’ is related to ‘j’ and 
‘j’ is related to ‘k’ then ‘i’ is necessarily related to ‘k’. One way of compatibility the 
matrix is recompleting the questionnaires by experts, then compatibility will be checked 
and this operation will be continuing so that compatibility is gained. The other way is 
using mathematical regulations. This is done by Oyler theory, in which the initial 
reachability matrix is added to the identity matrix and is raised to the power of n as 
following formulas: 

A I+  (1) 

( )nM A I= +  (2) 
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In above relations, ‘A’ stands for initial reachability matrix, ‘I’ stands for identity matrix 
and ‘M’ stands for final reachability matrix. This operation should be done based on 
Bowlin regulation which states: 

1 1 1, 1 1 1× = + =  (3) 

The final reachability matrix for the CSFs is shown in Table 4. 

3.6.4 Phase 4: partition the reachability matrix into different levels 
At this stage, the reachability matrix obtained in Step 3 is partitioned into different levels. 
To do this, reachability and antecedent set for each variable must be extracted from the 
final reachability matrix. The reachability set for a particular variable consists of the 
variable itself and the other variables, which it may help achieve. So, related row is 
surveyed and the number of 1 in that row shows directional lines that are taken out of that 
part. The antecedent set consists of the variable itself and the other variables, which may 
help in achieving it. Therefore the number of 1 in related column show directional lines 
that enter to that part. 

Subsequently, the intersection of these sets is derived for all variables. The variable 
for which the reachability and the intersection sets are the same is placed at the top-level 
of the ISM hierarchy. Then this variable is eliminated and the abovementioned procedure 
is repeated with other remaining variables as far as all variables levels are specified. In 
this study, CSFs were placed in 5 levels. It should be noted that the factors of level 5 have 
most influence on the factors of other levels and factors of level 1 have the greatest 
impressibility of others. Reachability, antecedent and intersection sets and levels are 
presented in Table 5. 

Figure 3 ISM model for CSFs of SSCM 

Level 
(1)

Information and 
transparency

Level 
(2)

Competences and skills

Level 
(3)

Costs and 
financial 
resources

Willingness 
towards 

investment

Competences 
and skills

Personnel 
commitment Trainings

Top 
management 
commitment 
and support

Commitmen
t and trust 
between 

supply chain 
partners

Geographica
l distance

Power over 
independent 

suppliers

Level 
(4)

Level 
(5)

Stakeholder 
pressures

Cultural and language 
differenc

Stakeholder 
partnerships

 

 



   

 

   

   
 

   

   

 

   

   174 M. Ghafourian and H. Shirouyehzad    
 

    
 
 

   

   
 

   

   

 

   

       
 

Figure 4 Driving power and dependence power diagram (see online version for colours) 
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3.6.5 Phase 5: portray the final interpretive structural model 
In this step, based on the relationships given above in final reachability matrix and levels 
of variables, a primary model is drawn. By removing the transitive links final model is 
obtained. The CSFs model of sustainable supply chain is shown in Figure 2. Factors of 
‘information and transparency’ and ‘supplier competences’ are placed at the first and 
second levels that show the dependency of these two factors on other factors and change 
in other factors can change these two factors. ‘Cultural and language differences’ which 
is at the fifth level acts like a cornerstone of the model. Developing a sustainable supply 
chain is better starts from this variable which resulted in sustainability of higher level 
factors. ‘Power over independent suppliers’, ‘Stakeholder partnerships’ and ‘stakeholder 
pressures’ are the factors that affect the other factors and they are impressed by ‘cultural 
and language differences’. Moreover, these factors are in relation with each other. 
Organisations can strengthen other CSFs in order to manage sustainable supply chain 
with focus and improvement of these factors. 

3.6.6 Phase 6: analysis of driving power and dependence power (MICMAC) 
Finally, factors are classified into four categories based on drive power and dependence 
power of each factor, as well as determining the levels of factors by ISM method. Driver 
power is related to row sum and dependency power is related to column sum of indicators 
and according to it, driving power vs. dependence power diagram is plotted. Driving 



   

 

   

   
 

   

   

 

   

    Classification of the critical success factors in sustainable supply chain 175    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

power and dependence of factors are shown in Table 6 and MICMAC matrix is shown in 
Figure 3. 

The results are as follow: 

1 Autonomous variables: classification of CSFs of SSCM shows that there is no factor 
in this category with weak driving power and weak dependence power. This group 
shows the factors that are relatively disconnected from other factors and have few 
links. So, in CSFs set that identified in this study, there is no factor without any 
relation with others and this means that there is a strong relationship among factors 
in sustainability model. 

