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Abstract — The evolution of the manufacturing industry has
led to the development of Industry 5.0, which seeks to integrate
human efforts into the production of goods while ensuring
sustainability. This review paper aims to explore the
significance of Industry 5.0 in advancing the agility and
resilience of modern manufacturing systems. The paper will
discuss the role of automation, Digitization, and advanced
analytics in enhancing agility and resilience in the
manufacturing industry. The review will begin by providing an
overview of the previous industrial revolutions and their impact
on the manufacturing industry. Furthermore, the paper will
delve into the concept of Industry 5.0 and its features, including
the integration of human efforts and sustainability. The paper
will also analyze the disruptions that have affected the
manufacturing industry, such as natural disasters, pandemics,
and supply chain disruptions, and how Industry 5.0 can address
them. Additionally, the paper will examine the benefits of agility
and resilience in manufacturing, such as increased production,
organizational commitment, operational flexibility, and
customer satisfaction. Finally, the paper will conclude by
highlighting the significance of Industry 5.0 in advancing the
agility and resilience of modern manufacturing systems and
providing recommendations for future research. Overall, the
paper aims to provide insights into the importance of Industry
5.0 in advancing the manufacturing industry and ensuring its
sustainability in the face of various disruptions.

Index Terms — Advanced Analytics, Agility, Automation,
Digitization, Human-Machine Collaboration, Industry 5.0,
Internet of Things (10T), Manufacturing, Resilience

. INTRODUCTION

The industrial revolution has played a key role in the
development of companies in the world, with many of them
shifting from their traditional industrial practices and thus
embracing new technological techniques to enhance agility
and resilience. Correspondingly, all the initial three industrial
revolutions leveraged mechanization, -electrification, and
automation. It is imperative to mention automation concept
induced changes in the economy, primarily from an agrarian
economy to a manufacturing-based economy. It is also
admissible that the industries apt to adopt the new methods of
operations have triumphed in increasing their production of
goods and maintaining their competitive advantage in the
local and international spectrum. In the current era, the fourth
industrial revolution (Industry 4.0) is running the
manufacturing processes of most companies worldwide [1].
However, as the world advances, trying to keep up with the
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aspects of Industry 4.0, several scholars and industrialists
have begun envisioning and debating introducing another key
Industrial Revolution, the concept they call Industry 5.0.

Technically, Industry 4.0 delves highly into ensuring the
digital connection of machines to maintain a smooth flow of
data and proper optimization. However, the next phase of the
Industrial Revolution (Industry 5.0) is bound to seek more
human efforts to collaborate and integrate human aspects into
manufactured goods [2]. At the same time, it will ensure that
the manufacturing processes are sustainable as it will combine
humans, digital technologies, and robots. Ideally, Industry 5.0
is the product of the European Commission’'s agreement to
ensure that social and environmental European needs are part
of technological innovation while advancing the emphasis
from sole technologies to a systematic approach. The changes
indeed will see that there is support for future societal values.

The next phase of Industrialization aims to advance the
prowess of Industry 4.0, ensuring that the modern
manufacturing industries are agile and resilient primarily due
to the unending disruptions orchestrated by natural disasters,
pandemics, supply chain disruptions, and various pandemics.
It is acknowledgeable that when a company is agile and
resilient, it is most likely to benefit from increased production
of goods, organizational commitment, operational flexibility,
increased customer satisfaction, reduced production costs,
better workforce utilization, and employee engagement. The
significances mentioned above of agility and resilience in
modern manufacturing are possible in the middle of the next
phase of Industrialization (Industry 5.0) [1]. This paper will
analyze the significance of Industry 5.0 in advancing the
agility and resilience of manufacturing systems by employing
new technologies, mainly automation, Digitization, and
advanced analytics.

