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Abstract:

Manufacturing industry around the globe has witnessed different trends from Industry 1.0 to Industry 4.0. The transformation is 
happening at a normal pace, but the trend is now shifting towards reducing the environmental impacts of manufacturing because 
of its long term repercussions. Several tools and techniques namely benchmarking, Just-in-time, flexible manufacturing emerged 
in past with a narrow scope on addressing some aspects of manufacturing, but green manufacturing encapsulates many aspects of 
manufacturing under one umbrella. Green Manufacturing (GM) focuses on reduction of wastage, resource utilization efficiency, 
energy conservation and ecology restoration. This paper provides a review of literature on certain aspects of green manufacturing 
such as need for green manufacturing, advantages and limitations associated with it and drivers and barriers of green manufacturing 
implementation. It also addresses the significance of green manufacturing in current global manufacturing setting at large.
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1.  INTRODUCTION

The manufacturing sector has significantly contributed to 
global economic growth and the trend is continuing till date. 
Manufacturing industry has transformed from different 
stages from Industry 1.0 to Industry 4.0. In the early stages of 
manufacturing, the sole intention was to enhance the profits, 
improve the cash flows and in improving the productivity 
with least concern on the other aspects. Environmental 
concern of manufacturing was thought to be out of the scope 
of manufacturing during the early stages. Nevertheless, with 
the emergence of new tools and techniques namely Just-
in-time (JIT), lean manufacturing, flexible manufacturing, 
benchmarking to name a few and the manufacturing industry 
adopted these practices to gain competitive edge. 

Lean manufacturing essentially aims at reducing the different 
types of waste which in turn results in cost reduction and in 
providing value to customer. Some aspects of lean manufacturing 
are incorporated in green manufacturing with some additional 
focus on environmental effects of manufacturing. Green 
manufacturing is playing a significant role in manufacturing 
industry at global scale because of long term benefits 
associated with its implementation.  Green manufacturing not 
only focus on waste reduction and better resource utilization, 
but it also focuses on reducing the environmental impacts of 
manufacturing at large which should be the order of the day. 
Gupta [1] pointed out that objective of green manufacturing 
is to design and produce product in an environmental benign 
manner. Therefore, green manufacturing intends to reduce the 
environmental impacts at all levels may it be air, water and 
noise and thereby improves the quality of life.  Kothwade [2] 
reported that green manufacturing stresses on reducing parts, 
rationalizing materials and reusing the components to make 
products more efficient to build. Glinmine and Sangotra [3] 

defined green manufacturing as a system that integrates product 
and process issues with issues of manufacturing and control in 
such a manner to identify, quantify, assess and manage flow of 
environmental waste with the goal of reducing and ultimately 
reducing environmental impact while trying to maximize 
the resource efficiency. Melnyk and Smith [4] defined green 
manufacturing (GM) as “a system that integrates product and 
process design issues with issues of manufacturing planning 
and control in such a manner to identify, quantify, assess, 
and manage the flow of environmental waste with the goal of 
reducing and  ultimately minimizing environmental impact 
while trying to maximize resource efficiency”. The term green 
manufacturing was coined to reflect the new manufacturing 
paradigm that employs various green strategies (objectives 
and principles) and techniques (technology and innovations) 
to become more eco-efficient, this includes creating products/
systems that consumes less material and energy, substituting 
input materials (e.g. non-toxic for toxic, renewable for non-
renewable), reducing unwanted outputs and converting outputs 
to inputs (recycling) [5]. Tan et. al., [6] stated that green 
manufacturing integrates manufacturing-related environmental 
issues to mitigate adverse environmental impacts and resource 
consumption throughout the product lifecycle, that is, from 
product design, synthesis, processing, packaging, transportation 
and use to recycling. 

2. 	 NEED FOR IMPLEMENTATION OF GREEN 
MANUFACTURING 

Green manufacturing aims to address the issues of 
manufacturing on global scale, the identification of such 
issues are equally important and relevant. Garbie [7] proposed 
that many companies have potential to grow rapidly due to 
economic growth and employee productivity, nevertheless in 
the process of growth, natural resources are depleted, resulting 
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in environmental effects through emission and pollution. It 
is quite evident that energy consumption, temperature, co2 
levels, potential effects of industrialization is increasing at an 
alarming rate globally due to industrial activities. It is high time 
for the manufacturing sector to get prepared to identify and 
resolve such issues. Although some countries  such as United 
States, United Kingdom and Germany have taken serious steps 
to enforce regulations by means of penalties to reduce the 
greenhouse emissions as a first step to reduce global warming. 

