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Abstract 

Ever increasing customer choices, environmental concerns and competitiveness among manufacturers across the globe has engaged the 
industry to embrace newer manufacturing strategies. Predominantly, there are three dimensions to modern manufacturing systems viz. 
economic, environmental and social. The integration of lean-green-agile manufacturing strategies would be a complete and comprehensive 
manufacturing system which is the need of the 21st century. The adoption of Lean-Green-Agile Manufacturing System (LGAMS) would be 
facilitated by few enablers. The influence of these enablers is a matter of investigation which is addressed by the present study. An attempt has 
been made to prioritize the facilitating capacity of each enabler. The outcome of the research would facilitate the policy makers in the industry 
and government to frame policies. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 24th CIRP Conference on Life Cycle Engineering. 

 Keywords: Lean Manufacturing, Green Manufacturing, Agile Manufacturing, Enablers, Multi-Criteria Decision Method, Entropy Approach, MOORA Method, 
VIKOR Analysis 

 
1. Introduction 

The present society is craving for a sustainable system that 
enables growth without compromising the ability of the future 
generations to meet their needs and demands [1]. Economic 
prospects, ecological balance and social responsibility are 
three very important parameters which are indispensable for 
achieving sustainability [2]. It is the harmonious interaction 
among these dimensions which ensures balanced growth and 
development of the society. The collective approach of 
addressing these three dimensions is referred to as ‘Triple 
Bottom Line’ [3]. 

In the past these dimensions have been studied 
individually, so the focus lies on green manufacturing or lean 
manufacturing or agile manufacturing separately. But now the 

time has come to amalgamate lean, green and agile 
manufacturing strategy to build a unanimous structure [4].  

The lean manufacturing strategy which acts at system’s 
level saves cost by reducing wastes in the manufacturing 
system thereby addressing the economic dimension; the green 
manufacturing strategy which acts at process level saves 
environment by reducing emissions and resource use thereby 
addressing the environmental dimension; and the agile 
manufacturing strategy which acts at product level satisfies the 
customer in the society by providing the required product of 
their choice in time thereby addressing the social dimension. 

A framework of Lean Green Agile Manufacturing System 
(LGAMS) developed to integrate lean, green, and agile 
strategies is presented in figure 1. This provides the holistic 
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approach to address the three dimensions of ‘Triple Bottom 
Line’. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Framework of LGAMS 

The implementation of LGAMS in the modern 
manufacturing system requires facilitation for faster 
implementation. Particularly, for fortifying the industry, 
enablers for LGAMS are investigated. So, from the thorough 
literature survey and with the help of academic and industry 
professionals 10 enablers have been identified for LGAMS. 
These enablers are the parameters which can prove very 
helpful in the establishment of the LGAMS.  

The rest of the paper is as follows: section 2 provides 
research background followed by methodology in section 3. 
Section 4 provides results and discussion of the research. 
Section 5 presents the conclusion from the study followed by 
acknowledgements and references. 

2. Research Background 

Lean Manufacturing (LM) is defined as an integrated 
manufacturing system aimed at maximizing the capacity and 
the utilization without involving any extra cost in it and also 
minimizing the buffer inventories by applying various 
techniques in minimizing system variabilities [5]. LM 
depends on bundles of practices which not only support this 
system in implementation but also provide a support system. 
[6]. LM and management system widens its area of influence 
by covering almost everything starting from product 
development to product distribution and at the end the 
customers [7]. 

During the recent times, the amalgamation of social 
approach and lean implementation has gained attention in area 
of academic research [8]. Nevertheless, the results deduced 
are not systematic. De Treville and Antonakis stated that 
internal human resources play a major role through which the 
enforcement of lean practices run into social performance [5].  

Many researchers have talked about certain green 
production practices such as green manufacturing, raw 
material reduction and environmental design. This has to be 
delt both quality wise and variety [9]. By doing so, companies 
can hugely decrease ill effects of their products and 
production process on the environment. 

 The interaction between environmental management 
practices and numerous factors of firm performance which is 
mainly related to sustainability is very well researched topic 
[10-11]. Enhanced environmental performance had its 
benefits on financial performance. A positive impact can be 
seen on social and environmental performance by 
implementing environmental management practices and this 
is achieved by reducing resource consumption as well as 
improving stakeholder relations. 

