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1 Introduction

Green manufacturing (GM) is generically defined as ‘the process of redefining the
processes in order to reduce or minimize the waste’ [1]. GM is a relatively new
concept that can be viewed as a product of the 1990s. It is defined as an eco-
nomically driven, system-wide, and integrated approach to the reduction and
elimination of all waste streams associated with the design, manufacture, use and/or
disposal of products and materials [2]. Several other jargons such as end-of-line
management, sustainable manufacturing, and environmentally conscious manu-
facturing mean the same thing [3]. The common observation of recent trends in
manufacturing technology reveals that every organization is taking their problem
solving method to an advanced level by adopting different techniques and solutions.
GM is one such solution which could enhance the scope of problem solving by
taking part in each and every activity untaken by the organization. Such solutions
lead us to reduced cost by reducing material handling and reducing effluents and
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other wastes. All such efforts are applications of GM. This manufacturing concept
not only addresses the environmental issues, but also reduces redundancy and
improves ergonomics and cost too. Nowadays, cheaper production at faster pace is
not the only criterion which is followed by manufacturers, but the type of material
used, the processes involved, and the futuristic fate of the product is taken into
consideration. So, in order to make our system fully eligible for such criteria, green
manufacturing systems need to be adopted.

The GM paradigm is an outcome of technological and market motivations.
People are getting more and more aware about the environmental risks, and thus,
they support the shaping of a new system which meets their demands without
affecting other aspects as well. This is achieved through new eco-friendly product
designs which will actually realize the objectives of green manufacturing systems
[4]. In recent years, the GM proved to be a very important edge for its imple-
mentation in corporate sector to become competitive. However, there were certain
complications which arose because of the initial investments which are huge and
irreversible. Thus, the managers had to take into account all the factors before the
implementation of GM. The accuracy of the decision to adopt GM is very crucial as
it should fulfill the objectives of the company and the world. In reality, manufac-
turing organizations directly impact the environment, and it is sometimes over-
shadowed by the economic aspects [5]. Manufacturing firms not only generate
harmful wastes, but also consume a huge portion of available energy. Thus, we
need to foresee the effects related to the environment as well as on the economic
aspects. As the adoption of GM requires many major decisions such as disruption of
routine production, huge initial investment, and fear of success [6], so it is required
to make this change very smooth and gradual. It is realized that the analysis of the
factors which enables this change needs to be investigated so that government can
act as strong catalyst to facilitate the change without much negative impact.

Section 2 presents literature survey followed by enablers of green manufacturing
in Sect. 3. Section 4 provides methodology, results, and discussions. The study is
concluded in Sect. 5 followed by acknowledgements and references.

2 Literature Review

The ‘Industrial Revolution’ came into picture in late 1700s and has been through
several phases [7]. The real challenge begun when different new manufacturing
systems were adopted and the sustainability issues came later on. The major issues
such as cost and the environmental aspects such as reduction of greenhouse gases
forced developed economies such as USA, Canada, Great Britain, and European
countries to shift their manufacturing base to China and India. The problem needs a
solution based on the facts related to the cost optimization as well as environmental
safety. One possible solution to this problem is the adoption of GM [3]. GM is
defined as total elimination of wastage and redefining existing process to minimize
the carbon emissions during each process without increasing cost and affecting
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production targets [1, 8]. Nowadays, it is unescapable situation for the companies to
think of a system which do not respond to environmental consequences. So, it is
necessity for the companies to consider GM system as a solution for environmental
safety and for optimize the cost of the products [9, 10].

GM is not only limited to production stages of the manufacturing system, but
also includes the design development and management aspects as well [11]. It also
emphasizes the reverse engineering in the manufacturing processes for imple-
mentation of closed-loop system like recycling and reconsidered the waste product
with an aim to reduce the wastage produced by the industries [12, 13]. GM is not
only limited to environmental aspects, but also includes the best use of available
resources in the industry. It helps the company in long run to compete in global
market scenario and able to increase the production quality, produce the product at
optimum cost, and increase the efficiency of the company [14]. Adoption of GM
gives various benefits to the company in term of brand enhancement with cus-
tomers, long-term cost savings, etc.

