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Abstract

Industry 4.0 has supported and changed the way companies operate over the last decade. Today, the increasing focus on
sustainability in all its pillars is initiating a critical process and revision about the Fourth Industrial Revolution. A new scenario
characterized by human-centricity, resilience and social sustainability, named Industry 5.0, is emerging.

In this transition process, new and old enabling technologies are appearing, among them the Metaverse. Although its actual
functions are not yet fully investigated, from different perspective this tool could adequately support the definition of Industry 5.0
by creating a symbiotic ecosystem between companies, workers and consumers. Against this backdrop, the aim of this paper is to
investigate, through a systematic literature review, the role of the Metaverse in the approach to sustainability in order to understand
in which way this technology can be useful for the transition. The results may support policy makers, managers and practitioners
in understanding the role of Metaverse in sustainability and in the new wave of Industrial Revolution. Limits and future research
steps are also discussed.

© 2024 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the Sth International Conference on Industry 4.0 and Smart Manufacturing

Keywords: Metaverse; Sustainability; Industry 4.0; Industry 5.0.

* Corresponding author.
E-mail address: piccarozzi@unitus.it

1877-0509 © 2024 The Authors. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-ne-nd/4.0)

Peer-review under responsibility of the scientific committee of the 5th International Conference on Industry 4.0 and
Smart Manufacturing

10.1016/j.procs.2024.02.006


http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2024.02.006&domain=pdf

1840 Michela Piccarozzi et al. / Procedia Computer Science 232 (2024) 1839—1848

1. Introduction

Industry 4.0 and its innovative purpose is now a well-established passage both at the level of companies and policy
makers [1] [2]. Its development and the scientific debate that has accompanied it since 2012 is now widely rooted and
evolved [3]. Industry 4.0 is deeply internalized in various areas, from such as sustainability [4], human resources [5],
and supply chain management [6]. Then, in recent years, sustainability has come to the forefront of the Industrial
Revolution scenario, becoming a key piece that is difficult to separate [7]. After years of study and investigation into
the link between Industry 4.0 and sustainability, a strategic role in this connection is given by the European
Commission, which has sanctioned how "Industry 4.0 is not the right framework to achieve sustainability" [8] (p. 5).

Thus today we begin to talk about the Industry 5.0 scenario that, building on the established foundations of the
previous framework, defines a new wave of technological innovation oriented toward sustainability and the centrality
of humans in development processes [9]. This evolution of innovation from a sustainable development perspective has
supported numerous studies on specific enabling technologies of Industry 4.0 and 5.0 and their contribution to the
social, environmental and economic aspects of sustainability [10]. From the nine enabling technologies [11][12]
enshrined in the Industry 4.0 framework numerous others are emerging. Among them, the Metaverse is bringing the
attention of businesses, institutions, scholars and citizens/consumers closer together [13]. The term Metaverse was
coined in 1992 by science fiction writer Neal Stephenson. Its most basic definition refers to “the concept of a fully
immersive virtual world where people gather to socialize, play, and work™. It can be considering as a simulated digital
environment combining different technologies as augmented reality or virtual reality and social media principles to
improve way of interaction from users able to imitate the real world [14]. So, Metaverse can be considered a worldwide
solution that incorporates different technologies as Virtual Reality (VR), Augmented reality (AR), non-fungible token
(NFT) [15], where humans can work, play, and communicate and physical, augmented, and virtual realities will
converge [16]. The Metaverse topic is certainly new in the scenario of engineering, management and innovation studies
in general, but in view of the transition to the new Industry 5.0 scenario, it could be a valuable support [17]. In this
perspective, some authors have begun to focus on Metaverse and Sustainability [18]. In particular, Jauhiainen et al.
[19] proposed a systematic literature review to analyses the Metaverse and its implications for sustainability and De
Giovanni [20] also offers an interesting analysis by associating the Metaverse with sustainable development goals
(SDGs). Both authors agree on the need to explore this connection and the possible implications in various fields and
from different perspectives. So, although the Metaverse is a much-observed topic in recent years and the literature is
rapidly developing in many areas, its association with sustainability still remains poorly investigated in several
respects: i.e. application, opportunities, challenges and measurement [21]. Given the growing interest in the Metaverse
and the simultaneous focus on the new Industry 5.0 scenario and above all on sustainability in all its pillars, the analysis
and in-depth study of the dynamics between the two topics is of paramount importance. Thus, in this scenario, the
present research work intends to focus attention on the Metaverse and its connection with sustainability, providing a
contribution to the literature on the subject of state of the art analysis and possible evolutionary trajectories. In this
regard, the research questions asked are:

RQI. What are the main topics in which the Metaverse is associated with sustainability?

