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ABSTRACT 
The paper analyses SM barriers in Indian manufacturing industries. The analysis 

process begins with review of articles for identifying core barriers and developing a 
     structural  model using  ISM. The  purpose of  using  ISM is  to find  dependent  and 

driving factors out of those barriers so that industries can get benefited by working in 
full capacity for removing the most hurdlers and keeping in mind the less ones and 
society can get benifited through proper implementation of SM in those industries. 
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1. INTRODUCTION 
Manufa ur g sector in India has developed in past passing through number of decades. The ct in
development from 1947 to 1960's goes with settling of industrial foundation, then up to 1980 
license issued permission based industrial set-ups, then 1990's govt. becomes liberal towards 
industries and competition increases throughout world [1]. At present CII: The Confederation 

            of Indian dustry focuses on make in India projects for regular growth, efficiency In
improvement and competitiveness among manufacturers in industries [2]. Manufacturing has 

  traditionally  been  associated  with undesirable  environmental  side  effects [3].  These  side 
           effects can be harnessed by growth and efficiency improvement, which is somewhere 

associated with environment and society and finances. All these three issues the environment, 
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            the society and the economy comes together, it achieves to sustainability [4]. Sustainable 
manufacturing implementations could made possible only by emphasizing its motivators, the 
drivers and reducing its obstacles, the barriers. Out of the bucket of barriers which one has to 

      be chose as most hurdle creator, and to be removed first, is to be accessed through some 
             techniques, one of them is to develop a structural model among these barriers for 

 responsiveness.  To  determine  relationship  between  dependents and  drivers,  Interpretative 
structural modeling (ISM) methodology has been used.  

2. IDENTIFICATION OF BARRIERS OF SM 
           Different researchers in their articles had worked on barriers of SM (Sustainable 

Manufacturing) and similar terms, they gave them different names as barriers, hurdle factors, 
obstacles, key barriers, path- hinders, negative factors, reducing factors etc., all are considered 
under the term barrier. Before 2007, Bhardwaj S. et al. (1993) and Mihelcic J. et al. (2003) 
used terms for barriers but not specified any number and name. Beers D.V. et al. (2007) wrote 

   about 7 different barriers, Luken R. et al. (2008) gave only 5 barriers, US Department of 
Commerce Report (2009) gave General description only and no specific details about barriers. 
Mudgal R. et al. (2010) discussed about 15 barriers, Mittal V. et al. (2012) provided 11 barrier 
names, Mathiyazhagan K. et al. (2013) mentioned maximum 26 path hinders in his article, 
Govindan K. et al. (2013) gave 5 barriers name, Bhanot N. et al. (2015) wrote for 15 barriers 
and Modha M. et al. (2018) uses 13 barrier names. 

These different names and numbers are discussed with various academicians and industry 
professionals with many Brain Storming Sessions, and through series of sessions, identified 
core 12 Barriers of SM [5], which are listed below: 

 • Indefinite Return on Investments 

 • Less Enforcement by Public For Betterment 

 • Less Effective Law and Rulings 

 • Ineffective Legislation 

 • Ambiguity of Future Laws and Rulings 

 • Lesser Industrial Resources 

 • Perplexity in Technology 

 • Major Initial Expenditure 

 • Interposing Factors 

 • Inadequate Market Demand  

 • Unfamiliarity About System 

 • Less Interest Towards Sustainability 

3. INTERPRETATIVE STRUCTURAL MODELING (ISM) 
        Interpretive Structural Modeling  (ISM) is an interactive learning process.  The method  is 
              interpretive in that the group’s judgment decides whether and how items are related; it is 

structural relationships among elements of a system (Sage, 1977). However, the direct and 
indirect relationships between the factors describe the situation far more accurately than the 

          individual factor taken in isolation. Therefore, ISM develops insights into collective 
          understandings of these relationships. Jharkharia and Shankar (2005) applied ISM for 

understanding the barriers in IT  enablement of supply chains. Singh et al. (2007a, b) have –
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           used ISM methodology for implementation of AMTs and also for improving SMEs 
        competitiveness. Singh  (2011) have used ISM for finding  structural relationship between 

           different factors of supply chain coordination. The application of ISM typically forces 
           managers to reassess perceived priorities and improve their understanding of the linkages 

among key concerns. The various steps involved in the ISM technique are [6]: 
 • Identification of elements, which are relevant to the problem or issues, this could be done 

by literature review or any group problem solving technique. 

    • Establishing a contextual relationship between elements with respect to which pairs of 
elements will be examined. 

 • Developing a structural self-interaction matrix (SSIM) of elements, which indicates pair-
wise relationship between elements of the system. 