Studies on GM can be divided into two groups, first, the studies that dealt with
the overall theoretical concept of GM and second, the studies that provided various
analytical tools and models to realize GM at different levels [4]. Various researchers
have done lot of work on both types of studies separately. In today’s competitive
scenario, there is need to combine these two types of research together so that a
comprehensive GM model can be framed which includes the total concepts of GM.
There exists a lot of literature on drivers for GM in different countries including
India, European, and American. Similarly, many studies were conducted on barriers
to GM. These studies discussed a set of influencing factors affecting the imple-
mentation in either way and suggested various solutions relevant to different
countries, different industry sizes, different industry sectors, etc. The research
studies are very limited that discussed the GM enablers which is very important for
GM implementation in the industry. This is clearly evident from the literature that
GM adoption in the industry is not possible without mitigating the barriers to GM
which is not possible without investigating the GM enablers. This study aims to
identify the GM enablers through literature survey and brain storming with various
researchers in the field of industry and academia. At the end, most effective and
high-impact enablers are proposed, so that GM systems can easily implement in the
industry more effectively and efficiently.

3 Enablers of Green Manufacturing

Any new change in the existing manufacturing systems requires some motivations
and facilitation for implementation. Similarly, the adoption of GM in the industry
needs enablement in addition to motivations for implementation. Hence, fifteen
enablers which can facilitate the implementation of GM in the industry are iden-
tified through a review of literature and opinion of experts from industry and
academia (see Table 1). Additionally, 6 assessment criteria were identified which
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Table 1 Enablers of green manufacturing system

Sr. Enabler Description

1 Waste management system
[22–27]

Waste is disposal of resources at a rate beyond the
environment can absorb. Waste includes the resources in
the form of material, energy, etc.

2 General awareness [24, 25,
28–30]

Awareness among the customers and common masses
about GM—its need, benefits, etc. It can be achieved by
special training, awareness programs, promotions, and
advertisements

3 Competitiveness [24, 25, 28,
31, 32]

The environmentally conscious quality culture, minimal
waste, innovative green products and processes and
flexibility will be able to trim the product costs and
hence becomes more competitive

4 Strategic green management
[25, 33, 34]

Incorporation of green initiative in the top management
agenda will be able to motivate the middle and lower
management for whole-hearted participation

5 Green supplier management
[25, 35–39]

The green and clean supplier organizations will enable
the parent organization to adopt similar green initiatives

6 Strategic management
commitment [25, 30, 36, 40]

The top management beliefs, voluntary initiatives, and
commitment are very crucial for enabling the
implementation of green manufacturing

7 Environmental performance
goals [36, 41, 42]

The setting of environmental performance goals in terms
of reduction of carbon footprints, use of less virgin
material, proper disposal of effluents, efficient energy
use, etc.

8 Customer feedback system
[36, 43, 44]

Customers are getting more and more educated about
the environmental degradation, and they want their
product to be environment friendly. This feedback from
the customers enables the change

9 Public feedback system
[36, 45–48]

External forces such as stakeholders and NGOs motivate
firms to undertake similar strategies as they want social
legitimacy besides the profit of the company

10 Energy and resource crisis
[22, 37]

Rising cost of fuels and virgin materials for
manufacturing enables the companies to switch to more
efficient ways of manufacturing

11 Government support and
legislation [25, 32, 49–51]

Government subsidies, government projects,
government rewards and recognitions for green
practices enable the implementation in addition to
compliance with environmental legislation and
regulation set up by the government

12 Financial and human resources
[25, 39, 52]

The availability of capital for investment in newer green
technologies and skilled and trained manpower to
install, operate, maintain and handle the newer systems

13 Information technology
management [25, 30, 38, 53]

Effective, efficient, and sufficient organizational
communication through modern information technology
tools may help in sharing of innovative ideas, schedule
of training, and other awareness activities about green
concept. It is required to handle flow of information
associated with flows of materials and other resources to
manage green supply chain efficiently

(continued)
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can be used to find the most important, high-impact and influential enablers for
faster implementation of GM.

