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Abstract-Green manufacturing technologies aim to reduce
environmental impact through innovative processes and materials. This
review examines key areas of sustainable manufacturing, such as additive
manufacturing, biodegradable materials, and advanced coatings for
energy efficiency and durability. Integrating these technologies poses
challenges, requiring advanced data management and technological
improvements. Green tax systems can incentivize sustainable practices by
internalizing environmental costs and providing positive incentives.
Green technology innovation enhances value creation, climate
adaptability, and reduces environmental risks. Waste minimization
strategies like lean manufacturing and Design for Environment (DfE)
enhance efficiency, while energy-efficient processes and renewable
energy reduce consumption and emissions. Sustainable supply chain
management ensures environmental and social considerations are
integrated throughout the supply chain. Challenges such as high costs,
technological integration, economic barriers, and regulatory issues hinder
widespread adoption. Optimization strategies, including technological
innovations and process optimization, can address these challenges.
Successful case studies highlight the benefits and lessons learned from
implementing sustainable practices. The potential impacts include
environmental preservation, economic advantages, and enhanced
corporate social responsibility. This review underscores the importance of
sustainable manufacturing and offers insights for future research and
implementation strategies.

Keywords-Sustainable  manufacturing, ~Green  manufacturing
technologies, Environmental impact, Waste minimization, Nigeria

[. INTRODUCTION

Sustainable = manufacturing in  Nigeria  involves
implementing  environmentally  friendly  practices
throughout the production process to minimize negative
environmental impacts and conserve resources [1]. This
approach integrates sustainable design, energy-efficient
manufacturing processes, and responsible disposal
practices to align with broader sustainability goals [1]. By
optimizing manufacturing processes using multi-objective
models and artificial intelligence, energy consumption can
be monitored and reduced, leading to improved energy
efficiency [2]. Sustainable additive manufacturing
practices contribute to enhancing sustainability by
focusing on design, consumption, and sustainable
materials [3]. Decision support tools like the AHP-
PROMETHEE model aid in selecting sustainable
machining processes based on various parameters [4].
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Digitalization plays a crucial role in optimizing processes
towards sustainability in manufacturing, with better-
optimized processes leading to more sustainable practices
[5]. The integration of industrial building information is
essential for flexibility assessment and decision-making
support in sustainable manufacturing [6].

The purpose of this study is to explore sustainable
manufacturing practices and their optimization and
implementation in modern manufacturing processes. As
environmental concerns become increasingly prominent,
industries worldwide are seeking methods to minimize
their environmental impact while maintaining economic
viability. This study aims to identify and analyse key areas
where sustainable practices can be optimized, including
green manufacturing technologies, life cycle assessment,
waste minimization, energy-efficient processes, and
sustainable supply chain management. By examining these
areas, the study seeks to provide insights into the
challenges and opportunities associated with implementing
sustainable practices in manufacturing and to offer
practical recommendations for industries aiming to
achieve sustainability goals.

This study is expected to answer the following research
questions:

1. What are the key areas of sustainable
manufacturing practices that can be optimized to achieve
sustainability goals?

2. What are the challenges and barriers to
implementing sustainable manufacturing practices in the
industry?

3. What strategies and technologies can be
employed to optimize sustainable manufacturing
practices?

4. What is the potential impact of optimizing and
implementing sustainable manufacturing practices on the
environment, economy, and  corporate  social
responsibility?
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A. Research Structure

The research paper is structured into several sections, each
addressing a specific aspect of sustainable manufacturing
practices. The structure is designed to provide a
comprehensive overview of the topic, starting with an
introduction to sustainable manufacturing and moving
through key areas, challenges, optimization strategies,
potential impacts, case studies, and concluding with a
summary of findings and future directions.

4, Optimization Srategles 5, Potential Impact 6, Case Studies and Best Practices
Molgitein EnvtonmentalBenes WM
Imoncdwkezmablem” m;:: Economic Advanlages MW
fia Social and Corporate Responsiilly -

Fig. 1: Paper Structure

B. Importance of Optimization and Implementation

The optimization and implementation of sustainable
manufacturing practices are essential in addressing
environmental  challenges linked to traditional
manufacturing processes. Through process optimization,
manufacturers can improve efficiency, reduce waste,
decrease energy consumption, and minimize their
environmental footprint [7]. Implementation involves
adopting new technologies, processes, and strategies to
promote sustainability across the manufacturing lifecycle,
leading to regulatory compliance, enhanced corporate
social responsibility, improved brand reputation, and long-
term profitability [7]. Sustainable manufacturing practices
cover various stages, from pre-manufacturing to post-use
phases, highlighting the significance of integrating eco-
friendly practices throughout the product lifecycle [8].
Digital tools such as the Digital Product Passport enhance
transparency in the supply chain, supporting decision-
making and optimal resource management for
sustainability [9].

