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Abstract—IR 4.0 emphasizes the interconnection of machines
and systems to achieve optimal performance and productivity
gains. IR 5.0 is said to take it a step further by fine-tuning the
human-machine connection. IR 5.0 is more collaboration
between the two: automated technology's ultra-fast accuracy
combines with a human's intelligence and creativity. The driving
force behind IR 5.0 is customer demand for customization and
personalization, necessitating a greater human involvement in
the production process. As IR 5.0 evolves, we may expect to see a
slew of breakthroughs across various industries. However, just
automating jobs or digitizing processes will not be enough; the
finest and most successful businesses will be those that can
combine the dual powers of technology and human ingenuity. IR
5.0 focuses on the use of modern cutting-edge technologies,
namely, Al, 10T, big data, cloud computing, Blockchain, Digital
twins, edge computing, collaborative robots, and 6G along with
leveraging human creativity and intelligence. Wherever possible,
IR 5.0 will change industrial processes worldwide by removing
mundane, filthy, and repetitive activities from human workers.
Intelligent robotics and systems will have unparalleled access to
industrial supply networks and production floors. However, to
understand and leverage the benefits of IR 5.0 better, there is a
need to understand the role of modern CET in industrial
revolution 5.0. To fill this gap, this article will examine IR 5.0
prospective, uses, supporting technologies, opportunities, and
issues involved that need to be understood for leveraging the
potentials of IR 5.0.
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I.  INTRODUCTION

From the industrial revolution to the digital transformation
and beyond [1-3], the history of the IR traces the progress of
the manufacturing industry. Each stage indicates a shift in the
production process that has altered how we think about and
operate in the business. When the major method of
manufacturing shifted from people to machine power, the first
IR began. The second IR, known as the Technological
Revolution or IR 2.0, continued where the first left off, with
improved electrical technology allowing for even more
manufacturing and more complex machinery. The third IR,
known as the digital revolution or IR 3.0, began with the
invention of the first computers, which created the foundation
for a society that is difficult to envision today without
computer technology. We are currently in IR 4.0, which is
defined by the amount of automation that has been
accomplished. Machines can frequently govern themselves in
many ways utilizing internet technology or the 10T. IR 4.0 also

emphasizes the utilization of cloud technologies and the
relevance of BGD. Although IR 4.0 has greatly improved the
manufacturing industry by enabling security, scalability,
control and visibility, customer happiness, and customization,
the human drive for creativity still exists, and researchers are
already predicting the next revolution that is IR 5.0 [4-6]. In
short, if the current revolution focuses on converting factories
into loT-enabled smart facilities, IR 5.0 is expected to place a
greater emphasis on the return of human skills and intelligence
to the industrial framework. Fig. 1 illustrates all the IRs so far
diagrammatically.

According to [7-9]; in IR 5.0, man and machine work
together to optimize manufacturing process performance.
Surprisingly, the fifth IR may already be underway among
firms that are only starting to use IR 4.0 concepts. The reason
for this is that when businesses adopt contemporary
technology, they do not suddenly eliminate huge segments of
their employees and shift to a fully automated operation. Thus,
by delegating repetitive and boring activities to
robots/machines and critical thinking tasks to people, IR 5.0
improves manufacturing quality. IR 5.0 supports more skilled
occupations than IR 4.0 because experts handle the machines.
Further, it focuses on improving consumer happiness by
forming a collaborative relationship between humans and
robots. Another advantage of IR 5.0 as mentioned by [10, 11]
is that it provides greener solutions than traditional industrial
transformations, which do not prioritize environmental
protection.
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Fig. 1. Industrial Revolution.
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Several current studies examine the enabling technologies
(ETs), applications, and problems of prior industrial standards
and supporting industrial technologies such as articles [10-15].
The authors of [14], for example, investigate the ETs of the IR
4.0 standard as well as the rationale for their inclusion in the
standard. Simultaneously, [15] examines the ETs in the Web of
Science database for IR 4.0, as well as the contributions of
several forerunners in the development of this database. The
authors of [16] have published a comprehensive review of the
ETs and uses of virtual reality in 10T systems.