Assessment Criteria’s for GM Enablers

1. Green Reputation: Green reputation describes the image of the company in the
market. High reputation leads to the alignment of customers. Here, we will see
the effect of each enabler on these criteria and how much is the effect of this
factor in deciding the application of GM in that particular firm.

2. Profit: Each and every firm enters into the market with an aim to earn profit. The
technology application and each criteria is oriented at increasing the profit. So,
these criteria hold the upper hand over all the other criteria’s. A firm will prefer
only that very technological perspective in which they need not to compromise
with their profit.

3. Productivity: A firm needs to see that if it is meeting the customer demands at
the right time. So, productivity plays an important role. High productivity leads
to high sustainability and prevents the stock outs. We will assess as to what
effect these enablers bring on the productivity of the firm.

4. Recurring Cost: It defines the overall cost of production including the
investment cost. Efforts are being made to minimize this cost as it provides the
edge of competition in the market. Lower recurring cost leads to lower unit
price, which in turn attracts the customers.

5. Time Period: A firm need to spend some time to implement GM. That con-
sumes valuable time of the company which can further influence the routine
production and finance. So, the time required for the change is important criteria
for assessment of enablers.

6. Human Resources: The implementation of any new system requires skilled
human resources which can install, operate, use, and maintain the new tech-
nology. The availability and cost of such human resources is an important
criterion in the present case.

Table 1 (continued)

Sr. Enabler Description

14 Reverse logistics [54] The existence of reverse logistics for the purpose of
monetary benefits and/or compliance to government
regulations leads to adoption of green initiatives of the
company

15 Green supply chain
management
[23, 25, 28]

Use of optimized, clean fueled, and efficient
transportation for supply, eco-packing, reusable packing
materials, etc. act as enabler for GM implementation
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4 Methodology, Results, and Discussion

Fifteen enablers are identified through the review of literature and perception of
researchers, academicians, and industry executives. The application of MOORA
method as explained in the methodology section is done using six assessment
criteria i.e., green reputation, profits, productivity, recurring cost, time period, and
human resources. The first three criteria evaluates/assesses the green manufacturing
on the basis of output after implementation of GM in industry i.e., green reputation,
profits, and productivity. The second three criteria evaluates/assesses the green
manufacturing on the basis of input required (say consumables) for implementation
of GM in industry i.e., recurring cost, time period, and human resources. These
criteria are decided while a rigorous reference to the existing literature, in-depth
discussion among 10 researchers of our research group, and consultation with 3
industry executives working at the top management level of manufacturing com-
panies. As the impact of all six criteria is different so the weightage of each criteria
is decided in such a way in consultation with all involved in this research that the
total weightage is 100% (or 1). The rating of each enabler on a Likert’s scale of 1–5
is done by the same group of people who decided the criteria weights.

Multi-objective optimization on the basis of Ratio Analysis (MOORA) is also
known as multi-criteria or multi-attribute optimization. It is the process of simul-
taneous optimization of two or more conflicting attributes (objectives) subject to
certain constraints. The MOORA method, first introduced by Brauers and Zavad-
skas [15] is a multi-objective optimization technique that can be successfully
applied to solve various types of complex decision making problems in the man-
ufacturing environment by providing weightage to each and every analysis. This
method is observed to be simple and computationally easy which helps the decision
makers to eliminate the unsuitable alternatives while selecting the most appropriate
alternative to strengthen the existing selection procedures [16].

Advantages of the MOORA method in comparison with other MCDM method
are: easy to understand as comparison to other MCDM techniques; less time require
for mathematical calculation work; and no extra assumed parameters required such
as ‘v’ in VIKOR method and ‘n’ in GTA method [17].

This methodology has been successfully used by various researchers for different
production life cycle such as stages selection, flexible manufacturing system
selection, welding process selection, supplier selection [17], material selection [18],
optimizing milling process [19, 20], and privatization in a transition economy [21].
The various steps used by Brauers and Zavadskas [15] in MOORA method as
follows:

Step 1: Identification of enablers, criteria, and criteria weightage
Table 1 presents the identified 15 enablers of GM and then finalized 6 assess-

ment criteria for evaluating each enabler i.e., green reputation, profits, productivity,
recurring cost, time period, and human resources.
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Step 2: Allocation of ranking to enablers with respect to all six criteria
Ranking to each enabler on Likert’s scale of 1–5 with respect to outcome and

input of GM as shown in Table 2. Criteria weightage and ranking to each enabler
decides after the discussion with experts from industry and academia.