RQ2. Which pillar of sustainability is most associated with Metaverse?

RQ3. What is the contribution of the Metaverse to sustainability?

The research questions posed aim at defining an initial state of the art on the literature dealing with Metaverse and
sustainability in order to understand aspects dealt with and reflected on the three pillars, as well as the real contribution
of these instruments to sustainable development. Using a systematic literature review as methodology, the paper will
illustrate the findings, discussions of the three research questions, concluding the analysis with implications and future
research steps.

2. Material and Method

The paper approach is based on a systematic literature review.

A systematic review was the optimal methodology in relation to the research questions posed, to analyses the state
of the literature and to understand how and in what way the Metaverse is integrated into strategies. According to
different authors (i.e. [22] [23]) the Elsevier's Scopus databases has been selected for the research. This systematic
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literature review was carried out from the 17th of April to the 3th of May 2023. According with [24], [25] a systematic
review organized in four steps was implemented: a) collection of the papers, b) descriptive analysis, ¢) selection of
categories and finally d) content evaluation of the selected papers. The first step was based on the extraction of
keywords from the “Metavers*” and “Sustainability” databases. Only these two keywords were selected in order to
have an initial analysis focused on the main topic. The search returned 43 papers. It was decided not to perform any
further selection by filtering or skimming, and all papers were accepted and included in the sample. This approach
will allow us to have a broad view and not restricted to a single topic or thematic area, so as to include different areas
of study and/or application as well as to have a systemic view of the Metaverse tool in relation to sustainability.
Therefore, all the papers were collected into a database that made it possible to highlight the main characteristics of
the research (type of paper, editorial location of the research, year, origin of the authors) and the specific paper
evaluation in relation to the topic analyzed and pillar of sustainability investigated.

3. Results

The results were articulated on two different levels. On the first level, the main characteristics of the papers were
analyzed, while on the second level, the characteristics of the research papers were analyzed more from a content
analysis perspective ([26]; [27]).

3.1 Main characteristics of the papers

The first level of analysis highlighted some characteristics of the papers analyzing the Metaverse and sustainability.
As can be seen from the first two tables (Table 1 and Table 2), the papers are predominantly “Articles” that investigate
the topic (often through case studies). Of these, 6 are literature reviews that offer (like the paper mentioned in the
introduction) a reflection on the state of the art of the literature. The area of study of the topic starts from “computer
science”, which is the natural location of the Metaverse, but a strong interdisciplinary and breadth of applications and
interest is evident, ranging from the “social sciences” to “medicine” and “biology” and the “arts and humanities”. This
allows us to appreciate the versatility of the Metaverse and the strong drive towards achieving sustainability that now
pervades every field.

Table 1. Type of the paper.

Document type n %
Article 30 70%
Review 6 14%
Conference Paper 5 12%
Editorial 1 2%
Note 1 2%
Total 43 100%

Table 2. Subject area of the paper.

Subject area n %
Computer Science 26 22,4%
Social Sciences 20 17,2%
Engineering 15 12,9%
Business, Management and Accounting 12 10,3%
Energy 11 9,5%
Environmental Science 11 9,5%

Decision Sciences 5 4,3%
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Psychology 4 3,4%
Arts and Humanities 3 2,6%
Medicine 3 2,6%
Biochemistry, Genetics and Molecular Biology 1 0,9%
Chemistry 1 0,9%
Materials Science 1 0,9%
Mathematics 1 0,9%
Physics and Astronomy 1 0,9%
Veterinary 1 0,9%
Total* 116 100%

* The total number of subject areas is greater than the number of papers because some of them fall into more than one category

Another interesting aspect is dictated by the evolution of studies over time. It can be seen (see Table 3) that the
Metaverse is a recent phenomenon that began to be discussed and published in 2015, but the real focus emerges from
2022 to the present. In fact, in these years we can say that the evolution and application of Industry 4.0 is complete
and we are moving towards the new paradigm of Industry 5.0 [28]. In this evolution, the Metaverse represents a useful
tool for participation and integration between man and machine [29]. At the same time, Industry 5.0 puts the spotlight
on sustainability as a paradigm of technological development and human centrality [30]. In this context, the literature
accelerates the interest and study of these topics.

Table 3. Paper per years.

Year n. %
2015 1 2%
2016 1 2%
2019 1 2%
2021 2 5%
2022 21 49%
2023 17 40%
Total 43 100%

Finally, the editorial placement of the papers was analyzing. The first three journals that stand out again emphasize
the multidisciplinary nature of the topics covered (Metaverse and Sustainability). Sustainability (10 papers, 23% of
the sample), Interactive Learning Environments (2 papers, 5% of the sample), Technological Forecasting and Social
Change (2 papers, 5% of the sample) are the journals in which the topic most recurs.