Il. KEY FEATURES OF INDUSTRY 5.0

Industry 5.0 advances the ideas of Industry 4.0, which
emphasizes connection and automation, and goes one step
further by highlighting the interaction and integration of
people and machines [2]. To profoundly understand Industry
5.0, it is indispensable to reflect on its characteristics
predominantly associated with the convergence of human
effort and technology and makes it different from the previous
industrial revolutions. Importantly, the cooperation and
synergy between people and machines are highly valued in
Industry 5.0. It acknowledges that although automation and
technology may significantly increase production and
efficiency, human abilities and creativity are still essential for
making decisions, solving problems, and developing new
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ideas. To get the best results, Industry 5.0 aims to combine
human cognitive and creative powers with the accuracy and
speed of robots [12]. Considering sustainable and responsible
manufacturing as a crucial aspect of this industrial revolution,
Industry 5.0 emphasizes sustainability and reliable
manufacturing techniques in contrast to earlier industrial
revolutions. By promoting energy efficiency, reducing waste,
and adopting environmentally friendly technology, it seeks to
reduce the adverse effects on the environment. Industry 5.0
promotes creating ecologically friendly goods and procedures
with an emphasis on long-term environmental management.
The fact that Industry 5.0 encourages dispersed intelligence
and decentralized decision-making is another noteworthy
aspect. Decision-making is dispersed across multiple levels
within the production system rather than entirely based on
centralized control and hierarchical frameworks. This makes
it possible to respond quickly, agilely, and adapt to shifting
market needs. Decentralization promotes a culture of
innovation and continual development by giving employees
more authority and empowerment.

Industry 5.0 is also defined by customization and
personalization. This feature makes it possible to
mass-customize and personalize items. Production processes
may be very flexible and adaptive because of technological
developments like additive manufacturing (3D printing) and
data-driven automation. Individual consumer preferences can
be considered, resulting in the development of products and
services created to order. Customization increases client
happiness and enables more effective resource management.
Additionally, Industry 5.0 incorporates and uses various
cutting-edge technology to boost manufacturing, including
Al, robots, big data analytics, AR, VR, and the IoT. Real-time
data gathering, analysis, and decision-making are made
possible thanks to the seamless integration of various
technologies, which boosts effectiveness, productivity, and
quality. Industry 5.0 also promotes workplaces focused on
people and acknowledging the value of their well-being.
Mitchell & Guile (2022) indicate that Industry 5.0 facilitates a
productive workplace that fosters innovation, skill growth,
and work-life harmony. Industry 5.0 understands that the
happiness and pleasure of those involved in it ultimately
determine the success of the industrial revolution.

1. RESILIENCE IN INDUSTRY 5.0

In the context of Industry 5.0, resilience is an essential
aspect that enables organizations to withstand disruptions and
continue their operations seamlessly. As Industry 5.0
emphasizes the integration of advanced technologies, such as
artificial intelligence, big data analytics, and the Internet of
Things (10T), manufacturing systems become more complex
and susceptible to failures Therefore, building resilient
manufacturing systems is crucial to mitigate the impact of
disruptions and ensure the continuity of operations. The
concept of resilience is not only about the ability to withstand
disruptions but also to adapt and improve the system's
performance in response to challenges [3].

The COVID-19 pandemic has brought the need for
resilience in manufacturing to the forefront. In order to be
able to withstand disruptions, organizations must have
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resilient systems in place. Resilience can be defined as the
ability of a system to sustain disruptions, such as pandemics,
natural disasters, logistics delays and failures, and
cyber-attacks, and immediately bounce back to its usual
operational condition. In this context, resilience is crucial for
Industry 5.0, as it enables organizations to maintain continuity
and protect themselves against adverse and disruptive
incidences.

Flexibility and built-in redundancy are two key factors that
contribute to the resilience of a manufacturing system. These
factors enable a system to resume its usual production after
facing machine failures or faults. For example, workload
relocation and task rescheduling are two ways in which a
resilient system can withstand predicaments. A resilient
system design can benefit an organization by providing
efficient manufacturing system design, seamless operation,
and continuous shielding against adverse and disruptive
incidences. The COVID-19 pandemic has revealed the need
for resilient systems in manufacturing. Organizations that
were able to quickly adapt to the pandemic were those with
resilient systems in place. In order to maintain continuity and
protect against future disruptions, organizations must
continue to develop and enhance their resilience strategies.

