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ITU FG-MV Technical Report

Exploring the metaverse: opportunities and challenges

1 Scope

This Technical Report explores the background, including the history, of the metaverse, the
ecosystem and its development stages, challenges and opportunities. It also examines the role of
international standards and how the metaverse can accelerate the achievement of the sustainable
development goals (SDGs). It aims to explore the role of the metaverse in accelerating digital
transformation and achieving the SDGs. This Technical Report includes a set of examples showing
how the metaverse has been, or could be, used in transforming different sectors. It also explores the
role of international standards in ensuring a safe, inclusive and interoperable metaverse.

2 References
None.
3 Definitions

3.1 Terms defined elsewhere
This Technical Report uses the following terms defined elsewhere:
3.1.1 artificial intelligence

3.1.1.1 artificial intelligence (Al) [b-ITU-T M.3080]: Computerized system that uses cognition to
understand information and solve problems.

3.1.1.2 artificial intelligence [b-1SO/IEC 2382]: Interdisciplinary field, usually regarded as a branch
of computer science, dealing with models and systems for the performance of functions generally
associated with human intelligence, such as reasoning and learning.

3.1.2 augmented reality (AR) [b-ITU-T P.1320]: An environment containing both real and virtual
sensory components. The augmented reality continuum runs from virtual content that is clearly
overlaid on a real environment (assisted reality) to virtual content that is seamlessly integrated and
interacts with a real environment (mixed reality).

3.1.3 digital twin [b-ITU-T Y.4600]: A digital representation of an object of interest.

3.1.4 Internet of things (loT) [b-ITU-T Y.4000]: A global infrastructure for the information
society, enabling advanced services by interconnecting (physical and virtual) things based on existing
and evolving interoperable information and communication technologies.

3.1.5 interoperability [b-ITU-T Y.101]: The ability of two or more systems or applications to
exchange information and to mutually use the information that has been exchanged.

3.1.6 mixed reality (MR) [b-ITU-T P.1320]: An environment containing both real and virtual
components that are seamlessly integrated and interact with each other in a natural way (one end of
the augmented reality continuum).

3.1.7 virtual reality (VR) [b-ITU-T P.1320]: An environment that is fully generated by digital
means. To qualify as virtual reality, the virtual environment should differ from the local environment.

3.2 Terms defined in this Technical Report
None.
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4 Abbreviations and acronyms
This Technical Report uses the following abbreviations and acronyms:

3D three-Dimensional

Al Acrtificial Intelligence

AR Augmented Reality

ICT Information and Communication Technology
loT Internet of Things

MR Mixed Reality

NFT Non-Fungible Token

SDG Sustainable Development Goal

SDO Standards Development Organization
VR Virtual Reality

5 Conventions

None.

6 Background

The concept and characteristics of the metaverse have been discussed widely since its initial
appearance. Many attempts to define the metaverse have been made but there is no internationally
agreed-upon definition, although we should bear in mind that the metaverse is still in its initial stage
of development.

Industries and governments have already started experimenting with metaverse projects; however,
many technological and regulatory challenges still need to be addressed. It is difficult to predict where
the metaverse will go in the future. However, there is a growing consensus that the metaverse has the
potential to be a major paradigm shift in how we interact with technology and with one another.

6.1 A brief history of the metaverse

The metaverse is a compound word comprising "meta” and "universe". [b-Stephenson] first used the
term in the science fiction novel Snow crash, in which, the metaverse is described as a parallel virtual
world that people could enter through an avatar representing the digital identity of a human's physical
self.

Since then, the idea of the metaverse has been discussed for several decades, but with the development
of digital technologies such as the Internet of things (loT), digital twin, augmented reality (AR),
virtual reality (VR), artificial intelligence (Al) and blockchain, the metaverse has moved from science
fiction to research and is now in application. Table 1 shows a rough timeline of the key milestones in
the development of the metaverse.

Table 1 — A timeline of the development of the metaverse

Year Milestones
1992 | [b-Stephenson] coins the term "metaverse" in his novel, Show crash. Science fiction
Introduction of B-money, which was intended to be an anonymous, Underlying
1998 | . .. .
distributed electronic cash system. technology
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Table 1 — A timeline of the development of the metaverse

Year Milestones
2002 The concept of digital twin was first introduced and was envisioned for use Underlying
to improve the design, operation and maintenance of complex systems. technology
2003 Linden Lab launched Second Life, an online virtual world that allows users Game
to create their own avatars and interact with others
Roblox, an online game platform, was launched. Players can customize their
2006 . . . . Game
avatars, buy and sell virtual items, and interact with others.
2009 Blockchain technology was first introduced as the underlying technology for | Underlying
the cryptocurrency Bitcoin. technology
2011 | Publication of [b-Cline], the futuristic novel Ready player one Science fiction
. Underlying
2014 | Facebook acquires Oculus VR, a company that develops VR headsets. technology
2015 Decentraland, a virtual world platform built on blockchain technology, was Game
launched.
2016 The concept of decentralized autonomous organization emerged. It is a Underlying
type of organization running through smart contracts. technology
2018 [b-Cline] is adapted into a film, which popularizes the concept of the Science fiction
metaverse.
The COVID-19 pandemic accelerates interest in virtual events and remote .
. : : . Industry interest
2020 work, leading to increased investment in the metaverse.
NVIDIA launches Omniverse, a platform for industrial metaverse .
S Industry interest
applications.
Major tech companies announce plans to invest in and develop metaverse
technologies. Industry interest
Facebook rebrands its parent company as Meta. naustry interes
2021 Microsoft also launches Mesh as a metaverse platform service.
Seoul releases its 5 year metaverse plan.
. Government
Barbados announces its plan for a metaverse embassy.
Dubai launches its metaverse strategy.
European Commission's plans on thriving in the metaverse.
iy . Government
2022 | Shanghai's action plan on metaverse.
Tuvalu plans to replicate itself in the metaverse.
NVIDIA collaborates with Siemens to enable the industrial metaverse. Industry
Several UN agencies delve into research and pilot projects of the metaverse. . .
2023 . g priot proj United Nations
ITU establishes a new Focus Group on metaverse.
6.2 A metaverse or multiverse (metaverses)

