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In the context of Industry 5.0, the concept of the Metaverse aligns with the vision of Web 4.0, representing a digital
ecosystem where individuals and organizations collaborate in a human-centric approach to create personalized value.
This virtual universe connects multiple interconnected worlds, enabling real-time interactions between users and
computer-generated environments. By integrating technologies like artificial intelligence (Al), virtual reality (VR), and the
Internet of Things (IoT), the Metaverse within Industry 5.0 aims to foster innovation and enhance productivity, efficiency,
and overall well-being through tailored and value-driven solutions. Therefore, this entry explores the concept of the
Metaverse in the context of Industry 5.0, highlighting its definition, evolution, advantages, and disadvantages. It also
discusses the pillars of technological advancement, challenges, and opportunities, including its integration into
manufacturing. The entry concludes with a proposal for a conceptual framework for integrating the human-centric
Metaverse into manufacturing.
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The Metaverse is another revolution of the Internet [, which provides users an immersive experience through the support
of communication channels between the real and virtual world 2. It is a multi-dimensional (including the three dimensions
of space and the dimension of time, among others) virtual space within which users can interact through their virtual
replicas [&l. Consequently, implementation of the Metaverse facilitates the generation of a replica of the real/physical
world, which can both interact with and affect certain aspects bidirectionally. Further to that, it facilitates everyday tasks
such as trading, socialization, and work BIEl, As a result, the design of new products will become an indispensable part of
the Metaverse. Users will be capable of remotely collaborating with product developers, and knowledge can be
transferred in a more robust way.

1.1. World Wide Web (WWW): From Web 1.0 to Web 3.0

Among technological advances and advancements, the creation and evolution of the WWW is of utmost importance. It
began as a simple communication tool back in the 90s, and since then it has become a driving force for the
communication of the world, the exchange of information and assets, the remote execution of tasks, and the collaboration
of groups (8.

Web 3.0, also known as the Semantic Web, was introduced by Tim Berners-Lee et al. in their research @, wWhat is worth
noting is the vision of the authors for the structure of the Internet (see Figure 1), which amplifies the level of
comprehension of the machines with the integration of ontology-based frameworks.
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Figure 1. Web 3.0 stacked layer architecture (developed by the author).
1.2. Web 4.0 and the Metaverse

Web 4.0 currently has not been discussed adequately; however, it can be realized as the symbiotic web. Web 4.0,
recognized as the fourth generation of the World Wide Web, is envisioned by the European Union executive to integrate
artificial and ambient intelligence, Internet of Things devices, trusted blockchain transactions, virtual worlds, and extended
reality. Web 4.0 envisions a harmonious interaction between humans and machines, leading to advanced interfaces like
brain—computer interfaces (BCIs). It emphasizes efficient web content comprehension and execution for faster, superior
website performance. This concept involves achieving a critical mass of network participation for global transparency and
collaboration across sectors. Web 4.0, or webOS, resembles an operating system, facilitating highly intelligent interactions
similar to the human brain &l. While the concept of virtual worlds, commonly referred to as the Metaverse, is not novel,
recent advancements in technology and improved connectivity infrastructure have prompted significant investments from
companies like Meta. However, the outcomes of these investments have been met with uncertainty [,

The objective of Web 4.0 is to enhance the inclusivity of the internet, specifically targeting individuals with disabilities who
will benefit from the utilization of assistive technologies for improved access to web content. Web 4.0 is presently in its
nascent phase, yet it has already exerted significant influence on our internet usage patterns. Anticipated advancements
in the future are expected to further optimize user-friendliness and interactivity on the web, surpassing current standards.
More specifically, in the era of Web 4.0, the convergence of the Metaverse and advanced BCls promises to seamlessly
merge virtual experiences with cognitive capabilities, leading to a new era of interconnected digital landscapes. A
technological pillar to achieve that will be BCls that facilitate human—computer interaction through the utilization of neural
signals generated by the user’s thoughts. By detecting and translating brain activity into computer-readable commands,
BCls have the potential to revolutionize our interactions with technology. While still at an early stage of development, BCls
exhibit immense promise for diverse applications, ranging from communication and control of prosthetic devices to
entertainment. The transformative impact of BCls extends beyond aiding individuals with disabilities, offering broader
advancements in human—computer interaction as a whole 19,

In light of this projection, commissioner Thierry Breton introduced a non-legislative initiative concerning the Metaverse last
year. The strategy emphasizes that virtual worlds are persistent and immersive environments, leveraging technologies
such as 3D and extended reality (XR) to seamlessly blend the physical and digital realms in real time, serving diverse
purposes [, In financial terms, the Metaverse is growing, indicating a potential investment opportunity beyond the hype.
Concretely, in 2022, worldwide revenue for the Metaverse was rated at 65.51 billion US dollars. The corresponding



projections for 2023 are 82.02 billion US dollars, and, most importantly, it is estimated that by the end of 2030 the market

size of the Metaverse will have grown by more than ten times reaching a value of 936.57 hillion US dollars 12,

1.3. Web 4.0 and the Metaverse Need

In the rapidly evolving technological landscape, Web 4.0 emerges as the latest trend, necessitating our awareness and

adaptation to remain at the forefront 13l In summary, Web 4.0 is characterized by most of the technological pillars of

Industry 4.0 (Figure 2) and the following properties 141:

User Friendly

Brain Computer
Interfaces

2 Assistive

g
‘/p Artificial
I/. Intelligence
OL.).i

Internet of

Technologies
n Things (loT)

Figure 2. Web 4.0 and the Metaverse, common technologies (developed by the author).