II. KEY AREAS OF SUSTAINABLE
MANUFACTURING

A. Green Manufacturing Technologies

Green manufacturing technologies encompass innovative
processes and materials aimed at reducing environmental
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impact. Examples include additive manufacturing (3D
printing) that minimizes material waste through layer-by-
layer product construction and the use of biodegradable
materials to alleviate landfill pressure. Advanced coatings
and surface treatments are employed to lower energy
consumption and enhance product durability within this
realm [10]. Green technologies are complex and require
systematic integration into manufacturing processes,
which creates challenging data requirements for traditional
manufacturing systems [10]. Implementing green tax
systems can incentivize sustainable practices and guide
manufacturing enterprises towards green transformations
[11]. This is because the green tax system can suppress
high-pollution and high-energy-consumption behaviours
of manufacturing enterprises through the internalization of
environmental costs and positive green incentives, guiding
them towards management mechanism innovations for
green transformation [11]. Green technology innovation
plays a crucial role in enhancing value creation patterns for
manufacturing enterprises, improving adaptability to
extreme climate events, and reducing environmental risks
[12]. Green technology innovation is an important
potential way for manufacturing enterprises to improve
value creation patterns and enhance their adaptability to
extreme climate events [12].

B. Waste Minimization

Waste minimization in sustainable manufacturing
involves strategies like lean manufacturing and Design for
Environment (DfE) to reduce waste and enhance
efficiency [10]. Resource recovery practices, such as
reclaiming valuable materials from waste streams,
significantly contribute to waste reduction [10]. Green tax
systems can incentivize sustainable practices and guide
manufacturing enterprises towards green transformations
[11]. Green technology innovation plays a crucial role in
improving value creation patterns and enhancing
adaptability to extreme climate events [13]. The
integration of green technology innovation into
manufacturing processes can lead to reduced carbon
emissions and promote sustainable economic development
[12].

C. Energy-Efficient Processes

Energy-efficient processes in manufacturing aim to
reduce energy consumption through various strategies
such as the adoption of energy management systems
(EMS), process integration with energy-efficient
technologies, and the utilization of renewable energy
sources like solar and wind power [10]. These practices
not only lower energy costs but also contribute to reducing
greenhouse gas emissions [10]. Implementing green
technology innovation can enhance energy efficiency,
reduce carbon emissions, and promote sustainable
economic development in manufacturing enterprises. The
integration of green technology innovation into
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manufacturing processes can lead to improved energy
efficiency and reduced environmental impact.

D. Sustainable Supply Chain Management

Sustainable supply chain management involves
integrating environmental and social considerations into
supply chain operations, working with suppliers to adopt
sustainable practices, sourcing materials meeting
environmental standards, and implementing transparency
systems to monitor and report environmental impacts [14].
Life Cycle Assessment (LCA) is a crucial tool for
evaluating environmental impacts across all stages of a
product's life cycle, aiding in identifying areas for
improvement and enhancing sustainability practices [15].
By incorporating LCA into sustainable manufacturing
practices, companies can ensure that sustainability efforts
extend beyond their facilities to encompass the entire
supply chain, promoting environmental responsibility and
social well-being [15].

III. CHALLENGES IN IMPLEMENTING
SUSTAINABLE PRACTICES

A. Technological Challenges

Implementing sustainable manufacturing practices
often involves the adoption of advanced technologies,
which can be challenging due to high costs and complexity
[16]. Integrating new technologies with existing systems
requires significant changes in infrastructure and
operations, posing additional hurdles to implementation
[16]. To address these challenges, organizations can
leverage team culture to enhance corporate performance
and facilitate the adoption of sustainable practices [17]. By
fostering a culture that values waste minimization and
efficient resource use, companies can overcome barriers to
technology adoption and drive sustainable manufacturing
initiatives forward [17].

B. Economic Barriers

Implementing sustainable manufacturing practices
often faces challenges due to the high initial investment
required for advanced technologies and processes,
particularly for Small and Medium-sized Enterprises
(SMEs) [18]. The long payback period associated with
some sustainable technologies can further hinder their
adoption by manufacturers [18]. To overcome these
barriers, companies can explore sustainable supply chain
management practices that have been shown to positively
impact business performance by reducing costs and
enhancing reputation [8]. By integrating sustainability
considerations into supply chain operations, organizations
can extend their sustainability efforts beyond their
manufacturing  facilities, promoting environmental
responsibility and social well-being [8].

