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Abstract: The philosophy of Industry 5.0 recognises the transformative power of the industrial
sector to add value to society and employees. Industry 5.0 is distinct from its predecessors because
it relies on a tripod of sustainability, human-centric, and resilience. These three thematic principles
aim to improve work safety, research and innovation and strengthen industrial resilience and
competitiveness. However, a perfect storm is brewing for the future of work, brought about by the
concerning trends of displacement and low skill levels of workers” competencies in handling the
new technologies of Industry 5.0 in emerging economies. This paper will discuss Industry 5.0 and
provide historical insights on the importance of acquiring the desired twenty-first-century
competencies needed in the workforce for Industry 5.0. Two research questions guided the study in
identifying these twenty-first-century competencies, how these competencies can be cultivated and
taught in the education curriculum and policies of emerging economies, and the crucial importance
of adapting Industry 5.0 to these emerging economies. The study concluded that emerging
economies must play an active role in shaping the future, by creating policies that will advance
social stability, resource preservation, and climate objectives, which will enable more productive
production processes with lower waste and energy usage.

Keywords ; industrial revolution ; Industry 5.0; Industry 4.0; twenty-first-century competencies ;
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1. Introduction

The term “21st-century competencies” may appear contemporary, but as [1] pointed out, these
competencies are ““freshly necessary” competencies, and due to the emerging needs of knowledge-
based economies, even more important in modern-day existences [2]. Arguably, the twenty-first-
century competencies are assumed to be necessary competencies that prepare individuals to
participate in a multifaceted socioeconomic and political environment that is heavily influenced by
globalisation and the digital revolution, which have contributed to the creation of a significant
difference from the previous industrial age (e.g., industry 3.0 to 4.0) which started from mass
production and economies of scale from sector to the optimisation of the internet of things, animated
and robotic production [3-6]. [7] maintained that 21st-century competencies are often used as an
argument for redefining the goals for training or learning in accordance with the knowledge and
skills required in the twenty-first century and Industry 4.0. Nevertheless, a new industrial revolution,
Industry 5.0, casts its shadow on the world and requires skills to overcome global climate change,
pandemics, and refugee crises. The pertinent question remains: are the 21st-century competencies
sufficient to meet the challenges of the second half of the 21st century, and what are the implications
of Industry 5.0 for emerging economies in Africa, Asia and the Americas, amongst other
underdeveloped countries?

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Heading toward Industry 5.0

Industry 4.0 refers to the rising digitalisation of the whole value chain and the ensuing
interconnectedness of individuals, things, and technologies through actual (real-time) information
exchange [8,9]. Industry 4.0 is the fourth revolution era of industrialisation, after the first industrial
revolution (steam, water mechanisation), the second revolution (electricity, assembly lines and mass
production), and the third revolution (computerisation and automation), which led to the fourth
industrial revolution (enhancement of intelligent and autonomous systems powered by data, Al, and
machine learning) [10]. It is believed that Industry 4.0 is an optimised version of Industry 3.0 through
the computerisation and connectivity of the Internet of Things, sharing of information, and other
disruptive innovations that were characteristics of Industry 3.0. [11], however, argued that Industry
4.0 stemmed from the profound changes in the industry which occurred as a result of the adoption
of innovations and technologies in the world of work and businesses to enable the industry to
generate individualised outputs through more innovative and more efficient procedures from the
supply chain to the distribution of goods and services, continuous data exchange between all
subsystems in the organisation, speedier decision making, more excellent monitoring and
management of the shop floor, more effective use of resources, and better planning of needs [12].

The European Commission adopted the 2021 report “Industry 5.0: Towards a Sustainable,
Human-centric, and Resilient European Industry”. [13] identified the main limitation of Industry 4.0
as its thematic industrial landscape’s concentration on industrial productivity and versatility over
industrial sustainability and worker welfare [14]. Similarly, climate change, the crisis caused by
greenhouse gas emissions primarily from the combustion of fossil fuel and gas emissions mainly from
industries, causes an increase in temperatures, fires, droughts, and flooding, as well as substantial
disturbances to ecosystems, society, and the economy. The consequences of climate change are severe
and long-lasting, rendering technologically driven industrial revolutions obsolete. Recently, the
global threat caused by the COVID-19 pandemic, which has had a catastrophic impact on global
health and has compromised the safety of societies and economies globally, has resulted in the
demand for some significant changes in the processes and policies of Industry 4.0, making human-
centricity (especially more human resource participation in the industrial landscape) and low-carbon
supply chains as essential elements of intelligent sectors [15,16].