One approach to enhancing resilience is to adopt a flexible
manufacturing system design that can adapt to changing
circumstances. This can include the use of modular
production systems that can be reconfigured quickly in
response to disruptions. Another approach is to build
redundancy into the system, such as backup power supplies,
so that critical operations can continue even if one component
fails. These approaches can be combined with task
rescheduling and workload relocation to create a robust and
resilient manufacturing system [2].

It is important to note that resilience is not just about
responding to disruptions but also about preventing them
from occurring in the first place. This can be achieved through
risk management strategies, such as monitoring and assessing
supply chain risks and implementing cybersecurity measures
to protect against cyber-attacks. By identifying potential risks
and taking proactive measures to prevent disruptions,
organizations can enhance their resilience and protect
themselves against adverse and disruptive incidents.

A. Contribution of Digitization in Enhancing Resilience in
Industry 5.0

In the coming era of Industry 5.0, companies have
increased their reliance on digitization, especially in supply
and chain management, production planning, and demand
forecasting. In  manufacturing, Digitization enables
organizations to transfer processes to the digital spectrum and
apply technological mechanisms in the implementation
endeavors. In the upcoming Industry 5.0 revolutions,
businesses have opted to create end-to-end supply chain
management that will enhance the resilience of their processes
[2]. In doing that, the specific industries are reinventing and
re-thinking supply chain design and control from the idea of
reconfigurable, viable, and data-driven networks that, in
essence, consider the two main agents of change, including
digital technology and serious pandemic-like interferences. In
the current business operations, technological transformations
in the supply chain management have become a prerequisite
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with more need for flexibility and adaptability of the supply
chain networks and experienced human resources. Ideally, the
need for a structural variety of supply networks and
multifunctional processes has become overwhelming.

It is acknowledgeable that there is evidence of humans and
digital machines such as COBOTS in the supply chain
visibility 5.0. According to the goals of Industry 5.0, it is
evident that there will be a combination of the
hyper-customization needs of the consumers and
hyper-personalization [4]. Such a requirement is ideally the
combination of the capability of machines and human
originality. For instance, the competencies of robots are a
requirement, especially when undertaking supply chain
management in digital processes in high production volumes.
With the advancing digital era, robotic automation and
machine learning technologies will significantly boost
workers’ productivity and deliver quality products more
conveniently to customers.

In Industry 4.0, the ERP system has been crucial in
managing the supply chain, from acquiring raw materials to
delivering them to specific customers. Industry 5.0, therefore,
is planning to enhance the technology by empowering the
digital supply chain. Some ways to achieve that are through
customizing the supply chain, managing business efficiency,
strengthening customer satisfaction, and managing market
margins [3]. It is admissible that with digital machines that
can store the current logistics information of a company, there
are bound to be reduced risks and wastage in the supply chain
processes.  Contextually,  several  companies are
contemplating strengthening their supply chain management
through engagement in strategic partnerships. By so doing,
the organization will spend more time experimenting with the
supply chain and less time battling issues related to project
executions.

Industry 5.0 is also armed with features that will enhance
the organizations’ ability to forecast demand, mainly to
streamline the line production processes. The upcoming
industrial revolution will enable businesses to predict
production efficiency according to the prevailing activity
using advanced digital machines and new technologies such
as smart and connected machines, industrial automation, and
machine learning [5]. So, companies can avoid unnecessary
losses as they will be more efficient by adjusting processes
according to the existing parameters. It is worth mentioning
that manufacturers must embrace a higher level of resilience,
especially when undertaking their production activities. The
abovementioned move will help them defend and streamline
their industrial production against disruptions, serious
disasters, and pandemics such covid-19.