Industries can play an important role in addressing societal
challenges such as resource preservation, climate change, and
social stability. Businesses, employees, and society all benefit
from IR 5.0. In addition to giving workers more control, it
meets the ever-changing needs of employees in terms of skills
and training. Competitiveness is boosted, and top talent can be
attracted more easily. It is beneficial to our world since it
encourages circular production models and supports
technologies that increase the efficiency of natural resource
utilization. Even though IR 5.0 is becoming more popular, we
are unaware of any study that analyzes the role of modern CET
in the revolution of IR 5.0. As a result of this observation, we
intend to present the role of modern CET in the IR in the
context of IR 5.0. In a nutshell, our work's contributions may
be stated as follows:

1) Define IR 5.0 to have a comprehensive knowledge of
the concept from several angles.

2) Comparing and contrasting IR 5.0 to earlier IR.

3) Discuss the most promising IR 5.0 applications

4) Discuss the role of modern CET in IR 5.0

5) lIssues and challenges involved in IR 5.0

TABLE I. LIST OF ABBREVIATIONS USED
Abbreviations Used for
CET Cutting Edge Technologies
loT Internet of Things
Al Artificial intelligence
BGD Big Data
DT Digital Twins
IR Industrial Revolution
SCM Supply Chain Management
BCT Blockchain Technology
CPPS Cyber Physical Production Systems
CAGR Compound Annual Growth Rate
ITU International Telecommunication Union
ZB Zettabytes
cC Cloud Computing
COBOTS Collaboration Robots
ETs Enabling Technologies
EC Edge Computing
SME Small and Medium size Organizations
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The remaining paper is structured as: Section 2 will define
IR 5.0 from various perspectives. Section 3 will summarize
existing knowledge to compare and contrast IR 5.0 to the
earlier IR. Section 4 will discuss the key applications of IR 5.0.
Section 5 will highlight the role of modern CET in the fifth IR.
Section 6 will discuss the associated issues and challenges.
Section 7 will discuss the findings of the study. Finally,
Section 7 will wrap up the paper by providing the conclusion
of the paper and insights into future work.

Table I shows the list of abbreviations used in this research
for better understanding.

Il. LITERATURE REVIEW

This section will provide a general overview of IR 5.0 to
provide a better understanding of the phenomenon. Further, it
will also discuss the key pillars of IR 5.0.

A. IR 5.0 and State-of-the-Art

Since IR 5.0 is still evolving, several researchers and
practitioners have presented varied definitions. Here are some
of the definitions that are considered.

Definitionl: By integrating work processes and intelligent
systems, IR 5.0 brings the human workforce back to the
factory, where humans and machines are partnered to boost
process efficiency by harnessing human intelligence and
creativity [4].

Definition2: IR 5.0 blends the inherent strengths of human
intelligence and CPPS to build synergetic factories. In addition,
authorities are searching for creative, ethical, and human-
centered design to overcome the personnel shortages caused by
IR4.0[17].

Definition3: IR 5.0 is a paradigm for the next phase of
industrialization, which incorporates the return of labor to
factories, distributed production, intelligent SCM, and hyper
customization, all of which work together to create a tailored
customer experience over time [18].

B. Pillarsof IR5.0
IR 5.0 focuses on stakeholder value rather than shareholder
value, reinforcing the industry's role and contribution to

society. Below are the key pillars of IR 5.0 (as shown in
Fig. 2).

1) Human-centric: Human ingenuity and craftsmanship are
combined with the speed, efficiency, and consistency of robots
in IR 5.0. Thus it promotes human empowerment, talent, and
diversity [4].

2) Sustainability: Additive manufacturing, often known as
3D printing, is one of the most notable elements of IR 5.0, and
it is used to make manufacturing items more sustainable. In IR
5.0, additive manufacturing aimed to improve customer
happiness by incorporating benefits into goods and services
[19].
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Fig. 2. Pillars of IR 5.0.