Global climate change makes up changes in the international climate caused by increased human
emissions of heat-trapping greenhouse gases, resulting in shrinking glaciers, rivers, and lakes and
shifting aquatic and terrestrial geographic ranges, already having widespread effects on the global
environment. Similarly, since introducing Industry 0.4, manufacturing businesses and tech giants
have contributed to problem-solving, inventiveness, and production strategies using big data
technologies, the Internet of Things, and Al. However, these breakthroughs came with significant
negatives: sophisticated software and robot automation replace employment and require highly
educated, trained, and experienced individuals to manage elaborate operations [17].

Also, the COVID-19 pandemic has accelerated the adoption of digital technology that replaces
human contact with technology in the workplace, education, commerce, and personal interactions,
thereby constituting a complex frontier of tension of system shock between centripetal and
centrifugal forces caused by the pandemic due to the imposition of mobility restrictions [18,19]. [20]
argued that there is a need to prepare individuals for future work based on these complex frontiers
of systematic shocks caused by the significant negative impact of Industry 4.0 and the adoption of
digital technology that replaces human contacts with technology in the workplace. Understanding
the competencies and nature of future occupations requires more research. Understanding the
triggers for skilling, upskilling, and re-skilling people will ensure that regional economies can adapt
to the transition by building the necessary infrastructure required for its development. Competence,
rather than jobs, are the fundamental elements of the labour market [21].

The advent of Industry 5.0 is a reaction to the limitation of Industry 4.0, primarily focused on
automation and digitisation. In the desire to build a more sustainable and efficient production
process, Industry 5.0 is designed to combine the benefits of automation with the unique abilities and
creativity of human workers to develop a more collaborative and adaptable production system that
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can better react to changing market demands and to bring back the human-centric and to conserves
the resources offered by the planet in production through increased interaction and collaboration
between humans and machines.

This paper is organised into nine sections, which are Introduction, Heading Towards Industry,
Competence, Historical Leap from Industry 1.0 to 4.0, Industry 5.0 Competencies in the 21st Century
and Beyond, Implication of Industry 5.0 for Competencies, Implications of Industry 5.0 for emerging
economies, Conclusion and limitation. The methodology of this paper is conceptual and descriptive,
while the researchers utilised unobtrusive methods to integrate extant relevant research papers to
answer the research questions and conclusions made. The main objectives of the research work are
summarised below.

1.  To examine the core values of Industry 5.0, their implications for emerging economies, and how
Industry 5.0 can leapfrog these emerging economies into a value-driven sector.

2. Toidentify competencies that are needed in the handling of new technologies of Industry 5.0.

3. Tosolicit the adaptation of Industry 5.0’s core values in training workers in emerging economies
to equip them with the skills to be competent in the 21st century.

4. To discuss how industry 5.0 competencies can be integrated into education and training
curricula in emerging economies.

Two research questions guide the study:

1.  What competencies are needed for employees to thrive in the Industry 5.0 era, and how can these
competencies be cultivated and integrated into education and training programmes?

2. What are the potential implications of Industry 5.0 on emerging economies, and how can these
economies prepare for and use the opportunities?

3. Competence

There is no proper way to describe competencies without using the Knowledge, Skill, and
Attitude (KSA) typology developed as Bloom’s taxonomy centred on three activity domains:
cognitive, affective, and psychomotor. [22-24] observed that the cognitive domain is concerned with
cerebral abilities (knowledge), the affective domain with feelings or emotional areas (attitudes), and
the psychomotor domain with physical or practical talents (skills); competency is often referred to
with the formula - C = F(K, A, S) (competence =function of (knowledge, Attitude and Skill).
Competence, according to [25], is an underlying personal attribute that is causally linked to higher
performance in a job or circumstances that can be improved through training and development” [26].

Competency in the world of work is professed as the centrepiece of the strategies and procedures
that drive corporate success and business expansion; that’s why organisations ensure that they are
recruiting the right people and placing them in the proper places by explicitly identifying embedded
competencies of the prospective candidate at the point of recruitment. Furthermore, organisations
require their personnel to have the best possible combination of competencies to contribute to the
overall corporate objectives of the business. [27] argued that in its broader context, competence
enables businesses to grow and capitalise on their prospects and the nature of competitive advantages
to integrate and reorganise internal and external competencies in response to a quickly changing
business environment in today’s organisation.