It is admissible that Industry 5.0 will have demand forecast
implications in the operational mechanisms of various
companies. Through data analytics, specific organizations can
plan appropriately, especially in enhancing their supply
chains and operations, while ultimately strengthening the plan
area. For example, in the upcoming industrial revolution era,
operational departments can make inventory control
prescriptions and forecast demand [4]. Other source areas,
which depend on supply visibility, supplier platforms, and
real-time inventory management, will also be reinforced by
the Industry 5.0 business conditions. Such an analogy is
helpful in the manufacturing spectrum as it promotes
sustainability resulting from human-centric workplaces and
highly efficiency-oriented production.
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The manufacturing transformations that are bound to take
place in the upcoming Industry 5.0 will also help
organizations to be resilient through their enhancement in
production planning. The digital changes will empower the
processes of getting the real-time manufacturing data still
ongoing in Industry 4.0. The instantaneous data will enable
companies to make faster real-time analyses and decisions,
hence helping to streamline future products and processes [6].
At the same time, the above analogy will help normalize
preventive failure approaches and maintenance that are
mainly the source of threats to all aspects of the company.
Digital transformation also leads to production planning
empowerment as it highly delves into improving business
processes and holds all the employees responsible and
accountable for their actions hence creating a culture of
continuous improvement in the organization.

B. Contribution of Automation in Enhancing Resilience in
Industry 5.0

Digital transformations and the growth in technology in the
Industry 5.0 is bound to lead to more resilience in businesses,
thus helping to enhance their flexibility and adaptability. For
instance, the automation of production lines will reduce the
number of people in the workplace as it will require only a few
well-trained personnel to collaborate with robots to produce
quality and standardized products. At the same time, the
originally tedious and repetitive tasks will be operated by
robots while the employees will switch to monitoring and
supervision of the systems to create a streamlined
manufacturing process [7]. For example, in the healthcare
sector, Industry 5.0 will create opportunities for collaborative
robots to allow an experienced surgeon to initiate a lifesaving
operation on an individual halfway around the globe. In the
agricultural sector, cobots can review and detect minerals'
availability in soils without needing a large human workforce.
Itis also admissible that robots can undertake heavy tasks that
require a large workforce, thus helping to save businesses
large amounts of labor costs [6]. Similarly, with the help of
robots, companies will ensure that there is no backlog in tasks,
thus helping enhance manufacturing processes. By so doing, it
will be easier for businesses to meet the customer's
ever-changing needs in the growing industrial market.

The integration of automation technology has shown
immense potential in improving the resilience of Industry 5.0.
One area of automation that is expected to benefit businesses
greatly is autonomous vehicles. These vehicles are expected
to bring about increased flexibility and adaptability, as they
do not require human intervention while in motion, leading to
enhanced operational efficiency [8]. This increased efficiency
is expected to translate into better performance in a wide
range of business operations, such as the transportation of
personnel and goods and the orchestration of home deliveries.
Additionally, autonomous vehicles will be under the control
of personnel, leading to cost savings on labor. Overall,
automation technology has immense potential in enhancing
the resilience of Industry 5.0, and autonomous vehicles
represent a significant step in this direction.

C. Contribution of Advanced Analytics in Enhancing
Resilience in Industry 5.0

The availability of advanced analytics boosts Industry 5.0,
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especially in reinforcing businesses' resilience. Atrtificial
Intelligence of Things (AloT) is a prerequisite in the
upcoming industrial revolution, primarily in its ability to
handle huge volumes of real-time data. In the previous
decades, businesses have been leveraging many hu-mans in
data analysis, leading to fatigue and slow operations [9].
However, in the Industry 5.0 context, the prowess of
advanced analytics will be a big boost in helping various
companies to cope with possible disruptions which usually
infringe on their ability to progress. It is imperative to mention
that the AloT normally grants a connected physical device the
ability to analyze real-time data, thus helping solve problems
and make difficult decisions for traditional loT-enabled
devices.

AloT usually achieves the milestones mentioned above by
inserting Al algorithms into various parts of a physical
system, like chipsets and programs, all attached to an loT
network. Notably, the operations work with the help of
humans exactly as Industry 5.0 dictates. Therefore, with
human help, a suitable application programming interface is
deployed to provide interoperability between the parts at the
software, device, and platform stages [8]. Technically, all the
components mentioned above work interchangeably to
optimize the system and collect the appropriate data. After the
extraction of the data, it becomes possible for a business to
undertake data analytics functionality, optimize the system
functionality, make decisions, and learn from it without
human effort.