C. Regulatory and Policy Issues
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Regulatory and policy challenges can hinder the
implementation of sustainable manufacturing practices,
with unclear regulations, lack of incentives, and
bureaucratic obstacles impeding progress [19]. The
absence of standardized metrics and reporting frameworks
further complicates manufacturers' ability to measure and
communicate their sustainability performance [19]. To
address these issues, companies can leverage sustainable
supply chain management practices to positively impact
business performance by reducing costs and enhancing
reputation  [20]. By  integrating  sustainability
considerations into supply chain operations, organizations
can extend their sustainability efforts beyond their
manufacturing  facilities, promoting environmental
responsibility and social well-being [20].

D. Workforce and Training

A skilled workforce is essential for successful sustainable
manufacturing practices. However, there is a shortage of
trained personnel with expertise in green technologies,
highlighting the need for investment in education and
training programs [21]. Sustainable supply chain
management practices have been shown to have a positive
impact on business performance by reducing costs and
enhancing reputation, providing a solution to regulatory
and policy challenges [22]. Integrating sustainability
considerations into supply chain operations allows
organizations to expand their sustainability efforts beyond
manufacturing facilities, thereby promoting environmental
responsibility and social well-being [22].

IV. OPTIMIZATION STRATEGIES

A. Technological Innovations

Technological innovations play a crucial role in
optimizing sustainable manufacturing practices. Emerging
technologies such as artificial intelligence (AI), machine
learning, and the Internet of Things (IoT) have the
potential to enhance process efficiency, reduce waste, and
improve resource management [5]. For example, Al-
powered predictive maintenance can help prevent
equipment failures, leading to reduced downtime and
maintenance costs [5]. Implementing sustainable
manufacturing practices not only allows companies to
decrease their environmental impact but also enhances
their reputation, boosts customer loyalty, and enables cost
savings through resource efficiency [23].

B. Process Optimization Techniques

The adoption of sustainable manufacturing practices
in Nigeria offers numerous benefits, both environmental
and economic. By focusing on process optimization
techniques such as lean manufacturing, Six Sigma, and
total quality management (TQM), manufacturers can
enhance efficiency, reduce waste, and achieve significant
cost savings while improving environmental sustainability
[24]. These methodologies emphasize continuous
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improvement and data-driven approaches to identify and
eliminate inefficiencies in manufacturing processes,
leading to enhanced operational performance and reduced
environmental impact [24]. Through the implementation of
these sustainable practices, companies can not only
improve their environmental footprint but also realize
economic advantages, positioning themselves as
responsible and ethical entities in the eyes of stakeholders.

C. Integration of Renewable Energy Sources

Integrating  renewable  energy  sources into
manufacturing operations is a pivotal strategy for reducing
energy consumption and greenhouse gas emissions in
Nigeria [25]. Technologies such as solar panels, wind
turbines, and Dbioenergy systems offer clean and
sustainable energy solutions for manufacturing processes
[25]. The use of energy storage solutions like batteries and
fuel cells can enhance the reliability and stability of
renewable  energy  systems, further  promoting
sustainability in manufacturing operations [26]. By
adopting these renewable energy sources, manufacturers
can achieve significant environmental benefits and
contribute to a greener and more sustainable future.

V. POTENTIAL IMPACT
A. Environmental Benefits

The adoption of sustainable manufacturing
practices in Nigeria plays a crucial role in reducing the
environmental footprint of manufacturing activities. By
focusing on optimizing processes, reducing waste, and
enhancing energy efficiency, manufacturers can minimize
their impact on natural resources and ecosystems,
contributing to the preservation of biodiversity, pollution
reduction, and climate change mitigation [21]. These
sustainable practices not only benefit the environment but
also lead to economic advantages for companies,
positioning them as responsible and ethical entities in the
eyes of stakeholders.

B. Economic Advantages

Implementing sustainable manufacturing
practices in Nigeria not only contributes to environmental
preservation but also offers significant economic
advantages. By focusing on optimizing processes,
reducing waste, and enhancing energy efficiency,
manufacturers can achieve lower operational costs due to
efficient resource utilization, enhanced competitiveness,
and compliance with environmental regulations, leading to
cost savings and avoidance of penalties [21]. These
practices enhance companies’ reputations and attract
environmentally conscious consumers.