As the world continually evolves, the demand for competencies in every organisation revolves
around digital transformation, automation algorithms, Artificial intelligence, and smart technologies
to monitor and operate an intelligent supply chain, logistics, and back-end systems. [28] asserted that
the significance of Industry 4.0 is tied to its advantages in the 21st century, which include the ability
to support businesses and service delivery organisations in finding solutions to problems by being
more flexible and understanding how to adapt to market fluctuations effectively. It may also improve
the invention pace, speed up design operations, and create a customer-driven framework. The
Industry 4.0 revolution is built on nine technology pillars, which are “Big data and analytics,
autonomous robots, simulation, horizontal and vertical system integration, the industrial Internet of
Things, cybersecurity, the cloud, additive manufacturing, and augmented reality” are the essential
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technologies and innovations that bridge the digital world and when used together for the full
potential of the Industry 4.0. [29].

3.1. Knowledge

Knowledge is an essential part of competencies, as knowledge entails what a person knows,
which is utilising or putting into action what learned is knowledge. Knowledge is the product of a
relationship between intellect (capacity to learn) and circumstance (opportunity to learn), and so is
more socially created. It includes theories, concepts, and implicit knowledge learned from doing
certain activities [23]. Knowledge is still a problem and an enigma, at least in the managerial sense,
because knowledge must be defined as an operational concept appropriate for a business
environment rather than an idea suitable for a transcending world of ideas [30]. [31] states that
knowledge is a fluid amalgamation of framed experience, values, contextual information, and expert
insight that serves as a framework for assessing and assimilating new experiences and information.
It originates and is implemented in the brains of those who know. It often gets ingrained in
organisational routines, procedures, practices, and conventions rather than just papers or archives.

[32] developed a taxonomy to explain how individuals process and adopt objects on an affective
or emotional level. Knowledge is classified into four types: factual knowledge, conceptual
knowledge, procedural knowledge, and meta-cognitive knowledge [33]. Factual knowledge refers to
terms, facts, and information that must be learned to understand a subject; conceptual knowledge
concerns the understanding of factual knowledge. Procedural knowledge [31] is the ability to know
how to do a given skill or activity and is related to techniques, processes, or equipment functioning.
The same is true of domain knowledge, which is knowledge of a specific speciality in a discipline or
field, in contrast to general (or domain-independent) knowledge. It is often used in a more general
discipline. It involves industry-specific skills, resources, software, procedures, knowledge, and
experience [34]. Finally, meta-cognitive knowledge refers to awareness of one’s thought processes
and understanding the patterns behind them.

3.2. Skills

How to perform something (know-how) is referred to as skills. Amongst the many models and
frameworks in recognition of the required skills for success in the 21st Century, [35] insists that the
framework developed by The Partnership for 21st Century Skills, the P21 framework) is presently
the most accepted and prominent framework. The P21 framework of 21st-century skills [36,37]
identifies twelve skills divided into three categories: Learning and Innovation skills, Digital Literacy
skills and Career and Life skills. The Learning and Innovation skills are recognised as central in this
framework and consist of 4 skills: Creativity, Critical thinking, Communication, and Collaboration
(the), alongside three literacy-focused skills (information literacy, information and communication
technology - ICT - literacy, and media literacy) and five career and life skills (flexibility & adaptability,
initiative & self-direction, social & cross-cultural interaction, productivity & accountability, and
leadership & responsibility) [36].

3.3. Attitude

Attitude is a fictitious construct showing a person’s liking or disliking. Attitudes are often
satisfactory or negative feelings towards someone, a location, an object, or an event. Individual
judgements are expressed through attitudes. The ability to choose, retain, or adjust one’s best
attitudes for the moment is called “Attitudinal Competency.” Individuals” behaviour in a particular
scenario may be regarded because of their attitude toward the issue [38]. [39] further argued that
attitude is a judgement of a mental object, which includes anything a person can think of, from the
commonplace to the abstract, such as things, people, groups, and ideas. Although most academics
agree on these essential definitions, more sophisticated versions of the attitude notion differ
significantly. Nevertheless, it is an essential aspect of competencies.

4. Historical Leaps from Industry 1.0 to Industry 4.0.
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Product creation is as old as humanity; the first industrial revolution, which lasted from 1760 to
1840, began in the 18th century and was characterised by machines powered by water and steam in
the production of substantive goods to mass production because most of the 18th-century economies
relied on modest handicrafts and farming. [40] argued that this period is also known as the Steam
Revolution Era because it brought about the transition from manual labour to the first production
line, primarily in the textile sector. The primary motivator for the move was an improved quality of
life. Transportation revolutionised the beginning of the twentieth century by introducing
automobiles and aeroplanes. [41] also posited that the use of electrical power as an energy source, the
telegraph’s creation and the spread of railroads were the defining players of Industry 2.0. The last
two reduced the time needed to travel and transmit products and information, making the world
look smaller, reducing cost and production time, and increasing supply, further stimulating
worldwide economic growth [42,43].