 • Developing a reachability matrix from the SSIM, and checking the matrix for transitivity.  
Transitivity of the contextual relation is a basic assumption in ISM which states that if 

element A is related to B and B is related to C, then A will be necessarily related to C. 
 • Partitioning of reachability matrix into different levels. 

 • Based on the relationships given above in the reachability matrix draw a directed graph 
(digraph), and remove transitive links. 

 • Convert the resultant digraph into an ISM, by replacing element nodes with statements.  

 • Review the ISM model to check for conceptual inconsistency, and make the necessary 
modifications. 

Above described steps, which lead to the development of ISM model, are discussed below.  

3.1. Struc ral S f- eraction Matrix (SStu el Int IM) 
             For analyzing the criteria a contextual  relationship of “leads to” is chosen here. For

developing contextual relationships among variables, expert opinions based on management 
          technique such as brainstorming was considered. For expressing the relationship between 

different factors for coordination and responsiveness in supply chain, four symbols have been 
used to denote the direction of relationship between the parameters i and j (here i< j): 

 • P: parameter x will lead to parameter y; 

 • Q: parameter y will lead to parameter x; 

 • R: parameter x and y ll lead to each other; and wi

 • S: parameters x and y are unrelated. 

Tab  1 le Structural Se  Inter tion lf ac Matrix (SSIM) 
Variable 

no Hurdle/Obstacles Factors (Barriers) 12 11 10 9 8 7 6 5 4 3 2 1 

H1 Indefinite Return on Investments R Q Q Q S Q P Q S S S R 
H2 Less Enforcement by Public For Betterment P P P S S S S R P P R  
H3 Less Effective Law and Rulings P P R R S S S R P R   
H4 Ineffective Legislation P P R R S S S R R    
H5 Ambiguity of Future Laws and Rulings P P R R S S S R     
H6 Lesser Industrial Resources P Q Q Q Q Q R      
H7 Perplexity In Technology S S S R P R       
H8 Major Initial Expenditure P S Q Q R        
H9 Interposing Factors P P R R         

H10 Inadequate Market Demand P P R          
H11 Unfamiliarity About System P R           
H12 Less Intrest Towards Sustainability R                       
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3.2. Initial Reachability Matrix 
The SSIM has been converted into a binary matrix, called the initial reachability matrix by 
substituting P, Q, R and S by 1 and 0 as per the case. The substitution of 1s and 0s are as per 
the following rules: 

 • If the (x y) entry in the SSIM is P, the (x y) entry in the reachability matrix becomes 1 , , 
and the (j, i) entry becomes 0. 

 • If the (x, y) entry in the SSIM is Q, the (x, y entry in the reachability matrix becomes 0 ) 
and the (j, i) entry becomes 1. 

 • If the (x, y entry in the SSIM is R, the (x, y entry in the reachability matrix becomes 1 ) ) 
and the (x, y) entry also becomes 1. 

 • If the (i, j) entry in the SSIM is S, the (i, j) entry in the reachability matrix becomes 0 and 
the (y, x) entry also becomes 0. 

            Following above rules, the initial reachability matrix for the critical success factors is 
      shown in Table 2. After incorporating the transitivity as described in Step (4) of the ISM 

methodology, the final reachability matrix is shown in Table 3. In Table 3, the driving power 
and dependence of each variable is also shown. Driving power for each variable is the total 
number of variables (including itself), which it may help to achieve.  

On the other hand, dependence is the total number of variables (including itself), which 
      may help in achieving it. These driving power and dependencies will be later used in the 

classification of variables into the four groups of autonomous, dependent, linkage and drivers 
(independent). 

Table 2 IRM for barriers 

Variable no 1 2 3 4 5 6 7 8 9 10 11 12 
H1 1 0 0 0 0 1 0 0 0 0 0 1 
H2 0 1 1 1 1 0 0 0 0 1 1 1 
H3 0 0 1 1 1 0 0 0 1 1 1 1 
H4 0 0 0 1 1 0 0 0 1 1 1 1 
H5 1 1 1 1 1 0 0 0 1 1 1 1 
H6 0 0 0 0 0 1 0 0 0 0 0 1 
H7 1 0 0 0 0 1 1 1 1 0 0 0 
H8 0 0 0 0 0 1 0 1 0 0 0 1 
H9 1 0 1 1 1 1 1 1 1 1 1 1 

H10 1 0 1 1 1 1 0 1 1 1 1 1 
H11 1 0 0 0 0 1 0 0 0 0 1 1 
H12 1 0 0 0 0 0 0 0 0 0 0 1 

3.3. Final Reachability Matrix 
The final reachability matrix is obtained by incorporating the transitivity as enumerated in 
Step (4) of the ISM methodology. This is shown in Table 3. In this table, the driving power 
and dependence of each factor are also shown. The driving power of a particular factor is the 
total number of factors (including itself), which it may help achieve while the dependence is 
the total number of factors, which may help achieving it. On the basis of driving power and 

           dependencies, these factors will be classified into four groups of autonomous, dependent, 
linkage and independent (driver) factors. 
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Table 3 FRM for barriers 

