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Abstract

The aim of this paper is to highlight the development capacity and impact of the specific characteristics and
technologies of Industry 5.0 in the field of industrial engineering and other sectors. Simultaneously, their impact
and implications in these industrial sectors will have an impact on the manufacturing process, which will lead to
the development of new manufacturing strategies through the prism of the three principles proposed by I5.0:
human-centricity, sustainability and resilience. The Industry 4.0 concept puts smart technologies at the heart of
manufacturing and supply chains. In the meantime, the amplification of this digital transformation and the more
meaningful and efficient collaboration between people, machines and systems in their digital ecosystem are
described in the specific I5.0 concept principles and technologies identified in this paper. It is therefore important
to note that, regardless of how the [5.0 concept is presented, these 15.0 characteristics and underlying technologies
will define a new structure of organisation and control over future product lifecycle specific activities.

Keywords
industry 5.0, principles, technologies

1. Introduction

In order to evaluate the paper in question, it is necessary to ascertain the following information: an
accurate description of the problem being addressed, a detailed analysis of the existing solutions
proposed by other researchers in the field, a comprehensive account of the methodology employed by
the authors, the novel contributions made by the paper, and the specific manner in which this paper
adds to the existing knowledge base.

The concept of Industry 4.0 has facilitated the advancement of industry and manufacturing through
the integration of 'smart' technologies, including artificial intelligence (Al), augmented reality (AR),
autonomous robots, cloud connectivity and real-time data analytics. In contrast, the concept of Industry
5.0 is intended to enhance the integration of these technologies through the promotion of enhanced
collaboration between humans and machines. The primary objective of this collaboration is to enhance
sustainability continuously.

This entails the realisation of activities aimed at satisfying the needs of both the company and its
partners, concurrently encouraging product reuse or recycling and enhancing the resilience of new
products and systems. Furthermore, the techniques used to improve production processes, such
Additive Manufacturing, Artificial Intelligence, and so on, will contribute to enhanced resource
management and the resolution of unique challenges related to manufacturing technology, human
resource availability, and engineering issues. This includes monitoring of activities and equipment that
impact production and addressing security and privacy concerns.

2. Aspects of knowledge and research on Industry 5.0

History. The necessity for unceasing growth in the provision of services and products to satisfy
consumer requirements has resulted in the implementation of continuous process improvement,
accompanied by the development of well-defined strategies and innovative tools.
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The concept of "Industry 5.0" has been developed to describe the latest phase of industrial
development. As is widely acknowledged, the industry has undergone significant transformations over
time [1, 2], collectively termed 'industrial revolutions', as illustrated in Figure 1. Thus, a period of 100
years elapsed between the initial three revolutions [1]. The fourth occurred within approximately 40
years, and it is conceivable that the fifth will occur in less than 40 years [1]. The time between
revolutions is therefore becoming shorter, which may be attributed to the aforementioned continuous
increase in demand for services and products [1].
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Fig. 1. From Industry 1.0 to Industry 5.0 [1]

The concept of INDUSTRY 5.0 was first proposed in 2015 by Czech researcher Michael Rada [4, 5].
The idea was presented as an evolution based on the principles of industrial upcycling, which is the
methodology of systematic waste prevention [3]. Subsequently, in 2021, the European Commission
formally introduced the term 'Industry 5.0' in two virtual workshops held on 2 and 9 July 2020 by the
Directorate-General for Research and Innovation's Prosperity Directorate. The document entitled
'Industry 5.0" was subsequently published. On 4 January 2021, the European Commission published a
document entitled "Towards a Sustainable, Human-centric, and Resilient European Industry" [6, 7].

It may safely be asserted that the advent of Industry 4.0 is still largely a matter of vision, insofar as
the evolutionary process that will bring it into being will not become genuinely tangible until the latter
half of the next decade. This long-term process also inherently contains a significant degree of
uncertainty [8]. For instance, it has been demonstrated that, classified according to size and sector, a
surprisingly limited number of enterprises are currently highly familiar with the concept of Industry
4.0. For instance, 35% of large manufacturers (500 to 999 employees) are able to provide a concrete
definition of Industry 4.0, whereas only 21% of small manufacturers (20 to 99 employees) and 47% of
high-tech companies, and 22% of process manufacturers are able to do so [8].