LM is totally based on the concept of how to response to 
competitive pressures with limited resources in hand. For the 
productive use of resources, operational techniques are 
concentrated upon. But then, agile manufacturing is a 
response to complexity and dynamism that is brought about 
by regular change. In this, strategies are developed upon on 
how to thrive in an unpredictable environment. The prime 
focus of agile is on the individual customer. Some parameters 
are exhorted from lean. One such example includes 
refinement of mass production in which unilateral producer-
centered customer-responsive is established. This has been 
developed as interactive producer-customer relationships in 
agile [12]. Sharing resources and technologies among 
companies becomes mandatory and agile enables one to think 
beyond a single firm. Cooperation with the help of good terms 
in relationships wins the competitive environment of an 
enterprise. Flexibility to adopt is the most important key in the 
agile enterprise which serves as a greater deal for its 
competitive advantage. However, it is equally important to 
manage an internal cross-functional team with the inclusion of 
customers and suppliers. Eventually, this may also be in the 
form of virtual company or collaborative ventures [13]. 

Agile manufacturing has started to make a mark in both 
industrial and academic communities. Extensive programmes 
are quite beneficial to broadcast certain issues regarding agile 
manufacturing which ultimately develops agile enterprise 
prototypes and thus paves the way for an agile industry.    

As shown in figure 1, the LGAMS is a system which 
addresses the triple bottom line dimensions of manufacturing 
systems. The adoption of the same would enhance the 
performance and effectiveness of the manufacturing system. 
The enablement of such new system is required to change the 
way the manufacturing is done. So, identification and analysis 
of LGAMS enablers is attempted in the present study. 

3. Methodology 

Ten enablers are identified through a review of literature 
and discussion with experts in the industry and academia. The 
development of these enablers is done while referring to the 
literature on lean, green and agile strategies to showcase the 
clear relevance of enablers. Moreover, the actual issues 
encountered during the implementation of individual 
manufacturing system by the industry are incorporated 
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through the discussion with the industry executives. The 
description of the 10 enablers is mentioned below: 
Supplier Involvement (E1): In LM, close contact with supplier 
for deliveries arrives in right qualities which help in reducing 
waste. In order to adopt green & clean theory organisations 
need to align suppliers towards them and impart regular 
training. In AM, maintain relationship with supplier to 
spontaneous supply of raw material for satisfying customer’s 
flexible demand [14]. 
Top Management Commitment (E2): LM advocates as leaders 
refers to employees as associates not commodities, leading by 
example, coaching and mentoring [15]. Top management 
beliefs, practice and commitment towards the green 
production. Transparency in information sharing, regular 
conduct of management-employee meetings, participative 
management are some attributes of agile manufacturing 
systems. 
Flexible Work Force (E3): Flexible workforce, multi skilled 
personnel, implementation of job rotation system, more 
aware, trained workforce and higher innovative capacity is in 
demand in lean, green and agile manufacturing systems [16]. 
Human Resource Management (E4): Co-cooperativeness, 
active involvement, firm belief and spirit, decision making 
capability among the employees are very important for 
LGAMS setup [17]. 
Flexible Work place (E5): Eco-friendly and worker friendly 
work place, highly automated setups, up gradation and 
retrofitting of setups, usage of collapsible setups, jigs and 
fixtures, well equipped service centres help in building a 
flexible workplace [18].   
Customer Focus (E6): Close contact with customer, customer 
give feedback on quality, cost and delivery. Customers are 
getting more educated about the environment degradation and 
they want product to be environment friendly [19]. 
Specification of product life to customer, encourage customer 
for switching to a new product. 
Customer Feedback System (E7): Usage of well define VOC 
(Voice of customer), customer touch points have been 
identified, empower employee to resolve customer. Welcome 
customer’s suggestion about green concept and make an 
environment that customer give feedback easily. 
Incorporation of customer’s fed back into products leads to 
effective customer feedback and contentment among the 
customers regarding the service [20]. 
Information Technology Integration (E8): Increase 
communication between departments which reduce waste of 
time. IT resources for implementing green concept, handle 
material flow and other resources to manage green supply 
chain efficiently [21]. IT application to eliminate paper work, 
adoption of multimedia technology for communication is 
done in LGA systems. 
Resource Optimization (E9): Use of advanced optimization 
techniques to maintain minimum inventory levels and hence 
reduce waste [22]. The use of natural resources in sustainable 
manner. 
Product Life Cycle management (E10): Recycling of product 
reduces the waste in environment which help lean concept of 
waste elimination [16]. Proper disposal of end product may 
lead to environment protection, efficient reusing and 
recycling. Reverse logistic techniques increase relationship 
with customer and easily understand demand. 
The six criteria selected for the study are presented in table 1. 