3.2 Papers content analysis in a sustainability lens

The second level of study is supported by the content analysis methodology in order to investigate the issue of
sustainability in the Metaverse. To accomplish this, the papers were observed by researching: the specific topic under
study, the sustainability pillar studied [31] and finally the sustainability contribution of the Metaverse (positive,
negative, both or not available). First of all, Table 4 shows the topic analyzed in the papers. By reading the papers, it
was possible to create clusters containing homogeneous research topics. The main relevant area of study that emerges
is that of “digitalization and enabling technologies” (13 papers, 30% of the sample). The Metaverse is investigated as
an evolution and continuation of the digital transformation and juxtaposed with sustainability, which is more and more
inextricably linked to this process. 3 of these papers (23%) belong to the subject area of Engineering and analyses
technical aspects of the Metaverse such as fundamentals, freight transport and the energy sector [32] [33] [34]. The
second interested topic investigated relates to “marketing and consumer”, his behavior and reaction in the face of the
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Metaverse. The interaction between man, machine and virtual reality calls for reflection on data, privacy and numerous
ethical and social aspects that may be connected to the Metaverse and also to social sustainability. “education” is also
a firm and widely observed point within the Metaverse. Here too, sustainability is very much linked to the social
aspect (see discussion).

Table 4. Main topic of the paper.

Topic n. %
Digitalization and enabling technologies 13 30%
Marketing and consumer 8 19%
Education 7 16%
Transportation 4 9%
Life and Health 3 7%
Emission 2 5%
Infrastructure 2 5%
Tourism 2 5%
Business Model 1 2%
Climate 1 2%
Total 43 100%

Table 5 shows the most detailed analysis of sustainability in relation to the Metaverse. In the various papers
analyzed, the specific sustainability pillar(s) observed were identified. As the results show in this first phase of the
Metaverse and sustainability study, the focus seems to be oriented on social sustainability (28 papers, 53% of the
sample).

Table 5. Sustainability pillars analyzed.

Sustainability pillars n. %
Social 28 53%
Environmental 22 42%
Economic 3 6%
Total 53% 100%

* the total number is higher at 43 papers as some papers highlight more than one pillar of sustainability

Regarding the Metaverse contribution to sustainability, not all authors are able to express themselves
unequivocally. Table 6 shows the various impacts identified. Most authors seem to lean toward a positive contribution
of the Metaverse to sustainability (29 papers, 67% of the sample). Some positive contributions are empirically
validated by the authors and refer to specific areas/applications (e.g. packaging reduction, reduction of CO2 emissions
from travel, improvement of workers' conditions). In other cases, we speak of "future expectation" [19].

Table 6. Impact of Metaverse on sustainability.

Type of impact n. %
Positive 28 65%
Not Available 10 23%
Both (positive and negative) 4 9%
Negative 1 2%

Total 43 100%
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4. Discussion

4.1What are the main topics in which the Metaverse is associated with sustainability?

As Table 4 shows, the main topics where the Metaverse is discussed in terms of sustainability are: “digitalization
and enabling technologies”, “marketing and consumer” and “education”. The first topic focuses on the ongoing
process of companies, institutions in different sectors in the transition to management supported by modern
technologies. In this context, the Metaverse is often associated with other enablers in achieving sustainability such as
Virtual Reality (VR), non-fungible token (NFT) or block chain [35] [36]. In relation to the first topic, some authors
claim a contribution of the Metaverse, together with the other enabling technologies typical of Industry 4.0, on
environmental sustainability. The topic is controversial because it is well known that some technologies have
considerable energy requirements. However, Zang et al., [37] state how networked integration between technologies
and the Metaverse offers the possibility of reducing energy consumption. Similarly, Sing et al. [34] affirm the
possibility of energy use reduction support through the Metaverse, with the creation of virtual power plants, for
example. Metaverse, together with technologies such as NFT, are also associated with social sustainability. For
example, [36] present the case study of a historical silver mining enterprise of the Miao ethnic group, devising a digital
strategy based on the application of the NFT digital twin to preserve and maintain silver technology and safeguard
labor. The authors discuss the relationship between industrial production and traditional artisanal industries,
emphasizing how the Metaverse can contribute to the inheritance and development of silver typical of the area studied
and proposing innovative solutions to promote the prosperity of intangible cultural heritage assets.

