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Abstract

This review paper synthesizes findings from ten recent studies on the application of big data analytics
in manufacturing, supply chain management, and related fields. The papers examined cover a range of
topics including sustainable manufacturing, green supply chain management, predictive maintenance,
and semiconductor manufacturing. This review aims to provide a comprehensive overview of the
current state of research in these areas, highlighting key trends, methodologies, and opportunities for
future work. With this scenario, a synthesis of a variety of data acquired with time including data from
sensors, machines, customers, and the market is possible and even real-time. The objectives of this
literature review are fivefold, and to locate and articulate the use of big data in ten recent studies
involving manufacturing and supply chain management applications of such data. This
interdisciplinary compact proposes to address the status of research in the area by exploring a range
of topics related to sustainable manufacturing systems development, green supply chain, condition-
based maintenance, and semiconductor industry management.
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INTRODUCTION

Society refers to the fourth industrial revolution as ‘Industry 4.0,” due to the technological progress
that society has made from the use of digital technology and relates to information, biological, and
physical objects. This industrial revolution has resulted in a sizable increase in the generation of data
and the ways in which this data is being used.

This is also perceived in the manufacturing and supply chain management industry, where the
adoption of big data analytics delivers transformational changes to traditional approaches, efficiencies,
new opportunities, and even sustainability and innovations [1]. Big data is a testimonial in social analysis
owing to its volume, velocity, variety, and veracity. Manufacturing and Supply chain management are
examples of specific industries, such as the context of this study. How this piece of equipment operates is
simple and multifarious:
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Preemptive Repair
The capacity to predict and diagnose the defects in the machinery will ultimately help to ensure that
they are not broken, providing without interruptions, hence saving money [1, 5].

Supply Chain Visibility
Further, big data offers great support in managing complex and global supply chains and ensures
faster control of the risks and addressing of risks [4].

Energy Policies

By employing big data, it is now possible to continuously measure and regulate energy and fuel
consumption and emissions to engage in more energy-friendly products within a manufacturing and
logistics setting [2, 6].

Customer-Centricity
Subsequent analysis of customer-related data supports a shift towards offering more customized
goods and services and accurate predictions of customer demand [7].

Notwithstanding these transformative potentials, big data usage within manufacturing and supply
chains is not without issues. Data quality, privacy, security, and the availability of personnel and
infrastructure are some of the main barriers [1].

The scope of this review and its objectives are threefold:
e Toidentify the major changes brought about by big data in the areas of manufacturing and supply
chain management.
e To assess similar issues, approaches, and concerns that are presented through these different
applications of big data available in these sectors.
e To identify the shortcomings of existing studies and provide appropriate areas in which these
studies need to be conducted in the future.

This review is of particular importance in the emerging big data context to help orient researchers,
practitioners, and policymakers who may be overwhelmed by the plethora of big data applications and
the many possible tools available. In doing so, we seek to transcend the review of the most recent studies
and contribute towards a more comprehensive understanding of how the concept of ‘big data’ can be
strategically utilized towards the creation of more effective, cleaner, and more robust industrial
ecosystems in the future.

BIG DATA IN SUSTAINABLE MANUFACTURING AND SUPPLY CHAIN MANAGEMENT

The use of big data in processes such as sustainability in manufacturing and supply chain
management reflects drastic changes in the operational and environmental aspects of industries. This
section concerns emerging areas where the complementary characteristics of big data substantially
enhance sustainability agendas.

Sustainable Manufacturing Frameworks

The emergence of big data technology has changed the practices utilized for achieving sustainable
manufacturing, in that dependencies, monitoring, analysis, and optimization are at unprecedented
levels. A concept relaxation approach toward succession strategies for digital concept structures of two
or more production topics has been introduced [8]. This system takes advantage of the predictive setting
in which data are collected during the course of running the machines, thus preventing failures instead
of responding to them when they occur.

The conceptualization of this big-data-made system has several key impacts.
1. Predictive Maintenance: By comparing and analyzing existing sensor data, manufacturers can
easily predict when a particular piece of equipment is likely to fail, thus limiting downtime and
increasing the operational life span of machinery.
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2. Energy Optimization: Effective monitoring of energy utilization patterns in real-time helps
monitor production performance and enables modification of activities that waste energy.