These criteria are categorised as beneficial and non-beneficial 
based on the impact of enablers on LGAMS implementation. 
The importance and weightage of criteria used for the analysis 
is calculated using entropy approach. 
The investigation and prioritization of 10 enablers using 
MOORA method and VIKOR analysis is done. The inputs for 
the study are taken (on Likerts’ scale of 1 to 10) from four 
experts i.e. two experts from academia which are working in 
the field of manufacturing engineering and management; two 
from industry which are responsible for overall performance 
of the company (see Table 1). 
   

3.1 Entropy approach: 

Entropy comes from thermodynamic to information systems 
and this great work done by Shannon [23]. Information 
entropy defined as incalculability of signals in communication 
process and as decrease the information entropy, weight of 
Table 1: Data collection 

Criteria Beneficial  Non-Beneficial 
Enablers C1 C2 C3  C4 C5 C6 

E1 6 3 5  6 5 8 
E2 8 6 8  7 5 7 
E3 9 4 6  4 7 7 
E4 6 6 6  7 6 7 
E5 8 7 8  8 7 7 
E6 7 6 9  7 6 6 
E7 9 7 9  7 5 5 
E8 7 7 7  8 4 7 
E9 9 8 8  6 6 7 

E10 6 9 6  6 8 8 
C1-Productivity Improvement; C2- Emission Curtailment; C3- 
Customer Satisfaction; C4- Financial Obligation; C5- 
Regulatory Requirement; C6- Resource Requirement 

 
particular criteria is increase [24]. Entropy approach is very 
useful for measuring the relative importance of each criterion 
which represents the inlaying data given to the decision maker 
[25, 26]. Entropy approach has various advantage as compare 
to other Multi-Criteria Decision Method (MCDM) processes 
as easy to understand  and solve, less time consuming and 
easy mathematical calculation.This method is widely used by 
various researchers like selection of supplier [26], evaluation 
of products [27], Determination of zero-coupon and spot rates 
[28] etc. Step involved in entropy weight allocation method 
suggested by [29-31] are as follows: 
Step 1: Normalizing of a matrix 
Available ratios to normalize the data are Total ratio, Stopp 
ratio, Weitendorf ratio, Schärlig ratio, Körth ratio, Jüttler ratio 
etc. For this calculation we use total ratio. Equation for total 
ratio is  

                                Xij= (j=1,2,3…..n)                     1) 

Normalized data of table 1 is calculated with the help of 
equation 1 and shown in 2nd to 11th row of table 2. 
Step 2: Calculation of Nj value for each criteria  
Equation for Nj value is  
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 2) 
              Where      k = 1/ ln (n)                                            3) 
Calculated Nj value using equation 2 is shown in 12th row of 
table 2. 
Step 3:  Calculation of Weight for each criteria 
Equation for calculating weight for 'j' criteria is 

    4) 

Calculated weight using equation 4 is shown in 14th row of 
table 2 
 

3.2 VIKOR analysis: 

VIKOR analysis is introduced by Opricovic in 1998 to solve 
Multi-criteria Optimization and Compromise Solution [32]. 
Extended version of VIKOR analysis is presented by 
Opricovic and Tzeng [33]. This analysis gives index based 
multi-criteria ranking on the basis of ‘closeness’ to the ‘ideal’ 
solution [34]. The VIKOR analysis provides the maximum 
group utility for the majority and a minimum of individual 
regret for the opponent.  