3) Resilient: The term "resilience" refers to the necessity to
improve industrial production's robustness, equipping it better
against interruptions and ensuring that it can offer and sustain
key infrastructure during the crisis. High resilience can be
attained when humans and robots operate together [20, 21].

4) Reduced cost and environmental control: Climate,
humidity, temperature, and energy usage are all monitored in
real-time and predicted using smart, networked sensors and
specialized algorithms. This is especially beneficial in farms
that are highly dependent on the weather. Knowing what to
expect and where to act might help to avoid costly mistakes
and boost the output [22].

C. Opportunities of IR 5.0

The prospects presented by IR 5.0 are as follows, these
opportunities are discussed in the articles [8,23-26].

1) Better employment: Through the implementation of
next-generation technologies, greater automation will have a
favorable influence on employment in several areas.

2) Customization: Customers have more customization
options with highly automated production methods.

3) Improved human efficiency: IR 5.0 opens up more
options for creative individuals to come and work, allowing for
improved human efficiency.

4) Employee safety: Employee safety on the work floor has
improved since COBOTSs can do hazardous tasks.

5) Customer satisfaction: More personalized products and
services boost consumer happiness, loyalty, and attract new
customers, resulting in higher profits and market share for
businesses.

6) Better opportunities: It gives start-ups and entrepreneurs
in creative and inventive fields, enormous opportunities to
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develop new goods and services related to IR 5.0, as long as
enough money and infrastructure are available.

7) Human-machine interaction: IR 5.0 places a greater
emphasis on human-machine interaction and gives a bigger
platform for research and development in this industry.

8) Quality Service: With the support of IR 5.0, quality
services may be offered in faraway regions, particularly in the
healthcare business, such as surgical procedures performed by
robots in rural areas.

9) Frequent follow-up: IR 5.0 will assist the customer
digitally in handling frequent follow-up assignments by
making machines adaptable according to employee demands.

10)Higher-value job: Because individuals are given the
freedom to be responsible for building again, IR 5.0 provides
higher-value jobs than before.

11)Better planning: In IR 5.0, the production cell operator
is more involved in the planning approach than the more or less
automated manufacturing method.

12)Creative freedom: It enables more custom-made and
personalized items, as well as creative freedom.

13)Automation: With IR 5.0, it is easier to automate
production processes.

In comparison to IR 4.0, the preceding discussion
demonstrates that IR 5.0 is the next industrial revolution, in
which human specialists and efficient, intelligent, and precise
machines will work together to develop efficient and user-
friendly manufacturing solutions. It will enhance the sector by
bringing in human talents and competencies, as well as
opening up new opportunities. We will further explore the
strengths of IR 5.0 and the role of modern CET in IR 5.0 in the
upcoming sections.

I11. COMPARISON OF IR 4.0 AND 5.0

To better understand and visualize the benefits of IR 5.0,
it’s important to comprehend and see the differences between
IR 4.0 and 5.0. This section will compare both of these IRs.

Today, we live in IR 4.0, which is rapidly evolving towards
IR 5.0. The fourth IR, often known as IR 4.0, was constructed
on top of the third to allow improved technology. Everything
became "Smarter" during this period. loT, CC, CPPS, and
cognitive computing were among the most essential
technologies discussed. IR 4.0 connects systems, components,
and humans over a network as discussed in [27-30], making the
production process more efficient and automated. Humans
collaborating with these technologies to improve efficiency is
the goal of the fifth Revolution, often known as IR 5.0. For
optimal advantages, it is vital to strategize techniques of
human-robot integration since it will seek to match the rising
demand for individuals with unique customization and
modifications. Improved human engagement with intelligent
machines will lead to increased efficiency. Not to mention that,
as a result of this shift, more high-paying positions will be
created. Table Il summarizes the comparison between IR 4.0
and 5.0 so that organizations could leverage the benefits of IR
5.0.
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COMPARISON BETWEEN IR 4.0 AND 5.0

Industry 4.0

Industry 5.0

The goal is to automate processes.