3. Quality Enhancement: The monitoring of the production system using data is paramount as it
helps in monitoring the small factors that, in one way or the other, invaded the product out and
many materials were lost in vain.

4. Life Cycle Assessment: It is possible to conduct life cycle assessments of a wider scope thanks to
big data, which allows for better leadership in design for sustainability from the extraction of raw
materials through the eventual disposal of the product.

The introduction of such frameworks brings considerable advancement towards the provisions of the
United Nations’ Sustainable Development Goals, especially Goal number 9 (Industry, Innovation, and
Infrastructure) and Goal number 12 (Responsible Consumption and Production).

Green Supply Chain Management

The integration of game theory with big data analytics is proving revolutionary to green supply chain
management (GSCM) practices. A new way of looking at supply chains that incorporates cost-sharing
models in the context of big data has appeared within supply chain management [2] and adds to current
knowledge regarding environmental supply chain practices.

This novel strategy provides more than one favorable result, some of which are

1. Collaborative Sustainability: Big data helps determine the most suitable cost-sharing
mechanisms that encourage all members of the supply chain to go green and stay there.

2. Risk Mitigation: The availability of advanced analytics assists in the risk assessment of
environmental degradation and the degree of destruction it can cause to the supply chain, putting
preventive measures in place.

3. Supplier Evaluation: Owing to big data, suppliers can be assessed more thoroughly and
innovatively through the application of sustainability performance in real-time in a bid to
encourage racing to the top rather than racing to the bottom.

4. Carbon Footprint Reduction: Following the investigation of transportation and logistics
information available by the company, more optimal transportation routes and transport modes
can be used to reduce carbon footprints.

The combination of game theory and big data technology in Global Supply Chain Management
represents new opportunities to overcome the problem of contemporary supply chains being
economically rational but environmentally irresponsible, which will undoubtedly hasten the
development of real sustainable supply chains.

Big Data Analytics and Supply Chain Planning

The relationship between big data analytics and supply chain planning enhances the ways businesses
predict demand, control stock levels, and cope with changes in the environment. As indicated in a recent
study, the advantages of this integration are enormous and worth exploring.

Some of the areas of impact include:

1. Demand Forecasting: Organizations make use of many non-traditional sources of information,
such as social networks, weather information, and economic status, enabling their demand
forecasting to become more accurate and minimizing the over-production problem.

2. Inventory Optimization: With big data, it is possible to determine the amount of inventory
available at different locations in the supply chain structures at any given moment, which allows
for nimble inventory reduction strategies.

3. Supplier Network Optimization: Complex modern analytics allow for addressing various risks in
a supplier network and achieving comprehensive optimization. Factors such as location risks,
supplier environmental sustainability policies, and other disruptions were considered.
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4. Circular Economy Initiatives: The use of big data makes it possible to adopt circular economy
strategies in supply chains by helping monitor products and find ways to reuse, repair, or recycle
products.

The combination of big data analytics with supply chain planning not only improves operational
processes but also changes the scope of what can be achieved by developing strong, robust, and
responsive supply chains.

Internet of Things and Big Data in Smart Supply Chains

The relationship between big data analytics and supply chain planning enhances the ways businesses
predict demand, control stock levels, and cope with changes in the environment. As indicated in a recent
study, the advantages of this integration are enormous and worth exploring.

Some of the areas of impact include:

1. Demand Forecasting: Organizations make use of many non-traditional sources of information,
such as social networks, weather information, and economic status, enabling their demand
forecasting to become more accurate and minimizing the over-production problem.

2. Inventory Optimization: With big data, it is possible to determine the amount of inventory
available at different locations in the supply chain structures at any given moment, which allows
for nimble inventory reduction strategies.

3. Supplier Network Optimization: Complex modern analytics allow for addressing various risks in
a supplier network and achieving comprehensive optimization. Factors such as location risks,
supplier environmental sustainability policies, and other disruptions were considered.

4. Circular Economy Initiatives: The use of big data makes it possible to adopt circular economy
strategies in supply chains by helping monitor products and find ways to reuse, repair, or recycle
products.

