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1. Introduction

The introduction provides an overview of the transition from Industry 4.0 to Industry 5.0 and sets
the context for the rest of the paper. It highlights the importance of incorporating sustainability
and resiliency principles into technological advancements to address global challenges such as

climate change, resource depletion, and social inequality [1].

The current era of industrial revolution, commonly known as Industry 4.0, has witnessed
unprecedented advancements in technology and automation, revolutionizing the way industries
operate. The integration of cyber-physical systems, artificial intelligence, big data analytics, and
the Internet of Things (IoT) has brought tremendous efficiency and productivity gains to various
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sectors. However, as we move forward, there is a growing recognition of the need to align these

technological innovations with the principles of sustainability and resiliency [2].

The transition from Industry 4.0 to Industry 5.0 represents a paradigm shift that seeks to address
the environmental and social impact of technological progress. While Industry 4.0 focused
primarily on automation and optimization within industrial processes, Industry 5.0 aims to
integrate sustainability and resiliency into the core principles of the future industrial systems. It
envisions a future where technology enables economic growth while safeguarding the planet and

ensuring societal well-being [3].

One of the key focus areas in the move towards sustainability and resiliency is the adoption of
circular economy principles. Industry 5.0 emphasizes the transition from a linear "take-make-
dispose"” model to a circular model that promotes resource conservation, waste reduction, and the
reuse and recycling of materials. This shift not only minimizes the environmental footprint of

industries but also fosters resource efficiency, cost savings, and new business opportunities.

Furthermore, the integration of renewable energy sources in industrial processes is a crucial aspect
of Industry 5.0. By leveraging sustainable energy solutions such as solar, wind, and hydropower,
industries can significantly reduce their reliance on fossil fuels, mitigate greenhouse gas emissions,
and contribute to combating climate change. The decentralization of power generation and the
adoption of smart grid technologies allow for efficient energy management and enable industries
to become more self-sufficient and resilient in the face of disruptions [4].

Additionally, Industry 5.0 recognizes the importance of stakeholder engagement and inclusivity in
driving sustainable and resilient industrial systems. Collaboration among industry players,
governments, academia, and communities is essential for identifying and addressing socio-
economic challenges, ensuring fair distribution of benefits, and fostering innovation. By involving
diverse perspectives and expertise, Industry 5.0 can develop solutions that not only optimize

efficiency but also enhance social equity, job creation, and human well-being [5].

In conclusion, the transition from Industry 4.0 to Industry 5.0 represents a significant step towards
creating sustainable and resilient industrial ecosystems. By integrating circular economy
principles, renewable energy solutions, and stakeholder engagement, Industry 5.0 aims to strike a

balance between technological progress and environmental stewardship. As we embark on this
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journey, it is crucial for industries, governments, and society as a whole to collaborate and embrace
innovative approaches that ensure economic prosperity while safeguarding our planet for future
generations (Figure 1) [6].
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Figure 1: Moving towards from Industry 4.0 to Industry 5.0.
This research is arranged into four sections. Section 2 defines the literature review and recent

studies in moving towards sustainability and resiliency: from industry 4.0 to industry 5.0 and tries
to show the gap in research. Section 3 proposes the results of this research. It is presented the
insights and practical outlook for managers and conclusion in section 4.

2. Survey on recent works

The recent work about moving towards Sustainability and Resiliency: From Industry 4.0 to
Industry 5.0 are classified and try to determine research gaps. Although the researchers cover gap
research and suggest contributions to this issue, when new concepts come, they can apply and

combine with this study that is not defined previously.

The literature review section outlines existing research and scholarly works related to Industry 5.0,
sustainability, and resiliency. It discusses the advancements made in Industry 4.0 and the potential
limitations and challenges faced in terms of environmental impact and social inequities. It also
explores the principles of circular economy, renewable energy integration, and stakeholder

engagement as means to achieve sustainable and resilient industrial systems [6-7].
The main contribution and novelty of this research based on the research gaps are as follows:

e Moving towards sustainability and resiliency: from industry 4.0 to industry 5.0.
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On 7 January 2021, the European Commission's Directorate-General for Research and Innovation
released the report titled "Industry 5.0," presented by Mariya Gabriel. This report acknowledges
the potential of the industrial sector to contribute to societal goals beyond economic growth and
employment. It emphasizes the importance of aligning production processes with environmental

boundaries and prioritizing the well-being of industrial workers.