2 Dependent variables: factors of ‘supplier competences’ and ‘information and 
transparency’ are in dependence area. These factors have weak driving power but 
strong dependence power. So, these factors are less able to underlie other factors but 
many factors are involved in the creation of these factors. To achieve these factors, 
we have to pay attention to the factors that are in linkage level. 

3 Linkage variables: ‘costs and financial resources’, ‘willingness towards investment’, 
‘competences and skills’, ‘personnel commitment’, ‘training’, ‘top management 
commitment and support’, ‘commitment and trust between supply chain partners’ 
and ‘geographical distance’ are placed in linkage area. These factors have both 
strong driving power and dependence and have a lot of influence on dependent 
factors. They have mutual relation with other factors so any change in them will 
affect the others and finally the system feedback can change these factors again. 

4 Independent variables: ‘cultural and language differences’, ‘power over independent 
suppliers’, ‘stakeholder partnerships’ and ‘stakeholder pressures’ are in independent 
category with weak dependence power but strong driving power. These factors act 
like a cornerstone of the model and to start the function of the system, they must be 
emphasised at first. In fact, independent factors are key factors and can play a 
significant role in organisation success for the implementation of sustainable SCM. 

Table 6 Driving power and dependence power of CSFs 

CSFs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Driving power 10 10 10 10 10 10 11 12 12 10 2 1 13 10 
Dependence 12 12 12 12 12 12 1 3 3 12 13 14 1 12 

4 Conclusions 

Nowadays, sustainable development has been turned to a global strategic aim in all parts. 
Now, sustainability is one of the most words used in different scientific, academic and 
industrial communities. In last decades many companies have been considered 
sustainability in their strategies. Sustainable development is seeking for maintaining, 
developing and balancing of social, economic and environmental resources and goals in 
order to prepare security, comfort and welfare of present and future generations. 
Researchers believe that the activities which are done base on sustainability can be 
assumed as critical factors for long term success of businesses. 
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To achieve sustainability it is necessary for organisations to pay attention to it in the 
phase of preparing materials and primary components which results in sustainable supply 
chain. SCM can be seen as a systematic approach for managing the information, 
materials and services from suppliers of raw material through factories and warehouses to 
customers and vice versa. Therefore, focusing on supply chain is a step toward 
acceptance and promotion of sustainability. Moreover, there are pressures for presenting 
report of sustainable performance to all beneficiaries, along with reporting the economic 
performance to shareholders. So, identification of CSFs of organisations is crucial in 
order to make and maintain a sustainable supply chain in different industries. 

In this study, identification of CSFs in sustainable supply chain and evaluation their 
relations and determination the levels of them was done using ISM. Fourteen factors were 
identified, as the most important CSFs, by reviewing previous researches. Three 
dimensions of sustainability are considered in this study. Then, factor relation matrix was 
completed by academic experts and factors were placed in five levels based on their 
opinions and ISM analysis. According to conceptual model of CSFs of sustainable supply 
chain, ‘language and cultural differences’ factor is the base of the model and it has to be 
focused as the most important CSF of sustainable supply chain. ‘Power over independent 
suppliers’, ‘stakeholder partnerships’ and ‘stakeholder pressures’ are the factors that 
influence other factors and they have to be considered. Recent researches emphasise on 
pressure of government, customers and different groups of stakeholders as stimulus for 
the companies in order to use sustainability subjects in SCM (Bowen et al., 2001) which 
supported by the results of our study. Also, the results reveal that there is a strong relation 
between identified CSFs. 

With the help of this study, there are instruments and techniques for managers of the 
companies and organisations to evaluate these factors in programming supply chain and 
choosing suppliers, with determining critical success indicators and criteria of each 
indicator. By focusing on factors identified as autonomous factors, companies can be 
more successful in sustaining their supply chain. Identified CSFs of sustainable SCM, can 
be used in all manufacturing and service organisations and companies. By identification 
and evaluation of these factors it is possible to move forward to increase sustainability of 
supply chain as a part of organisation competitive advantage. 

4.1 Limitations and future scope 

This study also has some limitations. First, the applied model is based on the ISM 
approach, which has its own limitations. The model is highly dependent on the judgments 
of the experts so, the experts’ opinions may be biased. Furthermore, the results may be 
affected because of complexities of ISM method in evaluating the pairwise relationships 
of several numbers of items. Second, in the present paper, the identified CSFs of Grimm 
et al. (2014) which considered as the main factors may not be the best factors. Thus, it is 
suggested that in future researches apply different methods for classification of CSFs and 
compare the results with findings of this paper. Moreover, there is scope to use statistical 
tests, factor analysis or t test for selection of sustainable supply chain CSFs. 
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