5. The combination of big data analytics with supply chain planning not only improves operational
processes but also changes the scope of what can be achieved in developing strong and robust.

The integration of Internet of Things (10T) and big data in supply chains is not just a technological
advancement; it is a fundamental reimagining of how goods and information flow with sustainability at
its core.

BIG DATA IN SEMICONDUCTOR AND DISCRETE MANUFACTURING

Owing to the complexity and precision demanded by these activities, semiconductor and discrete
manufacturing industries have a great chance of utilizing big data. These industries use high-end
technologies in analytics to enhance productivity, improve the quality of services and products, and
promote sustainability. In this section, we examine two areas in which big data has a significant impact
on high-tech manufacturing settings.

Yield Enhancement in Semiconductor Manufacturing

The semiconductor industry stands out as such applying big data and its vast analytics solves various
constraints since manufacturing of semiconductors requires super-fine measurements at the nanoscale
as well as many steps carried out in parallel.” There is growing interest in the development of systems
for improving vyields in semiconductor manufacturing cultures with the provision of advanced
technologies, demonstrating the breadth of new solutions that analytics can bring to this critical area of
industry.

Key impacts and innovations include:

1. Real-Time Process Control: The data analytics of big data offers monitoring and control of
potentially hundreds of parameters in real-time, regardless of the stations of the manufacturing
process as chores. Such granular exploitation of real-time resolution for controlling processes has
not been experienced before; hence, quick changes to maintain the maximum yield value can be
made.
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2. Predictive Defect Detection: After obtaining such historical and current data, any manufacturer
is capable of foreseeing a probable defect before it occurs. This unique approach reduces the
waste of materials and enhances the total yield.

3. Equipment Health Monitoring: Utilization of advanced analytics, there is the possibility of
effective equipment monitoring in operation, and on the basis of this health prognosis,
maintenance work has been scheduled.

4. Root Cause Analysis: Big data approaches can be used to rapidly investigate the reasons for the
yield loss so that the resources and the time used in addressing problems are reduced.

5. Design for Manufacturability: The information learned from big data analytics is provided back
to the design process, allowing for chip designs that are more manufacturable and capable of
achieving higher yield rates.

6. Supply Chain Integration: Big data ensures that there is integration between semiconductor
manufacturers and suppliers so that there is no delay in the provision of material and equipment
required for the operation.

The influence of these advances is not restricted to the semiconductor industry. Hence, improvements
in yield and efficiency that may occur in these industries will have tremendous positive effects in any
field where semiconductors are used, including the mobile device, automotive, and healthcare industries.

Carbon Efficiency Evaluation in Discrete Manufacturing

With the rise in environmental awareness, the discrete manufacturing sector is taking measures to
embrace big data to ensure sustainability. [6] has brought out a revolutionary big data analysis to
evaluate carbon efficiency in real-time for discrete manufacturing workshops. This study explores how
descriptive and predictive aspects of advanced analytics reporting may be utilized to control energy
consumption and carbon emissions in manufacturing processes.

The implications of this approach are numerous:

1. Monitoring of Emissions in Real-Time: As evident in this study, carbon emissions throughout the
entire manufacturing process can be continuously monitored because of big data, which greatly
extends the capability and reach of such environmental endeavors.

2. Optimization of Energy Consumption: The analysis of energy usage enables manufacturers to
understand the patterns of energy and minimize unnecessary energy usage.

3. Redesigning Processes with Energy-Efficient Technologies: Big data analytics provide
information that guides the redesign of processes to reduce energy consumption and reduce
carbon emissions to improve efficiency, productivity, and sustainability.

4. Modeling of Environmental Impact: Through advanced analytics, some manufacturers are
considering carrying out a modeling exercise on the possible impacts that particular or changes
in particular production processes or productions may have on the environment before that
change is implemented.

5. Well-tracked carbon footprint analysis throughout a product’s life cycle: The use of big data
permits tracing the carbon emissions of a product, including its sourcing of raw materials,
manufacturing, use, and disposal at the end of the life cycle, allowing enhanced lifecycle
assessments.

6. Compliance and Regulation: Bands monitoring and analyzing virtually in real-time makes
regulatory requirements and environmental reporting, plus the usual associated costs and risks,
less cumbersome.