Step 3: Normalization of matrix
Normalization of enablers can be done by different methods such as total ratio,

Schärlig ratio, Weitendorf ratio, Jüttler ratio, Stop ratio, and Körth ratio suggested
by Brauers and Zavadskas [15] in MOORA method. However, it is recommended
that for this case, total ratio method is suggested. This ratio can be expressed as
follows:

Xij=
Xij

∑m
i= 1 Xij

j=1, 2, 3 . . . nð Þ ð1Þ

Normalized matrix is generated with the help of Eq. 1 from columns 2–7 as
shown in Table 3.

Step 4: Weightage Calculation (Yi)
In case of multiple goals, normalized value added for all beneficial goals (case of

maximization) and subtract for all non-beneficial goals (case of minimization).
Then, final equation is for Yi is

Table 2 Ranking to enablers

Criteria weight Outputs of GM Inputs to GM
Green
reputation
[C1]

Profit
[C2]

Productivity
[C3]

Recurring
cost [C4]

Time
period
[C5]

Human
resources
[C6]

0.09 0.28 0.13 0.2 0.15 0.15

Enabler 1 3 2 3 3 2 2
Enabler 2 3 1 1 2 1 1
Enabler 3 1 3 2 1 1 1
Enabler 4 2 1 2 2 1 1
Enabler 5 3 2 2 2 1 1
Enabler 6 3 2 3 2 1 1
Enabler 7 3 2 2 3 2 1
Enabler 8 3 1 1 2 1 1
Enabler 9 3 1 1 1 1 2
Enabler 10 2 3 3 1 1 1
Enabler 11 3 2 2 2 2 1
Enabler 12 3 2 2 1 1 1
Enabler 13 2 2 2 2 1 1
Enabler 14 3 2 2 2 1 2
Enabler 15 3 2 2 2 1 2
Likert’s scale rating on 1–5 scale
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Yi = ∑
g

j = 1
Xij − ∑

n

j = g+ 1
Xij ð2Þ

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 enabler. In some cases, it is
often observed that some goals are more important than the others. In order to give
more importance to a goal, it could be multiplied with its corresponding weight
(significance coefficient) (Brauers et al. 2009). When these goal weights are taken
into consideration then new equation for Yi is

Yi = ∑
g

j = 1
Wj *Xij − ∑

n

j = g+ 1
Wj *Xij j=1, 2, 3 . . . nð Þ ð3Þ

where Wj is the weight of jth goal. Values of Yi are calculated for each enabler with
the help of Eqs. 2 and 3 in column 8 as shown in Table 3.

Step 5: Final Ranking of Enablers
The Yi value can be positive or negative depending of the totals of its beneficial

goals and non-beneficial goals in the Table 3. An ordinal ranking of Yi shows the
final preference. Thus, the best enabler has the highest Yi value, while the least
effective enabler has the lowest Yi value. Values of Yi and ranking for each enabler
are calculated in column 9 as shown in Table 3.

Graph between the values of Yi and enablers are represented as shown in Fig. 1.
The middle line (where Yi = 0) represents that the criteria input of the enabler is

