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TECHNOLOGY IN INDUSTRY 5.0: CRITICAL COMPONENTS AND
THEIR IMPACT

TAMAS BANYAI!

Abstract: Industrial revolutions have always brought about major changes in the life of mankind. The
Fourth Industrial Revolution has revolutionized industrial production through digitalization, but has
also had a major impact on service processes. However, the so-called Industry 4.0 technologies applied
in the context of the fourth industrial revolution also allow new goals to be achieved that were not yet
clearly defined in the paradigm of the fourth industrial revolution: sustainability, resiliency, and
human-centricity. In this article, the author seeks to answer the questions of what existing technologies
can be used to achieve the goals of sustainability, resiliency, and human-centricity, and what are the
main research directions that can be used to develop a sustainable production and service environment.

Keywords: Industry 5.0, social value, Social 5.0, human progress, extended operator, sustainability,
resilience, simulation and optimization

1. INTRODUCTION

As climate.gov stated [1], the “Earth’s temperature has risen by an average of 0.06° Celsius
per decade since 1850, and the rate of warming since 1982 is more than three times as fast:
0.20° C per decade.” The World Food Program stated, that about 345 million people were
food insecure in 2023 — more than twice as many as in 2020. Approximately 45% of deaths
in children under the age of five are associated with undernutrition [2]. In addition to climate
change, poverty and starvation, there are many other globalization challenges that Industry
5.0 can help address.

Industry 5.0 focuses on integrating human creativity and intelligence with state-of-the art
technologies and solutions such as artificial intelligence (Al), robotics, automation and
digitalization, creating a human-centric approach that enhances human capabilities rather
than replacing them [3]. This collaboration between humans and machines can lead to
innovation and creativity in many ways. The main object of Industry 5.0 is to develop more
sustainable, available and resilient industrial solutions in the field of production and services
by implementing new technologies that can reduce waste and optimize resource use including
energy and materials [4]. This approach helps industries better adapt to disruptions such as
pandemics or climate change [5]. Furthermore, the integration of advanced technologies
makes industries more appealing to skilled human resources by providing a challenging and
engaging work environment, which helps retain talent and increases job satisfaction [3].
Industry 5.0 supports the transition to a circular economy, enhancing environmental
sustainability and improving economic performance and cost efficiency through more
efficient and competitive practices [6]. Collaboration between humans and Al-powered
robots enables rapid prototyping and continuous innovation with minimal risk. Overall,
Industry 5.0 ensures that technological progress aligns with human needs and societal goals,
promoting a more inclusive and sustainable industrial future.
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In this paper, the author investigate how novel technologies can be used to improve
sustainability, resilience and human. To this end, the author summarizes the implications of
Industry 5.0 based on a systematic literature review.

2. MATERIALS AND METHODS

Within the frame of this chapter, the research results in the field of Industry 5.0 are
summarized. This section includes both descriptive and content analysis. Within the frame
of the literature review, Scopus was used to identify the most important scientific results
regarding Industry 5.0. The systematic literature review focuses on the transition from
Industry 4.0 to Industry 5.0 and highlights the role and impact of new technology on
economic, social, and environmental aspects.

Firstly, the relevant terms must be defined. In this first crucial phase | have chosen a
simply keyword: “Industry 5.0” to find a wide range of articles to perform a descriptive
analysis of articles. Initially, 1949 articles were identified. The systematic literature review
was conducted in June 2024; therefore, new articles may have been published since then.

As Figure 1 shows, “Industry 5.0” has been researched in the past 6 years. The first article
in this field was published in 2018 focusing on the birth of Industry 5.0 and next generation
technology policies [7]. The number of published papers focusing on the birth and
development of Industry 5.0 has been significantly increased in the last years; it shows the
importance of this research field.
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Figure 1. Published articles per year in the field of Industry 5.0 resulted by a Scopus search
(Source: www.scopus.com)

We can analyze the distribution of published articles per year and per source, a shown in
Figure 2.
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Figure 2. Published articles per year per source in the field of Industry 5.0 resulted by a Scopus
search (Source: www.Scopus.com)

It can be seen, that a wide range of articles in the field of facility location has been published
in five scientific journals: IEEE Transactions on Consumer Electronics, Lecture Notes in
Mechanical Engineering, Procedia Computer Sciences, Sustainability and IFIP Advances in
Information and Communication Technology. The title and the main topic of these scientific
journals shows, that Industry 5.0 covers interdisciplinary sciences. The CiteScore publication
is shown in Figure 3.
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Figure 3. CiteScore publication per year in the field of Industry 5.0 resulted by a Scopus search
(Source: www.scopus.com)

Figure 4 shows the distribution of articles by the authors, publishing a huge number of
articles. It can be seen, that 8 authors have been published 10 or more articles related to
Industry 5.0, which shows, that there is a worldwide research expert group in the field of
Industry 5.0.
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Figure 4. Published articles per authors related to Industry 5.0 resulted by a Scopus search
(Source: www.scopus.com)

As Figure 5 shows, the affiliation of the authors is very different, including universities and
research institutes in Asia, Europe and Amerika.
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Figure 5. Published articles per affiliation of authors related to Industry 5.0 resulted by a Scopus
search (Source: www.scopus.com)

Most of the research results have been published in journal articles, but a significant number
have been published in conference proceedings and books, as shown in Figure 6. There are
also the occasional editorials, erratum, notes, letters and short surveys.

