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Abstract

As a result of advancements in operational
efficiency and the creation and
implementation of new business models,
services, and products, the manufacturing
and production systems of the modern
period have been dubbed "Industry 4.0."
The primary objective for Industry 4.0 was
to enhance the manufacturing systems' eco-
friendliness and productivity. As a
corollary, system enhancements were
prioritised via both digitization and
digitalization. However, the focus of the
present technological progress is more on
systems and machines than on humans. As
aresult, several nations have already started
coordinating efforts to bring about Industry
5.0, a term referring to the design and
development of human-centric
technologies, systems, and services.
Industry 5.0 will have far-reaching effects,
resulting in a new social order known as

Society 5.0. Tools and technologies

developed within the context of Industry
4.0 will be designed with social and human
factors in mind. For this reason, the next
technological phase, dubbed Industry 5.0
and a subset of Society 5.0, will prioritise
human well-being and environmental
sustainability. Human-centered, resilient,
and sustainable design will be at the
forefront of Industry 5.0, which will expand
upon the groundwork built by the previous
generation. Therefore, the authors of this
study want to give sufficient justification
for thinking about Industry 5.0 as a
framework for allowing industry and
developing society trends and requirements
to coexist via a critical literature
assessment.  Additionally, this study
contributes by laying out a plan for how to
go from the current Industry 4.0 to the

future Society 5.0.
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INTRODUCTION

Ever since the dawn of the Industrial Revolution, people have known that technology can be a
tool for progress (Industry 1.0). Production of mechanical power from low-tech sources like
water, steam, and fossil fuels marked the beginning of the First Industrial Revolution, which
dates back to the late 18th century. Electrical energy was chosen by mass-producing companies
that employed assembly lines in the 1870s, marking the beginning of the second industrial
revolution (Industry 2.0). Industry 3.0, which began in the 1970s, promoted the idea of applying
automation to industrial sectors via the use of electronics and IT (IT). The fourth wave of the
industrial revolution (Industry 4.0) makes use of the 10T, cloud computing, and Al to enable
the creation of Smart Cyber-Physical Systems (CPS), which act as a bridge between the digital
and physical worlds in real time [1,2]. As a conceptual framework, Industry 4.0 (14.0) captures
the dramatic transformations in technology, industry, and social patterns and processes that
have occurred over the last decade. Production efficiency and elevated product and service
quality are encouraged by the 14.0 framework thanks to the advent and development of
foundational technologies like big data analytics, artificial intelligence, and digital twins [3].
However, there are also constraints within the 14.0 framework, as engineers have primarily
focused on the technological evolution of manufacturing and production systems and networks
(digitization and digitalization), putting emphasis on industrial flexibility and efficiency rather
than industrial sustainability and worker welfare [4]. This means that a whole new age of
industrial revolution is just around the corner. During this period, engineers will be able to fully
take use of the state of the art technology available, improving lives all around the world and
socialising manufacturing in the process (see Social Factories). Several nations, including the
United States, Japan, and the European Union, are now working to usher in the human-centered
period described above, also known as Industry 5.0 (and by extension, Society 5.0). It's
important to note that the technological evolution known as 14.0 is still in progress, and that
Society 5.0 (which includes Industry 5.0) is still in the planning stages; this has led to the
widespread belief that the latter will not be recognised as a genuine industrial revolution in its
own right. This is a question that hasn't been fully answered, but it is one of the many important

results of the current study.

THE FIFTH INDUSTRIAL REVOLUTION
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Many business innovators and technical pioneers are already looking forward to Industry 5.0
(15.0), which will incorporate autonomous production with human intelligence and Al as a
backbone technology, in and on the loop (see Figure 1). The fast expansion of the Internet and
Internet-related technologies is expected to raise the number of social media users (4.59 billion
in 2022) to 5.85 billion by 2027 [6].
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Figure 1. Industrial Revolutions with key milestones and significance of Al towards human beings’
intelligence (derived from [7,8]).

Society 5.0

15.0 [9] has steadily acquired greater attention over the last several years as a human-centric
design approach that seeks to overcome the issues revealed by Industry 4.0 by having people
and cobots work together in a shared working space. Additionally, a similar concept called
Society 5.0 (S5.0) [10] comes into view in these years to solve the problems in current society;
it is a futuristic super-smart society in which everyone can enjoy high-quality and comfortable
lives through the fusion of cyberspace and physical space by fully utilising ICT (Information
and Communication Technology). Made in China 2025 and Industry 4.0 (14.0) are two
examples of similar socio-technical goals that inspired the Japanese government to create this
one. Around a similar vein, 15.0 is intrinsically linked to S5.0; both are expected to occur in
2030 [10], when Al has been taught to reason and drive organisational activities autonomously.
It is expected that the CPS established in 14.0 [11] will continue to facilitate change in the ways
in which humans interact with machines in Society 5.0. Positive attitudes toward technology

are crucial for society progress in all areas (including but not limited to learning, healthcare,
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democracy, and the economy) [12]. But this also begs the question of whether artificial
intelligence will have a detrimental influence on human society (such as job loss, ethical and
practical concerns surrounding the transfer of responsibility from humans to machines, social

control, and algorithmic blunders [13].

THESIS STATEMENT AND STUDY QUESTIONS

Though Industry 5.0 (15.0) and Society 5.0 (S5.0) are both developing themes that have been
explored at a high level so far, there is not enough material accessible online that particularly
addresses both of these topics at the same time. This paper's contributions to the field and its
overarching goal are therefore distilled into the following:

Offering the first iteration of the 15.0 and S5.0 specifications.

Edge computing (EC), digital twins (DT), collaborative robots (CR), Internet of Everything
(IoE), big data and analytics (BD&A), blockchain, product service systems (PSS), the
metaverse, and beyond are just some of the technologies that allow and power 15.0 and S5.0.
Industry 5.0's most expected uses are dissected, from supply chain management to intelligent
healthcare to cloud manufacturing to manufacturing itself.

Highlighting possible research avenues towards obtaining 15.0 and S5.0.

Consequently, these competing paradigms might be seen as two competing ideals for the future
of industry and society. Given the anticipated societal shifts brought on by the rapid
development of technology infrastructure in Society 5.0, the following research gquestion has
been formulated. Thus, the question "which key technical advancements allow the transition
from Society 4.0 and Industry 4.0 to Society 5.0 and Industry 5.0?" emerges as a topic for
study. The writers also make an effort to answer the following research questions in the course
of this review article:

When focusing on 15.0 and S5.0, which criterion should be prioritised most to guarantee
resilience and social value creation?

How can 15.0 and S5.0's enabling technologies foster productive human-machine partnerships?
The third gquestion asks whether Industry 5.0 and Society 5.0 can be used as a framework to

help businesses and new social requirements coexist.

Documentation and Organizing
The remainder of the paper is organised in the following manner: In Section 2, the methodology

for the literature study is provided and addressed. This is followed by a discussion of the
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definitions that are most often used for Industry 5.0 and Society 5.0. Following that, in Section
3, the function of Industry 5.0 inside the framework of Society 5.0 is dissected and examined.
After that comes Section 4, which delves into the investigation of the Factories of the Future.
In Section 5, a brief discussion is offered after the findings of the literature review that were
reported in the earlier parts. In addition, the study is brought to a close in Section 5 of the paper,
and future research prospects are considered in light of the presentation of a conceptual

framework.