Ideally, in supply chain management, the interconnection
of the latest information technologies, such as cloud
computing, Blockchain technology, the Internet of Things,
and Bigdata, can change how businesses handle their data
operations [9]. For instance, the industry sectors can adopt the
Blockchain architecture, which guarantees business data
security by offering private, secure, and encrypted data
exchange. Usually, the new generation of technology is
effective in helping to end trust problems among businesses,
and it ensures an automated distribution of resources
internationally.

Key technologies leveraging business operations include
machine learning, machine vision, robotics, and deep
learning. The advancements mentioned above are essential
components of Al that augment learning from a huge data
collection and allow self-correction for decision-making and
reasoning to clarify the data [10]. In companies that deal with
large sets of data, especially those that deal with logistics and
industrial operations, Al systems will help reinforce their
operations, ensuring customer satisfaction. However, the
above systems will not work in isolation as they will require
the help of trained humans who will also benefit from the
critical suggestions, thus helping in making unified company
decisions.

IV. AGILITY IN INDUSTRY 5.0

Industry 5.0 is mainly on manufacturing, and it refers to the
capability of a business to adjust quickly and efficiently to any
form of market fluctuations and consumer demands. Such an
analogy is achievable through the collaboration of humans
and machines. However, humans should control the creativity
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processes [8]. Manufacturing agility, therefore, involves
bolstering the production system, which can produce different
kinds of products in small amounts while keeping low costs
and maintaining short delivery periods. It is acknowledgeable
that manufacturing agility and flexibility work hand in hand.

On the one hand, agility helps the production system to
adapt quickly to customer demands and market changes. On
the other hand, flexibility helps a business adjust its
production process quickly to satisfy particular customer
demands while maintaining the original quality of products
and production costs. The only difference between the two
analogies is that flexibility delves into production activities,
while agility is glued to inventory management, supply chain
planning, project management, product design, and human
resource management [3]. Ideally, agility deals with many
aspects as it ensures that a business is more adaptable and
flexible.

A. Contribution of Digitization in Enhancing Agility in
Industry 5.0

Digitization has been critical in bolstering agility in
Industry 5.0. The advancement of technological tools such as
cloud computing, Internet-enabled machines, and the Internet
of Things has led to streamlining of companies' operations
through faster processing of data and exchange of information
in real-time across all the departments. It will help Industry
5.0 to thrive and adapt to any possible changes through
innovations and several significant growth opportunities that
can meet customer demands [7]. In the upcoming
manufacturing revolutions, advanced technology, primarily
IT, will play a fundamental role in supply and chain
management through interaction among business partners.
Technically, it will ensure that information sharing is faster
and more convenient in their business operations, thus helping
curb any disruptions to the supply chain.

Customer Relationship Management (CRM) is one of the
best tools for advancing business operations. In the upcoming
industrial revolutions, customers will be able to share their
responses on the quality of services they are getting from a
particular manufacturing company through the advanced
CRM tool, hence helping the particular entity innovate and
disseminate quality services [1]. At the same time,
technological advancements that are bound to happen during
the Industry 5.0 era are essential in sharing information, such
as cloud computing, which will be able to bolster operations
among various stakeholders, including company employees,
logistics service providers, customers, and suppliers. Cloud
computing usually functions, offering several cloud
computing substructures common as software as a service
(SaaS).

Through the advancement of the chain of communication,
it will be possible for every party involved to share their
needs. For instance, the customers will enhance their
interaction with the SaaS application and then share useful
responses that will, in turn, assist the specific businesses in
designing products that match or exceed their expectations.
At the same time, the consumer's interaction with the
application will enhance their purchase behaviors as the
information gathered by the companies is based on the
customers' satisfaction levels [2]. Notably, the responses from
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the customers drawn by the wvarious technological
advancements such as cloud computing and IoT will be
essential in advising the various business entities in their
production processes and bolstering their logistics, thus
leading to smooth operations among the several specific
business departments.

In the supply chain, the Al-oriented Digital Twins business
plan is essential in the store's operation. By applying the new
development, the store management will be able to verify,
simulate, and forecast the general longevity of the physical
store using real-time data, algorithms, and historical data. As
a result, it will aid the store management to be alert to any
prevailing market trend changes [3]. At the same time, it will
help them in decision-making, especially on scientific matters
in the supply chain. The logistics field will be able to apply the
DT technology to help orchestrate innovation and scientific
research activities that help bolster the overall business
operations.