The analysis of the subject area of research works shows (see Figure 7), that the most
important subject areas in the Scopus are the followings: computer science, engineering,
business, mathematics, decision sciences, social sciences, econometrics, energy,
environmental sciences and materials science.
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The next phase of the literature review is the content analysis, where the initial articles are
filtered using additional keywords of Scopus. As Wang mentioned in his research focusing
on intelligent control in today’s industrial processes [8], the rapid rising of artificial
intelligence solutions and tools has a great impact on Industry 4.0 solutions, but it also
influences the impact of shift from Industry 4,0 to Industry 5.0, where the main paradigm is
to move from big models to foundation control and foundation management. These Al tools
and solutions include ChatGPT and DALL-E as generative Al tools, qualifier.ai and apollo.io
as Al for sales and marketing, Drift and NICE CXone SmartAssist Powered by Amelia as Al
for customer services, Leena Al and Fetcher.ai for human resource management or Fireflies
and Duet Al for meeting organization [9].

Wang et al. [10] discuss in their research work, that a 6S roadmap can lead to the
transformation of cyber-physical systems (Industry 4.0) to cyber-physical-social systems
(Industry 5.0). This 6S model includes the following main milestones: “Safe in physical
spaces, Secure in cyberspaces, Sustainable in ecology, Sensitive in individual privacy and
rights, Service for all, and Smartness of all [10]”

Ghobakloo et al. discusses the problems of transformation of Industry 4.0 to Industry 5.0
[11] and highlights the importance of sustainability focusing on stakeholders, government
and policy makers. This approach shows the importance f eco-innovation and sustainable
value network reformation.

Karmaker et al. discuss the role of Industry 5.0 in post-pandemic supply chain solutions
[12]. They identify the challenges and prioritized them using Best-Worst-Method. The
prioritized challenges were analyzed by Interpretive Structural Modelling and the analysis
resulted, that financial support including tax reduction and short loans plays an important
role in the improved sustainability of value chains and supply chain solutions.

Raja et al. [13] suggested to call the next industrial revolution Industry 4.0S, where S is
for sustainability. The researchers concluded that the next step of industrial revolutions will
be the collaboration of humans with digital technologies, where economic, social, and
environmental aspect are taken into consideration, but today it is early to speak about Industry
5.0 and we should focus on sustainability aspect in Industry 4.0 and use the available
technologies to improve social and environmental sustainability.

Nayeri et al. [14] discusses the sustainability, resiliency, and human-centricity aspect of
Industry 5.0. They propose a novel decision-making framework to investigate a responsive
supply chain named responsive Supply Chain 5.0 for healthcare systems. They show, that a
wide range of decision making methodologies can be used, including Fuzzy VLSE, Analytic
Hierarchy Process or the traditional Best-Worst Method.

Ivanov [15] concluded in his research on viability-based integration of the resilience,
sustainability, and human-centricity perspectives, that “the major technological principles of
Industry 5.0 are collaboration, coordination, communication, automation, data analytics
processing, and identification ... Industry 5.0 covers organization, management, technology,
and performance assessment and ... Industry 5.0 spans three levels: society level, network
level, and plant level.”

Adel defines in a research on human-centric solutions, challenges and prospective
research areas [16] that Industry 5.0 will integrate cyber-physical cognitive systems, green
manufacturing, cultural collaboration and mass customization. In this research, the focus is
on people working with robots and smart machines, because robots can support human
operators to work better by leveraging advanced technologies, including Internet of Things,
identification systems, digital twin, etc.
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Cillo et al. [17] rethinks companies’ culture through knowledge management lens during
Industry 5.0 transition and concluded, that companies engaged in diversity policies, inclusion
practices and people empowerment through education have higher chance to improve
profitability.

An integrated approach is proposed by Kasinathan et al. [18] in a research focusing on
realization of sustainable development goals with disruptive technologies by integrating
Industry 5.0, Society 5.0, Smart Cities and Villages. In their research they propose an
integrated framework for including state-of-the art technologies (artificial intelligence, big
data analytics, drones, robotics, cybersecurity, process automation, cloud computing, Internet
of Things, augmented reality, virtual reality, autonomous vehicles) to establish the concepts
of Industry 5.0 and Society 5.0 integrated into smart cities and villages. However, Kasinathan
mentioned cloud computing as new age technology [18], but other sources [14] discuss fog
and edge computing as new age technology in the Industry 5.0 era.