PRESENT-DAY CAPABILITIES

Review Methodology

Scopus, an extensive database, was scoured for the peer-reviewed publications that would serve
as the basis for the bibliometric study. However, the same search query was also used to include
peer-reviewed papers from other significant databases including Web of Science and Science
Direct. Both Google Scholar and Web of Science were used using the same search terms. In
July of 2022, a search was made online using the following search query: TITLE-ABS-KEY
(Industry 4.0 AND Society 5.0 OR Industry 5.0 AND Society 5.0) AND PUBYEAR > 2015
AND PUBYEAR > 2015. There was a thorough search of journals, conference papers, titles,
and publication years. When | did a quick search on "scientific literacy,” | got 114 results back.
57 articles in periodicals, 45 papers in conferences, 7 chapters in books, 3 reviews, 1 conference
review, and 1 full-length book. Moreover, the bulk of the papers are classified as Computer
Science, Engineering, and Social Sciences, all of which are relevant to the issue at hand.
However, newspaper stories and reports were not included in the dataset so that the search
query may be refined to include only high-quality research papers. Further, a custom Python
script was used to analyse the dataset, removing duplicates and tabulating the results. In terms
of timeline, the first online conversations and publications about Industry 5.0 and Society 5.0
were made to the research community in 2015, particularly from the Japanese Government.
Because of this, looking for information on Industry 5.0 or Society 5.0 after 2015 will not
provide any results. However, numerous articles published between 2010 and 2022 featured
discussions of Industry 4.0 because of the importance of those breakthroughs to the subsequent
Industry 5.0. Although 2022 has not yet ended, more than 15 research papers were included in
the article to explain recent breakthroughs in the subject. The purpose of a state-of-the-art study
is, therefore, to keep up with the most current developments, to throw light on obstacles and

gaps in the literature, and thus include these research works makes that possible.
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After that, the dataset containing the findings was reformatted using a Comma Separated
Values, or CSV, file in order to facilitate further processing. The VOS viewer programme was
used in an effort to see the data and assess the bibliometric manner in which they were
presented. In a more concrete sense, VOS viewer offers the feature of constructing a keyword
map based on shared networks. As a result, it is able to generate maps with multiple items, as
well as publication maps, nation maps, journal maps based on networks (co-citation), and maps
with multiple publications. The users have the ability to change the total amount of keywords
that are utilised, as well as delete less relevant keywords. In a nutshell, the capabilities of the
VVOS viewer programme include the facilitation of data mining, mapping, and the grouping of
articles that have been obtained from scientific databases.

The process of topic mapping is an essential part of bibliometric research [14]. Figure 2 depicts
all of the topic categories that are relevant to the overarching themes of scientific literacy.
Figure 3 is an example of one of the three possible mapping representations that may be shown
by VOS viewer in connection with the bibliometric study.

The depth of the investigation into the topic is seen in Figure 3. Figure 3 is a visualisation that,
in essence, functions as a heatmap to reveal the patterns that academics are focusing their
attention on more often. As a consequence of this, it is possible to draw the conclusion, based
on the results of the research that has been done, that there is a great deal of debate regarding
0T, Application, Human, Al, Transformation, Economy, Education, and Sustainable
Development.

An process known as clustering was carried out in order to better arrange the important
subjects. As shown in Table 1, the mapping of all of the themes resulted in the formation of
four (4) clusters after being analysed using the VOS viewer programme.

The clusters make it easier to see the connections between the many subjects, which in turn
makes it simpler to analyse the findings. The thickness of the connecting line served as an
indicator of the level of significance between a pair of subject areas or keywords. Along with
the clusters and lines, the size of the nodes also provided insight into the prevalence of the
subject or term. Figure 2 shows that the most common topics or keywords were related to the
economy, education, application, artificial intelligence, and conditions. It may be deduced from
this that during the years 2015 and 2022, scholars focused the greatest emphasis on these topics.
Additionally, nodes or keywords that are not part of a network with other keywords could

become new study fields.
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Figure 2. The Network Visualization of Literacy Topic Area
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Figure 3. The density visualization of the scientific literacy topic areas.

Consideration of the Algorithm

The authors of the study created the algorithm that was employed, and it is based on the
exploitation of APIs (Application Programming Interface) that are supplied by scientific
databases (including ScienceDirect, Scopus, and Web of Science). The search algorithm, to be
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more explicit, makes use of three distinct APIs in order to search for publications and produce
results depending on the user's inputted search keywords. In order to assemble and format the
findings, an XML (eXtensible Markup Language) file is used. This file includes the Title, the
Year, the Abstract, and the Keywords.

It was decided to create a recursive approach for excluding results. To be more exact,
Information Theory metrics were used to the study of the article's Title. Following that, the
Keywords were investigated, and lastly, the Abstract of the document was scrutinised using a
third round of analysis. A final XML list was automatically constructed by the devised
algorithm after the exclusion recursions were finished. This list was then stored to the local
storage medium (for example, a hard drive), allowing users to locate the manuscripts and
download them. At this point, it is emphasised that numerous additional query parameters are
also enabled in order to improve the users' ability to refine their search queries. This is done in
order to make the search process easier overall. It is possible to implement the algorithm as a
standalone programme that is designed to run on personal computers. In next advancements,
there will be an inclusion of an automatic download of manuscripts that are acceptable. The
application that was built is just for use in academic and research settings. The employment of
Machine Learning algorithms is the primary benefit of this search algorithm. These algorithms
allow researchers to broaden the scope of their literature study and raise the degree of detail
when they are searching for information using the algorithm. In addition to the application
programming interfaces (APIs), a web scraping module was also built in order to obtain
valuable insights from websites that are accessible over the internet. The capacity of the web
scraping algorithm to search for and extract information from sources that are not scientific is
an additional benefit of the algorithm (e.qg., think tanks, leading companies, etc.).

Table 1. Clusters as constructed by VOSviewer Software.

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Economy Application Artificial Intelligence Condition
Education Evolution Digitalization Production
Environm ent Internet Japan Transition
Future 1aT. Human
Implementation Thing Machine
Innovation Field Country
Sustainable Development Information
Sustainability
Research
Transformation
Order

Explanations of What "Industry 5.0" Means
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In order to give the necessary background for the discussion of Society 5.0 and its elements
that will take place in the next part, the definitions of Industry 5.0 that are most applicable to
the topic are supplied in this section.

The first definition is based on the findings of the study conducted by Breque and colleagues
(Breque et al., 2012). According to the authors, Industry 5.0 is a forward-thinking idea that
looks to the future of industry in the direction of a manufacturing system that prioritises people,
is sustainable, and is highly resilient (Breque et al., 2021). 15.0 is fast to act, robust, and respects
the constraints of the world while simultaneously cultivating talent, diversity, and
empowerment [15]. This is made possible with the use of technologies that are adaptive and
flexible.

According to the third definition supplied by [8], human and machine cooperation in the
industry leads to greater process efficiency thanks to the use of human ingenuity and the
enhancement of automated procedures.

15.0, as predicted by Friedman and Hendry [17], will reportedly make business professionals,
IT specialists, and philosophers prioritise consideration of human issues while introducing
novel technology into manufacturing environments.

Socially intelligent factories staffed by cobots are the hallmark of the fifth industrial revolution,
or Industry 5.0. The Social Smart Factory [18] utilises enterprise social networks to provide
smooth interaction between human and CPPS components.

Taking into account the aforementioned criteria, it is clear that there is a convergence on the
principles of human-centricity, system resilience, and sustainability. Differences emerge upon
closer inspection of the definitions, with the bulk of definitions including a full age of
technology and social advancements associated with Industry 5.0, while the others focusing

more on the industrial change.

Terms for Social Organizations, Fifth Edition

In this continuation of the previous section’s discussion, we'll look at the most important terms
associated with Society 5.0. Figure 4 summarises the major sociological revolutions before
delving into the description of Society 5.0. Society has progressed in tandem with the industrial
revolution. If we analyse the revolutions that have shaped industry (like we did in Section 1),
we can see how they mirror societal changes. Industry 4.0 is a superset of the current state of

knowledge and imagination, and so is the notion of Society 5.0.
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Figure 4. Societal evolutions categorized in key aspects.
In response to the challenges facing the Japanese economy [19], the Japanese government first
mentioned their vision of a human-centered society, "Society 5.0," in 2015. This society is
characterised by a high degree of integration between cyberspace and physical space, which
they believe will lead to economic growth and the solution of social problems. An ageing and
diminishing labour force, growing global competitiveness demanding infrastructure
improvements, natural catastrophes, terrorism, environmental concerns, and a depletion of
natural resources are among the most pressing problems our modern civilization faces. From
2017 forward [20], this approach is applied in studies conducted by Granrath on Japan's Society
5.0 and beyond Industry 4.0.
A concept and roadmap for social evolution, Society 5.0 may have a significant influence on
existing societal structures on a variety of levels, claims Serpa (in the MDPI encyclopaedia)
[21]. Adopting the Smart Society paradigm to enhance human well-being and ensure
environmental sustainability will be crucial to progress.
Society 5.0 is defined by Deguchi et al. in their book [22] as a highly intelligent society based
on the creation, processing, sharing of data and more precisely knowledge via the link of the
physical world with the internet.
Rojas et al. [23] in the same year characterise Society 5.0 as a "Super intelligent Society," using
the technical gains made during Industry 4.0 for the greater benefit of society and

environmental sustainability, echoing the term used by the Japanese government.