The Metaverse and enabling technologies can also contribute to the improvement of working conditions with
important repercussions on social, but also environmental sustainability. In this sense, Choi [38] emphasizes how the
Metaverse as a tool for virtual work is also useful for the redefinition of Megacities and thus useful to institutions as
a support for the environmental sustainability of large urban centers, supporting a migration to peripheral and rural
areas and contributing to their revitalization and development. In summary, an attempt at a joint analysis between
Metaverse and sustainability emerges from this first topic, even if it is not always empirically validated. Some authors
report concrete examples of the application and positive effects of the Metaverse on sustainability [39], others merely
speculate on future valuations of how and when the Metaverse can contribute to sustainable goals [40].

The second interesting topic is “marketing and consumer”. In management context, Metaverse seems to be a tool
investigated precisely in the function of corporate marketing and in creating a new relationship with consumers [41].
In this sense, the debate in the literature is focusing on the possible issues and impacts from the perspective of
sustainability, in particular social sustainability [42]. In this context, Lee and Kwon [43] analyze, for example, the
consumer experience in the new reality of the Metaverse in terms of sustainability and safety. Indeed, the new
consumers of the Metaverse are mostly young people who populate the web and are familiar with the new virtual
dimension. In this sense, the Metaverse must delineate a socially and ethically sustainable space, both in the relations
between consumer and company, between different consumers and in the presentation of new products [44].
Sustainability is also associated with the Metaverse in marketing in relation to packaging and new product design.

Indeed, consumers in the Metaverse are very aware of sustainable development. In this sense, managers can
effectively use the Metaverse to appeal to consumers and support the development of products and packaging through
sustainable processes that require fewer resources and time than traditional interview methods. Again Arpaci et al.
[21] on the topic of social sustainability in the Metaverse state that it is crucial to focus on consumer personality traits.
In particular, performance expectation, social influence, hedonic motivation, price-value, habit, agreeableness,
neuroticism and openness have a significant impact on the social sustainability of the Metaverse, so companies
introducing such technology must pay attention to these factors. The third interesting topic linking the Metaverse to
sustainability is that of “education”. Education not strictly referring and limited to the school/university sphere, but
also as support for the development of entreprencurial knowledge [45]. In the Metaverse, learners can interact with
friends and/or an instructor through avatars to experience the learning content, with a number of facilitations and
interactions compared to previous asynchronous virtual learning content. This enhances learning by also triggering a
fruitful two-way exchange between participants that is not only formative but also socio-cultural and also with positive
effect on social and learning motivation [46]. Lee and Hwang [47] argue that the Metaverse can be a promoter of
factors relevant to the education of sustainable development-oriented students/citizens/entrepreneurs such as critical
thinking, communication, collaboration, and creativity. Thus, Metaverse and education push more toward achieving
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social sustainability through interaction and cultural exchange and personal growth geared toward the new needs of
society [47].

4.2. Which pillar of sustainability is most associated with Metaverse?

What was examined with the first research question has already underscored the relevant contribution of the
Metaverse from the perspective of social sustainability. Indeed, as Table 5 shows, the literature seems to tie the
Metaverse closely to this pillar of sustainability. Next, an interesting and potential contribution of this technology also
emerges in the pillar of environmental sustainability. An interesting contribution is that of Allam et al. [48] who
investigates the application of the Metaverse in cities and thus in terms of contributing to institutions in achieving
social sustainability. His analysis reveals several positive contributions of the Metaverse in terms of quality of life and
social interaction. Monaco and Sacchi [49] state, for example, how in the search for social sustainability, the
Metaverse, digital innovation and immersive virtual practices can provide additional opportunities to explore and
advance research into the desires, needs, expectations and satisfaction of customers, travelers and citizens, helping to
provide services and products closer to their needs. Although these contributions are interesting and concrete, the
challenges for effective implementation need to be considered [48]. While we can theories a positive impact of the
Metaverse in terms of social sustainability, it is crucial to consider the impediments and necessary changes, including
cultural changes, to embrace such innovation [50]. Risks related, for example, to safety, to the ethics of using the
Metaverse, or even some health-related issues connected to the use of this new reality that have yet to be investigated
and known in depth [51]. In this regard, [19] states how responsibility must be the guiding principle for the construction
of the Metaverse with a view to social sustainability. Anshari et al. [52] also reiterate the concept of accountability,
stating that the responsible and ethical use of data collected in the Metaverse is a prerequisite for creating a culture of
transparency and employee trust, as well as a commitment to social responsibility

4.3. What is the contribution of the Metaverse to sustainability?

Finally, with the last research question we sought to initiate thinking in terms of the Metaverse's quantifiable impact
on sustainability. As emerges from the analysis (see Table 6) and observations above, a positive contribution of this
innovation to the achievement of sustainability goals in its pillars (social and economic more specifically) seems clear.