[44] emphasised that challenges such as manufacturing competitiveness, efficiency, cost
reduction, energy usage, and production optimisation are needed to introduce Industry 3.0.
Including automated systems or the concept of industrial automation in the assembly line is central
to Industry 3.0. The third industrial revolution saw the introduction of computers, machinery, and
automation in manufacturing, which paved the way for the 4th industrial revolution centred on the
support of Internet connectivity, renewable energy, manufacturing, and automation in production
[45,46]. Industry 4.0 is delineated on a technologically intense and digitally interconnected
environment in which competencies such as decision-making, cultural and multicultural skills,
lifelong learning, multidisciplinary thinking, problem-solving, and management of typical Industry
4.0 technologies are required [47,48]. However, [12] argued that there is no unanimity on the
competencies needed for adequate employment in Industry 4.0 contexts, as the vital capability for
future professionals in Industry 4.0 is the capacity to use their knowledge in many collaborative
environments to provide value. Professionals in Industry 4.0 must constantly learn from new
environments and from professionals with various backgrounds and experiences. This may be
carried out by implementing training programmes that encourage the continuing improvement of
their abilities. At the same time, using the scientific mapping analysis to reveal the influence of
individual skills in the use and implementation of technologies proposed by Industry [49] identified
Connectivity, collaborative work, and man-machine interfaces as competencies that will benefit
companies by making them more competitive and successful, and employees by eliminating
repetitive activities and allowing them to work with knowledge.

5. Industry 5.0 Competencies in the 215T Century and Beyond

Industry 5.0 is a forward-thinking perspective on the evolution of industry towards a human-
centric, sustainable, and resilient production system that offers a prosperous development vision of
industry by integrating social and environmental priorities into technological innovation and the
transition of emphasis from technologies to a systematic strategy of sustainable, human-centric, and
resilient industrial landscape [14,50]. Industry 5.0 is a strategic approach incorporating the perfect
human partner and Cobots (collaborative robots) with human resources to allow personalisable
independent production across business social networks. This, in turn, will enable humans and
machines to collaborate. Cobots (collaborative robots) are not programmable devices, but they can
detect and understand the presence of humans. In this context, Cobots(collaborative robots) will be
employed for repetitive chores and labour-intensive jobs, while humans will handle creativity and
logical analysis [51]. It is a Human Industry based on the sustainability principles of the 6Rs
(Recognise, Reconsider, Realise, Reduce, Reuse, and Recycle) and centred on the notion of merging
human creativity and know-how with the speed, productivity, and consistency of robots [51,52].

[14] further explained that Industry 5.0 is built on the existing Industry 4.0 paradigm by putting
research and innovation at the forefront of transitioning to a more sustainable, human-centric, and
resilient European industry. It arose from the desire to incorporate social and environmental goals
into technical innovation and to move the emphasis from individual technologies to a systematic
approach. While Industry 5.0 also encompasses the varieties of developing technologies that have
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their origins in Industry 4.0, such as Additive Manufacturing, Cyber-Physical Systems, Big Data,
Augmented, Extended, Virtual, and Mixed Reality, Digital Twins, 6G technology and beyond, IoT,
Blockchain, and Cloud Computing are just a few examples as this is shown and illustrated in Figure
1, as the enablers of Industry 5.0 [53]. Based on the features of human-centric collaboration among
humans, robots, and algorithms, the desire for a change in demand of employee core competencies
and skills in the future towards adapting to the transformational framework of Industry 5.0 within
the context of a global bioeconomy that is based on sustainability is, therefore, necessary as humans
and robots will collaborate and work together. But [54] argued that many employees lack the
competencies and expertise to work with new technologies such as artificial intelligence and robotics
applications, resulting in a core competency gap that must be filled with new competencies in
programming, artificial intelligence, machine language, intelligent systems control, and emerging
technologies. In contrast, jobs requiring repetitive operations and not inspiring employees’ creativity
must be eliminated [55].
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Figure 1. Industry 5.0 and Enabling Technologies. Source: Authors.