B. Contribution of Automation in Enhancing Agility in
Industry 5.0

The increasing technological advancements have brought
new opportunities for businesses to thrive in the
ever-changing market conditions. Automation is boosting the
agility of the manufacturing sector with the advent of
advanced technologies and machines. For instance, the
upcoming industrial revolution will be reinforced by
beneficial aspects such as the advanced Internet of Things
(1oT), autonomous systems, and robotics, thus aiding
manufacturers in real-time monitoring and strengthening the
production processes. For instance, the Internet of Things is
an imperative concept, especially in helping in connecting
businesses by collecting data from physical items [2]. The
concept is usually viable in enabling manufacturing agility by
using elevated devices or computers that gather the data and
then utilize it to initiate operations decisions. Ideally,
businesses apply the prowess of the 10T to make themselves
more agile and connected. It also helps the entities to gain a
competitive edge against their competitors as they utilize the
smart computing prowess of the 10T. It is admissible that the
loT is applicable in several ways in business operations.

Collaborative robots are also essential in the upcoming
industrial revolution era as they are one of the agents of
reinforcing businesses' agility. Unlike in Industry 4.0, where
robots work in isolation, in Industry 5.0, robots are bound to
collaborate with humans; they will work under human
instructions [7]. The advent of artificial intelligence,
conventional robotics, and machine learning has led to the
design of co-bots that can sense their environment, adapt to
them, and immediately learn from them. It is admissible that
the new kinds of robots are adaptable and highly flexible to
manufacturing changes.

At the same time, cobots are small and mobile, thus able to
operate in all company sets, such as handling raw materials,
laboratories, assembly and production lines, packaging, and
transporting finished products to consumers. Such an aspect
makes the devices useful to manufacturing companies in
streamlining their operations by producing highly customized
products and creating products of small batch sizes. Ideally,
such an analogy is a major mission of future manufacturing
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[9]. At the same time, the small size and adaptable nature of
the cobots relieve the business from de-pending on traditional
robots diminishing the cost of ownership in the industrial
setting. It is acknowledgeable that new technological
advancements such as artificial intelligence, parallel
processing, edge computing, and linked data have bolstered
the ability of the cobots in effective real-time
decision-making.

Industrial automation is another key concept that will foster
the agility of Industry 5.0. Manufacturing companies will be
applying automation, such as integrated technologies, to
perform mechanized processes, mostly by humans [8]. The
benefits of industrial automation are huge as it helps improve
the general performance of the specific industry through the
increment of speed, standardization, and conformity to the
customer's design specifications. Moreover, it eliminates the
likelihood of human error and reduces daily operating costs.
Such an analogy is possible through programmable logic
controllers (PLCs) and programmable automation controllers
(PACs).

It is worth noting that manufacturers can apply automation
tools in various areas of their operations, such as
manufacturing (PLCs, robots, PAC, and human-machine
interface) and processing (SCADA system and Cloud-based
technology). Industrial processes are complex and thus
difficult to monitor, especially if the controllers need to enter
hazardous surroundings or move long distances [5].
Therefore, with the upcoming industrial revolution,
companies can make unified safety, productivity, and
efficiency decisions.

C. Contribution of Advanced Analytics in Enhancing

Agility in Industry 5.0

In the upcoming industrial development, advanced
analytics will be key in ensuring the agility of the
manufacturing industries. Such an analogy is viable,
especially through various applications such as machine
learning, optimization algorithms, and predictive analytics. In
the above context, machine learning algorithms will be useful
for businesses as it applies different mathematical models and
techniques to identify patterns in data, such as linear
regression or cluster analysis [1]. At the same time, due to the
ability of the machine learning algorithms to learn from and
adapt to new data, it will be the specific entities to continually
improve their predictions and become better at recognizing
patterns over time. After identifying a pattern in the data, the
application will make profitable predictions that are more
accurate than those made by humans [4]. By so doing, it helps
the companies from making errors that could cost them. Some
of the forecasting range from predicting whether a customer
will buy a product based on past purchases to forecasting the
stock market based on historical data.