Collaboration with suppliers and customers Towards Supply Chain Enhancement: When
manufacturers make available carbon efficiency statistics for their suppliers’ customers, green policies
can be pursued by the manufacturers in the value chain. Such a carbon efficiency big data approach
should not be seen only as an environmental obligation; it also poses considerable economic benefits.
With various countries adopting carbon pricing, manufacturers who can control how they emit excessive
gases and reduce their emissions will be more favorably placed. With respect to the latter, the knowledge
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gained inside these applications in discrete manufacturing can also be utilized in sustainable activities
towards other industrial areas for climate change mitigation and low-carbon economic transformation.

It is an industrial revolution in which big data is fused with the semiconductor and discrete
manufacturing industries. It not only promises to improve the productivity and quality of such industries
but also brings them to the vanguard of environmentally friendly manufacturing. As these technologies
graduate and find synergies, we can look forward to more applicable applications that can change the
manufacturing domain in a better and more sustainable manner.

PREDICTIVE MAINTENANCE AND ANALYTICS

Predictive maintenance, enabled by big data analytics, is changing the way industries upkeep
equipment and exude operational efficiency. By utilizing a large volume of sensor data and modern
analytical methods, organizations can now predict and avert equipment breakdowns before they occur,
thus enhancing reliability, cutting costs, and improving total operational efficiency. In this section, we
review two aspects in which predictive maintenance and analytics work to bring the most steam.

Predictive Maintenance in Parcel Delivery

The alertness of a system, along with its controlling techniques, makes it possible to connect the sturdy
and complex networks of vehicles and distribution centers to a predictive maintenance approach. A new
predictive maintenance methodology called risk evaluation detection (RED) Tag has been developed
specifically for use in delivery services [7]. This original construct shows instances of maintenance that,
through data analytics, can be overhauled in demanding and critical time-framed industries.

Key contributions and advancements of the RED Tag framework are as follows:

1. Fleet Optimization: With the input of the vehicle sensors, GPS, and the use of historical vehicle
maintenance records, RED Tag uses the data and analyzes it to show the probable breakdown of
the vehicles used in delivery. This enables maintenance management to schedule maintenance in
an anticipatory manner, thereby reducing the chances of breaking down and maximizing fleet
readiness.

2. Cost Reduction: The implication of predictive maintenance is a decrease in expenditure related
to unplanned vehicle breakdown, vehicle repair, and twiddling vehicles due to idle time. This
increases the efficiency of vehicles and minimizes the replacement cost to an upward level.

3. Service reliability Enhancement: REDTag makes it possible to minimize the frequency of
delivery vehicle breakdowns during progressive deliveries and hence ensures service reliability,
which is important in the aggressively competitive package delivery industry.

4. Dynamic Maintenance Scheduling: The underlying structure is such that within the confines of
the framework, datasets are used to develop a maintenance strategy that is flexible and
responsive, as opposed to the conventional panel of schedules that fix certain periods for
maintenance.

5. Driver Safety Improvement: The fault RED Tag is aimed at resolving the deteriorating state of
vehicles, which is a significant driver in ensuring driver safety and the risk of vehicle faults
causing accidents as well.

6. Environmental Impact Reduction: A neglected vehicle is more likely to waste fuel and produce
greenhouse gases. Some factors are not within the company’s operations; the RED Tag helps
ensure that the delivery fleet is in its optimum shape, thus helping to mitigate those issues.

7. Predictive Inventory Management: This level of the system is capable of predicting parts and
components that will most probably be required in various maintenance activities scheduled for
the future and refilling stocks of spare parts only when necessary.

The introduction of such pipeline maintenance methods in postal delivery services demonstrates the
capacity of redundancy management to meet the needs of industries. The focus on stronger e-commerce
trends underlines the increasing importance of being able to maintain efficient and reliable delivery
fleets, which makes such innovations as the RED Tag likely to change the logistics industry.
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Big Data Analytics in Smart Manufacturing

The area of big data analytics for maintenance is, of course, not restricted to logistics but cuts into
the very bowels of the manufacturing process. Previous studies on the analytics of big data for smart
manufacturing within semiconductor industries [9] have demonstrated beyond reasonable doubt the
most promising transformations of these technologies in high-precision manufacturing ecosystems.