Table 2: Criteria weight calculation using Entropy approach 
 

 

 
This analysis focuses on selecting the best option from a set of 
feasible options in presence of mutually conflicting criteria 
[35]. It is successfully used by various researchers like in  
machine tool selection [36], green supply chain management 
[37], outsourcing projects [38], supplier selection [39] etc. 
First step involved in VIKOR analysis is normalizing the 
matrix which has already done in table 2 and further steps are 
as follows: 
Step 1: Calculation of difference between the ith enabler to the 
positive ideal solution (Ei value) 
For beneficial criteria:  

                              5) 

For non-beneficial criteria: 

                             6) 

Calculated value of Ei by using equation 5 and 6 for each 
enabler shows in 2nd column of table 3.  
Step 2: Calculation of difference between the ith alternative to 
the negative ideal solution (Fi value) 
For beneficial criteria:  

     (i=1, 2....., n)             7) 

For non-beneficial criteria: 

      (i=1, 2....., n)          8) 

Calculated value of Fi using equation 7, 8 for each enabler 
shows in 3rd column of table 3. 
Step 3: Calculation of Pi value 
 

                    9) 
 

Here we assume VIKOR constant v = 0.5. Calculated value of 
Pi for each enabler shows in 4th column of table 3. 
Step 4: Ranking the Enablers 
The LGAMS enabler with low Pi value is most effective, 
whereas, the one with large value is less effective. Ranking of 
LGAMS enablers is shown accordingly in 5th column of table  
3.3 MOORA method 

Multi-Objective Optimization on the basis of Ratio Analysis 
(MOORA) method was introduced by Brauers (2004). 
MOORA method is MCDM technique that can be 
successfully applied to solve different types of decision 
making problem [40]. This methodology has been 
successfully used by various researchers for supplier selection 
[41], material selection [42], optimizing milling process [43-
44], and privatization in a transition economy [45]. Normalize  
the input matrix is first step towards implementation of 
MOORA method which is already done in table 2 and further 
steps used in MOORA method are as follows: 
Step 1:  Calculation of Yi 
Normalized performances are added in case of maximization 
(for beneficial attributes) and subtracted in case of 
minimization (for non-beneficial attributes) give Yi value. The 
final equation to calculate Yi is 
                     Y i =  -                            10) 
Where ‘g’ is the number of beneficial goals, (n-g) is the 
number of non-beneficial goals and Yi is the normalized 
assessment value for ith alternative. In the present case some 
criteria are more important than the others. So, to give more 
importance to criteria, it is multiplied with its respective 
weight [43].When these criteria weights are taken into 
consideration then new equation to calculate Yi is  
   Yi =  -    (j=1, 2, 3…..n)        11) 
Where, Wj is the weight of jth alternative used from table 2. 
Values of Yi are calculated for enablers with the help of 
equation 11 as shown in column 6 of table 3. 
Step 2: Ranking of LGAMS Enablers 
Any value of Yi is acceptable viz. positive, negative or zero 
because it depends upon beneficial and non-beneficial criteria 
and their respective weight total. The most effective cooking 
fuel is one whose Yi value is large and less effective is one 
whose Yi value is small. Column 7 of table 3 shows ranking 
of each LGAMS enabler according to Yi value. 
4. Results and Discussion 

This section compares the outcomes obtained from VIKOR 
analysis and MOORA method. Both the approaches provide 
the ranking of LGAMS enablers. Pi and Yi values are 
calculated in column 5 and 7 of table 3 by VIKOR analysis 

 C1 C2 C3 C4 C5 C6 
E1 0.080 0.048 0.069 0.091 0.085 0.116 
E2 0.107 0.095 0.111 0.106 0.085 0.101 
E3 0.120 0.063 0.083 0.061 0.119 0.101 
E4 0.080 0.095 0.083 0.106 0.102 0.101 
E5 0.107 0.111 0.111 0.121 0.119 0.101 
E6 0.093 0.095 0.125 0.106 0.102 0.087 
E7 0.120 0.111 0.125 0.106 0.085 0.072 
E8 0.093 0.111 0.097 0.121 0.068 0.101 
E9 0.120 0.127 0.111 0.091 0.102 0.101 
E10 0.080 0.143 0.083 0.091 0.136 0.116 
Nj 0.904 0.854 0.900 0.895 0.866 0.882 
1- Nj 0.096 0.146 0.100 0.105 0.134 0.118 
Wj 0.138 0.209 0.144 0.150 0.191 0.168 
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Table 3: Ranking of LGAMS Enablers by both methods 