6. Implication of Industry 5.0 for Competencies

Based on the features of human-centric collaboration among humans, robots, and algorithms,
the desire for a change in demand of employee core competencies and skills in the future towards
adapting to the transformational framework of Industry 5.0 within the context of a global bioeconomy
that is based on sustainability is, therefore, necessary as humans and robots will collaborate and work
together. But [55] argued that many employees lack the competencies and expertise to work with
new technologies such as artificial intelligence and robotics applications, resulting in a core
competency gap that must be filled with new competencies in programming, artificial intelligence,
machine language, intelligent systems control, and emerging technologies. In contrast, jobs requiring
repetitive operations and not inspiring employees’ creativity must be eliminated. [56] posited that
the combined power of humans and machines will generate new possibilities and competencies,
uncover value, drive development, and create a culture that will encourage innovation, exploration,
and inventiveness while embracing automation responsibly. As a result, many businesses will begin
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to engage in high-performance human-machine collaborations that enable more significant degrees
of automation to unlock previously untapped value [56,57].

While discussing the core competencies in Industry 5.0, [58] identify leadership competency as
an essential requirement. These competencies enable managers to ascertain how jobs can be
fragmented into smaller tasks and how many of these jobs (whether repetitious or not) are to be
automated. Scalability issues should be considered since automation for the sake of automation will
quickly become a costly experiment. The leadership competencies will assist the manager in
navigating the integration of humans and intelligent systems in the organisation through strategic
thinking and decision-making skills, the ability to manage and lead diverse teams, adaptability to
technological advancements, and effective communication and collaboration skills.

[59] also identified “soft skills” as an essential competency needed as the sustainable workforce
of the future will be a hybrid, requiring employees with machine-related competence in the sense
that employees will be supplied with real-time data to support decision-making, enhancing their
ability to connect with quickly expanding digital industrial systems. At the same time, autonomous
robots will tackle monotonous and unpleasant activities that have been automated in an organisation
[60]. To understand soft skills, [61] describes these as communicative qualities that improve
interaction efficiency or a person’s ““Emotional Intelligence Quotient”. [59] outlined some essential
soft skills, including effective communication and interpersonal skills, empathy and emotional
intelligence, analytical thinking and innovation, conflict management, and problem-solving skills:
teamwork and collaboration. [62] describe soft skills as the human factor because by merging
workflows with intelligent systems, humans and robots use human brain capacity and creativity to
boost process efficiency. Rather than assessing the potential of emerging technologies to boost
efficiency, a human-centric approach places essential human wants and interests at the centre of the
production process. Employers constantly demand soft skills like critical and analytical thinking,
problem-solving, communication skills, flexibility, and creativity. This shows that the growing
demand for “hard’ technical competencies is frequently strongly related to the rising demand for “soft’
competencies [63]. [64] also included critical thinking and analysis, analytical thinking and
innovation, emotional intelligence, and leadership and social influence as some of the soft skill
competencies needed in the era of Industry 5.0.

At the World Economic Forum, [65] showed the top ten in-demand competencies in high
demand before 2025. These competencies are divided into four categories, which are

e  Problem-solving,

e  Working with people,

e Technology use and development,
e  Self-management

[66] further argued that human intelligence must shift to a higher order. At the same time,
technology and artificial technology will lower the cost of quality, be swift in deploying goods and
services, and be used for the greater good rather than distorted for private interests in the era of
Industry 5.0. As a result, a highly vital set of soft skills, including emotional intelligence, resilience,
empathy, creativity, and critical thinking, will fuel the journey to reaching a progressive and
productive mentality for a better future, as there will be an expansion on the conventional focus on
“STEM” (science, technology, engineering, and mathematics) and coding by re-emphasizing on a
broader set of competences, such as critical thinking, social and soft skills, in addition to domain
expertise, creativity, and imagination as defining qualities of future occupations [67].

Subsequently, to improve the competitiveness and efficiency of the factories, the digital
transformation and the use of technologies like Cobot, digital twins, artificial intelligence, and other
enabling technologies of Industry 5.0. Industries in the future require new competencies from the
workforce. Because technology will continue to play an increasingly considerable role in production
and Industry 5.0, there will always be a corresponding increase in the need for workers with a
background in STEM-skilled training. These STEM-skilled workers will design, develop, and
maintain the cutting-edge technologies that underpin Industry 5.0; these professionals will be
required in all industries [68]. The digital and enabling technology advancements of Industry 5.0 can
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increase social inclusion, provide information for up-skilling training programmes, and guarantee a
two-way dialogue with society about emerging technologies [66]. The European Commission has
decided that STEM and soft skills training should follow independent learning paths due to the
increased demand for STEM-trained personnel. The European Commission report stipulates that
over 60% of employees in Industry 5.0 are skilled workers, suggesting that other types of employment
are also being removed in addition to low-skilled work. To satisfy the needs of Industry 5.0, which
entails the combination of innovative technology and human skills, it is crucial to upskill and reskill
the workforce. Having STEM skills will help people adapt to Industry 5.0’s changing requirements
and help businesses succeed in this new era of production [64-66].