Big data analysis in smart manufacturing increases efficiency gains in far and wide ways.

1.

Reduction in Equipment Downtime: It is possible to predict such failures and repair the affected
parts or remove the equipment prior to the occurrence of unplanned downtime by taking data
from the sensors integrated into the manufacturing system equipment and analyzing the data over
time, Hence the name predictive analysis. Particularly in the semiconductor industry, this impact
is noteworthy because equipment downtime can cost several million dollars an hour on average.
Improvement of Quality Control: Predictive maintenance analysis is necessary when there is a
slow control drift in manufacturing processes that can bring about quality concerns. Such
deviations can be identified and rectified in time; therefore, consistent product quality is
guaranteed.

Ineffective Yield Management: For deficiency in productivity in semiconductor manufacturing
where yield is paramount, predictive maintenance ensures that optimal performance of equipment
is preserved, increasing all yield and reducing wastage.[10]

Energy Efficiency: With predictive maintenance, energy is also saved in the manufacturing
processes, as all the machines and production equipment run under optimal conditions.

Lifespan Extension of Critical Equipment: Predictive maintenance is instrumental both in taking
great care of technologically advanced industrial machinery and maximizing the return on
investment through minimal repairs and maintenance.

Supply Chain Integration: Data collected from the maintenance procedures can be attached to
the systems; therefore, when the marketers need to maintain the clients, it will not be delayed
owing to the lack of certain supply parts.

Continuous Process Improvement: Predictive maintenance systems generate vast amounts of data
with tremendous potential. The knowledge obtained from analyzing such data assists in the
continual optimization of manufacturing processes.

Skilled Workforce Development: The existence of predictive maintenance systems will warrant
the requirement of a skilled workforce that is able to understand data in various formats and
render case-specific solutions using such data. The paradigm of analysis of big data in smart
manufacturing moves from maintenance strategies that rely solely on the occurrence of
limitations to one that is engaged even before the occurrence of failure of any predetermined
equipment. This shift not only enhances the maintenance practices of the company but also adds
to the total sustainability and competitiveness of various manufacturing operations.

Cross-industry Implications of Predictive Maintenance
The Developments in predictive maintenance and predictive analytics with respect to the last-mile
parcel movement and semiconductor manufacturing have a wide reach across other industries.

1.

Aerospace: The use of predictive maintenance on the aircraft can improve safety, reduce the
number of delays on flights, and help arrange maintenance activities more efficiently, thereby
helping the airline save operational costs.

Energy Sector: In addition, predictive maintenance in plants and renewable energy facilities
increases reliability, shortens activity breaks, and increases overall efficiency in energy
production.

Healthcare: For instance, the use of predictive maintenance on medical devices equipped in
intensive care units can enhance the operational readiness and performance of devices that are
able to treat patients better than without the maintenance model.

Automotive Industry: The increasing complexity and data-rich profile of modern-day
automobiles makes predictive maintenance more of a necessity in the automotive industry,
leading to enhanced reliability of vehicles and greater customer satisfaction.
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5. Infrastructure: The predictive maintenance of critical public infrastructure such as bridges, roads,
and railway tracks are aimed at averting the occurrence of catastrophic events, minimizing
maintenance costs, and enhancing public safety.

Ideas, philosophies, and methodologies for predictive maintenance from those established for
different sectors innovatively redefine and create improved practices and management in asset
management and operations.

In summary, industrial maintenance has undoubtedly benefited from the development of predictive
analytics and big data. Such a transformation is made possible by changing the approach towards
maintenance from a reactive to a more economically beneficial preventive one, which is associated with
heightened efficiency in operations, decreased costs, and better performance. The rise in detection
technologies and analytical processes will enable further proliferation of predictive maintenance as
more efficient, and even more broadly, within organizational operations in the future.

COMPREHENSIVE REVIEWS AND FUTURE DIRECTIONS
Big data analytics is expanding the horizons of the manufacturing and supply chains. This review
attempts to fuse the core issues and assess future research and development.