« The online environment has to be consistently connected, enabling constant interaction. Users can connect with one

another;

« The emerging web functions as a unified Web OS, where information seamlessly transfers between various points

within the system;

e Background processes involve self-learning Al systems that strive to comprehend users, mimicking human

communication patterns;

« |t engages users through interpersonal communication methods, much like human interactions;

« It embodies an intelligent, interconnected, and open web structure;

+ The speed and dependability of Web 4.0 exceed previous standards;

« |t necessitates ubiquity, identity, and connectivity as fundamental prerequisites.

Based on the above, the following summarizing and comparative Table 1 has been created.

Table 1. From Web 1.0 to Web 4.0—Technical Details (Developed by the Author).

Web Description

Version p

Web 1.0 Static, read-only web
content

Web 2.0 Interactive, user-generated

content

Technical Aspects

Basic HyperText Markup Language
(HTML) and Cascade Styling Sheet (CSS)
for layout;

Asynchronous JavaScript and XM (AJAX)
for real-time interactivity

Application
Examples

Early websites, online
encyclopedias

Social media platforms,
Wikipedia, YouTube

Reference

[15]

[16]



Web Application

. Description Technical Aspects Reference
Version Examples
Semantic web, machine- Resour(_:e Description Framewor!( (RDF), Linked data projects, 7
Web 3.0 ontologies, metadata for semantic X .
understandable data . semantic search engines
understanding
Al-driven. immersive and Artificial intelligence (Al), Internet of Al virtual assistants,
Web 4.0 J . Things (loT) integration, virtual reality, mixed reality a3
personalized experiences X R L
blockchain potential applications

1.4. Human-Centric Metaverse Challenges

The creation of the Metaverse poses a crucial challenge requiring a solution. As per the literature €, the development and
viability of the Metaverse are fundamentally centered around humans. Consequently, significant consideration must be
given to human experience 18!, Furthermore, the Metaverse's operations necessitate the organization and involvement of
human agents. Safeguarding human rights and combatting criminal activities within the Metaverse are also critical
challenges that require attention 8. Thus, by the time the conception of the Metaverse originated by humans, the
Metaverse has to follow the principle of “placing the human operator/user first”.

1.5. Contribution of the Paper

The EU’s economic forecast for the period beyond 2030 12 emphasizes digitalization as a primary driver, with Web 4.0
representing a significant technological shift leading to a seamlessly interconnected, intelligent, and immersive global
environment. The virtual worlds market is projected to expand from €27 billion in 2022 to over €800 billion by 2030,
indicating substantial growth 9. Virtual worlds are set to impact societal dynamics, presenting both opportunities and
challenges that require attention. The new strategy aims to align Web 4.0 and the Metaverse with EU values and
principles, ensuring the full application of individuals’ rights and fostering a conducive environment for European
businesses. The strategy aligns with the Digital Decade policy’s 2030 objectives 24, emphasizing skills, business, and
public services in digitalization. Infrastructural aspects are covered through the Commission’s connectivity package and
broader initiatives, while addressing openness and global governance in virtual worlds and Web 4.0. The key strategy
pillars are as follows: (1) empowering people and reinforcing skills; (2) business—supporting a European Web 4.0
industrial ecosystem; (3) government—supporting societal progress and virtual public services; and (4) shaping global
standards for open and interoperable virtual worlds and Web 4.0.

Thus, this research explores the key intersection of cutting-edge technology and human-centered innovation, emphasizing
how the Web-4.0-based industrial Metaverse can revolutionize Industry 5.0 by empowering individuals to actively shape
and personalize value creation within the industrial landscape.

1.6. Manuscript Structure

The rest of the manuscript is structured as follows. In Section 2, an exploration of Cyber-Physical Systems (CPS) and
their role in facilitating personalized value creation within the industrial Metaverse is presented. Then, in Section 3, a
framework specifically designed for personalized value creation in the Metaverse, providing insights into its
implementation and application, is discussed. Section 4 delves into the challenges faced in developing an industrial
human-centric Metaverse and its relationship with Web 4.0. Finally, the concluding remarks summarize the key findings
and contributions of the paper. The review methodology of this entry is analyzed in a detailed manner in the
Supplementary Material, in which Figure S1 is used in order to indicate the most pertinent areas of research as well as
their interconnections in the context of Metaverse and personalized value creation.
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