
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Navigating the Potential Applications and
Challenges of Intelligent and Sustainable
Manufacturing for a Greener Future

Akhai, Shalom
Chandigarh College of Engineering, CGC Jhanjeri

https://doi.org/10.5109/7160899

出版情報：Evergreen. 10 (4), pp.2237-2243, 2023-12. Transdisciplinary Research and Education
Center for Green Technologies, Kyushu University
バージョン：
権利関係：Creative Commons Attribution 4.0 International



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 04, pp2237-2243, December, 2023 

 
Navigating the Potential Applications and Challenges of 
Intelligent and Sustainable Manufacturing for a Greener 

Future 
 

Shalom Akhai 

Chandigarh College of Engineering, CGC Jhanjeri, Punjab-140307, India. 
 

Author to whom correspondence should be addressed: 
E-mail: shalomakhai@gmail.com 

 
(Received February 6, 2023; Revised November 10, 2023; accepted November 17, 2023). 

 
Abstract: A contemporary approach to manufacturing, intelligent and sustainable 

manufacturing makes use of cutting-edge technologies to maximize output, minimize waste, 
conserve energy, and reduce environmental impact. Digital twin technology, predictive 
maintenance, intelligent factories, ecological manufacturing, quality control and optimization, and 
supply chain optimization are all components. By monitoring equipment performance with sensors 
and machine learning algorithms, predictive maintenance decreases disruption. Intelligent factories 
are responsive, real-time facilities that employ cutting-edge technologies such as artificial 
intelligence, robotics, and the Internet of Things. Green manufacturing reduces the environmental 
impact of the manufacturing process through the use of eco-friendly procedures. Quality control 
and optimization enhance production processes and product quality through the application of AI, 
machine learning, and data analytics. Optimization of the supply chain improves the visibility and 
sustainability of the supply chain. By optimizing simulation, testing, and design, digital twin 
technology eliminates the need for physical prototypes. 

 
Keywords: Intelligent Manufacturing, Sustainable Manufacturing, Advanced Technologies, 

Quality Control, Supply Chain Optimization, Environmental Impact. 
 

1. Introduction 
Intelligent and sustainable manufacturing optimises 

production, improves quality, reduces waste, conserves 
energy, and reduces environmental impact1). Predictive 
maintenance employs sensors and machine learning 
algorithms to monitor equipment performance, 
decreasing downtime and enhancing efficiency in 
intelligent and sustainable production2). Costs drop and 
equipment performance improves3).Smart factories use 
IoT, robots, and AI to react instantly to demand and 
production changes4). 

Intelligent and sustainable manufacturing technology 
and practises may improve production efficiency, quality, 
and sustainability5). Recycling, energy efficiency, and 
waste reduction may reduce environmental impact in 
green manufacturing6). Data analytics, machine learning, 
and AI increase product quality and eliminate faults7). To 
enhance visibility and decrease waste, new technologies 
are improving supply chain optimisation8). These 
technologies may enhance industrial processes 
significantly9).  

This method may be used in predictive maintenance, 
smart factories, green manufacturing, quality control and 

optimisation, supply chain optimisation, and digital twin 
technologies. Predictive maintenance monitors 
equipment performance using sensors and machine 
learning algorithms to reduce downtime and boost 
efficiency10).  IoT, robots, and AI enable smart factories 
to react instantly to demand and output changes11).  
Recycling and energy conservation are part of green 
manufacturing12). Data analytics, machine learning, and 
AI increase production and product quality in quality 
control and optimisation13). Advanced technologies 
promote visibility, waste reduction, efficiency, and 
sustainability in supply chain optimisation14). To optimise 
design, testing, and simulation, digital twin technology 
employs virtual representations of actual items and 
manufacturing processes15). 

 
2.Predictive maintenance 

As manufacturers explore methods to 
enhanceefficiency and decrease downtime, predictive 
maintenance has grown in popularity. Intelligent and 
sustainable production requires predictive maintenance, 
which helps manufacturers optimise processes and 
reduce downtime. It uses sensors and machine learning 
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algorithms to monitor equipment performance and 
forecast maintenance needs, delivering real-time 
equipment health data18). Reduced downtime is a major 
advantage of predictive maintenance. Manufacturers can 
plan and schedule maintenance before equipment 
breakdown by monitoring equipment performance in real 
time. This reduces time- and resource-intensive 
unexpected downtime19-21). Predictive maintenance lets 
producers do maintenance when it's most convenient, 
minimising production disorders and assuring equipment 
readiness. Identifying possible performance problems 
before they become significant allows manufacturers to 
fix them and enhance equipment efficiency. Predictive 
maintenance allows manufacturers to undertake 
maintenance at the proper moment, decreasing 
equipment failure and extending its lifespan. It also 
minimises maintenance costs by doing repairs when 
required, reducing frequency, and enhancing 
efficiency21-25). Predictive maintenance also helps reduce 
manufacturing's environmental effect. It saves energy, 
spare parts, and other resources by prolonging equipment 
life and decreasing maintenance. This improves 
manufacturing sustainability26-29). Predictive maintenance 
will become more common as technology advances, 
giving industries a vital tool for enhancing operations 
and decreasing environmental impact30,31). 