The advent of the new Industry 5.0 concept can be attributed to a profound transformation in the
interplay between humans and intelligent systems [9]. In order to gain an understanding of the concept,
its definition and principles, and the general technologies corresponding to this new concept of Industry
5.0, as well as their application in different stages of the industrial engineering field, a comprehensive
literature review is required. To this end, databases such as Google Scholar, Scopus and Web of Science
were used to find relevant articles using combinations of terms corresponding to the concept "Industry 4."

The literature review encompasses terms up to and including those referring to the new concept of
Industry 5.0. It should be noted that the study has not included all articles published on this topic; rather,
it has summarised the most recent ones. The information presented is significant and demonstrates
progress concerning the new Industry 5.0 concept in the field of industrial engineering, thus providing
an overview of the current situation and future directions.
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The question of how to define 'Industry 5.0' and the discussions surrounding what is commonly
referred to as the 'fifth industrial revolution' present serious limitations to the development of
theoretical frameworks [10]. Additionally, the lack of consensus regarding categorisation within the
existing literature makes it challenging to conduct meaningful comparative analyses of research studies
[11]. A review of the literature on Industry 5.0 reveals significant uncertainty about its potential impact
and how it will disrupt business operations. Additionally, there is a question about its capacity to
transcend the boundaries between the physical and virtual realms [7].

In an effort to provide a comprehensive definition, some specialists view Industry 5.0 as an
opportunity to reclaim and expand beyond the production of goods and services for profit, emphasising
three core principles: human-centricity, sustainability and resilience [7].

Industry 5.0 technologies facilitate the optimal utilisation of both virtual and real environments by
fostering human creativity and mechanised efficiency.

It is therefore important to understand and define the concept of Industry 5.0 in the context of
achieving societal goals that extend beyond the creation or maintenance of jobs, such as becoming a
significant contributor to economic prosperity. Furthermore, it is essential to ensure that production
respects the limits imposed on the protection and preservation of the environment, while also
prioritising the well-being of workers in the industry.

This is a notable shift from the principles underlying Industry 4. This places greater emphasis on
digitisation and artificial intelligence-based technologies to improve production efficiency and
flexibility, rather than the original principles of social justice and sustainability [1, 12-14].

3. Principles and characteristics of the Industry 5.0 concept used in Industrial

Engineering

In general, a principle can be defined as the fundamental element, idea, or basic law on which a
theory, system, or rule of conduct is based. Alternatively, it can be understood as the totality of the laws
and basic notions that constitute a discipline, its root cause or starting point. With regard to both
Industry 5.0 and its predecessor, Industry 4.0, the aforementioned principles and their characteristics
describe, as the definition recommends, the smart factory indirectly and propose the inclusion and use
of minimum functional requirements.

The implementation of a complete system based on these principles and centred on the needs of the
industrial engineering domain represents one of the most important steps towards the realisation and
configuration of one's own smart factory, which meets the needs of customers, provides prosperity and
sets limits on environmental protection.

In the context of Industry 4.0, the transition from the conventional factory to the smart factory for
digitisation, automation, informatisation and mobility is based on three main key processes: vertical
integration, horizontal integration and the integrated product lifecycle. These requirements, in
conjunction with existing technology, are founded on six fundamental principles [15, 16] (see Figure 2):

INDUSTRY 4.0
Design principles

Fig. 2. Six main principles of Industry 4.0 [15]
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1. The term "Flexibility (Modularity)" is used to describe the ability of a system to adapt quickly and
smoothly to changes and trends in manufacturing practices in industry;

2. Interconnection, or interoperability, refers to the ability of machines, devices, sensors, and
individuals to connect and communicate with one another;

3. Virtualisation is a process that combines physical production systems, their digital equivalents and
process data to create a virtual factory environment. This environment is capable of monitoring,
controlling, simulating physical systems and processes, sending data to update the virtual model in
real time, diagnosing and anticipating faults and guiding employees to perform maintenance;

4. The service-orientation design principle entails a shift in focus from product-oriented selling to a
more comprehensive approach that encompasses both products and services;

5. The real-time capability of the smart factory is based on the ability to collect and analyse up-to-date
data and the use of modularity. This allows the factory to be configured/self-configured to respond
in real time to changes from both inside and outside;

6. Decentralized decision-making refers to the capacity of cyber-physical systems to autonomously
determine the optimal course of action and execute the requisite tasks.

The requirements set forth by the tenets of the Industry 4.0 concept, as previously outlined, provide
a sequential roadmap, emphasizing the integration of autonomous and semi-autonomous procedures,
hyper-automation, advanced robotics, self-optimizing systems and data exchange.