Khan et al. [19] highlight the importance of 6G communication in Industry 5.0 and they
show, that “automotive-Industry 5.0 will use emerging 6G communications to provide
robust, computationally intelligent, and energy-efficient data sharing among various onboard
sensors, vehicles, and other intelligent transportation system entities.” They propose
nonorthogonal multiple access (NOMA) and backscatter communications as two new age
technologies of 6G communications, which is especially important in the Automotive
Industry 5.0 from energy efficiency point of view.

Leng et al., [20] discusses the pros and cons of Industry 5.0 and they concluded, that in
The Industry 5.0 humans’ well-being is in the center of manufacturing systems which can
lead to the sustainable development of all humanity.

A strategy roadmap for delivering sustainability values was developed by Ghobakhloo et
al. [21]. They propose a novel reference model for Industry 5.0, which integrates human
centricity, socio-environmental sustainability, and resilience. In this research, 16 sustainable
development functions are defined, including circular intelligent products (circular
gentelligent products), intelligent automation, operational and resource efficiency (resource
includes energy and materials), renewable integration, service orientation and personalization
(mass customization) or value network integration through sustainable thinking.

Yin and Yu [22] proposes a novel approach to help production companies find external
partners to improve their digital green innovation performance through external knowledge
search partner selection.

Paradigm shift can be recognized while observing the transition from Industry 4.0 to
Industry 5.0, as the analysis of paradigm shift for the people, organization and technology by
Zizic et al. [23] shows. Their general conclusion is that there is a significant change of the
main research aims from sustainability towards human-centricity. This change means in the
case of operators, that the manual work is transformed through computer assisted work into
work with augmented technologies. Other transformation aspect can be defined in the case
of decision making, where the experience-based decision making is transformed into
information based decision making [23] including real-time decision making [24, 25].

Huang et al. [26] focuses in their research on the comparison between Industry 5.0 and
Society 5.0. They identified the main corresponding foundational arguments about Industry
5.0 and Society 5.0 and these can accelerate the development of Industry 5.0 and Society 5.0.
These aspects are also discussed by Jefron et al. [27] focusing on the major implications for
smart logistics and Grabowska et al. [28] focusing on humanization and sustainability from
scientometrics point of view.
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The technological aspects of Industry 5.0 and the transformation from Industry 4.0 to
Industry 4.0S or Industry 5.0 are extensively discussed in a wide range of researches, which
are focusing on the following main state-of-the art technologies:

e Virtual reality and digital twin are proposed by Wang et al. [29] for Building
Information Modeling (BIM),

e UAV based long range environment monitoring systems is proposed by Sharma et
al. [30] to support smart city infrastructure,

e An loT based Absolute Innovation Management (AIM) is proposed by Aslam et al.
[31] to support innovation in Industry 5.0 era,

e The smart circular economy can be supported by green IoT and edge artificial
intelligence, as mentioned by Fraga-Lamas et al. [32],

e Human-robot interaction and the application of cobots is discussed by Coronado et
al. [33] and Kaassinen et al. [34] focusing on the human-centered factors, measures
and metrics in the Industry 5.0 era,

e The future direction of application of blockchain technology is discussed by Veram
et al. [35].

As Maddikunta et al. [36] summarizes, the above-mentioned enabling technologies are
available in the Industry 4.0 era, and these are also the key technologies in the Industry 5.0
era, where economic, social, and environmental aspect must be highlighted.

The optimization plays also an important role in complex, global supply chain solutions,
but it is also important in the case of in-plant logistics, because the optimization focuses both
on cost efficiency and sustainability [37, 38]

3. RESULTS AND CONCLUSIONS

The industrial revolutions have always represented a significant step in human history,
resulting in an improvement in the quality of human existence. This was seen with the steam
engine in the first industrial revolution and is being experienced through digitalization in the
fourth industrial revolution, where the impact of modern technologies to ensure that
globalization and the impact of globalization issues on productivity can be secured even in
uncertain operating environments is well understood. However, in today's increasingly global
crisis, economic efficiency, reliability and productivity are not enough; environmental and
sustainability aspects need to be taken into account in order to enhance human centricity.

Within the frame of this article, the authors focuses on the main research direction
between 2018 and 2024 and identifies the main characteristic of Industry 5.0, which can be
summarized as follows:

o Industry 5.0 focuses on sustainability, resiliency, and human-centricity.

e New technologies are available to improve sustainability from resources point of
view. Resources includes energy, materials, machines and human resources.

e However, Industry 5.0 focuses on human centricity, but this aspect does not
contradict the fact that an appropriate framework must be defined for the efficient
cooperation and collaboration of human operators and machines (robots).

e There are significant changes in decision making. We are witnessing a shift from
experience based decision making to an information based decision making, where
real-time decisions become more and more important, and these real-time decisions
can significantly influence human-centricity.



Technology in Industry 5.0: critical components and their impact 49

o Virtual and augmented reality has significant implications and impact on human-
centricity, because VR/AR solutions can significantly lead to positive changes in
working conditions and trainings, especially in the case of dangerous working
environment.
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