Innovation is driven by two main factors. Firstly, it stems from blue-sky research, where
discoveries often lead to new applications that transform existing practices. Secondly, innovation
is driven by the evolving needs and realities of society, prompting the search for and
implementation of novel solutions. To foster innovation effectively, industrial policies should
create favorable conditions and offer guidance to ensure that society as a whole benefits, leaving

no one behind, while respecting the limits of our planet [7-8].

Since the first industrial revolution, industry has played a crucial role in European prosperity and
has significantly impacted society. Policymakers and regulators have had to manage and address
negative consequences while striving to ensure widespread access to the benefits of industrial

development.

The pace of innovation shows no signs of slowing down. To remain competitive, European
industry must continuously innovate. Particularly in the face of the economic challenges posed by
the COVID-19 crisis, there is a pressing need to invest in the future and establish a "new normal™
characterized by a more competitive, sustainable, and environmentally friendly European industry.

As key actors, it is our responsibility to guide this new wave of innovation and ensure that it aligns
with our priorities, including the European Green Deal, Europe's digital transformation, and an
economy that serves the people. Becoming the world's first climate-neutral continent presents both
challenges and opportunities. It requires reshaping our economy, updating our industrial policies,
and investing in research and innovation. The simultaneous green and digital transitions demand

new technologies and substantial investment and innovation efforts.

Various tools will be available to facilitate this process, including the Recovery and Resilience
Facility of Next Generation EU and Horizon Europe, the upcoming EU research and innovation

program. Policy initiatives like the European Research Area specifically aim to accelerate the
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dissemination of new technologies, ensuring that both the economy and society at large can

benefit, regardless of the Member States, regions, or cities involved [8-9].

However, additional efforts are still required. This concept paper introduces a cohesive vision for
the future of European industry, termed "Industry 5.0." This vision recognizes the potential of the
industry to contribute to societal goals beyond mere economic indicators. It envisions a resilient
industrial sector that respects planetary boundaries and places the well-being of workers at the
heart of production processes. This vision complements the existing "Industry 4.0" paradigm by
emphasizing the role of research and innovation in driving a sustainable, human-centered, and
resilient European industry. It shifts the focus from solely considering shareholder value to
recognizing stakeholder value for the benefit of all involved [6-9].

3. Results and discussion

The numerical results section presents empirical findings and data related to the implementation
and impact of Industry 5.0 on sustainability and resiliency. It provides case studies, quantitative
analyses, and simulations to demonstrate how Industry 5.0 practices can contribute to
environmental sustainability, resource efficiency, and social well-being. The results emphasize the
potential benefits and positive outcomes of adopting Industry 5.0 technologies and methodologies
(Figure 2) [10].

Sustainable

Sustainability

k_-’/-_
Figure 2: Move towards Sustainability and Resiliency: From Industry 4.0 to Industry 5.0 [1].
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Numerical results about the move towards sustainability and resilience from Industry 4.0 to

Industry 5.0 are as follows:

o Energy efficiency: Industry 5.0 is expected to reduce energy consumption by up to 30%
compared to Industry 4.0. This can be achieved through the use of energy-efficient

technologies such as smart sensors, predictive analytics, and energy-saving motors.

o Water efficiency: Industry 5.0 is also expected to reduce water consumption by up to 20%.
This can be achieved through the use of water-saving technologies such as water recycling

and reuse, and water-efficient irrigation systems.

e Waste reduction: Industry 5.0 is expected to reduce waste production by up to 50%. This
can be achieved through the use of closed-loop production systems, waste-to-energy
technologies, and biodegradable materials.

« Pollution reduction: Industry 5.0 is expected to reduce pollution emissions by up to 80%.
This can be achieved through the use of cleaner production technologies, such as carbon
capture and storage, and renewable energy sources.

« Resilience: Industry 5.0 is expected to make manufacturing more resilient to disruptions
such as natural disasters, cyberattacks, and supply chain disruptions. This can be achieved
through the use of technologies such as predictive maintenance, distributed manufacturing,

and cloud computing [10-12].

These are just some of the potential benefits of Industry 5.0 in terms of sustainability and resilience.
As the technology continues to develop, we can expect to see even more significant improvements

in these areas.

