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Abstract: The necessity to become sustainable in its industrial activities has also become a
priority to industries because of increasing environmental issues, stringent regulations, and
increasing social responsibility. The purpose of green manufacturing practices is to lower the
environmental effect without negative influence on productivity and economic growth. The
following paper critically assesses the concept of green manufacturing and how it can be used
to attain sustainable operational practices by industries. It talks about the relevant practices
which include efficient use of resources, reduction of waste, energy saving and the use of
environmentally friendly technologies. The paper examines also the literature that has been
done so as to indicate the benefits, challenges, and future of green manufacturing. The results
imply that sustainable practices do not only preserve the environment but also increase the
effectiveness of operations, decrease the expenses, and advance the reputation of the
corporation.
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Introduction:

Technological progress and industrial development have been a great contributor to the global
economy. The manufacturing industries also play a significant role in terms of creation of
employment, development or even advancement of infrastructure and high standards of
living. Nonetheless, there are other problems with rapid industrialization that lead to the
emergence of severe environmental issues, including air and water pollution, excessive use of
natural resources, added waste oil and a rise in the number of greenhouse gases. These
pressures have put the world in worry of the sustainability of any industry in the long run.

In the past few years, governments, industries, and consumers have started to have increased
awareness about the necessity to conserve the environment whilst pursuing economic
development. The stricter environmental regulations are also being implemented and the
customers are also demanding greener products that are produced in a very responsible way.
This has led to other industries being pushed to abandon their traditional way of production
and embrace green industrial production.

The idea of sustainable industrial operations is to find a combination between the economic
being efficient, protecting the environment, and social responsibility. Green manufacturing
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practices are one of the best strategies that should be adopted in order to attain sustainability
in the manufacturing sector. Green manufacturing can be defined as designing,
manufacturing, and distributing products through methods that would cause least harm to the
environment. It puts a strong focus on energy and material efficiency, waste, emissions
reduction, resources recycling and reuse, and cleaner and safer technologies.

Green manufacturing practices have a lot of economic and operational advantages to
industries besides the fact that it has aided in the elimination of environmental degradation.
These comprise reduced energy and material costs, energy efficiency in processes, less waste
management cost and better compliance to environmental requirements. In addition,
sustainable organizations usually enjoy a competitive advantage because they are able to
enhance their corporate image and have trust with the customers and stakeholders.

However, with the identified advantages, there are a number of challenges related to the
transition to green manufacturing. Prohibitive startup costs, unavailability of skilled
manpower, insufficient technological awareness and unwillingness to embrace organizational
change may interfere with successful implementation. As such, it is important to consider the
green manufacturing practices to determine its efficacy, practicability and its effects on the
overall performance of the industry.

This paper seeks to review how green manufacturing practices can facilitate sustainable
industrial operating practices. The paper will help by aiming at identifying major strategies,
pros and cons of green manufacturing through reviewing existing research and practices in
the industry. The research results of this paper will offer practical information to the industry
businesspersons, policy makers, and researchers who seek to enhance sustainability in the
manufacturing industry.

Literature review:

Abualfaraa et al. (2020) carried out an overall review of lean-green manufacturing practices
and its relationship with sustainability. The paper highlights that the combination of lean
concepts and green manufacturing approaches can ensure the industries can achieve both
efficiency in their operations and environmental achievement. Lean methods like reduction of
waste, optimization of processes and continuous improvement coupled with environmentally
friendly methods like energy saving, environmental pollution reduction and recycling of
materials make sustainable operations of industries. It has also been found in the review that
the application of lean-green practices leads to the decrease in the consumption of the
resources, less impact of the environment, and the improvement in the productivity. The
authors however point out that some challenges that could hinder the adoption of such
practices may affect the cost of implementation where the skilled personnel are not available
and management resistance even in the small and medium size firms.

Bhamu and Sangwan (2014) present a comprehensive overview of concepts and research
concerns of the lean manufacturing. Their paper shows how lean principles could help in
enhancing the performance of operations in terms of eliminating wastage, shortening the
production time, maximizing resource utilization. Another aspect that is discussed by the
authors is the development of lean manufacturing and the research gaps they have identified,
such as the combination of lean with sustainability and green initiatives. According to the
review, it can be concluded that lean manufacturing is effective to enhance efficiency and
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minimize costs, nonetheless, it is better to integrate this technique with environmental

policies to develop a more sustainable production system. The article emphasizes the

necessity to conduct more research on the application of lean-green practices in various

industrial sectors and how it will affect their economic and environmental performance in the
long-run.

A significant body of literature on sustainable manufacturing was carried out by Chiarini
(2014), as a growing number of studies noted that sustainable manufacturing promotes the
attainment of long-term industrial and environmental outcomes. The paper has underlined the
fact that sustainable manufacturing goes beyond environmental impact reduction to include
operational efficiency, resource use, and social responsibility. According to Chiarini, the
research gaps include the lack of the frameworks, which would help to incorporate
sustainability into the daily operation of industrial activities, the lack of methods to measure
sustainability performance, and the methods to mitigate the obstacles impeding its
implementation inside an organization. The paper also reserves the need to conduct more
research to combine technological innovation and sustainability concepts into more resilient
and competitive production systems.