Traditional societies will give way to Industry 4.0 and Society 4.0 in the near future.
The third industrial revolution was fuelled by the invention of the transistor as well as the

microprocessor (1960). The acceleration of technological progress in areas such as computing
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and communications, as well as the beginning of process automation, was made feasible by the
aforementioned advancements. As a consequence of this, society began the process of
transitioning from producing things and generating a profit to becoming a post-industrial
society that is built on the creation of information and the growth of service sectors. The post-
industrial or information society, which places an emphasis on the organisation of knowledge
and functions as a social control mechanism, hence directing innovation and development,
went through a transition in the 1980s as a direct result of the introduction of digitalization
[24]. As a direct consequence of the growth of the Internet, a global information society has
emerged with the objective of delivering better education, networking opportunities, and
assistance for businesses. Because the contemporary information societies are built on a
capitalist economy, it is equally vital to stress the institutional and cultural variety of
information systems (such as the distinctions between various countries and nations). In
addition, the contemporary information society is founded on the most cutting-edge technical
advancements for the processing of data and the generation of new information. The advent of
the information era has placed a significant focus on different phases of data collection and
processing. Figure 5 depicts how the conventional society is undergoing a fast structural
transformation as a direct consequence of the Fourth Industrial Revolution. An sophisticated
artificial intelligence system is going to be utilised to evaluate and process massive volumes of
data that are received by devices and sensors that are spread out all over the physical world.
After that, the analysis will have a considerable influence on the activities that take place in
physical space, both involving humans and machines. Cyberspace and the physical world are
getting more intertwined with one another. As a consequence of this, educational institutions
need to place an emphasis on the growth of talents, the formation of collaborative partnerships,
and the advancement of present careers [25]. As a result, it is important to emphasise that
society is a particular kind of social structure in which the accumulation, processing, and

transmission of information become the primary sources of power and production.
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Concept of a Sustainable Society Version 5.0

While Japan was the inspiration for the Society 5.0 concept, any country may benefit from its
sustainable development philosophy. That's why, while implementing the idea, it's crucial to
focus on its parts that pertain to the expansion of industry. Industry 4.0 is a production-centric
approach that has been widely adopted in Europe for quite some time. In contrast, the focus of
Society 5.0 is on interpersonal relationships. To that purpose, we may adopt just those features
of the Japanese approach that are geared at enhancing societal activities unrelated to
manufacturing [26].

Society 5.0 seeks to harness the power of the digital transition not just to foster economic
expansion, but also to address societal issues and enable people to live in harmony with
environment. It will help in accomplishing the UN's Sustainable Development Goals (SDGs)

[27]. Therefore, in Figure 6, we see a detailed social ideal called "Society 5.0 for SDGs."
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Figure 6. Society 5.0 for Sustainable Development Goals.
Going ahead, the Keidanren will make the necessary strides in developing and implementing
this notion, which will have far-reaching effects on the Japanese economy and society [28].
Social mores and commercial practises will undergo radical shifts in the Society 5.0. Close
cooperation across borders and sectors, in addition to the change of current industries, will
allow people to pursue a wide range of lifestyles. By addressing societal problems, S5.0 hopes
to bring about a world where people are free to seek their own pleasure and way of life while
simultaneously contributing to environmentally friendly, sustainable growth. Consistent with
the SDGs, which were set by the UN to solve global concerns and promote sustainable
societies, this helps make the world a better place for everyone. Although necessary for
achieving several of the SDGs, S5.0 is not enough on its own. The development of S5.0 will
allow for the direct achievement of certain goals, while also facilitating the development of
other solutions that will help advance other goals. Since S5.0 promotes creative problem-
solving from a range of viewpoints and backs up these answers with digital transformation, it

will be possible to achieve the SDGs. This section provides the blueprint for sector-specific
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changes, including how they would help accomplish the Sustainable Development Goals
(SDGs), that will be necessary to reach S5.0.

Innovating in the Digital Age

Society 5.0 (Creative Society) will be a society that we develop ourselves by integrating Digital
Transformation (DX) with the imagination and creativity of a broad variety of individuals to
create values and discover answers to issues. Using DX to build a better future civilization is a
fantastic concept. The ongoing DX, which refers to the fundamental transformation of society
as a result of advances in digital technology and data use, is driving the creation of S5.0. This
DX has resulted in profound changes to people's daily lives, government operations, the
structure of the economy, and the job market.

When data gathering, transmission, storage, and analysis can be done on a massive scale at a
reasonable cost, it sparks a variety of innovations in manufacturing [29]. By highlighting issues
and providing possible solutions, data is invaluable. Global instantaneous sharing of such
information and insights is key to solving management and societal challenges. Data eXchange
(DX) employs data-based technologies such as the Internet of Things (loT), artificial
intelligence (Al), 5G, robots, and blockchains to effect significant societal shifts [30,31].
DX's impact extends beyond technical advancements. Because of this, societal standards are
changing on a fundamental basis in lower-class societies. The benefits of "kaizen," automation,
better productivity, and digital technology-based optimization are just the beginning of what
DX has to offer. DX is reform that seeks to develop new values in reaction to large societal
changes, sometimes at the price of old values. As a result, it may be emphasised that DX is a
change that affects the very fabric of society and industry, rather than only requiring the
adaptation of new technologies. Thus, companies should consciously and proactively make DX
their top management priority [32]. Within the context of the Keidanren proposal, DX is

defined as follows:

“Fundamental and revolutionary changes in society, industry, and life as a result of advances
in the use of digital technology and data; and radical changes implemented by industries,

organizations, and individuals toward such transformation.”

The Social Fabric, Fifth Edition
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Despite ushering in a new stage of society, digital transformation should be used to build a
world where individuals are free to seek their own unique versions of success and fulfilment in
the digital era. There are several facets to the new Society 5.0, which was first defined as a
"super smart society” in the 5th Science and Technology Basic Plan [33,34]. According to
Section 2.6, "advanced capabilities™ are now available to the general public as a result of digital
transformation. Aspiring and creative individuals can engage in endeavours with far-reaching
consequences for the world at large.

Society 5.0 will require vivid imaginations in order to identify the wide range of societal
demands and issues and to imagine possible scenarios for resolving them, as well as ingenuity
in order to develop solutions that make use of digital technology and data. Problems can be
solved and value can be created more quickly and easily when digital transformation is
combined with the imagination and creativity of many different individuals.

Furthermore, Society 5.0 will be a Creative Society where digital change interacts with the
imagination and creativity of different individuals to address social concerns and create new
value. Thus, as shown in Figure 7, in Society 5.0, humans will employ their creativity to create
methods to live in harmony with environment, technology, and each other in order to promote

sustainable development.