C. Social and Corporate Responsibility
Adopting sustainable manufacturing practices not

only showcases a company's commitment to corporate
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social responsibility (CSR) but also offers various
economic advantages [22]. By prioritizing sustainability,
companies can enhance stakeholder trust and loyalty,
leading to increased customer satisfaction, employee
engagement, and investor confidence [22]. Moreover,
sustainable practices can improve brand reputation, attract
environmentally conscious consumers, and ultimately
result in increased sales and market share, providing a
competitive edge in the market [22].

VI. CASE STUDIES AND BEST PRACTICES
A.  Successful Implementations

Implementing sustainable manufacturing practices is
crucial for reducing the environmental impact of
manufacturing activities in Nigeria. By focusing on
optimizing processes, reducing waste, and enhancing
energy efficiency, manufacturers can minimize their
ecological footprint, contributing to the preservation of
biodiversity, pollution reduction, and climate change
mitigation [27]. Companies like General Electric (GE)
have successfully implemented comprehensive
sustainability strategies that include energy-efficient
processes, waste minimization, and sustainable supply
chain management, leading to reduced environmental
impact and improved competitive advantage [27]. Add to
the myriads of sustainable manufacturing practices
deployed, companies can reduce negative environmental
consequences, improve  organizational  sustainable
performance and ultimately increase competitive
advantage through the implementation of reverse logistics
concepts [28].

B. Lessons Learned

Case studies of sustainable manufacturing practices
provide valuable insights for manufacturers seeking to
embrace sustainable approaches [29]. These studies
underscore the importance of top management
commitment, the need for continuous improvement, and
the benefits of collaborating with suppliers and
stakeholders [29]. Additionally, the integration of
technology and innovation is identified as a critical factor
in attaining sustainability objectives within manufacturing
operations [29]. By drawing lessons from these case
studies, Nigerian companies can improve their
environmental performance, realize economic advantages,
and bolster their competitive position in the market.

VII. CONCLUSION
A.  Summary of Findings

This review highlights the importance of optimizing
and implementing sustainable manufacturing practices to
address the environmental challenges posed by traditional
manufacturing. Key areas of focus include green
manufacturing technologies, waste minimization, energy-
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processes, and sustainable chain

supply

management. While there are implementation challenges,
there are also significant opportunities for environmental,
economic, and social benefits.

B. Future Directions in Sustainable Manufacturing

Future research and development should focus on
advancing technologies and processes that enhance
sustainability in manufacturing. This includes exploring
new materials, improving energy storage solutions, and
developing more efficient waste management systems.

Additionally,

policies and regulations should be

strengthened to support the adoption of sustainable
practices. Education and training programs should also be
expanded to equip the workforce with the necessary skills
and knowledge for sustainable manufacturing.

ACKNOWLEDGMENT

The authors acknowledge the efforts of the management of
the Nnamdi Azikiwe University Akwa in stimulating this

research.

[1].

[2].

(3.

[4].

[5].

[6].

REFERENCES

Bozoklar, E. 2023. "Designing Sustainable Flexible
Manufacturing  Cells  with  Multi-Objective
Optimization Models." Applied Sciences 14, no. 1:
203. https://doi.org/10.3390/app14010203.

Hsu, C. 2023. "A Survey on Recent Applications of
Artificial Intelligence and Optimization for Smart
Grids in Smart Manufacturing." Energies 16, no.
22:7660. https://doi.org/10.3390/en16227660.

Agrawal, R., and Vinodh, S. 2019. "State of Art
Review on Sustainable Additive Manufacturing."
Rapid Prototyping Journal 25, no. 6: 1045-1060.
https://doi.org/10.1108/rpj-04-2018-0085.

Slama, H. 2023. "Proposal of a Combined AHP-
PROMETHEE Decision Support Tool for Selecting
Sustainable Machining Process Based on Toolpath
Strategy and  Manufacturing  Parameters."
Sustainability 15, no. 24 16861.
https://doi.org/10.3390/su152416861.

Peng, Y. 2023. "Impact of Digitalization on Process
Optimization and Decision-Making towards
Sustainability: =~ The  Moderating Role  of
Environmental Regulation." Sustainability 15, no.
20: 15156. https://doi.org/10.3390/sul52015156.

Reisinger, J., Knoll, M., and Kovaci¢, 1. 2021.
"Design Space Exploration for Flexibility
Assessment and Decision-Making Support in
Integrated Industrial Building Design."
Optimization and Engineering 22, no. 3: 1693-
1725. https://doi.org/10.1007/s11081-021-09614-2.