The goal is to strike a balance
between machine and human
engagement.

The most crucial factor was
technology

The most crucial collaboration is
between people and robots.

The entire environment is virtual.

The shift back to the real world.

As new smart technologies were
adopted, the number of personnel
was reduced.

An increase in the number of people
who come into contact with machines.

Machines that are smarter and
more linked to the workplace.

Cognitive computers and human
intelligence are being combined.

There is no way to personalize or
customize the product.

Personalization and customization are
available, allowing each product to be
improved and tailored to the needs of
the person.

It's still tossing back and forth
between renewable and

It is more environmentally friendly
since renewable energy sources will

nonrenewable energy sources. be used more often.

IV. IR 5.0 APPLICATIONS

IR 5.0 is already in use in various areas, including
healthcare, manufacturing, CPPS, SCM, education, disaster
management, and so on, as mentioned in studies [23, 26, 31].
In addition to merging many CET with machines, such as Al,
edge computing (EC), loT, DT, COBOTS, 6G and beyond,
BGD analytics, and so on, the intellect of people is also utilized
when making judgments in IR 5.0. As a result, the personal
human touch is added to the IR 4.0 pillars of efficiency and
automation. Below we provide some core applications of
IR 5.0.

A. IR 5.0 in Healthcare

IR 5.0 has the potential to revolutionize the healthcare
industry [33], allowing for the production of individualized
gadgets, implants, and other medical products. Routine
occupations, such as routine checkups conducted by doctors,
can be handled by COBOTS under IR 5.0. Similarly, human-
robot collaboration can enhance the diagnosis and treatment
process. Intelligent wearable gadgets, such as smartwatches
and intelligent sensors, can, for example, continuously capture
a patient's healthcare data in real-time and store it in the cloud
[32]. The patients' medical condition may then be diagnosed
using machine learning methods. These intelligent gadgets can
interact with one another, and if a doctor's attention is
necessary, these devices can feed the present state of the
patient to the physicians and notify them to treat the patient.
Doctors can use COBOTS to get assistance from robots that
can interact with one another to perform surgery on patients.

Vol. 12, No. 12, 2021
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Fig. 3. Canadians' Predictions on the Influence of Al in Healthcare over the
Next Ten Years, as of 2019[34].

In a poll conducted in Canada to assess the role of Al and
robots in healthcare, approximately 70% of respondents said
that Al programs or robots delivering genuine health care
services, such as robot-aided surgery, early diagnosis, and so
on, will make life better. As of August 2019, the data in Fig. 3
depicts Canadians' projections for Al-related health
developments in the next ten years and their influence on life.
Statista was used to compile the data for this research.

B. IR 5.0 in Manufacturing/Production

According to the co-founder of universal robots chief
technology [35], IR 5.0 will transform the factory into a place
where creative individuals can come and work, resulting in a
more customized and human experience for both workers and
consumers. The fifth IR will see substantially more
complicated collaborative interactions between intellectuals,
machinery, processes, and overall system for optimal
performance optimization.

Unit Billicr

Fig. 4. Revenue of Global Manufacturing Industry.
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According to the TrendForce investigation [36], as shown
in Fig. 4, the manufacturing industry's income is predicted to
improve in the near future owing to human and robot
collaboration. This shows that the fifth IR might lead to
paradigm shifts and profound changes in how we think about
industry and production.

C. IR 5.0 and Supply Chain Management

IR 5.0 is expected to optimize the SCM by combining
smart, linked digital environments with the human intelligence
required to maximize their value. According to KBV research
statistics [37], as shown in Fig. 5, the global SCM software
market is estimated to reach $22.7 billion by 2024, growing at
a 12.1 percent CAGR. SCM Software is a real-time analytical
tool for managing the movement of products and other types of
data throughout the SCM network. The software improves an
organization's supply chain operations.

o &1 E ] Fod m

Fig.5. Global SCM Software Market.