This is often a positive contribution, however, with which are associated challenges or necessary
developments/precisions, as in the case of the above-mentioned responsibility, but also the need for those
implementing the Metaverse to equip themselves with knowledge and skills for its proper use [53]. Interestingly, [52]
strongly reiterates how the Metaverse could take on negative meanings and at odds with sustainability, particularly
social sustainability, if a process of building such technology based on responsibility is not set up and initiated. This
contribution is significant in our opinion as it represents an essential starting point for initiating a process of sustainable
development based on new technologies. It is also important to point out that 23% of the sample analyzed do not make
a judgment in terms of the Metaverse's concrete contribution to sustainability. These authors merely describe to what
sphere this technology is or will be applicable, in terms of society, business, environment etc., but without stating a
concrete contribution. This aspect is also linked to the fact that in concrete terms, today, the application of the
Metaverse is often limited to leisure and entertainment activities and still not included in productive activities or with
greater economic impact [54]. So some considerations are only hypothesized.

Figure 1 summarizes the main aspects that emerged from the analysis.
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Fig. 1. Main aspects between Metaverse and sustainability
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5. Conclusion

The analysis of the papers has allowed us to go into detail on the study of the Metaverse and its possible implications
in terms of sustainability. To date, the study is still in an initial phase and the contributions often highlight a concrete
but still not clearly definable link between Metaverse and sustainability. What emerges from the first research question
seems to reflect a possible transversally of the Metaverse in different fields, with possible contributions to both social
and environmental sustainability. This technology seems to be able to range from mere application in the field of
computer science, up to management and medicine, with a marked interest in consumers, school education, transport,
with a very pronounced social vocation. It seems clear that there is a positive impact in the use of the Metaverse in
various pillars of sustainability (both social and/or environmental), but the aspect of the measurability of this
contribution remains little investigated. In some cases, as emerged from the discussions, the contribution is
controversial (both positive and negative), in others it is still not clearly decipherable. The paper offers hints for
theoretical and practical implications. Indeed, the considerations that have emerged impose profound reflections that
can guide the research, pushing it towards areas that have not yet been fully investigated. One of the most relevant
gap emerged seems to be linked, for example, to the concrete measurement of the results of the Metaverse in terms of
sustainability, but also challenges and opportunities need to be implemented and investigated in a more concrete
manner, through case studies, experiments and empirical investigations. In terms of practical and managerial
implications, the study allows policy makers, entrepreneurs and managers to evaluate the introduction and concrete
application of the Metaverse at a macro and micro level, in decision-making and management processes, up to
production processes, in order to orient even more the different contexts to sustainability. On the other hand, the
considerations that emerged allow us to reflect on the challenges associated with the implementation of this
technology. Even though we are in a transition phase from Industry 4.0 to Industry 5.0, there are still difficulties in
adapting to these evolutions and the skills required for the correct implementation and use of technologies are an open
challenge. Therefore, companies and institutions need to equip themselves with human capital trained and capable of
dominating technology to create the foundation of Industry 5.0 "humans in the loop"[17]. In addition, training sessions
for their users, consumers and/or citizens should be provided to facilitate their application and encourage their use
[55]. Moreover, challenges remain in terms of ethics, privacy, data security as well as the need for laws and appropriate
policy interventions to regulate and create a proper regulatory framework to enable proper and standardized
implementation and use of the Metaverse. In this sense, the Metaverse requires extensive study and realization of the
main opportunities and complexities. Therefore, future steps of research must be oriented towards a greater concrete
connection between Metaverse and sustainability. For example, developing a set of measurement indicators adaptable
to various contexts and useful for a concrete valorization of the impact of the Metaverse on sustainability represents,
in our opinion, a necessary stage in the studies. At the same time, it is necessary to work on the skills necessary to
implement and manage the complexities of the Metaverse. Ad hoc trained professionals will be needed not only on
technology, but also on sustainable development practices. Consider, for example, the growing use of generative
artificial intelligence, which could be a driver for the Metaverse by shifting the focus even more towards sustainability
[56]. This requires a complex integration between different actors (companies, universities, research and institutions).
However, it is necessary to pay attention to an important question: will the Metaverse actually have a future
development? Indeed, many scholars are stating how the Metaverse could represent a meteor in the technological
landscape and be already in a phase of decline (i.e. [57] [58]). Therefore, it will be ascertained whether this innovation
can represent a real support for sustainable development and the new Industry 5.0 paradigm or whether it represents
an element of fashion and transition towards more complex and advanced technologies.