Another key analytics tool in augmenting agility in the
Industry 5.0 is the optimization algorithms which help
identify the best way to achieve a given goal. For example, the
manufacturing industries can apply the application in
identifying the most efficient production process or the most
cost-effective supply chain [2]. By so doing, the specific
entities can benefit from reducing waste and increasing
performance, thus increasing agility. It is also admissible that
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predictive analytics is an essential tool in forecasting possible
disruptions in the company using credible and less unstable
models. Notably, the applications could only make the
analysis and predictions while humans will ensure that the
data sources are safe, and the Al is of suitable quality.

V. CASE STUDIES

As Industry 5.0 is about to start becoming operational,
some of the real-world manufacturing systems are relying on
some of its aspects to thrive. In the current industrial sector,
several companies have embraced robotics and automation to
improve the productivity and efficiency of manufacturing
processes. It is evident that the COVID-19 pandemic claimed
many people's lives, and thus many manufacturing companies
had to quickly adapt their production lines in order to keep up
with demand while also ensuring the safety of their workers
(Javaid et al., 2020). Contextually, the specific companies
switched to robotics and automation to help them adjust their
production lines quickly and with minimal disruption. For
instance, several companies in India increased their
production of medical supplies by introducing robots on their
production line [11].

It is also admissible that companies use predictive analytics
to anticipate disruptions in the supply chain and proactively
take action to minimize their impact. One real-life incidence
is that of ZOE, a UK-based health science company that
applied predictive analytics to identify potential supply chain
disruptions due to the COVID-19 pandemic [10]. After the
analysis, the company adjusted its production plans and
shifted its focus to items in high demand, such as medical
supplies. By so doing, they could maintain their production
levels despite the disruption.

The use of cloud-based technologies is also evident in
several real-world manufacturing companies to help in remote
access to manufacturing systems and improve their resilience
and agility during disruptions [8]. Celox ICT, a company in
the Netherlands, uses cloud-based technologies to enable its
employees to access their production systems from home. By
so doing, it allowed them to keep production lines running
even when employees could not physically be present in the
factory.

VI. LESSONS LEARNED

Manufacturing companies have previously leveraged
Industry 5.0 in their operation, using predictive analytics,
machine learning, and cloud-based technologies. Based on
the above case studies that featured the operations of various
companies during the COVID-19 pandemic, there are
invaluable lessons and best practices that could apply to other
manufacturing systems in Industry 5.0. First, the examples
enlighten the significance of agile and resilient systems.
Contextually, the specific companies applied predictive
analytics and machine learning to help identify potential
problems, while cloud-based technologies enabled rapid
deployment and scalability of solutions.

Second, the case studies hinted that data-driven
decision-making is paramount in manufacturing. In essence,
the companies mentioned above used predictive analytics and
machine learning to quickly identify and respond to market
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changes and make informed decisions about operations. By so
doing, it allowed them to identify and address the issues faster
and more effectively, leading to improved efficiency and
resilience.

On the other hand, the essence of the specific company to
apply cloud-based technologies allowed for faster and more
efficient scaling of operations. If other manufacturers apply
such an analogy, they can quickly and easily increase their
capacity to meet the market's needs and respond quickly to
changes in demand. It is also a way of helping companies to
maintain their competitive edge and increase their agility.

VII. POTENTIAL RISK OF AUTOMATION, DIGITIZATION, AND
ADVANCED ANALYTICS IN MANUFACTURING

There are numerous perks to manufacturing's growing
dependence on automation, digitalization, and advanced
analytics, but there are also potential threats and difficulties
that must be resolved. Cybersecurity dangers and privacy
concerns are among the primary problems posed by these
technologies. Leng et al. (2022) show that the risk of
cyberattacks, and data breaches is rising as industrial systems
grow increasingly linked and dependent on digital
technology. Malicious actors may target manufacturing
operations to disrupt business operations, steal intellectual
property, or breach important data. Cyberattacks can
potentially cause large monetary losses, harm one's
reputation, and even jeopardize the security of manufacturing
procedures. While digitalization and automation boost
productivity, they also raise the risk of insider attacks.
Through data theft, sabotage, or illegal changes to production
processes, employees or contractors having access to
manufacturing systems and data may hurt the company
purposefully or accidentally. Manufacturers must have strong
cybersecurity protections to prevent unwanted access to or
manipulation of their systems, networks, and data. Insider
risks can be reduced by implementing stringent access
restrictions, constant observation, and extensive staff training
programs.