Variable no  1 2 3 4 5 6 7 8 9 10 11 12 DRIVING POWER 
H1  1 0 0 0 0 1 0 0 0 0 0 1 3 
H2  0 1 1 1 1 0 0 0 0 1 1 1 7 
H3  0 0 1 1 1 0 0 0 1 1 1 1 7 
H4  0 0 0 1 1 0 0 0 1 1 1 1 6 
H5  1 1 1 1 1 0 0 0 1 1 1 1 9 
H6  0 0 0 0 0 1 0 0 0 0 0 1 2 
H7  1 0 0 0 0 1 1 1 1 0 0 0 5 
H8  0 0 0 0 0 1 0 1 0 0 0 1 3 
H9  1 0 1 1 1 1 1 1 1 1 1 1 11 

H10  1 0 1 1 1 1 0 1 1 1 1 1 10 
H11  1 0 0 0 0 1 0 0 0 0 1 1 4 
H12  1 0 0 0 0 0 0 0 0 0 0 1 2 

DEPENDENCE 
POWER 

 7 2 5 6 6 7 2 4 6 6 7 11  

3.4. Level Partition 
             From the final reachability matrix, the reachability and antecedent set for each factor are 

found. The reachability set consists of the element itself and other elements to which it may 
help achieve, whereas the antecedent set consists of the element itself and the other elements 
which may help achieving it. Then the intersection of these sets is derived for all elements. 
The element for which the reachability and intersection sets are same is the top-level element 
in the ISM hierarchy. The top-level element of the hierarchy would not help in achieving any 
other element above their own. Once the top-level element is identified, it is separated out 
from the other elements. Then by the same process, the next level of elements is found. These 

           identified levels help in building the final model. From 3, it is seen that the performance 
improvement is found at level I. Thus, it would be positioned at the top of the ISM hierarchy. 
This iteration is repeated till the levels of each factor are decided. These iterations are shown 
in Table 4. The identified levels aids in building the final model of ISM. And the final level 
set is shown in Table 5. 

Table 4 Level Partitions in ISM model for barriers 

Variables Reachability Set Antedecent Set Interaction Set Level 
H1 1,6,12 1,5,7,9,10,11,12 1,12 
H2 2,3,4,5,10,11,12 2,5 2,5  
H3 3,4,5,9,10,11,12 2,3,5,9,10 3,5,9,10  
H4 4,5,9,10,11,12 2,3,4,5,9,10 4,5,9,10 
H5 1,2,3,4,5,9,10,11,12 2,3,4,5,9,10 2,3,4,5,9,10 
H6 6,12 1,6,7,8,9,10,11 6  
H7 1,6,7,8,9 7,9 7,9  
H8 6,8,12 8 8 
H9 1,3,4,5,6,7,8,9,10,11,12 3,4,5,7,9,10 3,4,5,7,9,10 
H10 1,3,4,5,6,8,9,10,11,12 2,3,4,5,9,10 3,4,5,9,10 
H11 1,6,11,12 2,3,4,5,9,10,11 11  
H12 1,12 1,2,3,4,5,6,8,9,10,11,12 1,12 i 
H2 2,3,4,5,10,11 2,5 2,5 
H3 3,4,5,9,10,11 2,3,5,9,10 3,5,9,10  
H4 4,5,9,10,11 2,3,4,5,9,10 4,5,9,10  
H5 2,3,4,5,9,10,11 2,3,4,5,9,10 2,3,4,5,9,10  
H6 6 6,7,8,9,10,11 6 ii 
H7 6,7,8,9 7,9 7,9 
H8 6,8 7,8,9,10 8  
H9 3,4,5,6,7,8,9,10,11 3,4,5,7,9,10 3,4,5,7,9,10 
H10 3,4,5,6,8,9,10,11 2,3,4,5,9,10 3,4,5,9,10 
H11 6,11 2,3,4,5,9,10,11 11 
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H2 2,3,4,5,10,11 2,5 2,5 
H3 3,4,5,9,10,11 2,3,5,9,10 3,5,9,10  
H4 4,5,9,10,11 2,3,4,5,9,10 4,5,9,10  
H5 2,3,4,5,9,10,11 2,3,4,5,9,10 2,3,4,5,9,10  
H7 7,8,9 7,9 7,9 
H8 8 7,8,9,10 8 iii 
H9 3,4,5,7,8,9,10,11 3,4,5,7,9,10 3,4,5,7,9,10  
H10 3,4,5,8,9,10,11 2,3,4,5,9,10 3,4,5,9,10 
H11 11 2,3,4,5,9,10,11 11 iii 
H2 2,3,4,5,10 2,5 2,5 
H3 3,4,5,9,10 2,3,5,9,10 3,5,9,10  
H4 4,5,9,10 2,3,4,5,9,10 4,5,9,10 iv 
H5 2,3,4,5,9,10 2,3,4,5,9,10 2,3,4,5,9,10 iv 
H7 7,9 7,9 7,9 iv 
H9 3,4,5,7,9,10 3,4,5,7,9,10 3,4,5,7,9,10 iv 
H10 3,4,5,9,10 2,3,4,5,9,10 3,4,5,9,10 iv      
H2 2,3,4,5,10 2,5 2,5 v 
H3 3,4,5,9,10 2,3,5,9,10 3,5,9,10 v 