References

[1] M. Riilmann, M., Lorenz, M., Gerbert, P., Waldner, M., Justus, J., Engel, P., & Harnisch, “Industry 4.0: The future of productivity and
growth in manufacturing industries.,” Boston Consulting Group, pp. 5489, 2015.

2] L. Da Xu, E. L. Xu, and L. Li, “Industry 4.0: state of the art and future trends,” Int. J. Prod. Res., vol. 56, no. 8, pp. 2941-2962, Apr.
2018.

[3] G. L. Tortorella, T. A. Saurin, P. Hines, J. Antony, and D. Samson, “Myths and facts of industry 4.0,” Int. J. Prod. Econ., vol. 255, p.

108660, Jan. 2023.



[10]
[11]
[12]
[13]

[14]
[15]

[16]
[17]
[18]

[19]

[20]
[21]

[22]

(23]

[24]

[25]

[26]

[27]
(28]

[29]

[30]

[31]
[32]

Michela Piccarozzi et al. / Procedia Computer Science 232 (2024) 1839—1848 1847

A. Ardanza, A. Moreno, A. Segura, M. de la Cruz, and D. Aguinaga, “Sustainable and flexible industrial human machine interfaces to
support adaptable applications in the Industry 4.0 paradigm,” Int. J. Prod. Res., vol. 57, no. 12, pp. 4045-4059, Jun. 2019.

A. T. James, G. Kumar, P. Tayal, A. Chauhan, C. Wadhawa, and J. Panchal, “Analysis of human resource management challenges in
implementation of industry 4.0 in Indian automobile industry,” Technol. Forecast. Soc. Change, vol. 176, p. 121483, Mar. 2022.

A. Ghadge, M. Er Kara, H. Moradlou, and M. Goswami, “The impact of Industry 4.0 implementation on supply chains,” J. Manuf.
Technol. Manag., vol. 31, no. 4, pp. 669-686, Mar. 2020.

M. Piccarozzi, C. Silvestri, B. Aquilani, and L. Silvestri, “Is this a new story of the “Two Giants’? A systematic literature review of the
relationship between industry 4.0, sustainability and its pillars,” Technol. Forecast. Soc. Change, vol. 177, p. 121511, Apr. 2022.
European Commission, Directorate-General for Research and Innovation, Renda, A., Schwaag Serger, S., Tataj, D.et al., Industry 5.0, a
transformative vision for Europe — Governing systemic transformations towards a sustainable industry, Publications Office of the
European Union. 2022.

X. Xu, Y. Lu, B. Vogel-Heuser, and L. Wang, “Industry 4.0 and Industry 5.0—Inception, conception and perception,” J. Manuf. Syst.,
vol. 61, pp. 530-535, Oct. 2021.

P. K. R. Maddikunta et al., “Industry 5.0: A survey on enabling technologies and potential applications,” J. Ind. Inf. Integr., vol. 26, p.
100257, Mar. 2022.

M. Brunelli, J., Lukic, V., Milon, T., & Tantardini, “Five lessons from the frontlines of industry 4.0.,” 2017.

K. Mubarok, “Redefining Industry 4.0 and Its Enabling Technologies,” J. Phys. Conf. Ser., vol. 1569, no. 3, p. 032025, Jul. 2020.
F.-Y. Wang, R. Qin, X. Wang, and B. Hu, “MetaSocieties in Metaverse: MetaEconomics and MetaManagement for MetaEnterprises
and MetaCities,” IEEE Trans. Comput. Soc. Syst., vol. 9, no. 1, pp. 2-7, Feb. 2022.

S. Mystakidis, “Metaverse,” Encyclopedia, vol. 2, no. 1, pp. 486—497, Feb. 2022.

D. Gursoy, S. Malodia, and A. Dhir, “The metaverse in the hospitality and tourism industry: An overview of current trends and future
research directions,” J. Hosp. Mark. Manag., vol. 31, no. 5, pp. 527-534, Jul. 2022.

K. Christodoulou, L. Katelaris, M. Themistocleous, P. Christodoulou, and E. Iosif, “NFTs and the Metaverse Revolution: Research
Perspectives and Open Challenges,” 2022, pp. 139-178.

J. Leng et al., “Industry 5.0: Prospect and retrospect,” J. Manuf. Syst., vol. 65, pp. 279-295, Oct. 2022.

Jee Young Lee, “A Study on Metaverse Hype for Sustainable Growt,” Int. J. Adv. Smart Converg., vol. 10, no. 3, pp. 72-80, 2021.