IR 5.0 will improve SCM in the following way [38]

e Increasing supply chain customization improves not just
customer happiness but also efficiency and profits.

e Using more up-to-date data, reducing supply chain risks
and waste.

o allowing supply chain and logistics units to spend more
time on strategic innovation rather than putting out fires
or dealing with fundamental execution issues.

e Improving supply chain integration to form more
strategic alliances.

¢ Increasing the value of an organization's human capital
by assisting in retaining and transferring knowledge
about the features of a certain supply chain.

D. IR 5.0 and Education

IR 5.0 will also transform education [39, 40], the current
education is fueled by information, and if it can be trained and
equipped with digitally smart machines, or COBOTS, that are
further supplemented with the human touch, it will take society
along the path of personalized education. As a result, COBOTS
will help to develop a human-centric society, which will be
strengthened by human wisdom, enabling education 5.0,
tailored education for everybody. Humans will be aided by
many functioning COBOTS to assist them with day-to-day
tasks and support their personal and professional development.

Vol. 12, No. 12, 2021
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Fig. 6. Education Technology Market (Asia Pacific).

The worldwide education technology industry is expected
to be worth USD 89.49 billion in 2020 [41], with a CAGR of
19.9% predicted between 2021 and 2028 as shown in Fig. 6.
This shows that a blend of digital technology and human
intelligence has the potential to expand educational
opportunities.

V. ROLEOF CET IN THE REVOLUTION OF IR 5.0

Edge computing, loT, DT, Blockchain, BGD analytics,
COBOTS, and 6G are just a few of the CET that, when
combined with cognitive abilities and creativity, may help
enterprises enhance output and offer customized goods more
rapidly. IR 5.0 is an improved manufacturing model that
focuses on the collaboration between humans and robots, and
this collaboration makes human talents more productive and
easier to automate for individuals and enterprises than they
have ever been. According to the statistics provided by Statista
in [42], as of 2020, new CET are projected to have the largest
influence on businesses all around the world as shown in
Fig. 7. The data of Fig. 7 shows that 10T is widely considered
as one of the most crucial areas of current and future
technology, the second CET that highly impacted organizations
worldwide is Al robots, nearly used in every field to increase
efficiency and complement our human skills [22]. Fig. 7
depicts the other CET that have had a significant influence on

the global organization. Now we'll talk about how
contemporary CET will play a part in the fifth IR.
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Fig. 7. CET Impact on Organizations Globally as of 2020.
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A. loTand IR5.0

Humans define the strategy, give supervision, and
contribute creative input in IR 5.0, while technology does the
dull, repetitive, and error-prone activities. Businesses will
benefit from this new division of labor not only in terms of cost
savings but also in terms of tapping into new value streams
provided by the human touch. The loT is defined by two
characteristics: automation and connection [43]. Given these
characteristics, the 10T will need to leverage a variety of
technologies to guarantee that data is sent, analyzed, and
responded automatically across different devices. The IoT has
changed the modern world and is a primary driver of the fifth
IR [44]. The following are some of the most important
advantages of 10T in terms of industrial advancement [45].

o Increased employee productivity and decreased human
labor

o Effective management of operations

e Optimum utilization of resources and assets

o Cost-effective operation

o Workplace safety has improved.

e Marketing and business growth that is thorough
e Customer retention and service have improved.
e Better business prospects

e The company's image will be more trustworthy.

Because of 10T's widespread use and benefits, the number
of loT-connected devices is fast growing and is projected to
continue to grow in the near future, as shown in Fig. 8. The
data of Fig. 8 is taken from [46].
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Fig. 8. Expected loT Connected Devices Worldwide.
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B. Cloud Computing and IR 5.0

CC is a concept that allows for the instantaneous leasing of
computer resources with little or no communication with the
provider. Cloud simplifies operations in this sense since it
eliminates the need for rigorous resource dimensioning and
planning, allowing for flexible usage without the user's
previous commitment [47, 48]. Cloud users benefit from
almost all the resources they need, and they may either utilize
or supply everything as a service.

e N B

A T N 1A 11 S 1 1 1 O O
Fig. 9. Global Public Cloud Market Size Worldwide.