Assessment and evaluation of energy-mix in manufacturing 
is crucial from long term perspective. The right energy-mix 
results in providing fruitful results from resource conservation 
and environment impact point of view. Malhotra and Kumar 
[8] defined green manufacturing as a method which minimizes 
wastes and pollution with a goal of utilizing minimum natural 
resources and retaining them for future generations. Qureshi 
et.al, [9] reported that green manufacturing provides tools and 
techniques to protect environment but the focus is more towards 
environment when compared to sustainable manufacturing 
paradigm which is based on triple bottom line i.e. economy, 
environment and society. Belekar [10] pointed out that green 
manufacturing is a term used to describe manufacturing 
process that do not harm environment during any part of the 
process. Green manufacturing system reflects the process of 
energy consumption and emission. It is an integrated system 
composed of energy equipment, energy medium, materials, 
intermediate products, final products and emissions [11]. 
Today environmental manufacturing is becoming a strategic 
approach in recent business endeavours, furthermore, due to 
increase in social and political pressure now organizations are 
shifting from profit driven strategies to green manufacturing 
strategies which are also becoming a source of competitive 
advantage [12]. Green manufacturing addresses a number of 
manufacturing matters, including recycling, conservation, 
waste management, water supply, environmental protection, 
regulatory compliance, pollution control, and a variety of other 
related issues [13]. The need to reduce toxicity through recycling, 
waste and minimization of hazardous by-products are driving 
businesses to adopt green manufacturing practices [14]. Current 
competitive environment compels companies on enhancing 
business and environmental performance, superior performance 
leads to the competitiveness and in order to stay competitive, 
it is expected that manufacturing companies must remain alert 
and must regularly evaluate their performance considering 
green challenges and therefore Indian manufacturing industries 
are shifting forward from “conformance to performance” and 
are serious towards comprehensive green manufacturing rather 
than just pollution prevention [15].  The rapid depletion of 
natural resources, growing energy demand, increasing customer 
awareness about environmentally conscious products and 
need for compliance with environmental legislation through 
development of green processes led to the evolution of a green 
manufacturing paradigm[16]. Green manufacturing focuses 
on issues which are multi-dimensional in nature ranging from 
sustainability to environmental to ecological to name a few. 
Green manufacturing covers a wide range of environmental 
and sustainability issues including resource material selection, 

transportation, manufacturing process, pollution, and so on 
[17]. Increasing concern about the environment has forced 
industry to innovate and reduce its environmental impact; future 
global manufacturing is no longer going to be the competition 
of capital, resources and labour power but the competition 
of green technology [18]. Increasing CO2 concentration in 
the atmosphere leading to the greenhouse effect, deficiency 
of energy and natural resources, release of toxic material 
and waste generation during the manufacturing processes 
necessitated the development of a manufacturing paradigm 
with minimal adverse environmental effects; this led to the 
evolution of green manufacturing [19]. Green manufacturing 
leads to production efficiency lower raw material costs due to 
(i.e. recycling waste rather than purchasing virgin materials), 
reduced environmental and occupational safety expenses and 
improved corporate image [20]. Green manufacturing is an up-
and-coming philosophy of manufacturing aims to reduce the 
impact on environment, by using materials that are eco-friendly 
and by avoiding or reducing pollution to the maximum extent; 
Green Manufacturing can be ensured and wherever possible the 
electric power can be produced with these renewable energy 
sources [21]. Going green in manufacturing will also improve 
the quality of the production process which will in turn impact 
product quality and also will be more appealing to the growing 
number of customers looking for green manufacturers and 
products [5]. Green Manufacturing initiatives evolve practices 
which aim to optimize the use of resources during the product 
life cycle; Companies aim to optimize production operations to 
obtain maximum asset efficiency [22].

As pointed out earlier, the energy-mix needs to be analysed 
seriously and identify the sources associated with it. If in case 
non-renewable sources such as coal are used, then the next 
step would be replace these with renewable sources such as 
Solar, Wind and  Hydel which results in both reduction of 
environmental effects and conservation of resources. 