ISSN (Print): 2456-6403 | ISSN (Online): 2456-6411

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

Ren, S., Zhang, Y., Liu, Y., Sakao, T., Huisingh, D.,
and Almeida, C. 2019. "A Comprehensive Review
of Big Data Analytics Throughout Product
Lifecycle to  Support Sustainable  Smart
Manufacturing: A Framework, Challenges and
Future Research Directions." Journal of Cleaner
Production 210: 1343-1365.
https://doi.org/10.1016/j.jclepro.2018.11.025.

Ma, Y. 2024. "Optimal Sustainable Manufacturing
for Product Family Architecture in Intelligent
Manufacturing: A Hierarchical Joint Optimization
Approach." Sustainability 16, no. 7: 2727.
https://doi.org/10.3390/sul6072727.

Psarommatis, F. 2024. "Digital Product Passport: A
Pathway to Circularity and Sustainability in
Modern Manufacturing." Sustainability 16, no. 1:
396. https://doi.org/10.3390/su16010396.

Wei, Z., and Sun, L. 2021. "How to Leverage
Manufacturing Digitalization for Green Process
Innovation: An Information Processing
Perspective." Industrial Management & Data
Systems 121, no. 5: 1026-1044.
https://doi.org/10.1108/imds-08-2020-0459.

Kang, L. 2024. "Can the Water Resource Fee-to-
Tax Reform Promote the 'Three-Wheel Drive' of
Corporate Green Energy-Saving Innovations?
Quasi-Natural Experimental Evidence from China."
Energies 17, no. 12: 2866.
https://doi.org/10.3390/en17122866.

Wang, C. 2024. "The Effects of Extreme Climate
Events on Green Technology Innovation in
Manufacturing Enterprises." Journal of Business
Economics and Management 25, no. 2: 337-355.
https://doi.org/10.3846/jbem.2024.21170.

Jan, A. 2023. "Can Blockchain Technologies
Enhance Environmentally Sustainable
Development Goals Performance in Manufacturing
Firms? Potential Mediation of Green Supply Chain
Management Practices." Business Strategy and the
Environment 33, no. 3: 2004-2019.
https://doi.org/10.1002/bse.3579.

Ferrara, C., Feo, G., and Picone, V. 2021. "LCA of
Glass versus PET Mineral Water Bottles: An Italian
Case Study." Recycling 6, no. 3: 50.
https://doi.org/10.3390/recycling6030050.

Naneva, A., Bonanomi, M., Hollberg, A., Habert,
G., and Hall, D. 2020. "Integrated BIM-Based LCA
for the Entire Building Process Using an Existing
Structure for Cost Estimation in the Swiss
Context." Sustainability 12, no. 9: 3748.
https://doi.org/10.3390/su12093748.

JREAS, Volume. 09, Issue 03, July 2024 773



[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

Journal of Research in Engineering and Applied Sciences

Saka, A., Olaore, F., and Olawumi, T. 2019. "Post-
Contract Material Management and Waste
Minimization." Journal of Engineering Design and
Technology 17, no. 4: 793-807.
https://doi.org/10.1108/jedt-10-2018-0193.

Maduabuchi, C. 2022. "How Team Culture Affects
Corporate Performance: A Literature Review." The
International Journal of Business & Management.
https://doi.org/10.24940/theijbm/2022/v10/i12/bm2
212-007.

Zhang, X., Yu, Y., and Zhang, N. 2020.
"Sustainable Supply Chain Management Under Big
Data: A Bibliometric Analysis." Journal of
Enterprise Information Management 34, no. 1: 427-
445. https://doi.org/10.1108/jeim-12-2019-0381.

Agyabeng-Mensah, Y., Ahenkorah, E., Afum, E.,
Dacosta, E., and Tian, Z. 2020. "Green
Warehousing, Logistics Optimization, Social
Values and Ethics and Economic Performance: The
Role of Supply Chain Sustainability." The
International Journal of Logistics Management 31,
no. 3: 549-574. https://doi.org/10.1108/ijlm-10-
2019-0275.

Orji, 1., Kusi-Sarpong, S., and Gupta, H. 2019.
"The Critical Success Factors of Using Social
Media for Supply Chain Social Sustainability in the
Freight Logistics Industry." International Journal of
Production Research 58, no. 5: 1522-1539.
https://doi.org/10.1080/00207543.2019.1660829.