 
3.Smart factories 

Smart factories improve intelligent and sustainable 
production and benefit firms. They use IoT, robots, AI, 
and big data analytics to create a responsive production 
environment. Smart factories maximise efficiency by 
automating and optimising production processes, saving 
time and resources. They also provide manufacturers 
real-time view into manufacturing processes, allowing 
them to spot bottlenecks and enhance performance. 
Smart factories reduce waste by monitoring and 
optimising production processes, saving raw materials, 
energy, and other resources. They also provide producers 
real-time access into manufacturing processes, helping 
them discover and eliminate waste and save resources. 
Smart factories monitor production processes, detect 
quality concerns, and take proactive efforts to enhance 
performance, improving product quality. This assures 
product quality, customer happiness, and reduced defects 
and returns. Smart factories improve productivity, waste 
reduction, and product quality while boosting 
manufacturing sustainability32-38). 

 
4.Green manufacturing 

Green production reduces the environmental effect of 
manufacturing. This technique reduces energy, waste, 
and pollution by using green technology. Green 
manufacturing involves energy efficiency, waste 
minimization, and pollution management. Energy 
efficiency is accomplished via renewable energy, 

energy-efficient technology, and energy management. 
Recycling and trash management reduce waste, while 
clean technology and processes decrease pollutants. The 
environment and manufacturing sector gain from green 
manufacturing's lower energy use, waste costs, product 
quality, emissions, and public image. It also reduces 
manufacturing's carbon impact and supports 
sustainability. Industries use green manufacturing 
practises in diverse ways39-47). 

Renewable energy sources including solar, wind, and 
hydropower minimise fossil fuel consumption. Use of 
energy-efficient equipment and processes reduces 
consumption. To decrease trash, recycling is 
implemented. Clean technology like electric cars and 
CCS eliminate emissions. Products and processes are 
being improved using life-cycle analysis to reduce their 
environmental effect48-52). 

 
5.Quality control and optimization 

Quality control and optimization are essential aspects 
of the manufacturing industry, and advancements in 
technology have enabled the integration of data analytics, 
machine learning, and artificial intelligence into quality 
control processes5,54). This integration has opened up new 
opportunities for manufacturers to improve production 
processes, increase efficiency, and reduce waste 55).  In 
intelligent and sustainable manufacturing, quality control 
and optimization play a critical role in reducing defects, 
improving customer satisfaction, and minimizing the 
environmental impact of production56). 

A number of inspections and examinations are carried 
out as part of the quality control process in order to 
ensure that goods are of an acceptable level of quality 
before being sold on the market. The term "quality 
optimization" refers to the practice of consistently 
making improvements in order to enhance overall 
product quality58,59). These processes are incorporated 
into intelligent and sustainable manufacturing by using 
cutting-edge technology like as data analytics, machine 
learning, and artificial intelligence60). 

The incorporation of quality control and optimization 
into the manufacturing process carries with it a number 
of advantages, including an improvement in product 
quality, an expansion of production capacity, and a 
lessening of the negative effects on the surrounding 
environment. Manufacturers may ensure that their goods 
satisfy high standards of quality, minimize the number of 
defects in their products, and raise the level of customer 
satisfaction by continually monitoring and improving the 
manufacturing process. Manufacturers may improve 
their overall efficiency by minimizing downtime and 
waste by detecting problems at an early stage and 
implementing solutions to those problems61-64). 

In practice, quality control and optimization involve 
the use of data analytics, machine learning, and artificial 
intelligence to continuously monitor and improve 
production processes65-67). 
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6. Supply Chain Optimization: A Key 

Element of Intelligent and Sustainable 
Manufacturing 
An integral component of intelligent and sustainable 

manufacturing, supply chain optimization improves the 
visibility, efficiency, and sustainability of supply chain 
operations through the application of cutting-edge 
technologies68). Sourcing raw materials, delivering 
finished goods to consumers, minimizing waste, 
enhancing inventory management, and streamlining 
logistics are all components of this process69,70). 
Simplified technologies such as the Internet of Things 
(IoT) enable manufacturers to trace and monitor supply 
chain operations in real-time, thereby augmenting their 
visibility and facilitating well-informed 
decision-making71). 