To cultivate and integrate Industry 5.0 competencies into education and training programmes,
[69] posited that Adapting teaching and learning strategies to Industry 5.0 technology is one of the
biggest problems of Industry 5.0 in education. This can call for creating fresh educational strategies
and incorporating technology in the classroom, which includes using artificial intelligence and
machine learning in Industry 5.0 applications to tailor the educational experience for learners at
earlier education programmes. [68] asserted that the workforce in Industry 5.0 must be constantly
ready to learn about and adapt to new technologies, enablers of Industry 5.0, and processes since the
rate of technological change is increasing. To guarantee that employees have the skills and knowledge
necessary to stay up with the shifting needs of the workplace, establishments will need to invest in
training and development programmes around Industry 5.0.

7. Implication of Industry 5.0 for Emerging Economies

Many experts have argued that Industry 5.0 can assist emerging economy countries in
leapfrogging their economic growth by allowing them to embrace cutting-edge technology that
boosts productivity, efficiency, and cost-cutting. Compared to Industry 4.0, Industry 5.0 focuses on
creating a sustainable, human-centred, and resilient corporate environment and the capacity to
strategically optimise global supply chains (SCs) in the post-pandemic period [70-72]. An emerging
economy is on its way to becoming mature, characterised by fast development, industrialisation, and
modernisation. These economies often have lower per capita income levels than industrialised
economies but are undergoing rapid expansion and increased economic activities. Furthermore, an
emerging economy is also described as any country that shows general economic development and
progress and is more engaged with global markets as it grows domestically and internationally.
Emerging economies have strong GDP growth, enhanced FDI inflow, better commercial
opportunities, and developing living standards. These marketplaces are quite cutthroat and are
crucial to globalisation. Emerging market economies show some, but not all, of the traits of a
developed market [73].

Emerging economies often shift from agricultural and resource-extraction-focused activities to
industrial and manufacturing-related industries. Over the past 15 years, these economies have
handled over two-thirds of the global GDP growth and more than half of new expenditures.
Governments in these countries often adopt purposeful industrial and trade initiatives to foster
economic growth and industrialisation. Brazil, Turkey, Russia, India, and China are a few nations
that are developing most quickly. Robust economic development, high per capita income, liquid
equities and debt markets, accessibility to international investors, and a solid regulatory structure are
features of developed markets [74]. Industry 5.0 results from a change in emphasis from economic
value to societal value and from welfare to wellness. This is due to a deliberate focus on shareholder
value, as stakeholder value strengthens the industry’s role and commitment to society from
providing products and services for profit to going above and beyond, towards the precedence of
worker well-being in the manufacturing process and employing new technology to bring wealth
beyond jobs and development while respecting the planet’s production constraints and
supplementing the existing of Industry 4.0 strategy by placing research and innovation, especially at
the service of the transition to a sustainable, human-centric, and resilient European industry has
generated into Industry 5.0.
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In ascertaining the potential implications of Industry 5.0 on emerging economies and how these
emerging economies can prepare for and leverage the opportunities of Industry 5.0, [75] reveals that
one of the essential strategies is the prioritising of sustainable development, which goes beyond
limiting climate harm to actively seeking good environmental and social effect. In the same breath,
Industry must now act as a facilitator and speed up the pace of change. Therefore, emerging
economies must create guidelines and policies to advance social stability, resource preservation, and
climate objectives, enabling more productive production processes with lower waste and energy
usage. Establishing confidence with the investing community requires strong and stable governance.
The ability of the government to exercise authority and control, the reliability of its institutions
(including the rule of law and the prevention of corruption), and the strength of its legal system are
necessary criteria required for confidence amongst the investment communities and to elicit
infrastructure investment and development [76]. [77] further opined that the provision of a
foundation for enhanced policy and regulation by governments of emerging economies would build
a digital inclusion plan to help link rural regions, emphasise the necessity for developing digital skills
for Industry 5.0, and guarantee data privacy, will enable those from underprivileged backgrounds
equal opportunity to upskill themselves and engage in the digital economy, and promotes inclusion.