J. S. Jauhiainen, C. Krohn, and J. Junnila, “Metaverse and Sustainability: Systematic Review of Scientific Publications until 2022 and
Beyond,” Sustainability, vol. 15, no. 1, p. 346, Dec. 2022.

P. De Giovanni, “Sustainability of the Metaverse: A Transition to Industry 5.0,” Sustainability, vol. 15, no. 7, p. 6079, Mar. 2023.

1. Arpaci, K. Karatas, 1. Kusci, and M. Al-Emran, “Understanding the social sustainability of the Metaverse by integrating UTAUT2
and big five personality traits: A hybrid SEM-ANN approach,” Technol. Soc., vol. 71, p. 102120, Nov. 2022.

A. De Mauro, M. Greco, and M. Grimaldi, “A formal definition of Big Data based on its essential features,” Libr. Rev., vol. 65, no. 3,
pp. 122-135, Apr. 2016.

C. Sassanelli, P. Rosa, R. Rocca, and S. Terzi, “Circular economy performance assessment methods: A systematic literature review,” J.
Clean. Prod., vol. 229, pp. 440453, Aug. 2019.

P. Mayring, “Qualitative content analysis. A companion to qualitative research,” FORUM Qual. Soc. Res., vol. 1, no. 2, pp. 159-176,
2004.

D. Denyer, D., & Tranfield, “Producing a systematic review,” in The Sage handbook of organizational research methods, In D. A. B.,
S. P. Ltd., Ed. 2009, pp. 671-689.

V. Beattie, “Accounting narratives and the narrative turn in accounting research: Issues, theory, methodology, methods and a research
framework,” Br. Account. Rev., vol. 46, no. 2, pp. 111-134, Jun. 2014.

K. Krippendorff, Content analysis: An introduction to its methodology., 4th ed. Sage publication, 2018.

M. C. Zizic, M. Mladineo, N. Gjeldum, and L. Celent, “From Industry 4.0 towards Industry 5.0: A Review and Analysis of Paradigm
Shift for the People, Organization and Technology,” Energies, vol. 15, no. 14, p. 5221, Jul. 2022.

A. S. Bale, N. Ghorpade, M. F. Hashim, J. Vaishnav, and Z. Almaspoor, “A Comprehensive Study on Metaverse and Its Impacts on
Humans,” Adv. Human-Computer Interact., vol. 2022, pp. 1-11, Sep. 2022.

A. Adel, “Future of industry 5.0 in society: human-centric solutions, challenges and prospective research areas,” J. Cloud Comput., vol.
11, no. 1, p. 40, Sep. 2022.

Gro Harlem Brundtland, “Sustainable development: the challenges ahead,” Eur. J. Dev. Res., vol. 3, no. 1, pp. 32-41, 1991.

Y. Wang et al., “A Survey on Metaverse: Fundamentals, Security, and Privacy,” IEEE Commun. Surv. Tutorials, vol. 25, no. 1, pp.
319-352,2023.



1848

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

[53]
[54]

[55]
[56]

[57]
[58]

Michela Piccarozzi et al. / Procedia Computer Science 232 (2024) 1839—1848

M. Deveci, I. Gokasar, O. Castillo, and T. Daim, “Evaluation of Metaverse integration of freight fluidity measurement alternatives
using fuzzy Dombi EDAS model,” Comput. Ind. Eng., vol. 174, p. 108773, Dec. 2022.

R. Singh, S. V. Akram, A. Gehlot, D. Buddhi, N. Priyadarshi, and B. Twala, “Energy System 4.0: Digitalization of the Energy Sector
with Inclination towards Sustainability,” Sensors, vol. 22, no. 17, p. 6619, Sep. 2022.

I. L. Chamusca, C. V. Ferreira, T. B. Murari, A. L. Apolinario, and I. Winkler, “Towards Sustainable Virtual Reality: Gathering Design
Guidelines for Intuitive Authoring Tools,” Sustainability, vol. 15, no. 4, p. 2924, Feb. 2023.

M. Wang and N. Lau, “NFT Digital Twins: A Digitalization Strategy to Preserve and Sustain Miao Silver Craftsmanship in the
Metaverse Era,” Heritage, vol. 6, no. 2, pp. 1921-1941, Feb. 2023.

S. Zhang et al., “Towards Green Metaverse Networking: Technologies, Advancements and Future Directions,” IEEE Netw., pp. 1-10,
2023.

