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Abstract: Lean production is stated as a business structure which helps to 
organise and manage product development, operations, suppliers, and 
consumer association. It is done with reduced human attempt, reduced area, 
reduced money, reduced material, and reduced time taken to manufacture parts 
with not many defects to fulfil consumer expectations, in contrast to the earlier 
arrangement of mass production. Sustainable manufacturing is stated as the 
building of manufactured parts which utilise procedures that are non-polluting, 
preserve energy and natural resources, and are cost effective and there is safety 
for employees, communities, and customers. ISM has been used to identify and 
summarise interconnection among specific variables that states a problem. It 
presents us with a method through which order may be set on the variables. It is 
followed by the MICMAC analysis which has been performed with the help of 
the specified variables. Financial factor and government rules and regulations’ 
have been identified as variables having highest driving power. 
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1 Introduction 

In 1987, a report published by Bruntland Commission ‘Our common future’ aimed to 
connect the matter of economic progress and environmental balance. In that process, the 
definition of sustainable development was provided as, “development that can meet the 
requirement of the present without compromising the ability of future generations to meet 
their requirements.” Sustainability can also be described as the task to decrease the 
unfavourable consequences on people and environment and also improving value for 
consumers and other stakeholders (Khurana et al., 2014). In today’s scenario, many firms 
have taken the initiative to move in the direction of incorporating sustainably aligned 
practices. The current research considers all the three dimensions of sustainability into 
consideration. 
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Lean production is stated as a business structure which helps to organise and manage 
product development, operations, suppliers, and consumer association. It is done with 
reduced human attempt, reduced area, reduced money, reduced material, and reduced 
time taken to manufacture parts with not many defects to fulfil consumer expectations, in 
contrast to the earlier arrangement of mass production. Sustainable manufacturing is 
stated as the building of manufactured parts which utilise procedures that are  
non-polluting, preserve energy and natural resources, and are cost effective and there is 
safety for employees, communities, and customers. MSMEs form an important part of 
industrial enterprises and provide huge employment potential. 

Taking into consideration the above, the important issues which concerns MSMEs in 
their drive towards integration of sustainability with lean practices for manufacturing 
MSMEs of India are as follows: 

Factors which affect the integration of sustainability with lean practices for Indian 
manufacturing MSMEs? To identify the factors which have high driving power and 
factor which has high driven power. 

2 Factors affecting integration of sustainability with lean practices 

Lean manufacturing system implementation variables are as follows. 
These factors have been chosen after a thorough discussion with the subject experts. 

Typically these complex set of factors were additionally examined with the help of a 
number of information exchange with the knowledgeable persons of the concerned fields 
to set the inter-relation amongst these factors. 

3 Methodology 

3.1 Interpretative structural modelling 

Interpretative structural modelling (ISM) is used to identify and summarise 
interconnections amidst specified variables that state a problem or a point. It presents us 
with a method by which order can be set on specified variables (Kumar et al., 2013a; 
Mannan et al., 2012; Haleem et al., 2012; Kumar et al., 2013b). The ISM is explanatory 
as the understanding of the experts determines as in what way the factors are associated 
with each other. This approach is formative based on association; complete formation is 
obtained from the given set of variables. ISM is an approach used to make a model where 
the particular associations and complete formation are depicted in a framework 
graphically. 

The procedure elaborated in the ISM approach is as follows. 

1 Recognising factors that are appropriate to the problem or issues, it is performed by 
any group problem solving approach. 

2 Setting up a circumstantial association among elements relative to which pair of 
elements can be analysed. 

3 To develop a structural self-interaction matrix (SSIM) of elements that depicts pair-
wise association among elements of the system. 
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4 To develop a reachability matrix with the help of the SSIM, and to check the matrix 
for transitivity – transitivity of the contextual association is a fundamental 
presumption in ISM that tells if element A is associated with B and B is associated 
with C, then A is associated with C. 

5 Partition the reachability matrix into various levels. 

6 On the basis of association given above in the reachability matrix, a directed graph 
(digraph) is drawn, and the transitive links are removed. 

7 The resultant digraph is converted into an ISM-based framework by substituting 
element nodes with the statement. 

8 Analyse the framework to check for theoretical deviation and do the needed changes. 

ISM approach is employed to find dependent association amongst different variables. A 
model is established from ISM approach. ‘Organisation structure and organisation 
culture’ are recognised as top-level variables and ‘financial factor and government rules 
and regulations’ have been identified as bottom level variables. 
Table 1 Table of the critical factors taken from the literature review 

S. no. Factors Description References 
1 Financial 

factor 
Financial resources help the firm in 

investing in the sustainable lean 
practices. 