Furthermore, Industry 5.0 contributes to the technical advancement required for the industry to
reaffirm its role as a source of solutions for our society and as a desirable employer for young people
looking for a fulfilling career and industry workers who may see their role changed due to new skills
required in the organisation through education and training [78]. This development is essential as
Industry 5.0 requires emerging economies to invest massively in training and education programs to
develop the necessary skills for highly skilled personnel who can work collaboratively with machines
and artificial intelligence. This technical development and training will provide participants with the
skills and information needed to adopt cutting-edge techniques and new technology; these
programmes seek to close the skill gap in the workforce. These programmes help people meet the
needs of Industry 5.0, improve their technical abilities, and adjust to changing work settings by
offering specialised training, vocational courses, and certificates. Initiatives for skill development also
encourage innovation and entrepreneurship, enabling people to work for themselves and support
economic expansion.

Research and Development (R&D) investment improves emerging economies’ technical
prowess and promotes innovation. [79] postulated that Research and development (R&D)
expenditures have the potential to supply novel technologies, goods, and procedures that boost
output and efficiency and generate employment opportunities that will stimulate the local economy.
Additionally, by offering education and training programmes specifically designed to meet the
demands of Industry 5.0, R&D expenditures can assist in closing the skill gap in the workforce [80]
and enable emerging economies to compete favourably on the world market and catch up to more
developed economies. Investment in research and development is essential for successfully
implementing Industry 5.0.

[81] posited that governments and private organisations must invest in education and training
to prepare people, especially young individuals, by giving them the skills they need to thrive in the
industry 5.0 economy. Workers in Industry 5.0 must be ready to continually learn about and adapt
to innovative technologies and processes since the rate of technological changes in the industry is
accelerating. To ensure that employees have the skills and knowledge necessary to stay up with the
shifting needs of the workplace, businesses will need to invest in training and development [82].
Suppose these emerging economies take advantage of Industry 5.0’s potential by investing in
education and training programmes. In that case, there will be a significant improvement in their
manufacturing capabilities, including productivity, efficiency, and sustainability.

The industry-academic application or collaborations may result in the formation of innovative
technologies, tailored solutions, and industry-driven research initiatives [83]. that cater to the unique
requirements and difficulties of emerging economies. [80] argued that these alliances may also
facilitate workforce upskilling and training, thus ensuring that individuals have the abilities and
knowledge needed to succeed in the industry 5.0 age. Industry and academic collaborations may
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speed up emerging economies’ adoption and implementation of Industry 5.0, eventually boosting
economic development and competitiveness in global markets through cooperative initiatives,
including joint research centres and industry-sponsored scholarships [83]. Interlinking collaborations
between the industry-academia and knowledge exchange between these two industries is essential
to implementing Industry 5.0 as this will close the gap between concept and practice.

Emerging economies may create new goods and services that align with Industry 5.0 by
fostering innovation and entrepreneurship. This aspect is centred on building robust digital
infrastructures, enabling emerging nations to get the most out of innovative technologies like cloud
computing, IoT, and artificial intelligence, essential elements of Industry 5.0. Furthermore, building
digital solid infrastructures can be created through the promotion of public-private partnerships,
which will help emerging economies use resources and expertise to accelerate the adoption of
Industry 5.0; this would make it possible for the public and private sectors to make use of cutting-
edge inventions and technology from industry 5.0 for their mutual gain and economic development,
which can take the shape of funding, designing, and developing of the industry 5.0 infrastructures,
cooperation between the public and private sectors on the research of novel technologies and
solutions that will tackle social issues and promote economic progress, as well as data sharing
systems amongst each partner.

Technology infrastructure, digital infrastructure, physical infrastructure, and supply chain
infrastructure are the main elements of Industry 5.0 infrastructure. Intelligent machinery,
automation, Internet of Things gadgets, big data, cloud computing, 6G networks, and blockchain are
all examples of technological infrastructure. Connectivity and data storage are two components of
digital infrastructure necessary for handling and analysing data. Manufacturing-related physical
infrastructure includes buildings, machinery, and other tangible assets. Last but not least, supply
chain infrastructure consists of the networks and systems that facilitate the transportation of products
and services from suppliers to consumers; emerging economies must invest in these many forms of
infrastructure to allow effective and sustainable Industry 5.0 [84]. These investments in emerging
economies should involve the inculcation of the four categories of competencies s identified by The
Future of Job report, which are Problem-solving, Working with people, Technology use and
development, and Self-management to create a circular economy that is human-centric and
sustainable.