The new concept of Industry 5.0 represents the next level of industrialisation. It is characterised by
several key features, including the return of the human workforce to factories, distributed
manufacturing, smart supply chains and hyper-personalisation.

The objective of these developments is to deliver a personalised customer experience on each
occasion. It is evident that the new Industry 5.0 concept serves to complement the existing Industry 4.0
paradigm, with research and innovation driving the transition to a sustainable, human-centric and
resilient European industry [17].

Therefore, based on the aforementioned values, fundamentals, ideas, criteria, application rules, and
principles (Figure 3), the Industry 5.0 concept can be distilled to three foundational elements that
collectively serve as the cornerstone of an industrial system that is:

- human-centred,

- sustainability,
- resilience.
Industry 5.0
AN
- JE LA
L. 2 }!4 i
-2 |
... promotes talents, diversity
and empowerment
SUSTAINABLE
... is agile and resilient with flexible ... leads action on sustainability
and adaptable technologies and respects planetary boundaries

Fig. 3. Core values of Industry 5.0 [6]
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3.1. Human-centred

In the current industrial context, scope remains for further progress on the human-centred approach
[7]. In order to guarantee that businesses and workers alike benefit from the digital transition, it is
imperative that business models are conceptualised and redesigned a new one [7]. It is imperative that
workers be included at every stage of this transition process [7].

The human-centred approach prioritises fundamental human needs and interests at the core of the
production process, shifting the focus from technology-driven progress to a human and society-centred
approach [6]. This approach places emphasis on the importance of empathy, collaboration and a
profound comprehension of the user, thereby facilitating the creation of solutions that are more likely
to be adopted and genuinely address user needs (Figure 4).

Ind 50 Modification 0;"'40": environment HUMAN-CENTERED DESIGN
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Fig. 4. Cognitive ergonomics in Industry 5.0 framework [18]

The objective of Industry 5.0 is to establish a symbiotic relationship between human capabilities and
those of machines, equipment, digital systems and cybernetic systems. This is intended to enhance the
efficiency, personalisation and sustainability of production, while safeguarding human value and
preventing the creation of divisions between people and technology. Such a transformation could be
accompanied by substantial reforms of social policies, including those pertaining to social welfare and
health protection systems [7].

The interrelationship between remunerated labour and social security may necessitate
reconsideration, accompanied by a review of extant tax systems [7]. In light of the fact that not all
workers will be able to secure alternative employment in the context of transformed industries, it is
incumbent upon society as a whole to ensure their continued relevance and protection within the social
order [7]. Moreover, it can be posited that the digital technologies of Industry 4.0 will be deployed and
exploited as Industry 5.0 technologies, albeit with a human-centric focus [19].

The advent of Industry 5.0 in smart manufacturing systems will necessitate a corresponding
evolution in the role of the operator. In order to ensure the continued efficacy of these systems, it will
be essential to develop a resilient and digitally adept operator base, with due consideration for the
human capital that exists within the context of today's industrial reality, particularly the ageing
workforce [19]. In light of these observations, it seems reasonable to posit that as long as robots,
characterised by relentless precision and artificial intelligence, and other main pillars of the smart
factory, despite their advanced capabilities, remain devoid of the critical and creative thinking capacity
that is inherent to their human counterparts, they will be capable of fulfilling their designated purpose
of assisting and improving our lives through collaborative endeavours.
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3.2. Sustainability

The World Conference on the Environment in Rio de Janeiro in 1992 accorded particular attention
to this concept, which involves striking a balance between economic growth and environmental
protection and identifying alternative resources [20].

The term "sustainability" denotes the capacity to satisfy the requirements of the present without
compromising the needs of future generations [21]. The concept of sustainability or sustainable
development is fundamental to the endeavour to combine economic progress, social equity and
environmental protection in a way that ensures a viable future for both the present and future
generations.

The concept of sustainable development has been a central tenet of European policy for some time
and is firmly enshrined in the European treaties [7]. Regarding to the protection of the environment
through digitisation efforts in the field of recycling, it is now more effective than ever to monitor the
flow of materials, assess their environmental impact and so forth.

The Industry 5.0 concept facilitates the attainment of product sustainability through the exploration
of diverse avenues, including the comprehension of a company's sustainability accomplishments, the
inauguration of a perpetual enhancement procedure, and the resolution of discrepancies between
objectives (Figure 5) [22].
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Fig. 5. Role of Industry 5.0 on sustainability of manufacturing [22]

It is therefore evident that the promotion of innovation and the adoption of sustainable technologies
represent fundamental aspects of a genuine economic sustainability. Concurrently, the advancement
and deployment of technological solutions that diminish the environmental impact will bolster the
viability of renewable energies in the long term, thereby enhancing economic efficiency.