Cloud, in particular, is required to reap the benefits of IR
5.0 since it provides user mobility, distributed data analytics,
resources’ heterogeneity, and meets the needs of diverse
applications with low latency. It also makes managing and
developing computation, storage, and networking services
easier between data centers and end devices. It's also a strong
tool for processing BGD generated through 10T sensors,
allowing IR 5.0 to realize its full potential [20, 47, 49]. Due to
these potential benefits, the cloud market has grown at a
tremendous pace as shown in Fig. 9. The statistics of Fig. 9 are
taken from [50].

C. BGDand IR 5.0

In the realm of IR 5.0, BGD Analytics is expected to play a
significant role. Some firms in IR 5.0 can utilize BGD
Analytics to better understand customer behavior to optimize
product pricing, improve manufacturing efficiency, and lower
overhead expenses [51]. IR 5.0 apps can leverage BGD
Analytics to make real-time choices to improve their
competitive edge, with an emphasis on offering suggestions on
predictive findings for significant events and customization
[52]. Manufacturers can create and handle large amounts of
data with the support of real-time analytical data. Another
important problem in IR 5.0 is continuous process
improvement, which frequently necessitates the collection of
extensive data on the whole production cycle. To enhance
predictability and explore new possibilities, BGD analytics
approaches are utilized to identify and eliminate non-essentials.
According to [53], the revenue from the BGD industry is
growing and is likely to continue to grow in the future as
shown in Fig. 10.
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Fig. 10. Revenue Prediction for the Global BGD Market from 2011 to 2027.

D. Digital Twins and IR 5.0

DT can provide significant value to the creation of
customized items on the market, improve business operations,
fewer faults, and fast increase creative business models to
make profits in IR 5.0. The DT may help IR 5.0 address
technical challenges by finding them earlier, identifying

configurable  components, generating more  accurate
projections, forecasting future failures, and preventing
enormous financial losses [54]. This form of smart

architectural design enables businesses to get economic
benefits more rapidly and sequentially than ever before. DT
can be used for the access of real-time data and creating
simulation models in IR 5.0, allowing organizations to edit and
update physical things remotely. DT is also used in IR 5.0 for
customization that allows clients to build virtual environments
to realize the findings [55].

06206 200 20 200 0 20 R B M B 206
Fig. 11. DT Market 2015-2026.
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As illustrated in Fig. 11 based on the statistics collected
from [56], the global DT market is expected to reach USD 36.6
billion by 2025, rising at a CAGR of 38.5 percent from 2020 to
2026. Increased acceptance of new technologies such as loT
and cloud, increased demand for connected devices in the
automotive and transportation industries, and expanding
predictive maintenance usage are all driving market expansion.

E. COBOTSand IR5.0

Robots are far superior to humans in the creation of high-
volume items and are far more compatible. Robots are
inefficient in critical thinking when compared to humans.
When robots need to be guided, customizing or personalizing
things may be a huge difficulty. As a result, managing human
connections within manufacturing processes is critical.
COBOQOTS have a lot of potential in IR 5.0. Robots can achieve
their intended aim by collaborating with humans, allowing for
the rapid and accurate delivery of mass customized and
personalized items to clients [57]. Throughout IR 5.0,
personalizing COBOTS may take various forms, including
medical treatments. COBOTS aid with the improvement of
safety and performance in IR 5.0 applications, while also
providing more engaging tasks for human workers and
enhancing product development. In highly competitive
marketplaces, industries must recognize that COBOTS have
the potential to increase corporate performance and minimize
rising labor expenses [58]. According to the interact analysis
report, material handling, assembly, and pick-and-place are
expected to be the three most common uses of collaborative
robots in the future [59]. In 2024, these three tasks will account
for 62.7 percent of collaborative robot revenues, up from 71.9
percent in 2019 as depicted in Fig. 12. Pick and place is
expected to remain the third most popular use for collaborative
robots by 2024, according to Interact Analysis, but note the bar
on the far right of each graph that denotes "other applications.”
Innovative COBOTS technologies are positioned to enter a
variety of new products and non-manufacturing contexts
settings for which industrial robots are unsuitable.
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Fig. 12. Prediction of COBOTS Shipment by Application.
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F. 6G & Beyond and IR 5.0