In addition, privacy issues are raised by the collection and
use of enormous volumes of data in manufacturing. Advanced
analytics and machine learning algorithms need access to
various datasets, including operational data, intellectual
property, and sensitive consumer information. Individual
privacy rights may be violated by improper management or
illegal access to this data, which may have legal and moral
repercussions. Manufacturers must set up clear data
governance policies to protect sensitive information and
ensure privacy laws are followed. Markedly, Manufacturing
automation and digitalization often integrate with outside
suppliers and partners, resulting in a complex network of
supply chains. Due to the interconnection of the supply chain,
it is more vulnerable to breaches or cyberattacks, which can
have a domino impact on all partners in the chain.
Manufacturers must evaluate the security precautions taken
by their suppliers and set up reliable systems to identify and
address any possible vulnerabilities in the supply chain.
Manufacturers should keep one step ahead of possible
dangers and protect their operations, reputation, and the trust
of their customers by working with industry partners,
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exchanging best practices, and being informed of emerging
threats.

VIIl. CONCLUSION

The upcoming industrial revolution, dubbed Industry 5.0,
will be essential in positively changing the manufacturing
industries' operations. The revolution is bringing advanced
technological systems such as robotics, artificial intelligence,
and the Internet of Things (10T), which are likely to help
organizations be flexible and resilient. Resilience in the
manufacturing context means the ability of a business to
recover from unexpected disruptions or changes in the
environment quickly. On the other hand, agility is the ability
of a company to adapt and respond to changes in the
surroundings quickly. It is admissible that the mentioned
above attributes are essential for modern manufacturing
systems to remain competitive and successful in a rapidly
changing and uncertain world.

Industry 5.0 is essential for organizational growth as it
leverages Digitization, automation, and advanced analytics.
At the same time, it integrates human efforts to help in making
the manufacturing process holistic. Manufacturers will
benefit from embracing Industry 5.0 as they become more
responsive and adaptive to changing customer demands,
market conditions, and supply chain disruptions. At the same
time, the changes will enhance their resilience and agility in
their operations. For instance, specific companies are
guaranteed of more competitive edge by reducing lead times
and increasing their production flexibility. Similarly, the
technologies in Industry 5.0 can help a business to become
more efficient by improving its ability to quickly identify and
respond to potential disruptions, as well as by minimizing
waste and improving quality.

IX. RECOMMENDATIONS FOR FURTHER RESEARCH ON
RESILIENCE AND AGILITY IN INDUSTRY 5.0

There are a number of potential directions for more
research on resilience and agility in Industry 5.0 based on the
current state of the literature. Future research should focus on
creating more complex risk management plans that can stop
disruptions before they start. To better detect possible hazards
and create proactive methods to reduce them, this may entail
integrating advanced analytics and machine learning
approaches.

The investigation of new technologies that can further
improve the robustness and agility of production systems in
Industry 5.0 is another promising area for future study. For
instance, integrating blockchain technology might increase
supply chain visibility and traceability while the introduction
of autonomous robots and drones could increase the
productivity and adaptability of manufacturing operations.

Additionally, there is a need for further research into the
organizational and social aspects of manufacturing systems'
resilience and agility. This can entail looking at how
leadership, organizational culture, and employee engagement
contribute to the development of resilient and adaptable
manufacturing systems.

Lastly, future research should also focus on developing
frameworks and best practices for enhancing resilience and
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agility in manufacturing systems in different contexts, such as
in developing countries or in industries with unique
operational challenges. By addressing these research gaps, we
can better understand the complex factors that contribute to
resilience and agility in Industry 5.0 and develop effective
strategies for building more robust and adaptable
manufacturing systems.
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