Khurana et al. (2014), Xie  
et al. (2013), Lecerf (2012), 
Pedram (2011) and Emiliani 

(2001) 
2. Consumer 

preference 
Consumer preference encourages 
the firm to adapt the sustainable 

lean practices. 

Subrahmanya (2015) and 
Pingyu and Yu (2010) 

3 Organisation 
structure 

Proper organisation structure helps 
in easy adoption of sustainable lean 

practices. 

Cuerva et al. (2014) and Dixit 
et al. (2011). 

4 Employee 
training 

Employee training will smoothen 
the process of transformation 

towards sustainable lean practices. 

Khurana et al. (2014), Dixit 
et al. (2011) and Jones and 

Zubielqui (2016) 
5 Firm size Adequate firm size will help in 

giving proper training to each 
employee to move in this direction. 

Subrahmanya (2015), 
Teleghani (2010), O’Cass and 

Weerawardena (2009) and 
Fagerberg (2005) 

6 Organisation 
culture 

Good organisation culture will 
motivate the employees to move in 

the direction of sustainable lean 
practices. 

Pedram (2011), Cuerva et al. 
(2014), Teleghani (2010) and 
Mannan and Khurana (2012) 

7 Government 
rules and 
regulations 

Favourable government regulations 
will work as an incentive for the 
firms to move in this direction. 

Pedram (2011), 
Kunapatarawong and 

Martínez-Ros (2016), Luthra 
et al. (2015) and Bergek et al. 

(2014) 
8 Environmental 

concern 
Environmental concern motivates 

the firm to shift towards sustainable 
lean practices. 

Pingyu and Yu (2010), 
Cuerva et al. (2014) and 

Jones and Zubielqui (2016) 
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Table 2 Final level partitioning 

Variable Reach ability set Antecedent set Intersection set Level 
3 3, 6 1, 2, 3, 4, 5, 6, 7, 8 3, 6 Level 1 
6 3, 6 1, 2, 3, 4, 5, 6, 7, 8 3, 6 Level 1 
4 4, 5 1, 2, 4, 5, 7, 8 4, 5 Level 2 
5 4, 5 1, 2, 4, 5, 7, 8 4, 5 Level 2 
2 2 1, 2, 7, 8 2 Level 3 
8 8 1, 7, 8 8 Level 4 
1 1, 7 1, 7 1, 7 Level 5 
7 1, 7 1, 7 1, 7 Level 5 

3.2 MICMAC analysis 

MICMAC analysis involves building of a graph to categorise identified factors which 
helps in integration of sustainability with lean practices based on their driving and 
dependence power (Luthra et al., 2015). 

Figure 1 ISM model 

Financial factor Government rules and 
regulations 

Environmental concerns 

Consumer preference 

Employee training Firm size 

Organisation 
structure 

Organisation 
culture 

 

Source: Author’s own elaboration 

The first set is composed of the independent variables that are weakly dependent and 
have low driver power. There is not a single variable that is recognised as independent 
variable. Second set is having the variables that are having low driver power but high 
dependent power. Organisation structure, employee training, firm size and organisation 
culture are recognised as dependent variables. Third set has the linkage variables that 
consist of variables that are having high driver power and also are strongly dependent. 
There is no variable that is recognised as linkage variable in our research. Last set 
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consists of the independent variables that have high driving power but low dependent 
power. Financial factor, consumer preference, government rules and regulations and 
environmental concern have been identified (see Figure 2). 

Figure 2 MICMAC analysis of various factors to integrate sustainability with lean practices for 
Indian manufacturing enterprises (see online version for colours) 

 

4 Major contribution 

It was found that integrating sustainability with lean practices is becoming a strategic 
opportunity for the Indian manufacturing enterprises (Dixit et al., 2011). It was also 
discovered that the motivation that influence the firms to move towards integration of 
sustainability with lean practices is to have compliance with the regulations and this has 
compelled the corporations to green their processes and products. 

It was also analysed that another reason that influences the corporations is the 
availability of financial resources. Therefore, it can be concluded that integration of 
sustainability with lean practices act as the enabler for the Indian manufacturing 
industries to enhance their opportunities and also to increase their potential (Dixit et al., 
2011). 

5 Future scope 

The present research has drawn conclusions based on the establishment of the mental 
model .This mental model is constructed upon the opinion of the experts. The future 
scope lies in validating the results obtained by the ISM model with the results obtained 
by the application of the statistical technique like SPSS and SEM. 
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6 Conclusions 

Based upon the ISM model, it can be seen that financial factor and government rules and 
regulations have the maximum driving power. These drivers push the firms to incorporate 
environmental aspect into their operations and thus move in the direction of sustainable 
manufacturing. 
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