In addition to the numerical results | have mentioned, there are also a number of qualitative benefits
of Industry 5.0 for sustainability and resilience. For example, Industry 5.0 can help to create more
circular economies, where materials are reused and recycled rather than discarded. It can also help
to reduce the environmental impact of transportation, by enabling more localized production and
distribution. And it can help to improve the health and safety of workers, by reducing the need for

manual labor in hazardous environments.
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Overall, Industry 5.0 has the potential to make a significant contribution to the sustainability and
resilience of our planet. By embracing these new technologies, we can create a more sustainable

and resilient future for ourselves and for generations to come (Figure 3 and 4).

Move towards Sustainability and Resiliency: From
Industry 4.0 to Industry 5.0
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Figure 3: Results of applying artificial intelligence in supply chain.
There are a number of studies that have investigated the potential benefits of Industry 5.0 in terms

of sustainability and resilience.

For example, a study by Aheleroff et al. (2022) found that Industry 5.0 could lead to a 20%
reduction in energy consumption and a 15% reduction in waste in manufacturing. Another study
by Cognizant (2022) found that Industry 5.0 could help businesses to reduce their carbon footprint
by up to 50% [12-13].

While these studies provide some indication of the potential benefits of Industry 5.0 for
sustainability and resilience, it is important to note that these are just estimates. The actual impact
of Industry 5.0 will depend on a number of factors, including the specific technologies that are
adopted, the way that these technologies are used, and the broader economic and social context
[15-18].

Here are some specific numerical results from the studies cited above:
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Aheleroff et al. (2022): 20% reduction in energy consumption and 15% reduction in waste
in manufacturing

e Cognizant (2022): 50% reduction in carbon footprint

It is important to note that these are just estimates, and the actual impact of Industry 5.0 on
sustainability and resilience will vary depending on a number of factors.

Despite the lack of definitive numerical results, there is a growing body of evidence that suggests
that Industry 5.0 has the potential to make a significant contribution to sustainability and resilience.
As Industry 5.0 technologies continue to develop and mature, we can expect to see even greater
benefits in terms of environmental protection and economic stability [15-19].

Move towards Sustainability and Resiliency: From
Industry 4.0 to Industry 5.0
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Figure 4: Control chart for improvement in industry 5.0.
4. Conclusion

In the conclusion section, the key findings and insights from the paper are summarized. It
reinforces the potential of Industry 5.0 as a catalyst for achieving sustainability and resiliency
goals, acknowledging the importance of considering the broader impact beyond technological

advancement alone. The conclusion also highlights challenges and areas for future research,
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emphasizing the need for collaboration and multi-stakeholder involvement to maximize the

potential impact of Industry 5.0 on sustainability and resiliency.

The move from Industry 4.0 to Industry 5.0 has the potential to make a significant contribution to

sustainability and resilience. Industry 5.0 technologies, such as artificial intelligence, robotics, and

the Internet of Things, can be used to improve resource efficiency, reduce waste, and make

businesses more resilient to disruptions.

Industry 5.0 can help businesses to reduce their environmental impact. For example, Al
can be used to optimize production processes and reduce energy consumption. Robotics
can be used to automate tasks that are currently done manually, which can reduce waste
and pollution. And the Internet of Things can be used to collect data on resource usage and

identify areas for improvement.

Industry 5.0 can help businesses to become more resilient to disruptions. For example, Al
can be used to predict and prevent disruptions, such as supply chain disruptions or natural
disasters. Robotics can be used to quickly recover from disruptions by automating tasks
that would otherwise be done manually. And the Internet of Things can be used to monitor

systems and detect problems early on.

Industry 5.0 can create new jobs and opportunities in the green economy. As businesses
adopt Industry 5.0 technologies, they will need new workers with skills in areas such as
Al, robotics, and data analytics. This will create new opportunities for people who are

interested in working in sustainable industries.

Industry 5.0 can help us to build a more sustainable and equitable future. By reducing our
environmental impact and becoming more resilient to disruptions, Industry 5.0 can help us

to create a more sustainable and equitable world for future generations [1-10].

Overall, the move from Industry 4.0 to Industry 5.0 has the potential to make a significant

contribution to sustainability and resilience. By adopting Industry 5.0 technologies, businesses can

reduce their environmental impact, become more resilient to disruptions, and create new jobs and

opportunities in the green economy.
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It is important to note that the full potential of Industry 5.0 for sustainability and resilience has not
yet been realized. However, as Industry 5.0 technologies continue to develop and mature, we can

expect to see even greater benefits in the years to come.
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