Due to the rapid rise of smart infrastructure and prospective
applications, it will be impossible to quickly expand bandwidth
requirements with present networks. The usage of 6G and
beyond in the IR 5.0 revolution allows for lower latency, high-
quality services, and vast loT infrastructure, as well as
integrated Al capabilities. 6G networks aid in the efficient and
successful execution of IR 5.0 applications by enabling smart
spectrum management and smart mobility. 6G networks are
intended to satisfy the needs of future society by
interconnecting the overall society [60]. IR 5.0 apps have a
major challenge in terms of energy management due to a large
number of connected smart devices and the significant quantity
of energy they use. The employment of advanced energy
efficiency algorithms and energy harvesting technology will
make 6G networks more energy-efficient [61]. According to
the ITU, the exponential growth trend will continue, and global
mobile data traffic will reach a staggering 5ZB per month by
2030 [60], as seen in Fig. 13.
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Fig. 13. Global Mobile Data Traffic Forecasting by ITU.

G. Blockchain Technology (BCT) and IR 5.0

BCT has the potential to provide significant value to IR 5.0
in the future. In IR 5.0, centralized administration of a high
number of heterogeneous linked devices is a major difficulty.
By enabling distributed trust, BCT may be utilized to construct
decentralized and distributed management solutions. For
effective subscriber management in IR 5.0, BCT may be
utilized to generate digital identities for various persons and
businesses. It's required for access management and
authentication of stakeholders in any industrial activity that
takes place via the internet [62].

Additionally, these digital identities may be used to manage
properties, belongings, items, and services. BCT may also be
used to catalog and save original work and register IP rights.
By automating the agreement procedures between diverse
parties, BCT can also assist to automate the contractual process
[63]. According to [60], by 2028, the worldwide BCT industry
is anticipated to be worth USD 394.60 billion. At the same
time, financial institutions' increased interest in BCT is
propelling industry expansion. According to [64], the market
size of Blockchain is increasing with time as shown in Fig. 14,
it shows that BCT is a widely used technology of the current
time.
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H. Other Enabling Technologies

In addition to the above-discussed technologies, other CET
such as EC, network slicing, augmented reality, and 3D
printing also plays a vital role in IR 5.0. EC reduces
communication costs and ensures that programs run smoothly
even at faraway locations. Additionally, EC can process data
without sending it to the public cloud, reducing security
concerns for IR 5.0's major events [65]. Because IR 5.0
supports a broad collection of applications, a single physical
infrastructure will be unable to meet the needs of
heterogeneous networks. In this situation, network slicing can
provide several virtualized networks at a low cost [66]. The
way information is accessed, used, and transferred is changing
because of augmented reality. In truth, augmented reality is
data that broadens people's perceptions. This technology
enhances our sensory perception by allowing us to engage with
data. Because augmented reality can actively contribute to the
success and transformation of industrial production processes,
it will be useful as IR 5.0 focuses on human-machine
collaboration [67]. The usage of 3D technology is increasing in
a variety of industries, from food printing to the construction of
Mars settlements. Innovations in the healthcare, automotive,
construction, and manufacturing sectors are among the more
practical applications for 3D printing. The 3D printer is being
dubbed the forerunner of the 5th IR by scholars and
practitioners for these reasons [68].

VI. CHALLENGES OF IR5.0

Despite the benefits offered by IR 5.0, it also faces several
challenges. Some of the most significant challenges of IR 5.0,
as taken from available research [23-26, 69], are as follows:

1) Initial cost: IR 5.0 necessitates a significant amount of
expenditure to completely execute all of its pillars, which is
challenging for the industry, particularly SMEs, to accomplish.