Geng, Sarkis, and Ulgiati (2016) address trends and future trends in green manufacturing and
the correlation with sustainability, effectiveness, and efficiency. Their analysis reveals that
environmental compliance is not the only goal that green manufacturing seeks; it is trying to
optimize the use of resources, reduce emissions, and increase the efficiency of the whole
production process. The paper has more specifically established areas that are critical and
they include energy efficient technologies, eco-design, minimization of waste and
incorporation of information and communication technologies (ICT) in their manufacturing
processes. Another point that is brought out by the authors is how a systemic approach to
attaining sustainability incorporates supply chain, product life cycles, and stakeholder
collaboration, but not individual green- initiatives.

Govindan, Soleimani, and Kannan (2015) offer an in-depth overview of the notion of the
reverse logistics and closed-loop supply chains, which are the inseparable parts of the
sustainable industrial activities. The research states that through reverse logistics, it is
possible to reuse, recycle and dispose of materials in the most appropriate way which will
have an impact in minimizing the effects on the environment and also help in resource
efficiency. Close loop supply chains that combine forward and reverse product and material
flows are found to enhance environmental and economic performance. Other challenges
referred to in the review include non-standardized processes, stakeholder coordination and
cost management and the provision of direction of future research that is likely to make
sustainable supply chain practices an effective and adopted method.

Kumar and Malegeant (2020) find relationships between green manufacturing, environmental
performance, and competitiveness. Their paper emphasizes that using environmentally
friendly practices does not only cut pollution and the use of resources but also enhances the
competitiveness of a company. The authors underline that the combination of green
technologies, energy-efficient operations, and sustainable management of resources helps
firms to have increased efficiency of operations and long-term profitability. This means that
the environment is compatible with economic variables, which would support the green
manufacturing business case.
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Singh, Murty, Gupta and Dikshit (2009) have given a review of methods of assessing
sustainability, which offers guidelines on how environmental, economic and social
performance can be measured. Their research proves that systematic assessment of
sustainability is the necessity that industries should undertake in order to determine the parts
that require improvement and monitor the gains of the green manufacturing projects. It also
highlights the significance of credible indicators and measures on determining the
sustainability of the industry which can inform the management decisions and drawing of
policies.

Srivastava (2007) is a state-of-the-art review on the green supply chain management
(GSCM), with a concentration on how a supply chain can be redesigned to include
environmental issues. As noted in the study, the best GSCM interventions like supplier
assessment, reverse logistics, and minimizing waste play a crucial role of ensuring
sustainable industrial operations. Srivastava points out that the concept of incorporating the
environmental strategies in the supply chain helps to minimize the environmental impact,
enhance performance and customer satisfaction.

Oyelakin and Johl (2022) explore the effects of the ISO 14001 certification and green
sterilization on the sustainable performance of manufacturing companies. They suggest that
compliance with international environmental standards and offering services that are
environmentally friendly serve as considerable motivation factors of environmental and
operational performance. Adopting ISO 14001 will help companies to meet the current
practices of environmental regulation worldwide, whereas green sterilization will push
companies to deliver green products and services that will increase their recognition and
competitiveness in the market.

Sakundararuni and Udin (2021) carry out a review study of literature based on green
manufacturing and its impact on the sustainability of manufacturing companies. Their
research draws attention to the fact that sustainable manufacturing operations such as waste
minimization, use of energy and eco-friendly production processes are very instrumental in
ensuring environmental and economic performance is enhanced. Another aspect identified by
the authors is that organizational commitment, investment in technology, and employee
engagement are the determining factors in the success of the green manufacturing efforts.

Prakash, Arora, and Mittal (2022) review the green manufacturing literature in the last decade
with a focus on the recent tendencies and developing practices. As the research demonstrates,
industries become more and more inclined to implement the latest strategies, which include
the principles of a circular economy, more environmentally friendly production methods, and
the use of digital solutions in the process of sustainability management. According to the
authors, more research and improvement of technology should be carried out to resolve the
limitations due to the expensive nature of implementation, shortage of skilled labor, and
obstacles to integration to ensure more and more green manufacturing practices are put into
practice.

Together these studies verify that green manufacturing and sustainability practices lead to
improved performance of the environment, operations efficiency and competitiveness of
industrial operations. They also point out that systematic evaluation, integration of the supply
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chain, certification standards, and organizational commitment are very vital towards
sustainable industrial results.

Objectives of the Study:

1. To examine the concept and importance of green manufacturing practices in achieving
sustainable industrial operations.