In addition to aiding in waste reduction and 
sustainability enhancement, supply chain optimization 
facilitates improved resource management and 
environmental impact minimization72). Intelligent and 
sustainable manufacturing supply chain optimization 
includes automated inventory management systems, 
real-time tracking technologies such as Internet of 
Things (IoT) sensors, sustainable logistics practices such 
as electric vehicles, and blockchain technology to 
improve stakeholder communication and coordination. 
By utilizing these technologies, manufacturers are able to 
detect bottlenecks, increase supply chain efficiency, and 
reduce environmental impact. 

 
7. Insights from Contemporary Studies on 

Intelligent & Sustainable Manufacturing 
Nica et al. (2020) study cyber-physical system-based 

manufacturing using smart connected sensors, industrial 
big data, and real-time process monitoring. These 
technologies increase manufacturing efficiency, 
productivity, and sustainability. They track equipment 
performance, estimate maintenance requirements, 
analyze manufacturing process trends, optimize 
processes, decrease waste, and spot issues early. 
However, they need new technologies, infrastructure, 
and talents to run and maintain. Despite these obstacles, 
cyber-physical system-based manufacturing is essential 
for industrial competitiveness77). 

Nica et al. argue in their 2021 research that existing 
manufacturing practices are inefficient, wasteful, and 
ecologically hazardous. They recommend IoT, real-time 
production logistics, AI-driven big data analytics, and 
cyber-physical smart manufacturing systems for 
intelligent and sustainable manufacturing. IoT collects 
real-time industrial process and equipment data to 
improve efficiency and decision-making. Inputs and 
products are managed in real time throughout 
manufacturing to ensure timely delivery. AI-driven big 
data analytics discovers patterns and trends in enormous 
data sets to boost productivity, save costs, and generate 

new products. Cyberphysical smart manufacturing 
systems improve efficiency and responsiveness by 
combining physical and digital technology78). 

Big data-driven cognitive manufacturing uses AI, IoT, 
and cyber-physical management systems (Lăzăroiu et al., 
2022). For smart, sustainable manufacturing, these 
technologies allow systems to learn from data, make 
autonomous decisions, and modify in real time. For 
cognitive manufacturing acceptability, governments and 
firms need invest in research and development, education 
and training, and infrastructure79). 
 
8. Conclusions 

Modern manufacturing practices that prioritize the 
optimization of production processes, enhancement of 
product quality, reduction of waste and idleness, and 
mitigation of the environmental impact of manufacturing 
are referred to as intelligent and sustainable 
manufacturing. It includes supply chain optimization, 
predictive maintenance, intelligent factories, ecological 
manufacturing, quality control and optimization. 

By employing sophisticated technologies such as 
sensors and machine learning algorithms, predictive 
maintenance furnishes manufactures with instantaneous 
assessments of equipment condition. This empowers 
them to minimize equipment outage, enhance equipment 
performance, and curtail maintenance expenditures. By 
leveraging IoT, robotics, AI, and big data analytics, 
intelligent factories offer real-time visibility into 
production processes, thereby minimizing environmental 
impact and increasing product quality, efficiency, and 
waste reduction. 

By minimizing the environmental impact of 
manufacturing activities through the reduction of energy 
consumption, refuse generation, and emissions, green 
manufacturing promotes sustainability. Green 
manufacturing practices are an essential component in 
the pursuit of a more sustainable future, as they yield 
environmental and industrial benefits. 

As the production process incorporates data analytics, 
machine learning, and artificial intelligence, quality 
control and optimization are vital elements of intelligent 
and sustainable manufacturing. The ongoing progression 
of technology is anticipated to augment the potential of 
these facets in intelligent and sustainable manufacturing. 
This development will provide manufacturers with 
prospects to enhance their operations and maintain a 
competitive edge. 

An additional critical element of intelligent and 
sustainable manufacturing is supply chain optimization, 
which empowers producers to enhance the chains' 
visibility, sustainability, efficiency, and overall 
effectiveness. Supply chain optimization will assume a 
progressively significant role in propelling advancements 
toward a more intelligent and sustainable manufacturing 
future as the manufacturing sector undergoes 
transformation. 
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