H.-Y. Choi, “Working in the Metaverse: Does Telework in a Metaverse Office Have the Potential to Reduce Population Pressure in
Megacities? Evidence from Young Adults in Seoul, South Korea,” Sustainability, vol. 14, no. 6, p. 3629, Mar. 2022.

L. Turchet, “Musical Metaverse: vision, opportunities, and challenges,” Pers. Ubiquitous Comput., Jan. 2023.

S. K. Hadjistassou, “Culturally Afforded Tensions in the Second Life Metaverse,” Int. J. Web-Based Learn. Teach. Technol., vol. 11,
no. 2, pp. 14-38, Apr. 2016.

B. Shen, W. Tan, J. Guo, L. Zhao, and P. Qin, “How to Promote User Purchase in Metaverse? A Systematic Literature Review on
Consumer Behavior Research and Virtual Commerce Application Design,” Appl. Sci., vol. 11, no. 23, p. 11087, Nov. 2021.

T. M. Tan, H. Makkonen, P. Kaur, and J. Salo, “How do ethical consumers utilize sharing economy platforms as part of their
sustainable resale behavior? The role of consumers’ green consumption values,” Technol. Forecast. Soc. Change, vol. 176, p. 121432,
Mar. 2022.

J. Lee and K. H. Kwon, “Sustainable and Safe Consumer Experience NFTs and Raffles in the Cosmetics Market after COVID-19,”
Sustainability, vol. 14, no. 23, p. 15718, Nov. 2022.

G. Branca, R. Resciniti, and S. M. C. Loureiro, “Virtual is so real! Consumers’ evaluation of product packaging in virtual reality,”
Psychol. Mark., vol. 40, no. 3, pp. 596-609, Mar. 2023.

J. Kwok, P., Chen, J., & Fung, “Two-way knowledge transfer among university academics, young entrepreneurs, NGOs and students in
STEM and IoT metaverses: Conceptual framework, research agendas and contextual challenges.,” in The 30th International
Conference on Computers in Education (ICCE 2022),2022.

S. Park and S. Kim, “Identifying World Types to Deliver Gameful Experiences for Sustainable Learning in the Metaverse,”
Sustainability, vol. 14, no. 3, p. 1361, Jan. 2022.

H. Lee and Y. Hwang, “Technology-Enhanced Education through VR-Making and Metaverse-Linking to Foster Teacher Readiness and
Sustainable Learning,” Sustainability, vol. 14, no. 8, p. 4786, Apr. 2022.

Z. Allam, A. Sharifi, S. E. Bibri, D. S. Jones, and J. Krogstie, “The Metaverse as a Virtual Form of Smart Cities: Opportunities and
Challenges for Environmental, Economic, and Social Sustainability in Urban Futures,” Smart Cities, vol. 5, no. 3, pp. 771-801, Jul.
2022.

S. Monaco and G. Sacchi, “Travelling the Metaverse: Potential Benefits and Main Challenges for Tourism Sectors and Research
Applications,” Sustainability, vol. 15, no. 4, p. 3348, Feb. 2023.

. M. WISNU BUANA, “Metaverse: Threat or Opportunity for Our Social World? In understanding Metaverse on sociological
context,” J. Metaverse, Dec. 2022.

L.-H. Lee et al., “All One Needs to Know about Metaverse: A Complete Survey on Technological Singularity, Virtual Ecosystem, and
Research Agenda,” Oct. 2021.

M. Anshari, M. Syafrudin, N. L. Fitriyani, and A. Razzaq, “Ethical Responsibility and Sustainability (ERS) Development in a
Metaverse Business Model,” Sustainability, vol. 14, no. 23, p. 15805, Nov. 2022.

D. B. Rawat and H. El Alami, “Metaverse: Requirements, Architecture, Standards, Status, Challenges, and Perspectives,” Feb. 2023.
N. Kshetri and Y. K. Dwivedi, “Pollution-reducing and pollution-generating effects of the metaverse,” Int. J. Inf- Manage., vol. 69, p.
102620, Apr. 2023.

S. MITRA, “Metaverse: A Potential Virtual-Physical Ecosystem for Innovative Blended Education and Training,” J. Metaverse, Jan.
2023.

Z. Lv, “Generative artificial intelligence in the metaverse era,” Cogn. Robot., vol. 3, pp. 208-217, 2023.

D. Vidal-Tomas, “The illusion of the metaverse and meta-economy,” Int. Rev. Financ. Anal., vol. 86, p. 102560, Mar. 2023.

G. Riva and B. K. Wiederhold, “What the Metaverse Is (Really) and Why We Need to Know About It,” Cyberpsychology, Behav. Soc.
Netw., vol. 25, no. 6, pp. 355-359, Jun. 2022.