Society 5.0

SOCIETY SOCIETY SOCIETY

SOCIETY 5.0

20 3.0 4.0 3
Agtarian lndusiﬂal Information Creative
Society » » Society Society [
@ Digital | Value Creation |

Al x Big Data Sets
% Autonomous
& — | Decentralization l

¢ Imagination & -
A Creativity of [ Security & Safety |
Diverse People | Environmental Harmony |

Figure 7. Evolution of society—Co-creating the future (adapted from [35]).
Progressing from the Fourth Industrial Revolution to the Fifth Industrial Revolution
Figure 8 depicts the differences between Society 4.0 and Society 5.0 in terms of value creation

and issue resolution, variety, decentralisation, resilience, sustainability, and environmental
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harmony. Society 5.0 is best understood as an Industry 4.0 setting with a focus on people.
Society 5.0, a term coined by the Japanese Cabinet Office, is defined as "a human-centered
society that balances economic growth with the settlement of social issues through a system
that highly combines internet and physical space.” We can utilise data and technology to
encourage a culture where individuals from all walks of life can thrive [35]. People in Society
5.0 will also be able to follow a wide range of lives and ideals thanks to the removal of barriers
that have prevented them from doing so in prior iterations of the society, up until Society 4.0.
To be more precise, people will be freed from the pressure to maximise productivity. Instead,
we shall be concerned with the needs of specific people, as well as the resolution of specific
issues, and the generation of tangible value. People won't have to worry about being treated
differently because of who they are or where they're from, or what they believe in the
workplace. Additionally, everyone will be able to discover chances to engage whenever and
wherever they choose, eliminating the inequalities brought on by the centralization of wealth
and knowledge. By strengthening safety nets for unemployment and poverty, one of the goals
of the shift from Society 4.0 to Society 5.0 is to allow people to live without fear of terrorism,
natural disasters, and cyberattacks. Finally, the purpose of the 2019 World Economic Forum
Annual Meeting is to build a society where anybody, at any time and from any location, can
generate value without fear or interference from authority, in complete harmony with the

natural world [36].

Goals for Sustainable Development and the Human Condition 5.0
As a result of S5.0, many things in life and business will shift. The SDGs will benefit from this
social revolution since it seeks to find solutions to social problems by working in tandem with

nature. Table 2 summarises the SDGs to which each numbered reference below pertains.
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Figure 8. Changes from Society 4.0 to 5.0.

Table 2. The 17 sustainable development goals (SDGs] to transform our world, derived from [37].

The 17 Sustainable Development Goals (SDis)

GOAL 1
GOAL 2
GOAL 3
GOAL 4
GOAL 5
GOAL &
GOAL 7
GOAL B
GOAL S
GOAL 10
GOAL 11
GOAL 12
GOAL 13
GOAL 14
GOAL 15
GOAL 16
GOAL 17

Mo Poverty
Lero Hunger
Good Heslth and Well-being
(Juality Education
Gender Equality
Clean Water and Sanitation
Affordable and Clean Energy
Decent Work and Economic Growth
Industry, Innovation, and Infrastructure
Reduced Inequality
Sustainable Cities and Communities
Responsible Consumption and Production
Climate Action
Lile Below Water
Lifg on Land
Peace and Justice Strong Institutions
Partnerships to achieve the Goal

The following is a synopsis of the individual sector's proposed changes and roadmaps:
Goals 3, 4, 5, 6, 8, 11, 12, and 13 of the Sustainable Development Agenda for Cities and

Regions

Many different types of lifestyles may be supported while having much less negative impacts
on the environment if autonomous technologies like automatic driving and sharing economies
are encouraged. Sustainable, decentralised communities will be developed in suburbs and rural
areas to create autonomous, prosperous regions where people live in harmony with nature by
utilising the unique qualities of their respective regions; this will occur while continuing to

work to improve the competitiveness of large cities. High-quality medical treatment and
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academic programmes will be accessible from any location. Independent, decentralised social
infrastructure technologies, such as off-grid energy, will be utilised to build a strong, long-
lasting social system while reducing costs for its users.

Seniors who live in locations without a reliable public transit system will have access to
autonomous Vehicles, allowing them to go about their everyday lives without worrying about
how they will get to and from places like grocery stores and medical appointments. It is possible

to live to high standards and in comfort even in regions with poor infrastructure.

Energy-related Sustainable Development Goals (#7, #9, #13)

Anywhere, from high-tech urban centres to decentralised neighbourhoods, people will be able
to live sustainably if they have access to data that can be utilised to design efficient energy
networks. Decentralized microgrids will have demand-side controls, power storage, and
distributed renewable energy sources that are all synchronised with local needs. To avoid
relying on utility companies, people can use alternative energy sources called "off-grid"
systems. Most of the world's population, if not all of it, will have access to cheap, reliable
energy, and many other businesses will follow suit by employing decentralised systems. This
will guarantee that the vast majority of people on Earth may have fulfilling, varied, and long-

term lives.

Third, Eleventh, and Thirteenth Sustainable Development Goals: Disaster Prevention
and Mitigation

The frequency and severity of natural catastrophes are rising worldwide, calling for swift action
and greater resilience. Disaster information collaboration tools will be developed to allow rapid
responses by collecting data on damage and rescue supplies from evacuation centres, 10T
devices, and social media and sharing it across geographies and organisational barriers in the
public and commercial sectors. Daily upkeep and effective safeguards against infrastructure
deterioration will be accomplished with the help of digital technology. Emergency situations
don't have to interrupt water service, thanks to preventative measures and rapid repairs to water
and sewage systems. We will be encouraging robust infrastructure built on decentralised energy

systems.

Health Care for All People
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To ensure that everyone receives the care they need, when they need it, we will leverage
emerging technologies like the digitization of unique physical traits and behaviours and
developments in biotechnological research into the processes of life. As opposed to the
standardisation of care provided by conventional medicine for the typical patient or symptom,
the personalised care provided by innovative methods will focus on disease prevention.

Access to high-quality healthcare services will be made possible from anywhere by promoting
next-generation high-speed communication networks, artificial intelligence-based medical,
agricultural, and nutritional wellness support services, telemedicine, and the development of
systems for people to actively use and manage their own life-stage data. This will allow
everyone to enjoy long, healthy lives. Remote seniors, for example, will have access to health
monitoring via telemedicine; in the case of an emergency, they will be evacuated to a hospital
most suited to their needs, as decided by Al. These technology, operational knowledge, and
systems have the potential to enhance healthcare throughout the world if they are adopted in

underserved areas of poor countries.

Sub-Goals 2, 12, 14, and 15 Concern Agriculture and Food

Agriculture and food production will be revolutionised into exciting new fields where
individuals may use their own initiative and ingenuity. Al-enabled remote monitoring and
control, robotic farming, and self-driving drones for on-site agricul- tural labour will all be put
to good use. Workweeks will be cut in half, efficiency will increase by leaps and bounds, and
output will increase exponentially as a result of the combined efforts of many parties, including
private enterprises, young people, and agritech startups. Strategies to increase biodiversity and
lessen environmental damage will be promoted in an effort to preserve the vast marine and
terrestrial ecosystems. It is planned to rapidly incorporate customer feedback into food
manufacturing. Sharing real-time stock and sales data is made feasible by integrating
production, logistics, and export data, and food waste is minimised via better planning of
delivery times, quantities, and routes. Information about the manufacturing process, product

specifications, and customer feedback will all be freely available to customers.

SDGs 11 and 12 relate to logistics
Logistics contribute to economic growth by easing the transportation of commodities, and they
form an essential part of the social infrastructure upon which our everyday lives and

commercial economies depend. In Society 5.0, logistics will become even more complicated
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and diverse due to the fast growth of e-commerce and the globalisation of supply chains, as
well as the widespread use of cutting-edge technologies that will revolutionise logistics.
Internet of Things (1oT) technology like Radio Frequency Identification (RFID), for example,
will be used to link freight and transportation systems to networks, allowing for real-time
logistical tracking and management.

Goals 5, 8, and 9 in Manufacturing and Services Sectors

As Al enables the sharing of skills, manufacturing and service provision will have access to
cutting-edge new resources. It has always taken a large investment of time and resources to
analyse data and turn it into valuable goods and services. Thanks to digitization, these abilities
will be shared and made available as Al modules and services. If you combine them, you can
crank out better goods and services much more quickly. Business models will be based on
services, not physical products. In the age of digitization, manufacturing and services will not
be a continuation of their 20th century counterparts. More individuals will be able to take part
in production and service delivery if DXs produce several types of value.