2) Lack of precision and accuracy: For example, IR 5.0
has a lot of potential in the healthcare business, but it requires a
lot of precision and accuracy. The research in this area is still
in its infancy, and it necessitates a significant amount of
investment and infrastructure.
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3) Technology requirements: This presents a challenge for
startups and entrepreneurs, as IR 5.0 necessitates a significant
amount of investment and infrastructure, as well as CET
requirements.

4) Skill-gap: This tendency exacerbates job polarization, as
middle-skill employment declines and the workforce is divided
into two groups: highly trained and qualified personnel and
low-paid and unqualified workers. This may help to bridge the
gap between the skilled and unskilled in society.

5) Need training: Due to highly automated manufacturing
systems, skill development is a massive task that includes
training employees to adopt advanced CET as well as inducing
behavioral changes to interact with them.

6) Risk: Collaborative robotics is a type of technology that,
along with human coworkers, poses a significant risk on the
factory floor.

7) Data integration: It is difficult to obtain high quality
and integrity data from industrial systems, and it is also
challenging to accommodate several data sources.

8) Regulatory system: Due to the high level of automation
in IR 5.0, it is difficult to develop regulatory systems. For
example, who should be held accountable and to what extent in
the event of a failure.

9) Process tailoring: The old company strategy and
business models must be adjusted and tailored to match the
requirements of IR 5.0 due to a greater degree of automation in
the industries.

10)Mass personalization: As a result of mass
personalization, company strategy will become more customer-
centric. Customer subjectivity shifts throughout time, making it
tough to adapt corporate strategies and models regularly.

VII. DiIscussION

Humans have recognized the possibility of using
technology as a tool of advancement since the first IR. Steam
machines, assembly lines, and computers are just a few of the
technological developments that have occurred over the
previous several centuries, all with the goal of producing more
powerful technology and enhancing productivity and
effectiveness. IR 5.0 shifts the paradigm and ushers in a
revolution by putting less emphasis on technology and
assuming that the ultimate potential for advancement resides in
human-machine cooperation. IR 5.0 is not a passing trend, but
rather it's a manufacturing paradigm change with ramifications
for productivity, economics, and commerce. Due to the
competitive benefits that the IR 5.0 model offers, organizations
that do not adapt their production to this model will quickly
become outdated.

IR 5.0 acknowledges that industry can fulfill social
objectives beyond employment and development, such as
becoming a dependable source of wealth, by making sure that
production takes into account the limitations of our planet and
places a premium on the well-being of industry employees.
Keeping in view the benefits of IR 5.0, this study provides a
full description of IR 5.0, as well as the functions of CET, so
that scholars and practitioners may appreciate the significance
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of this revolution and recommend ways for maximizing its
benefits.

VIIl. CONCLUSION

IR 5.0 expands on the established IR 4.0 paradigm by
placing a premium on research and innovation as critical
drivers of the transition to a better industry. It refocuses
attention on stakeholder value, which helps everyone. It places
a premium on worker well-being throughout the manufacturing
process and leverages new technologies to create wealth
beyond employment and development, all while keeping
conscious of the planet's production restrictions. In the
upcoming days, the industries which will not follow IR 5.0 will
obsolete from the market. Keeping in view the importance of
IR 5.0, this conceptual paper provides a detailed overview of
IR 5.0. The key topics covered in this research article include:
providing a comprehensive knowledge of the IR 5.0 concept
from several angles, promising applications of IR 5.0, the role
of modern CET in the fifth IR, and opportunities and
challenges faced by IR 5.0. This paper will help researchers
and industry practitioners to better understand the role of IR
5.0 in the upcoming era.

CET's involvement in real-time IR 5.0 settings will be
further examined in the future. Additionally, we'll combine
human expertise with CET to study the real-world effects of IR
5.0.
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