Table 3 Normalizing, weightage, and ranking of enablers

Normalizing matrix Weightage (Yi) Rank
C1 C2 C3 C4 C5 C6

Enabler 1 0.075 0.071 0.100 0.107 0.111 0.105 −0.014 15
Enabler 2 0.075 0.036 0.033 0.071 0.056 0.053 −0.009 13
Enabler 3 0.025 0.107 0.067 0.036 0.056 0.053 0.018 2
Enabler 4 0.050 0.036 0.067 0.071 0.056 0.053 −0.007 10
Enabler 5 0.075 0.071 0.067 0.071 0.056 0.053 0.005 5
Enabler 6 0.075 0.071 0.100 0.071 0.056 0.053 0.009 4
Enabler 7 0.075 0.071 0.067 0.107 0.111 0.053 −0.011 14
Enabler 8 0.075 0.036 0.033 0.071 0.056 0.053 −0.009 12
Enabler 9 0.075 0.036 0.033 0.036 0.056 0.105 −0.010 11
Enabler 10 0.050 0.107 0.100 0.036 0.056 0.053 0.024 1
Enabler 11 0.075 0.071 0.067 0.071 0.111 0.053 −0.003 9
Enabler 12 0.075 0.071 0.067 0.036 0.056 0.053 0.012 3
Enabler 13 0.050 0.071 0.067 0.071 0.056 0.053 0.003 6
Enabler 14 0.075 0.071 0.067 0.071 0.056 0.105 −0.003 7
Enabler 15 0.075 0.071 0.067 0.071 0.056 0.105 −0.003 8
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equal to criteria output of the same enabler. This graph represents enablers 3, 5, 6,
10, 12, and 13 lie above the middle line means (Yi ≥ 0). It means all these enablers
have higher output comparison to input given. Other enablers 1, 2, 4, 7, 8, 9, 11, 14,
and 15 (Yi ≤ 0) mean that they require more input value for getting output value.
The enabler 13 (Yi = 0.003) and enablers 11, 14, and 15 (Yi = −0.003) lie very
near to the middle line, and little variation in the criteria values may change the
enabler location from positive value of Yi to negative value of Yi and vice versa.

5 Conclusions

The application of 5 step methodology yielded the ranking of the GM enablers. The
objective of the research is to identify the most important and high-impact enablers
which can greatly enable or facilitate the GM implementation in industry. The
research came with six most important enablers, viz. energy and resources crisis;
competitiveness; financial and human resources; strategic management commit-
ment; green supplier management; and information technology management.

The enabler 10 (energy and resource crisis) has got highest Yi value (i.e., 0.024)
which means it enables the GM implementation more as comparison to other
enablers. Waste management system (enabler 1) has got the minimum Yi (i.e.,
−0.014) which means that it enables the system by consuming more inputs in term
of recurring cost, time period, and human resources and achieves less outputs. So,
management needs to have primary focus on the three top enablers i.e., energy and
resource crisis, competitiveness, and financial and human resources, because it will
enable the GM implementation in industry more as comparison to other enablers.

The natural resources are limited in nature, so their cost is increasing with time
so it puts extra financial burden on the manufacturing systems which motivate the
companies to use these resources in efficient manner while adopting various
material recovery strategies like recycling to reduce the use of virgin material for
production. It also includes various energy resources which are backbone of any
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Fig. 1 Graph between the Yi and enablers
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manufacturing system. The cost of energy is increasing worldwide and significantly
contributes to the cost of production. The industry works for profits, so energy and
resources impact the manufacturing and hence the most important enabler for GM
implementation.

The world market is open for all companies, so competitiveness is the primary
factor which governs the survival of manufacturing units in the market. The
companies have limited scope of reducing their profit margins, so the only way to
be competitiveness is by reducing the cost of production which can be achieved by
implementation of GM. The adoption of newer technology is not possible without
capital investment and human resources which can implement, maintain, and
operate the newer technology. The newer initiatives require the commitment among
the top management which will allocate funds and direct the organization in the
direction of implementation of GM.

The companies are dependent to many other vendors and suppliers for supply of
various sub-assemblies, parts and consumable and if all such suppliers and vendors
are having active green initiatives that would enable the companies to implement
GM. Lastly, the information technology plays a vital role in adoption of newer
technology like GM. It helps in operations of newer systems by providing support
in data storage, analysis, simulations, interpretations, etc.

This research utilized MOORA method which is one of the multi-criteria
decision making (MCDM) method to evaluate the importance of enablers of GM.
Various other MCDM methods can be applied such as TOPSIS and AHP for
assessment of the enablers by taking inputs from different group of stakeholders for
evaluation of enablers from different perspectives. A structural model of enablers
using interpretive structural modeling or structural equation modeling like tech-
niques will put more light on the impact, relationship, and hierarchy of the enablers
to understand the GM implementation process better.
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