Budgeting: Goals 1, 5, 8, and 9

Individuals and small enterprises are able to supply a wide range of manufactured goods and
service options because of the evolution of financial services. DX will increase the availability
of a wide range of financial services, including asset creation, financing, settlement, and
insurance. Because of cheap, useful, rapid, secure, and varying means of settlement, individuals
will be able to live wherever without using currency. New service creation will be simplified
by apps that bridge existing services with smart contracts. Financing, asset development,
insurance, settlement, and transfer will become easier with the use of digital gadgets and
technology, leading to more economic independence, improved living standards, and greater
income equality in developing nations.

Cryptocurrencies and token economies based on blockchain technology and other
developments will produce new methods of exchanging wealth and make previously
unattainable lifestyles viable. Establishing safe, smart, and trackable global contracts and
settlement systems would pave the way for individuals of all backgrounds to increase their

manufacturing and service offerings on a worldwide scale.

Goals 1, 3, 4, 10, and 16 for Public Services

20/36 Corresponding Author: JEFF POON CHAK KIN 1. Research Scholar Lincoln University
College Malaysia



Examining the Literature on Industry 4.0 and Society 5.0's Prospects and Pitfalls

Public services will also undergo major transformation to accommodate the aforementioned
populations and economic sectors. The first step for governments at all levels will be to revamp
their digital infrastructure. By digitising numerous processes and rapidly disseminating data
across diverse players, they will be able to provide more creative public services. For instance,
governmental authorities may better meet the needs of their citizens by doing precise
demographic and other data analysis to forecast the need for nurseries, schools, hospitals, and
nursing homes. When governments put in place sufficient safety nets, every citizen may face a

wide range of security threats.

The 5.0 Era and Industry

The industries studied thus far have been classified according to their nature and the goods they
manufacture. However, in the next part, they are sorted according to the benefits they provide
to the customer and the issues they fix. The current industrial structure, known as 5C
Architecture [38], is a pyramid with huge firms at the top. This will be replaced with a flat co-
creation framework. Table 3 shows the industrial shift from Society 4.0 to Society 5.0 and

beyond.
Table 3. Industrial Focus of Societies.
Society 1.0 to Society 4.0 Society 5.0 and Thereafter

Industrial Focus Productand Business Ty pes Values realized and issues solved
Aresof application Electricity, mobility, infrastructure, construction, Comfortable mobility, environmentally friendly

T . medical equipment, logistics, and financial services energy, and realization of health
Transition to an autonomous, decentralized co-creation framework where businesses construct an

Common Goal industrial structure based on the values of the consumers and combine technologies and channels in their

areas of specialization to realize these values

Creation as a Group Effort in the Age of Society 5.0

When we talk about co-creation, we're talking about a new kind of cooperation that goes
beyond traditional commercial or corporate partnerships by focusing on the needs of consumers
and finding innovative solutions to social problems. It is predicated on the introduction of novel
business models and ecosystems, wherein diverse organisations generate revenue via the
coordinated application of several techniques that play to their respective strengths while
compensating for their shortcomings.

Methods for Collaborative Creation

The following is not an exhaustive list of the ways in which companies might collaborate to
generate new business prospects. The success of co-creation depends on the establishment of

appropriate governance frameworks that encourage engagement from a wide range of
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stakeholders, the definition of clear and actionable consumer objectives and values, and the
facilitation of multi-level communication.

The first is collaborative production of goods and services.

Second, sharing data for collaborative production.

Thirdly, utilising human capital for joint production.

Management

Managers in Society 5.0 will need to have the following set of competencies.

1. having an awareness of DX and a strong desire to put it into practise.

2. a company with a well-defined goal and a strong leadership role in the field of co-creation.
3. familiarity with cutting-edge industries and technology.

4. Refocusing.

5. Quick thinking and responsiveness

Human Resources Novel ideas, ideation, and the development and execution of business plans

are just some of the many facets of DX promotion that need for specialised individuals.

Organization
The ability to develop new ideas and allow change via variety is the most crucial aspect of any

organization's culture.

Technology
In order to keep offering systems and services to clients while also becoming DX-ready, it is
essential to rapidly integrate digital technology. These call for consistent DX application while

keeping tabs on emerging innovation.

Co-Creation of Data

In order to move forward with co-creation, it is crucial to establish a shared infrastructure based
on a connected yet autonomous and decentralised architecture. Next, in order to eliminate
issues hindering data sharing, it is also vital to specify quality requirements for transmitted and

connected data.

Industries 5.0's Key Enabling Technologies
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Industry 5.0 is the idea of an industry that is cutting-edge, resilient, socially-centered, and
competitive, all while being conscious of environmental impacts. It raises a plethora of new
issues in the realms of engineering, socioeconomics, regulation, and leadership. The topic of
Industry 5.0 was explored at two online workshops conducted on July 2 and 9, 2020, with
participants from from funding agencies and RTOs all around Europe. The goal was to have a
conversation about the technology that would make this possible, the challenges that may arise,
and to get people's thoughts on the concept as a whole. The group mostly agreed that
technological innovation should be more mindful of societal and ecological concerns.
Participants also agreed that a comprehensive approach was required to handle the complexity
of the difficulties rather than relying exclusively on individual technologies [39].
Human-centric solutions and human-machine interaction technologies that integrate and
combine the strengths of humans and machines are among the Key Enabling Technologies
(KET) that are facilitating the shift from Industry 4.0 to the notion of Industry 5.0.

Materials that can be recycled but also contain sensors and have enhanced properties thanks to
bio-inspired technology and intelligent materials.

Whole-system modelling and simulation using real-time digital twins.

Technologies for managing system and data interoperability that use cryptographically-
protected data analysis, transport, and storage.

Some examples of Al capabilities include the capacity to learn and adapt, as well as the
generation of actionable insights from data gathered about complex, dynamic systems.

Due to its high power consumption, the KET necessitates the development of autonomous
systems that are both efficient and dependable in terms of their use of energy.

Many recent technological developments, such as Edge Computing (EC), Digital Twins (DT),
the Internet of Everything (IoE), Big Data Analytics (BDA), Cobots, 5G, and blockchain, can
help businesses improve output and speed up the delivery of individualised goods thanks to the
combination of cognitive abilities and innovation. Industry 5.0, made possible by these
enablers, is a cutting-edge manufacturing paradigm that prioritises communication between
robots and humans. Technology enablers for Industry 5.0 are discussed.

Computing at the network's periphery (also known as "Edge Computing™) enables data
processing. The advent of EC is due to the proliferation of 10T devices and services as well as
the maturation of the cloud computing industry. In addition, EC can meet needs for low latency
prices, limited battery life, quickly satisfying response times, and secure and private data

storage [41]. Further, it guarantees that applications continue to function well even when
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deployed to far-flung sites by cutting down on communication expenses. Furthermore, EC may
process data without transferring it to a public cloud, reducing worries about data loss during
crucial Industry 5.0 events [42].

* Lower latency
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* Expanded interoperability

* Reduced storage costs
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Figure 11. Key Enabling Technologies in the transition from Industry 40 to Industry 5.0 (derived
from [40]].

Through Internet of Things (loT) gadgets, data from real-world items may be sent to their
digital twins for the sake of simulation. As a result of DT's digital mapping of real-time objects
and systems, problems may be analysed, monitored, and averted before they ever occur in the
physical world. Reduced upkeep costs and improved system performance [43,44] are all thanks
to the rapid advancements in Al, ML, and BDA used in DT. In Industry 5.0, DT is used to
personalise products in a way that benefits the end user.

The term "Internet of Everything” (I0E) refers to the interconnected web of devices, people,
places, and things. The Internet of Everything (IoE) has the potential to greatly benefit the
development of Industry 5.0. New features, enhanced usability, and widespread economic
benefits are all possibilities because to the widespread implementation of a few select apps.
The Internet of Everything (IoE) plays a crucial part in Industry 5.0 by enhancing consumer
loyalty and happiness through the provision of individualised services by means of collected
data [45,46].

Big Data Analytics (BDA) will have a major effect on the fifth industrial revolution. Most

companies in the 5.0 Industrial Revolution may benefit from BDA by using it to analyse
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customer preferences and make informed decisions about product pricing, manufacturing
efficiency, and other expenses [47]. Understanding user behaviour, social interactions, and
human behaviour standards is a substantial obstacle. As a result of real-time analytical shared
data with smart systems and data centres, manufacturers may create and handle massive
amounts of data. In order to achieve continuous process improvement in Industry 5.0, it is
sometimes necessary to collect extensive data on the whole production process [48].