3.  DRIVERS AND BARRIERS OF IMPLEMENTATION 
OF GREEN MANUFACTURING

Green manufacturing is helping out the industries to attain the 
business goals in a sustainable manner; it has marked a new 
paradigm in the way of running business. There are several 
drivers and barriers during the implementation of green 
manufacturing and therefore the industries need to focus on 
these aspects during the process of implementation from long 
term perspective. Drivers which motivate green manufacturing 
in Malaysian SMEs are improved company image; improved 
competitiveness and enhanced product quality through green 
manufacturing and the critical barriers which hinder the 
implementation of green manufacturing in SMEs are weak 
organizational structure to support green manufacturing as well 
as inadequate R&D, design and testing within the organization 
to support green manufacturing [23].The motivating factors for 
implementation of green manufacturing are regulatory mandates, 
economic advantage, conservation of energy, water, materials, 
product take-back system, corporate image, and employee 
satisfaction [24].  The common drivers of green manufacturing 
implementation include financial benefits, company image, 
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environmental conservation, compliance with regulations, 
stakeholders, green innovation, supply chain requirements, 
customers, employee demands, internal motivations, market 
trends, and competitors [25]. Top management commitment 
has highest driving power for the implementation of 
green manufacturing, effective implementation of green 
manufacturing will improve organization performance in terms 
of product cost and quality; for effective implementation of 
green manufacturing, management should not ignore people 
development, product and process development as well [26]. 
Top management commitment, technology up-gradation, 
current legislation, green brand image and future legislation 
are five most critical drivers of implementation [27].Top 
management commitment, green procurement practices and 
societal concern for protection of natural environment are the 
most important enablers, and competitiveness and availability 
of clean technology have comparatively less importance 
with respect to green manufacturing implementation [28]. 
A case study carried out in an automobile manufacturing 
company, identified eco-design, green image, top management 
commitment, and use of environment-friendly raw material 
as drivers of green manufacturing practices [29]. The key 
elements of green manufacturing include top management 
commitment, employee involvement, training green product/
process design, supplier management, and measurement and 
information management [30]. The need for adherence to 
environmental compliance regulation is driving companies/ 
businesses to adopt green manufacturing [31]. The barriers 
of green manufacturing are lack of data, technical expertise, 
infrastructure, and capital resources, for low implementation 
of green manufacturing practices by SMEs [32]. Lack of 
innovation in the manufacturing process is considered the 
kingpin of barriers in GM implementation as all secondary 
barriers are the result of failure in innovation [33]. Wakeford 
et al., (2017) carried out a survey in 117 firms and the 
result revealed expensive technology, lack of financial 
support, and meagre information as the barriers to green 
manufacturing practices [34]. The barriers of implementing 
green manufacturing practices in Indian SMEs, the five most 
critical barriers are lack of research and development (R&D), 
failure in eco-design, lack of accreditation, poor supply chain 
management and absence of market diversification [35].

4.  ADVANTAGES AND LIMITATIONS ASSOCIATED 
WITH GREEN MANUFACTURING

Green manufacturing is a technology that aims at providing 
long term benefits to the implementing organization. Although 
initially costs are incurred in developing appropriate strategies in 
terms of installation of equipments for reducing environmental 
impacts, these costs however will be recovered in due course 
of time. Nevertheless green manufacturing is bounded by 
certain limitation such as implementation cost, technological 
and managerial barrier etc. Irarvani et.al, [36] identified the 
advantages of green manufacturing as : reduction in Green 
House Gas emissions (GHG), conservation of resources and 
energy, reduction in operational cost, improvement in air and 
water quality etc and pointed out some of limitations associated 

with green manufacturing as: high implementation costs, 
political and technical barrier and lack of skilled personnel. 
Bharadwaj and Neelam [37] highlighted the advantages and 
disadvantages of green manufacturing from their study, the main 
advantages associated with green manufacturing are emission 
reduction, economic benefits and use of renewable source and 
reduction of global warming, while the disadvantages pointed 
out were high implementation cost, lack of infrastructure, 
lack of alternative process technology and lack of alternative 
raw-material input. Green manufacturing applications have a 
significant positive impact on environmental performance and 
social performance, additionally; eco-process innovation has a 
significant positive impact on corporate sustainability [38]. In 
all, green manufacturing results in cost reduction, focuses on 
conservation of energy and resources and restoring the ecology, 
all these aspects are crucial and is a global concern too.

It is understandable that the manufacturing needs to make a 
trade-off between the long term benefits of green manufacturing 
and cost aspects, so that the green manufacturing could be 
implemented in a judicial manner to gain long term benefits. 

5.   SIGNIFICANCE OF GREEN MANUFACTURING

The current global trends in manufacturing require a serious 
tuning from ecological and environmental perspective. Green 
manufacturing addresses the environmental concern by taking 
into consideration the emissions and other pollution resulting 
from manufacturing companies. One of the promising approaches 
to creating a balance in ecosystem  is through implementation 
of green manufacturing, the techniques of green manufacturing 
can be applied to reducing the pollution level, minimizes waste, 
facilitates financial development and marmalade reserves [39]. 
Green manufacturing also suggest the alternative energies that 
can be used otherwise such as cleaner energies (solar, wind, 
biomass) to reduce the environmental degradation. The use 
of cleaner and sustainable energy will reduce the long term 
implication on the environment and the resources could be 
conserved for the generations to come. A green manufacturing 
process involves a comprehensive and holistic approach that 
encompasses everything a business does those impacts the 
environment. Thus, it assists companies in making systematic 
changes in areas like product design, emissions, tools, 
trends, energy, transportation, water and waste [40]. Green 
manufacturing creates a reputation to public, saves useless 
cost and promotes research and design, the process of green 
Manufacturing involves investing in production process 
improvements rather than control technology, substitute 
renewable sources for finite ones, employee recycling and the 
companies must decide whether to make or buy the product 
[41]. 