Enablers VIKOR analysis MOORA  
R** Ei Fi Pi R* Yi R* 

E1 0.2370 0.2092 0.9577 10 -0.0283 10 10 
E2 -0.1325 0.1259 0.3799 4 -0.0145 4 4 
E3 0.0808 0.1990 0.7947 9 -0.0190 7 9 
E4 0.2879 0.1376 0.7673 8 -0.0215 9 8 
E5 0.0885 0.1069 0.5019 5 -0.0200 8 5 
E6 -0.0820 0.1636 0.5445 6 -0.0172 5 6 
E7 -0.3005 0.0553 0.0107 1 -0.0045 1 1 
E8 -0.0776 0.0718 0.2496 3 -0.0121 3 3 
E9 -0.3134 0.0632 0.0257 2 -0.0070 2 2 

E10 0.0555 0.1376 0.5740 7 -0.0181 6 7 
R* - Rank;  R**- Final Rank 

 

and MOORA method which are also represented in figure 2 
and 3 respectively. Combined plot of Pi and Yi value is 
represented in figure 4. Higher value of Yi and lower value of 
Pi represent best LGAMS enabler and vice versa. Yi and Pi 
value of all enablers provide us a succinct way to compare the 
results of MOORA method and VIKOR analysis. Customer 
feedback system (enabler 7) achieved highest Yi value as -
0.00456 and lowest Pi value as 0.01407 among other enablers. 
Therefore it occurs at first rank in comparison with all other 
enablers. After customer feedback system, enabler 9 (resource 
optimization) gets Yi value as  -0.0070903 and Pi  value as 
0.0257 which shows that enabler 9 occurs second rank in all 
enablers. Enabler 1 (supplier involvement) have maximum 
distance between Yi and Pi value as shown in figure 4, which 
signifies that enabler 1 is less effective among all enablers. 
The final ranking of all enablers is done accordingly with the 
help of graph in figure 4 and accessible in column 8 of table 
3. 

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2: Pi Value by VIKOR Analysis 
 
 
 
 
 
 
 
 
 

 
 

Figure 3: Yi Value by MOORA Method 
 
 

Figure 4: Combined plot of Pi and Yi values 
 

This ranking of LGAMS enablers can be used as an aid to 
develop a suitable strategy for design and implementation of 
LGAMS in any organization. These findings will allow the 
management to efficiently utilize their resources to focus on 
the most significant and important enablers. The organization 
would achieve competitiveness, customer satisfaction and 
environmental concern etc. from the above findings which 
will help in taking the industry towards advanced 
manufacturing practices.  

 
5. Conclusion 

The application of Entropy approach, VIKOR analysis and 
MOORA method on LGAMS enablers identified from the 
exploration of extant literature and discussion with experts 
from academia and industry yielded a ranking which is 
presented in table 3. There is a dearth of empirical literature 
on LGAMS as it is relatively a new concept. An initial 
analysis of LGAMS enablers will help the policy makers to 
understand the potential of actual implementation of LGAMS 
in Indian manufacturing industry. The present work provides 
the weightage of criteria and ranking of LGAMS facilitators, 
which will help in identifying the significant enablers which 
should be given primary consideration during the course of 
implementation of LGAMS in order to make the 
manufacturing system efficacious. 
A further analysis of the enablers by collecting quantitative 
data from the academia experts, policy makers, and 
practitioners in the industry could through more light on the 
topic to enhance the subject knowledge. The possibility of 
application of statistical data analysis tools like structural 
equation modelling can be explored so that the LGAMS could 
be better understood.  
Based on the results obtained from the study, the following 
actions are suggested to foster the LGAMS implementation in 
Indian manufacturing industry. 
1. The Customer feedback system should be designed in such 
a way that it will directly link with designing and production 
department of the organization. There should be a provision 
of imparting new design of the running product after getting 
feedback from the customers.  
2. There should be proper optimization of the resource 
available in the organization by applying different 
optimization technique. It helps to maintain minimum 
inventory level of the raw material and final products which 
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would result in improved and expeditious conception of new 
services.  
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