New developments in automation and robotics have made cobots (collaborative robots)
increasingly important in the workplace. As a result of the tremendously rapid developments
in Al and smart technology, it is clear that all computational devices have gotten more
intelligent, and a new technology known as cobots has been created. We call robots that are
intended to work in tandem with humans "collaborative robots."

Moreover, the teamwork involved in this process makes automating human talents easier for
individuals and smaller enterprises than ever before [49]. While they can't compare to humans
in terms of critical thinking, robots excel in high-volume product manufacture and can tolerate
far more abuse than people. Robots might make it difficult to make things with specific features
or details. Therefore, it is crucial to manage interpersonal connections within industrial
procedures. Cobots in Industry 5.0 are able to do their intended tasks, allowing for the rapid
and precise delivery of products with extensive customization options to clients [50].

Future 5G and 6G technologies may considerably boost the value of Industry 5.0 services. Very
dense networks of hundreds or millions of sensors, hardware components, and robots present
significant challenges when constructing radio infrastructure. The exponential expansion of
smart infrastructure and prospective applications will result in bandwidth demands that existing
networks cannot support (such as 4G and 5G networks). Lower latency, support for high-
quality services, broad 10T infrastructure, and integrated Al capabilities are just some of the
ways in which 5G and beyond will pave the way for the Industry 5.0 revolution [30,51].
Blockchain: This distributed ledger system has the potential to greatly improve the 5th
Industrial Revolution. The Industry 5.0 paradigm poses the difficulty of centralised
administration of a large number of heterogeneous connected devices. Distributed ledger
technology, or blockchain, may be utilised to create new kinds of distributed and decentralised
administration and learning environments [52,53]. Thanks to blockchain technology, we can
now communicate securely with one other, creating a shared ledger that cannot be altered. The
immutable ledger also facilitates operational accountability and transparency for pivotal events

in Industry 5.0 deployments [54].
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EXtended Reality (XR) and Other Enabling Technologies: The futuristic XR technology may
be utilised in a wide variety of settings. Improved human-machine interactions are one of the
many benefits of XR's fusion of the real and virtual worlds. The word "XR" [55] encompasses
the many forms of immersive technology such as virtual reality (VR), augmented reality (AR),
and mixed reality (MR). There will be many ways in which XR technology facilitate Industry
5.0 applications. Remote assistance [56], monitoring of production lines [57], remote
healthcare [58], health education [59] and training [60], indoor and localised outdoor
navigation [61], training of drivers and pilots [62], maintenance [63], and education and
training for operating drones and unmanned aerial vehicles [64] are all examples of applications
that use XR technologies related to Industry 5.0. Zero-touch networking, edge computing,
highly competent devices, enhanced communication technologies, and high- precision
calculation capabilities will be essential for XR technology to develop toward Industry 5.0
applications.

Technology Requirements for Highly Customized Production in the Industry 5.0 Era To begin
mass personalisation, it is essential to use a more flexible supply chain and production method
[66]. These processes will also require human involvement, such as feedback from the
production crew and the clients, in order to maintain a bespoke feel. Mass personalization's
long-term success will also be heavily dependent on how cheaply it can be produced. Because
of this, the writers in [64] have developed a technological road map for Industry 5.0 projects,
which includes the following:

Priorities: 1. A system for managing and governing data.

Methods of modelling and simulating multi-scale dynamic systems.

Third, self-driving intelligent machines.

Fourth, advanced forms of human-machine interaction and cognitive systems.

Insert number five: additive production.

Sixth, a personal touch from another person.

Compelling Abilities for the Corporate and Social World 5.0

There are various facets to the Al-driven industrial revolution, and one of them is the
enhancement of machinery and manufacturing processes. It's much more crucial to put money
into people who can help make those new projects successful in the long run. Three-sixths of
firms see a lack of technical skills as a major impediment to getting the most out of their smart

factory investments [67]. Additionally, 57% of industry executives state that they lack Al
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ability, which is crucial for all of the autonomous and intelligent solutions that will take over

the 3D activities. Table 5 details the top five most in-demand abilities of now and tomorrow.
Table 5. Topfive critical skills for today and the future [25].

Skills of Today Skills of the Future
Basics of modern programming or Deep understanding of modern programming or software
software engineering engineering technigues
Manifacturing skills Digital desterity, or .Lhi:-élbIlIL_'.-' LL! Iuvura},’lu existing and emerging
technologies for practical business outcomes
Gireat communication skills Data science
Innovation skills [eg., brainstorming, design thinking) Connectivity
Traditional IT skills Cyberserurity, Manufscturing Skills

ANALYSIS AND PROSPECTS

The Future Manufacturing Plant

By revolutionising R&D, the plant, the supply chain, product delivery, and customer service,
the "Factory of the Future™ is testing the limits of Industry 4.0. Figure 12 depicts the progression
from the traditional factory to the smart factory of today and eventually to the Shop Floor 5.0.
Below is a breakdown of the projected advantages of Shop Floor 5.

Prioritize the satisfaction of your customers.

We're talking about extreme personalization here.

* A flexible and decentralised supply chain.

* Product lines that are activated by the user's experience.

Re-employment of factory workers.

Factory of the Past Shop Floor 5.0 - Factory of the Future
Robot-Driven - Focusing on
Process Customers at tail ) " " o
Alhoceation: End of Sale Cycle Industrial Modular Equipment  C ng U d
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Figure 12. Towards Shop Floor 5.0 (derived from [68]).
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It is easy to see why Industry 5.0 is seen as a progression, merging essential components of
Industry 4.0 into a bigger vision that benefits a wider group of stakeholders, given the
commitment of the European Union and others toward a more sustainable future. The goal is
to replace outdated forms of value production that are dependent on extracting wealth from the
economy and natural resources with newer, more equitably distributed alternatives. The
objective is broader than simply increasing profits for shareholders; it is instead motivated by
concepts of regenerative purpose and the reconfiguration of industrial production. Table 6
below outlines the main differences.

New objectives for DX, new business models, value chains, and supply chains, new economic
priorities for measuring industry performance, new approaches to policymaking that better
align the interests of business and industry, new ways to drive innovation and research
capabilities, and new ways to better align the interests of businesses with the public will all be
necessary for Industry 5.0 to be a success. As a result, the pandemic has taught us that there is
an immediate need to increase resilience throughout value chains while also protecting jobs

and the economy.

Table 6. Comparison of Industry 4.0 versus Industry 5.0 [£5].

Industry 4.0 Industry 5.0

=  Ensures a framework forindustry that combines
competitiveness and sustainability, allowing industry to
realize its potential as one of the pillars of transformation.

*  Emphasizes impact ofalternative modes of (technology)

povernance for sustainability and resilience.

Empowers workers using digital devices, endorsing a

human-centric approach to technology.

*  Builds transition pathways towards environmentally
sustainable uses of technology.

®  Expands the remit of corporation’s responsibility to their

whole value chains.

Introduces indicators that show, for each industrial

ecosystem, the progress achieved on the path to

well-being, resilience, and overall sustainability.

- Lentered around enhanced system and process ethoency

throfigh digital connectivity and Al

Technology-centered based on the implementation of CPS

. Aligned with optimization of business models within
existing capital market dynamics and economic
models—ie, directed towards the minimization of costs
and maximization of profit for shareholders

- Mo focus on design and performance dimensions essential
for systemic transformation and decoupling of resource
and material use from negative environmental, climate, .
and social impacts

Abilities for the Actualization of Society Version 5.0

The concept for Industry 5.0 goes beyond the technology and business principles of Industry
4.0 by focusing on three pillars like Human Centricity, Resilience, and Sustainability. Many
companies are currently completely committed to developing technology-enhanced processes
and systems, making this an ideal time to anticipate the next wave of innovation. There are ten
(10) core competencies that manufacturers of the future will need, as recognised by the World
Manufacturing Forum (WMF) [70]. Skills in digital and technological fields, as shown in

Figure 13, are essential, but so are the more general cross-functional talents of creativity,
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adaptability, and openness of mind. Leaders, managers, and frontline workers alike will need

to evolve and improve in response to the challenges of Industry 5.0.