Moktadir, M., Rahman, T., Rahman, H., Ali, S., and
Paul, S. 2018. "Drivers to Sustainable
Manufacturing Practices and Circular Economy: A
Perspective of Leather Industries in Bangladesh."
Journal of Cleaner Production 174: 1366-1380.
https://doi.org/10.1016/j.jclepro.2017.11.063.

Ogunode, O., and Adegbie, F.  2022.
"Environmental = Disclosure  Practices  and
Sustainable Performance of Quoted Manufacturing
Companies in Nigeria." Asian Journal of
Economics Business and Accounting: 455-469.
https://doi.org/10.9734/ajeba/2022/v22i23886.

Huang, J., Irfan, M., Fatima, S., and Shahid, R.
2023. "The Role of Lean Six Sigma in Driving
Sustainable Manufacturing Practices: An Analysis
of the Relationship Between Lean Six Sigma
Principles, Data-Driven Decision Making, and
Environmental  Performance."  Frontiers in
Environmental Science 11.
https://doi.org/10.3389/fenvs.2023.1184488.

Ji, O., Chukuigwe, O., and FY, U. 2022. "Effect of
Adoption of Sustainable Agricultural Practices
Among Plantain Farmers in Yenagoa Agricultural
Zone of Bayelsa State, Nigeria." International

ISSN (Print): 2456-6403 | ISSN (Online): 2456-6411

Journal of Science and Research Archive 5, no. 1:
114-122.
https://doi.org/10.30574/ijsra.2022.5.1.0047.

[25]. Eze, U. 2024. "Impact of Gasoline and Renewable
Energy Consumption on Manufacturing Sector
Output in Nigeria: New Evidence from ARDL
Model." https://doi.org/10.21203/rs.3.1s-
4205989/v1.

[26]. Badi, I., Muhammad, L., Abubakar, M., and Bakur,
M. 2022. "Measuring Sustainability Performance
Indicators Using FUCOM-MARCOS Methods."
Operational Research in Engineering Sciences:
Theory and Applications 5, no. 2: 99-116.
https://doi.org/10.31181/oresta040722060b.

[27]. Wassan, A., Memon, M., Mari, S., and Kalwar, M.
2023. "Identifying the Critical Success Practices of
Sustainability and Their Implementation in the
Manufacturing Sector of Pakistan: An Exploratory
Factor Analysis." Journal of Applied Research in
Technology & Engineering 4, no. 1: 37-53.
https://doi.org/10.4995/jarte.2023.18623.

[28]. U-Dominic, C.M., Orji, L.J., and Okwu, M. 2021.
"Analyzing the Barriers to Reverse Logistics (RL)
Implementation: A Hybrid Model Based on IF-
DEMATEL-EDAS." Sustainability 13: 10876.
https://doi.org/10.3390/su131910876.

[29]. Ogboani, H., Chikezie-Aga, C., and Inyiama, O.
2023. "The Effects of Manufacturing Sector Output
on Environmental Sustainability in Nigeria from
1990 to 2019." European Journal of Accounting
Auditing and Finance Research 11, no. 1: 86-97.
https://doi.org/10.37745/ejaafr.2013/vol11n18697.

AUTHORS

C.0. Nwamekwe is a lecturer in the Department of
Industrial and Production Engineering at Nnamdi Azikiwe

University Awka, Nigeria.(co.nwamekwe(@unizik.edu.ng )

N.V. Ewuzie is a technologist in the Department of
Industrial and Production Engineering at Nnamdi Azikiwe
University Awka, Nigeria. (nv.ewuzie(@unizik.edu.ng )

N.C. Igbokwe is the head of the Department of Industrial
and Production Engineering at Nnamdi Azikiwe
University Awka, Nigeria. (nc.igbokwe@unizik.edu.ng)

C.C. Okpala is a lecturer in the Department of Industrial
and Production Engineering at Nnamdi Azikiwe
University Awka, Nigeria. (cc.okpala@unizik.edu.ng )

C.M. U-Dominic is a lecturer in the Department of
Industrial and Production Engineering at Nnamdi Azikiwe
University Awka, Nigeria. (cm.u-dominic@unizik.edu.ng )

JREAS, Volume. 09, Issue 03, July 2024 774


mailto:co.nwamekwe@unizik.edu.ng
mailto:nv.ewuzie@unizik.edu.ng
mailto:nc.igbokwe@unizik.edu.ng
mailto:cc.okpala@unizik.edu.ng
mailto:cm.u-dominic@unizik.edu.ng