Moreover, this economic efficiency ensures the provision of employment opportunities for all
members of society. This implies the promotion of inclusiveness and the creation of a business
environment that will support the personal and professional development of employees

Consequently, in accordance with the principle of sustainability, which is based on these important
values and fundamental elements for industry, there is a need for the development of circular processes
that re-use, re-purpose and recycle natural resources, minimise waste and environmental impact, and
ultimately lead to a circular economy with improved resource efficiency and effectiveness [6, 7].

A considerable number of European businesses have already acknowledged the advantages of green
industry, particularly industrial symbiosis (the sharing and reuse of secondary resources and by-
products), not only for the environment but also for enabling industries to compete in global markets
and maintain their long-term competitiveness [7].
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3.3. Resilience

The term 'resilience’ is used to describe the necessity for the industrial production sector to develop
a higher degree of robustness, thereby ensuring that it is better equipped to withstand disruptions and
to deliver and support critical infrastructure in times of crisis [6]. The future industry must possess the
resilience to navigate the complexities of geopolitical shifts and natural disasters [6, 7].

The ability to withstand disruptions and catastrophic events, which relies on people, has not been
represented significantly in the context of Industry 4.0 by the research community [23, 24]. At present,
the existing literature is predominantly focused on resilience within the context of contemporary
technology and the emerging concept of Industry 5.0 [6, 23].

There is a paucity of literature exploring the role of people in resilience. In the developed resilience
model, people are identified as one of the most important components, given their role as the first line
of detection for anomalies. Their training, education, awareness, leadership, skills and talent are
identified as essential factors [23, 25].

In consideration of the third principle of the newly proposed Industry 5 concept, namely resilience,
several authors have identified a number of pivotal factors that should be taken into account when
striving to enhance industry resilience (Figure 6) [26]:

- Diversification: It would be prudent for businesses to consider diversifying their operations,
products, and services. This can assist in the mitigation of the impact of demand shocks in a specific
market or product line;

- Technology: The investment in technology can assist businesses in the streamlining of their
operations, the reduction of costs and the increase of efficiency. Furthermore, it can assist in
reducing reliance on manual labour and enhancing flexibility in responding to demand shocks;

- Risk management: It is recommended that businesses implement a comprehensive risk management
strategy to identify and mitigate potential risks [26].

Diversification

01(

Understanding
~ Industry
« ~ Resilience

e 03 .02 | Technology
)

management

Fig. 6. Understanding Industry Resilience [26]

It can be concluded that an understanding of this principle, which refers to resilience, is essential for
those smart factories that wish to become more robust and prosperous in a rapidly changing global
economy. This can be achieved by identifying potential risks and implementing strategies to mitigate
them. In other words, businesses must be able to meet customer demands even in the face of economic
shocks [26].

4. Conclusions

The objective of this paper is to present a topic of general interest within the context of a rigorously
researched field such as industrial engineering. The topic addressed is therefore of considerable utility
in view of the digital transformation that is transforming the way manufacturing processes are
conducted.

We are currently witnessing the advent of an era of digitisation in this field and beyond. The
information presented in this paper adheres to the standards of a research paper that outlines the
principles and characteristics that have led to the development of the new concept of Industry 5.0. It
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also addresses the novelties, challenges, opportunities, restrictions, threats, and implementation
concerns that this concept is facing.

It is therefore evident that the Industry 5.0 concept holds considerable importance, as it offers the
potential to facilitate the development of a more sustainable and humane manufacturing industry. By
placing the human element at the core of the manufacturing process, the Industry 5.0 concept paves the
way for the creation of new and more fulfilling employment opportunities for workers, while
simultaneously enhancing overall working conditions.

Furthermore, it presents the possibility of developing more efficient and flexible production
processes that are better equipped to adapt to changing market demands and supply chain disruptions.
It can therefore be concluded that the new Industry 5.0 concept is not a mere passing fad, but rather
represents a novel approach to production that will have significant economic and commercial
consequences.

Consequently, the industrial sector must modify its production in accordance with the tenets of
Industry 5.0 in order to capitalise on its competitive edge, given that the accelerating pace of
technological innovation is driving the emergence of new models and the alignment of optimal
processes for individual industrial engineering firms. It will be crucial for these entities to embrace the
tenets of smart manufacturing to maintain their competitive standing.
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