Figure 13. Ten Critical Skills facilitating the realization of Society 5.0, derived from [70]).
The concepts and theoretical underpinnings of digital transformation have been the subject of
much study. These days, even top-level executives are tech savvy and familiar with the digital
business world. After establishing a firm foundation, it's best to shift focus to including Human
Centricity, Resilience, and Sustainability. Here are a few ideas that will be crucial in the years
to come:
The emphasis must shift back to people.
Encouragement of resiliency.

Sustainability's importance has been emphasised.

Even while it's crucial for businesses to get ready for Industry 5.0, numerous external factors
are pushing them to prioritise human-centeredness, resilience, and sustainability. Rather than
rushing to fix a problem after it has already occurred, you should take this opportunity to
strengthen your defences. So, beyond the standard "better, cheaper, and quicker,” Industry 5.0
aims to steer the next generation toward a set of decisions that will make industries smarter,

greener, and more resilient.

Repercussions for Study, Clinical Work, and Society

The lack of a universal rate of technological progress is one of the most important consequences
that has been uncovered so far [60]. In the context of Industry 4.0, this is a particularly salient
conclusion. To date, however, it has not received sufficient attention. Since the gap in

technology is most pronounced between industrialised and developing nations, it is crucial that
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all three spheres of society work closely together to close it [71]. It also has major repercussions
for the modernization of educational institutions. In particular, society expects universities to
be sources of knowledge for emerging technology and novel approaches to societal problems.
A universal technical bar can be reached in a number of ways. The United Nations' Sustainable
Development Goals (SDGs) aim to mitigate, if not eradicate, the world's most pressing social
problems. One alternative is for the international community to actively encourage and assist
R&D initiatives in poor nations. Finally, rich nations might help less developed ones by

providing technology and other solutions to speed up growth in the latter.

Probable Obstacles and Prospective Benefits

The digital and ecological shifts of Industry 5.0 and Society 5.0 are designed to foster a culture
in which individuals may continue to live with purpose and originality. Thus, the roles of
universities and corporations in reaching this objective will grow. As we strive for a more
people-centered way of life, it is essential that we pair advances in IT with programmes that
train the next generation of industry leaders with the skills they need to become effective
information consumers. Universities, in addition to improving technology as they have in the
past, are now responsible for encouraging literacy among information users by shifting their
focus from broad, impersonal courses to more targeted, individual instruction [60].

For the sake of brevity, it is sufficient to emphasise that Industry 5.0 is an essential aspect of
the larger Society 5.0. Inevitably, the forthcoming fifth industrial revolution will hasten the
advancement of humanity. Furthermore, society's progress will help usher in the next industrial
revolution. Table 7 sums up the shared challenges and opportunities between Industry 5.0 and
Society 5.0.

Table 7. Summary of challenges and opportunities.

Similaritiesbetween Industry 5.0 and Society 5.0

Challenges Crpportunities
1. Aging population 1. Human-Cyber Physical Systems [HCPS)
2. Resource shortage 2. Green Intelligent Manufscturing [GIM)
3. Environmental pollution 3. Human- Robot Collaboration [HRC)
4, Complex international situations 4, Future Jobs and Operators 5.0

5. Human Digital Twin [HDT

Industry 5.0 and Society 5.0: A Proposed Framework for Their Implementation
Compliance of technologies, activities, and adjustments with the SDGs as set by the UN is a
crucial part of Industry 5.0 and, by extension, Society 5.0. In order to completely grasp the

notion of Society 5.0, it is vital that academics, industry, and the other concerned groups come
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together and enhance their relationship. Therefore, future research will concentrate on bridging
the divide between society, industry, and academia through the design, development, and
deployment of frameworks that incorporate the technologies mentioned above (see Figure 14).
In particular, the link between Industry 4.0 and Society 5.0 is illustrated in the conceptual
framework shown in the aforementioned picture. As a corollary, it is emphasised that the
technical progress made thus far is not squandered, but is instead redirected toward the
development of the "super intelligent society” referred to in the preceding paragraphs. Two
important reference architectures are also presented at the bottom of the framework: | the
RAMI 4.0 and (ii) the Society 5.0 Reference Architecture (S5RA), which was first announced
by the Cabinet Office in 2018 in the "Policy for the Development of a Data Exchange Platform™
and has been the subject of ongoing study and development since then. RAMI4.0 is centred on
the technical and organisational structure of businesses, whereas S5RA is concerned with a
broader range of issues, including those pertaining to society at large. For this reason, the two
reference designs do not compete with one another but rather reinforce one another. The link
between business, culture, and learning is therefore emphasised. After multiple proof-of-
concept tests conducted by the Cross-ministerial Strategic Innovation Promotion Program, the
S5RA has been refined over the past few years (SIP). Despite being an entirely new reference
design, the S5RA draws inspiration from RAMI4.0, and a layered structure has been adopted,
as shown in the lower right section of Figure 14, consisting of a cube form similar to the EA3
cube framework. Here are the three dimensions: Time and place are represented by the x-axis,
subjects by the y-axis, and meaning by the z-axis. The need of making good use of data and
information is emphasised. When it comes to data and data federation, in particular, two of the
architecture's layers are devoted to those activities alone. Concurrently, security and

authentication mechanisms shield each tier of the architecture.
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Figure 14. Industry 5.0 and Society 5.0 conceptual framework based on the integration of Industry
4.0 reference architecture model and technologies.
In addition to the detailed explanations of the reference architectures' inner workings, two
paradigms—specifically, |1 Personalized Perception [60] and (ii) Open Innovation [71]—are
made available. When it comes to customised perception, the framework of the paradigm may
be broadened towards societal personalised perception, even if the authors in [60] focus on
Education for analysing the unique requirements and strengths of pupils through the use of key
technologies of 14.0. In a similar vein, the authors in [71] explore the benefits of Open
Innovation in facilitating the shift to Society 5.0 via bolstering value co-creation through the

joint pursuit of shared objectives by a variety of parties.

Future Prospects and Conclusions

In this study, we conducted a thorough literature evaluation on the impending Industry 5.0 and
Society 5.0. By advancing a conceptual model in a field that has not yet been thoroughly studied
in the literature, this study aimed to compile a review of relevant literature and provide a
snapshot of the most important elements and technologies involved in the transition from
Industry 4.0 to Industry 5.0 and Society 5.0.
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The investigation of scientific published works and the documentation from governments and
organisations working on such initiatives has led to the safe conclusion that Industry 5.0 is
much more than a trend, and thus Society 5.0 will open up previously unimaginable
opportunities towards the development of a highly intelligent global society. The literature
review included a discussion of the relevant technical context in order to provide light on the
existing state of technological preparedness and forthcoming developments. All of the aims of
the article were accomplished, and all of the questions that were posed were answered. To
begin accomplishing our primary objective, we looked into the connection between Industry
4.0 and Society 5.0 and what we found was fascinating. The findings showed how the
technologies that aid in building a physical-to-digital-to-physical loop, which is essential for
the sustainable development of a human-centered society, are the key connecting factor. Our
investigation into the gap between Society 5.0 and Industry 4.0 identified three major
challenges that must be overcome. These are (1) human-oriented activity, (2) sustainable
development, and (3) the physical to digital to physical loop. At the literature and bibliometric
analysis step, we additionally clustered word sets for the primary keywords "Industry 5.0" and
"Society 5.0." This showed that throughout the time period analysed, the environment, the
Internet of Things (loT), artificial intelligence (Al), and digitization were among the most

prominent fields alongside society and the economy.