Challenges and Opportunities in Industrial Big Data
The errors refer to the following issues.
1. Data Integration: The continuing challenge of fusing structured and unstructured data remains
owing to the need for strong frameworks.
2. Data Quality and Reliability: Owing to technological advancements in the generation of large
amounts of data, advanced cleansing techniques are necessary.
3. Real-time Processing: The industrial use of analytics imposes the demand for newer and better
platforms.
4. Security and Privacy: There is an increased need for better security when data is shared across
organizations.
5. Skills Gap: There is a significant shortage of professionals in the big data line, which triggers the
need for education aimed at this market.
6. ROI Quantification and Scalability: To be easily adopted, there is a need for accurate ways of
measuring returns on investment and scaling solutions.

Supply Chain Demand Forecasting
Demand forecasting also benefits from big data, with such positive outlooks:
1. External Data Integration: Enhancements in accuracy will be realized by integrating social,
environmental, and economic data into the spheres of stylistics.
2. Artificial Intelligence and Machine Learning: Global supply chains will be improved through the
application of advanced Al techniques, including deep learning.
3. Real-time Capabilities: Forecasting in a timely manner and in real-time must change for dynamic
supply chains to work.
4. Model Interpretability and Uncertainty: Integrated development of more transparent models and
better uncertainty levels will lead to better decisions.
5. Sustainability and Cross-functional Integration: Redesigning sustainability measures and
increasing interactions with diverse business functions can foster a wider ecosystem.

Emerging Trends and Future Directions
Key highlights include:
1. Edge Computing and loT: Decisions made in real-time will take edge computing as an advantage
in places where 10T exists in plenty.
2. Artificial Intelligence and Machine Learning Synergy: Advanced analytics have been made
possible owing to the data related to operations being combined with artificial intelligence.
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3. Digital Twins and Blockchain: By Using simulation and digital twins together with blockchain,
security, trust, and efficiency of operations will be increased.

4. Quantum Computing: This promising technology can potentially eliminate serious problems in
solving complicated optimization problems.

5. Human-Artificial Intelligence Collaboration and Sustainability: Interaction between humans
and artificial intelligence progresses performance and so does big data towards a sustainable
economy.

The term “Big Data” has been tagged to certain solutions, which will bring about exceptional
transformation and effectiveness in the world’s manufacturing and supply chain. The second source of
barriers is technical, security, and skilled workforce. The road ahead is rocky; however, the rewards are
human, ecological, and economic.

CONCLUSION AND FUTURE RESEARCH DIRECTION
This review shows that big data has a significant impact on manufacturing and supply chain
management. The analyses undertaken illustrate several key points, including the following.
1. Such analytics are transforming green manufacturing, green supply chains, predictive
maintenance, and demand forecasting practices.
2. Time-sensitive information can be analyzed in seconds, and rapid adjustments can be made
within a short span of time to strategic plans or operational actions in factory settings.
3. However, data interoperability, data quality, and lack of a skilled workforce remain difficult
issues.
4. Privacy, security, and ethical issues become even more crucial as industrial systems are more
linked to each other.

Suggestions for future research should aim at:

More sophisticated implementations of artificial intelligence and machine learning in industries.

Edge computing and 10T are used for the collection of data from the field in real-time to analyze it.

Procuring realistic digital twins of sophisticated manufacturing systems.

Use of big data to promote sustainable practices and effective circular economic strategies.

Systems that encourage safe and ethical sharing of data across different industries.

Human intelligent agents and human-computer symmetry as applied in industries.

Evaluative systems that centralize predictive maintenance with regard to cumulative systematic

performance.

The exploitation of big data in risk management and enhancing supply chain readiness.

9. Uses of quantum computing in alleviating some of the difficult industrial operation optimization
problems.

10. Ethical and social aspects related to data-driven transformations in the information society.

Nogak~owdpE

o

Implementing big data, along with the available and relevant workplace technology in manufacturing
and supply chain activities, has been a quantum leap in the corresponding industrial activities. While
the obstacles are substantial, efficiency, green effects, and creativity are remarkable. During this
evolution, we should be careful so that advancement does not differ from the desires of the values of
technology. Every person needs to work towards an era in which the manufacturing and management
industries of supply chains are increasingly reliant on technology, with careful efforts towards making
the future of all stakeholders healthy, moral, and advantageous.
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