The appropriate energy-mix should be considered both for both 
phases, production as well as the use phases of the product, 
so that it can be replaced by cleaner and sustainable source of 
energy. It is well known fact that the manufacturing process is 
complex in nature involving different activities and it is energy 
intensive. The focus of green manufacturing is to conserve the 
energy in different phases of manufacturing and conserve the 
resources such as raw-materials, work-in-process and finished 
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goods as well as consumables used such as lubricants, coolants 
and so on. Green manufacturing encompasses all factors 
associated with environmental concerns in manufacturing by 
continuously integrating eco-friendly industrial processes and 
products [42]. Green manufacturing takes into consideration 
the life cycle cost of products being manufactured along the 
different phases of supply chain. Green manufacturing has 
been pursued as a means of eco efficiency, which represents the 
concept of creating more goods and services while using fewer  
resources and creating less waste and pollution [43]. Green 
Manufacturing involves not just the use of environmental 
design of products, use of environmentally friendly raw 
materials, but also eco-friendly packing, distribution, and 
destruction or reuse after the lifetime of the product [44]. 
Manufacturing enterprises with strong green technology 
innovation ability can not only introduce green manufacturing 
products and services with high added value to meet the 
needs of consumers, reduce the green cost of enterprises and 
improve the contribution rate of technological innovation to 
profits, it can also improve the enterprise’s ability to deal with 
technical risks and the full capacity of the green wall [45]. 
Green practices don’t generally make a weight for industry. 
Customary green practices which have diminished waste and 
improved industry results should now be taken to vital core 
interest, straightforward difference in existing items and 
improving operational efficiencies should now offer path to an 
authority centered green vital methodology towards the earth 
[46]. Increased industrialization has led to growth in waste and 
e-waste generation, pollution due to ineffective waste disposal, 
GHG emission, and improper disposal of industrial effluents 
due to meet the growing demand of population, transforming 
to green manufacturing by shifting towards green energy, 
products and processes can help to meet this sustainability 
challenge [47]. A green technology innovation system includes 
the innovation subject, the innovation environment, the 
innovation resources, the innovation infrastructure, and various 
other elements [48]. In addition to the environmental and social 
benefits, green manufacturing systems also provide direct 
economical benefits in term to reduced supply chain costs; 
material and energy costs; waste treatment, categorisation, 
storage and handling costs; maintenance, use and service costs, 
it also provides indirect benefits in term of improved employee 
safety, health, morale and motivation; customer loyalty and 
satisfaction [49]. Green technology is the regeneration of 
production processes and the creation within the industrial 
sector of environmentally friendly operations. Environmental 
development includes three methods of changing manufacturing 
activities: utilizing green energy, producing and marketing 
renewable goods and, using green technologies in business 
operations [50]. Green product and process development is 
an important first step towards sustainability. Uncertainty in 
operational lead times and financial investments can often 
lead to costly and unwanted outcomes; which may be at least 
partially avoided through investing in sustainable technologies 
[51].  Manufacturers in the countries with high research and 
development capabilities can reduce carbon emissions and 
improve environmental productivity at the same time [52].

Even though the manufacturing industry acted as catalyst to 
boost global economic growth, nevertheless the environmental 
effects associated with it is a serious concern which requires 
immediate attention. These problems call for an assessment and 
that is how green manufacturing come into existence.  The green 
manufacturing is wider in scope and takes into consideration 
several essentials of manufacturing simultaneously and 
produce long term positive impact on the manufacturing 
industry. Green manufacturing if implemented judiciously 
results in better resource utilization, reduction in operational 
cost, reduce pollution and restores the ecology which is of a 
greater concern.

6.   CONCLUSIONS

It is clear from the discussions that green manufacturing 
results in improving the environmental situation on a global 
scale. Green manufacturing although incurs some initial cost 
for installation of equipments as a preventive measure against 
environmental pollution, it provides benefits in the long run. 
Green manufacturing not only addresses the environmental 
issues, but it results in conserving energy, resources and 
materials which are all of great concern irrespective of the 
nature and type of the firm. Organizations implementing green 
manufacturing should adopt appropriate strategies to reap the 
long term benefits of implementation. Green manufacturing 
implementation strategies are long term in nature and therefore 
yield fruitful results over a period of time. Therefore, green 
manufacturing improves the quality of life at large as it takes 
care of environmental impacts and leads to the conservation of 
resources, material and energy which are all relevant from long 
term perspective. The implementation of green manufacturing 
yield long term positive impacts on economics, social and 
ecology at large which are all significant for any industry 
around the global to sustain, compete and to gain competitive 
edge in the global corporate setting as a whole.
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