Table 5 Final Level-Set for barriers through Partitions 

Variables Reachability Set Antedecent Set Interaction Set Level 
H12 1,12 1,2,3,4,5,6,8,9,10,11,12 1,12 i 
H6 6 6,7,8,9,10,11 6 ii 
H8 8 7,8,9,10 8 iii 
H11 11 2,3,4,5,9,10,11 11 iii 
H4 4,5,9,10 2,3,4,5,9,10 4,5,9,10 iv 
H5 2,3,4,5,9,10 2,3,4,5,9,10 2,3,4,5,9,10 iv 
H7 7,9 7,9 7,9 iv 
H9 3,4,5,7,9,10 3,4,5,7,9,10 3,4,5,7,9,10 iv 
H10 3,4,5,9,10 2,3,4,5,9,10 3,4,5,9,10 iv 
H2 2,3,4,5,10 2,5 2,5 v 
H3 3,4,5,9,10 2,3,5,9,10 3,5,9,10 v 

3.5. MICMAC Analysis or Classification of Factors  
 First of all the full form of MICMAC Analysis is -multiplication ”Matriced’ impacts croises

appliqué’ and classment”. In this the Leading power represents to all factors that help to gain 
Sustainability. Lacking power represents to all factors that helps in making them in place. In 
this analysis a graph/plot is made between leading(driving) and lacking(dependent) of various 

 factors [7]. Figure 2 shows the Driving vs. dependence power diagram having bunches of 
             factors in different quadrants with driving power at vertical axis and dependent power at 

           horizontal axis. This figure 2 shows the various compatibilities between barriers of 
            sustainability. It provides support data to higher management people to pursue with these 

           factors for  betterment of  their industry in the field of  sustainability. The plot shows the 
outcomes in four different zoned groups depending on either they have higher/lower driving 
power or higher/lower dependence power. 
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Figure 1 ISM-based relationship model for barriers 

           First Quarter named Autonomous factors or lower driving powered factors also lower 
dependency types have least influencing power at work. In this zone H6, H7, H8 factor are 

            present, which  means these  have low driving as well as low dependent power, so top 
        management has  less to  be worried  about it while mitigating.  Second Quarter named  as 

dependent factors, in this zone three variables lying H1, H11, H12 as the name suggests these 
having more dependence than drive. They are not of much importance. Third Quarter named 
balance factors, here no variables fall in this zone. The factors whose dependence and driving 

              power both are equally strong fall under this category and are very important for higher 
management, so here no bothering for top management. Fourth Quarter named left quarter is 
having factors with weak dependence and higher driving capability, these could be key for the 
management for betterment. Here H2, H3, H4, H5, H9, H10 factors falls under this zone in 
plot. 

 
Figure 2 MICMAC Analysis of Barriers 
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4. CONCLUSIONS AND LIMITATIONS 
          In this  research 12 barriers identified through review of past articles  and brain  storming 

sessions of academicians and industrialists on the relative database. These 12 barriers are used 
to perform interpretive structural modeling and Micmac analysis. 

             In ISM, driving and driven relationship of these 12 variables is identified and a 
hierarchical ISM model is presented here as per the structural modeling calculations. 

    In Micmac  Analysis,  the four-quadrant  relationship  of these  variables  is  shown after 
making a plot for driving power v/s dependent power of variables. 

The whole work gives importance level of these factors as which one more emphasized 
        and which needs  little attention for the  industrialists and top  management  for successful 

implementation of sustainable manufacturing in their concerned workplaces.  
              Further in future similar work could be done for drivers of SM. Also, apart from 

manufacturing industries survey could be performed in other than manufacturing industries or 
ISM factors comparison can be made using group of similar industries. 
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