REFERENCES

Mourtzis, D. Challenges and future perspectives for the life cycle of manufacturing networks
in the mass customisation era. Logist. Res. 2016, 9, 2. [CrossRef]

ElMaraghy, H.; Monostori, L.; Schuh, G.; ElIMaraghy, W. Evolution and future of
manufacturing systems. CIRP Ann. 2021, 70, 635-658. [CrossRef]

RuBmann, M.; Lorenz, M.; Gerbert, P.; Waldner, M.; Justus, J.; Engel, P.; Harnisch, M.
Industry 4.0: The Future of Productivity and Growth in Manufacturing Industries. Boston
Consult. Group 2015, 9, 54-89.

. Xu, X.; Lu, Y.; Vogel-Heuser, B.; Wang, L. Industry 4.0 and Industry 5.0—Inception,
conception and perception. J. Manuf. Syst. 2021, 61, 530-535. [CrossRef]

European Commission; Directorate-General for Research and Innovation; Breque, M.; de Nul,
L.; Petridis, A. Industry 5.0: Towards a Sustainable, Human-Centric and Resilient European

Industry; Publications Office: Luxembourg, 2021. [CrossRef]

33/36 Corresponding Author: JEFF POON CHAK KIN 1. Research Scholar Lincoln University
College Malaysia



10.

11.

12.

13.

14.

15.

16.

17.

18.

Examining the Literature on Industry 4.0 and Society 5.0's Prospects and Pitfalls

Number of Social Media Users Worldwide from 2018 to 2027. Available online:
https://www.statista.com/statistics/278414/number-of-worldwide-social-network-users/
(accessed on 15 June 2022).

Mourtzis, D. (Ed.) Design and Operation of Production Networks for Mass Personalization in
the Era of Cloud Technology, 1st ed.; Elsevier: Amsterdam, The Netherlands, 2022. [CrossRef]
Nahavandi, S. Industry 5.0—A Human-Centric Solution. Sustainability 2019, 11, 4371.
[CrossRef]

Mourtzis, D. Towards the 5th Industrial Revolution: A literature review and a framework for
Process Optimization Based on Big Data Analytics and Semantics. J. Mach. Eng. 2021, 21, 5-
39. [CrossRef]

Harayama, Y.; Fukuyama, M. Society 5.0: Aiming for a New Human-Centered Society Japan’s
Science and Technology Policies for Addressing Global Social Challenges. 2017. Available
online: https://www.hitachi.com/rev/archive/2017/r2017_06/trends/ index.html (accessed on
15 June 2022).

Shiroishi, Y.; Uchiyama, K.; Suzuki, N. Society 5.0: For Human Security and Well-Being.
Computer 2018, 51, 91-95. [CrossRef]

Ferreira, C.M.; Serpa, S. Society 5.0 and Social Development: Contributions to a Discussion.
Manag. Organ. Stud. 2018, 5, 26. [CrossRef]

Makridakis, S. The forthcoming Artificial Intelligence (Al) revolution: Its impact on society
and firms. Futures 2017, 90, 46-60. [CrossRef]

van Eck, N.J.; Waltman, L. Software survey: VOSviewer, a computer program for bibliometric
mapping. Scientometrics 2010, 84, 523-538. [CrossRef]

Mourtzis, D.; Angelopoulos, J.; Panopoulos, N. Chapter 2—Digital Manufacturing: The
evolution of traditional manufacturing toward an automated and interoperable Smart
Manufacturing Ecosystem. In The Digital Supply Chain; MacCarthy, B.L., Ivanov, D., Eds.;
Elsevier: Amsterdam, The Netherlands, 2022; pp. 27-45. [CrossRef]

Rada, M. INDUSTRY 5.0 Definition. Available online: https://michael-
rada.medium.com/industry-5-0-definition-6a2f9922dc48 (accessed on 21 January 2018).
Friedman, B.; Hendry, D.G. Value Sensitive Design: Shaping Technology with Moral
Imagination; Mit Press: Cambridge, MA, USA, 2019.

Koch, P.J.; van Amstel, M.K.; De, bska, P.; Thormann, M.A.; Tetzlaff, A.J.; Begh, S.;
Chrysostomou, D. A Skill-based Robot Co-worker for Industrial Maintenance Tasks.
Procedia Manuf. 2017, 11, 83-90. [CrossRef]

34/36 Corresponding Author: JEFF POON CHAK KIN 1. Research Scholar Lincoln University
College Malaysia



19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Examining the Literature on Industry 4.0 and Society 5.0's Prospects and Pitfalls

Cabinet Office Society 5.0. Available online:
https://www8.cao.go.jp/cstp/english/society5 _0/index.html (accessed on 7 June 2022).
Granrath, L. Japan’s Society 5.0: Going Beyond Industry 4.0. Available online:
https://www.japanindustrynews.com/2017/08/ japans-society-5-0-going-beyond-industry-4-0/
(accessed on 29 August 2017).

Serpa, S. Society 5.0. Available online: https://encyclopedia.pub/entry/123 (accessed on 30
October 2020).

Deguchi, A.; Hirai, C.; Matsuoka, H.; Nakano, T.; Oshima, K.; Tai, M.; Tani, S. What Is
Society 5.0? In Society 5.0: A People-Centric Super-Smart Society; Springer: Singapore, 2020;
pp. 1-23. [CrossRef]

Rojas, C.N.; Pefafiel, G.A.A.; Buitrago, D.F.L.; Romero, C.A.T. Society 5.0: A Japanese
Concept for a Superintelligent Society.Sustainability 2021, 13, 6567. [CrossRef]

Mourtzis, D.; Angelopoulos, J.; Panopoulos, N. From Industry4.0 to Society4.0: Identifying
Challenges and Opportunities. 2019. Available online:
http://www.scopus.com/inward/record.url?eid=2-s2.0-

85079490454 &partnerID=MN8TOARS (accessed on 5 June 2022).

Mourtzis, D. Development of Skills and Competences in Manufacturing Towards Education
4.0: A Teaching Factory Approach. In Proceedings of the 3rd International Conference on the
Industry 4.0 Model for Advanced Manufacturing, Belgrade, Serbia, 5-7 June 2018; pp. 194—
210.

Onday, O. Japan’s Society 5.0: Going Beyond Industry 4.0. Bus. Econ. J. 2019, 10, 1000389.
[CrossRef]

United Nations Do you Know All 17 SDGs? Available online: https://sdgs.un.org/goals
(accessed on 10 June 2022).

B20 Tokyo 2019 Society 5.0 for SDGs. Mar. 2019. Available online:
http://www.b20tokyo.org/ (accessed on 13 June 2022).

Mamasioulas, A.; Mourtzis, D.; Chryssolouris, G. A manufacturing innovation overview:
Concepts, models and metrics. Int. J. Comput. Integr. Manuf. 2020, 33, 769-791. [CrossRef]
Mourtzis, D.; Angelopoulos, J.; Panopoulos, N. Smart Manufacturing and Tactile Internet
Based on 5G in Industry 4.0: Challenges, Applications and New Trends. Electronics 2021, 10,
3175. [CrossRef]

Mourtzis, D. Simulation in the design and operation of manufacturing systems: State of the art
and new trends. Int. J. Prod. Res. 2020, 58, 1927-1949. [CrossRef]

35/36 Corresponding Author: JEFF POON CHAK KIN 1. Research Scholar Lincoln University
College Malaysia



32.

33.

34.

35.

Examining the Literature on Industry 4.0 and Society 5.0's Prospects and Pitfalls

Keidanren. Digital Transformation—Opening up the Future through Co-creation of Values.
Available online: https://www. keidanren.or.jp/en/policy/2020/038.html (accessed on 19 May
2020).

Nagasato, Y.; Yoshimura, T.; Shinozaki, R. Realizing Society 5.0 Expectations from Japanese
Business. J. Inf. Manag. 2018, 38, 3-8.

Keidanren. Toward Realization of the New Economy and Society—Reform of the Economy
and Society by the Deepening of ‘Society 5.0°.  Available online:
https://www.keidanren.or.jp/en/policy/2016/029.html (accessed on 19 April 2016).
Keidanren. Society 5.0—Co-Creating the Future. Available online:
https://www.keidanren.or.jp/en/policy/2018/095.html (accessed on 13 November 2018).

36/36 Corresponding Author: JEFF POON CHAK KIN 1. Research Scholar Lincoln University
College Malaysia