8. Conclusions

This study discussed the core values of Industry 5.0, its implication in emerging economies, and
how this new industrial revolution can leapfrog these emerging economies from technology-driven
industrial status into a more value-driven sector. The study also observes that transformational
technology advancements in industries have fundamentally altered how industries operate; these
industrial transformations have social and economic repercussions; some are unintentional and
undesired, while others are desired and purposeful. Industry 4.0 is technology-driven, much like its
predecessors. While Industry 5.0 has made industries into a value-driven sector, this is because
Industry 5.0 encompasses fundamental societal requirements, values, and burdens as its ultimate
core values [85]. Industry 5.0 strongly focuses on sustainability, waste reduction and a decline in the
environmental impact of manufacturing for a sustainable future by applying the enabling
technologies of Industry 5.0, which will benefit emerging economies.

Martinez [80] recounted that Industrial 5.0 advanced enabling technologies like Artificial
intelligence have the potential to significantly reduce energy uses and emissions in industrial plants
by monitoring and optimising energy usage. Robotics detect and remove waste at every stage of the
production process, from raw materials to completed goods. They can even be employed to dismantle
products so that their components can be recycled or reused when their usage cycles end. The Internet
of Things is utilised to monitor how materials move through the production process and identify
prospects for material recycling and reuse, thus lowering the need for fresh resources in the process
and building a manufacturing environment that is more sustainable for a circular economy.
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The research also identified competencies that are needed for employees to thrive in the Industry
5.0 era, as most industrial employees lack the modern competencies and to work with new
technologies (artificial intelligence and robotics applications) in the twenty-first-century workplace,
thereby causing a competency gap that must be filled with ideal competencies in programming,
artificial intelligence, machine language, intelligent systems control, and emerging technologies.
Furthermore, as industries are refocusing their policies towards an innovative social workplace,
which is included in Industry 5.0, there will be a massive engagement of human-machine
collaborations that enable more significant degrees of automation to unlock previously untapped
values which will create a culture that will encourage innovation, exploration, and inventiveness in
the place of work The study also identified leadership competency as an essential requirement for
industry 5.0, which is shown in the Figure 2 diagram, as these competencies enable the managers in
navigating the integration of humans and intelligent systems in the organisation through strategic
thinking and decision-making skills. Soft skills like critical and analytical thinking, problem solving,
communication skills, and flexibility are identified as competencies needed in the industry 5.0 era;
this competency will enable Artificial intelligence and robots to use human brain capacity and
creativity to boost process efficiency. Afterwards, competencies needed in Industry 5.0 were divided
into four categories, which are

e  Problem-solving,

¢  Working with people,

e  Technology use and development,
¢  Self-management

FRAME WORK COMPETENCIES OUTPUT
ECONOMICS
EDUCATION & TRAINING BEVELCPMENT
INFRASTRUCTURE
OF
INDUSTRY v-?

3

b WORKING PROBLEM
WITH PEOPLE SOLVING

TECHNOLOGY
USE &
DEVELOPMENT

SELF-MANA-
GEMENT

PROMOTION AND STIMULATION
OF ENTREPRENEURSHIP &

Figure 2. The implications of Industry 5.0 on Emerging economies. Source: the authors.

Furthermore, suppose these Industry 5.0 competencies are cultivated and integrated into
emerging economies’ education and training programs through STEM (Science, Technology,
Engineering and Mathematics). In that case, the output will lead to the economic development of
these emerging economies. This aspect will enable emerging economies to empower their workforce
to drive innovation, engage competitively, and sustain growth in the digital era by fostering and
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integrating Industry 5.0 competencies into their education and training programmes. Lastly, the
study also discussed the potential implications of Industry 5.0 on emerging economies and how these
economies can prepare for it and use the opportunities. It is observed that for emerging economies to
utilise the potential of Industry 5.0, they must have the ability to create guidelines and policies that
will advance social stability, resource preservation, and climate objectives, which will enable more
productive production processes with lower waste and energy usage and allow its industries to act
as the pace of change in the prioritising of sustainable development. The emerging economies also
need to establish confidence with the investing communities through a robust and stable control of
their institutions with governance entrenched in democratic principles and the rule of law.

9. Limitation and Future direction

This paper discusses Industry 5,0 and provides historical insights on the importance of acquiring
the desired twenty-first-century competencies needed in the workforce for Industry 5.0 in emerging
economies. Unfortunately, the paper’s methodology is conceptual and descriptive, as the researchers
rely on a few existing kinds of literature on Industry 5.0. Based on the fact that there are no adequate
statistics and data has caused a constraint to the study. Similarly, as an outlook for future research,
this research speculates for empirical-based research, as this will give the study a better
representation of the reality on the ground. There is unprecedented attention given to Industry 5.0,
enabling more researchers to discover more opportunities in the competencies development of
workers or businesses in emerging economies. These aspects will be verified by other scholars in the
future.
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