2. To evaluate the environmental and operational benefits of adopting sustainable
manufacturing practices in industries.

3. To identify the major challenges faced by industries in the implementation of green
manufacturing practices.

Hypotheses:

e Ho (Null Hypothesis): Green manufacturing practices do not have a significant
impact on environmental sustainability and operational efficiency in industrial
operations.

e H. (Alternative Hypothesis): Green manufacturing practices have a significant
positive impact on environmental sustainability and operational efficiency in
industrial operations.

Research methodology:

The current paper has a descriptive and analytical nature of research design to appraise the
concept of green manufacturing within the industrial processes. The study will rely on
secondary information sources of published research papers, journals, books, government
reports, and relevant and reliable online sources on sustainable manufacturing and
environmental management. The approach can be used to learn the existent concepts,
practices, and trends in green manufacturing.

The research will be based on literature review and examination of literature to find out the
most important green manufacturing practices, their advantages and difficulties with
implementation. They are compared and analyzed to see the differences between traditional
manufacturing techniques and sustainable manufacturing practices. The obtained data are
being examined in relation to their qualitative analysis to make some meaningful conclusions
about the efficiency of green manufacturing in stimulating sustainable industrial activity.

This way of research enables one to have a clear picture of the role that the green
manufacturing practices performance and contributes to the review of its role in making the
industrial sustainable.

Analysis of the study:
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Table 1: Descriptive Analysis of Green Manufacturing Practices Adopted by Industries

Green Manufacturing Practice | Number of Studies Reviewed | Percentage (%)
Energy-efficient technologies | 18 60%

Waste reduction and recycling | 22 73.33%

Use of renewable energy 14 46.67%
Eco-friendly raw materials 16 53.33%
Pollution control measures 20 66.67%

Total Studies Reviewed 30 100%

Interpretation

The descriptive analysis reveals that waste reduction and recycling are the most adopted
green manufacturing strategies where 73.33 percent of the analyzed studies indicate such.
There are also common practices of pollution control, as well as the implementation of
energy saving technologies. Nonetheless, the consumption of renewable energy is relatively
less, which means that more investments and policy-making should be made in the field.

Table 2: Descriptive Analysis of Benefits of Green Manufacturing Practices

Benefit Identified Number of Studies | Percentage (%)
Reduction in environmental pollution 24 80%
Improvement in operational efficiency 21 70%

Reduction in production costs 19 63.33%
Compliance with environmental regulations | 23 76.67%
Enhanced corporate image 20 66.67%

Interpretation

According to the table, the greatest benefit of green manufacturing is the decrease in the level
of environmental pollution as suggested by 80 percent of the research works. Efficiency and
regulatory compliance also improve according to a large percentage of studies. This is a
confirmation that green manufacturing has some benefits that are both environmental and
economic.

Table 3: Analytical Comparison between Traditional and Green Manufacturing
Practices
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Performance
Indicator

Traditional
Manufacturing

Green
Manufacturing

Change (%0)

Energy consumption

High (100 units)

Moderate (70 units)

30% reduction

Waste generation

High (80 units)

Low (45 units)

43.75% reduction

Production cost Moderate (X100) Reduced (85) 15% reduction
Environmental High Low Significant
impact improvement

Interpretation

It is seen through the analysis comparison that green manufacturing results in a high level of
saving of energy and reducing waste. A 15 percent decrease in production cost goes further to
indicate sustainability practices enhance economic performance. In general, green
manufacturing has superior environmental and operational results as opposed to traditional
manufacturing.

Table 4: Analytical Evaluation of Hypothesis

Hypothesis Observed Result Decision
Ho: Green manufacturing has no | Evidence shows reduced pollution | Rejected
significant impact and costs

Hi: Green manufacturing has a positive | Supported by majority of reviewed | Accepted
impact studies

Interpretation

Resulting the analytical data of the reviewed literature, the null hypothesis (Ho) is rejected
and the alternative hypothesis (H,) is accepted. This proves the fact that green manufacturing
is one of the key practices in ensuring the sustainability of the environment and efficiency in
the running of the operations.

Final conclusion:

The paper has indicated the importance of green manufacturing practices in facilitating
sustainable industrial activities. Although essential in the economic development process, the
growth of industries has its negative effects on the environment in terms of pollution, overuse
of resources, and even generation of waste. Green manufacturing is a viable remedy as it
incorporates the concept of environmentally friendly practices in the manufacturing process
without affecting the efficiency and productivity of the operation.
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The descriptive analysis reveals that waste diminution techniques, energy-efficient

technologies and methods of pollution minimization along with the application of eco-

friendly materials are broadly used in the industry and offer practical advantages. These

advantages are a decreasing environment pollution, an increase in operational efficiency,

reduction in cost of production as well as an increase in adherence to environmental rules. In

addition to that, sustainable industry practices enhance the corporate image of the industry
and a competitive edge among competitors.

The disadvantages of green manufacturing far outweigh the challenges, especially in terms of
the high equipment costs, lack of technological skills, and change opponent-mentality, even
though the long-term benefits are far more substantial. The result of the hypothesis testing
also supports the conclusion of the strong positive effect of green manufacturing to
sustainability and operational performance.
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