One view is that there will be a universal digital platform, while another, the multiverse (metaverses),
assumes that several available metaverse platforms interact simultaneously. As shown in Figure 1,
metaverse and multiverse refer to virtual universes with close connections to and interactions with
the real world, with the support of a set of digital technologies and information and communication
technologies (ICTs), including Al, 10T, digital twin and blockchain. A metaverse can be considered
as a collective space or a unified platform, while the multiverse (metaverses) has several integrated
digital platforms and ecosystems that interact.

FG-MV D.WG1-01 (2023-07) 3
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Figure 1 — Metaverse vs. multiverse

It is predicted that instead of one single metaverse, hundreds of often interconnected metaverses, such
as those devoted to Industry 4.0 or entertainment, can be expected. In this sense, metaverses will act
as a collective space, with interoperability as a key feature.

6.3 Market value

It is predicted that the metaverse market will grow in the upcoming years. Various sources have
predicted that the metaverse will generate more than USD 1 trillion in annual revenue [b-Morgan].
According to [b-Zion Market Research], the metaverse industry is expected to grow at a compound
annual growth rate of 39.5% from 2022 to 2028. [b-Kanterman] suggests that the total market value
of the metaverse as the world's "next big technology platform™ could reach USD 800 billion by 2024.
[b-Statista] forecasts the metaverse market in 2030 in three scenarios: conservative (USD
1.91 trillion); moderate (USD 3.17 trillion); and optimistic (USD 4.44 trillion).

According to [b-McKinsey], 59% of consumers are excited about transitioning their everyday
activities to the metaverse. [b-Gartner] predicts that 25% of people will spend at least 1 h per day in
a metaverse in 2026. Considering the potential market opportunity and consumer interests, it appears
clear that the metaverse is no longer science fiction but can become a game changer in the worldwide
economy.

In addition, the development of the metaverse will not simply be led by large technology players.
There is enough room for everyone driving innovation to create real value in this space. The
metaverse is a complex system that involves a wide range of stakeholders. Companies and
organizations from all spheres come together to build an ecosystem where people and businesses can
interact, work, socialize, entertain and transact. The metaverse ecosystem is a complex, rapidly
emerging market yet to be comprehensively mapped. It is constantly evolving and expanding.
Figure 2 provides a non-exhaustive illustration of the current metaverse market [b-Newzoo].
Numerous companies will continue to appear and grow the metaverse ecosystem incrementally,
creating real value for enterprises and consumers.
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Figure 2 — Metaverse ecosystem diagram [b-Newzoo]

6.4 Development stages of the metaverse

The evolution of metaverse can be divided into stages: emerging, advanced and mature (as shown in
Figure 3). The emerging stage sees progress in fundamental technologies, which provide network and
computing capabilities, and enable the basic operation of single-industry applications. The metaverse
is likely to stay in the emerging stage for some time. It has already been adopted in the entertainment
industry, e.g., in games, virtual concerts and virtual museums. Work, education and social events
could also encompass scenarios in this stage. The advanced stage focuses on connection of data, as
well as cross-platform integration to deepen cross-industry scenarios. With further development in
the technologies, along with the support of standards, regulations and laws, the metaverse is expected
to enter the mature stage and be massively adopted in various sectors.

Emerging stage ‘ ‘ Advanced stage Mature stage

Gaming & E-sport

1 1
Fashion

1 1

Work & Education

Main (I

scenarios LR Gl
Tourism

I 1

Standards
Regulations & laws
Features = Pilot projects = Ecosystem = Mass adoption
= Early adoption = |ntegration of projects

Figure 3 — Development stages of the metaverse
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7 Challenges

Although there have been significant advancements in the metaverse, it is also facing various
challenges. As of now, the metaverse is a grey area with the potential to be beneficial or harmful to
those who engage in it. Given that the technology is still in its early stages and rapidly evolving, this
creates new challenges. Figure 4 illustrates the challenges encountered in the metaverse, from
interoperability and digital identity to sustainability and regulations.

Interoperability. The lack of interoperability and uniformity between the various metaverse
platforms is a significant challenge — a unifying framework and protocol are needed to facilitate user
movement between metaverses and devices.

. Sexual
o O %ﬁ Accessibility O o assault
Interoperability Privacy (O = - g
080 @
Digital (M0 3
; identity A);
O Cyber O ! o
O security O . o Sustainability
& Trust
. y Regulations

Dis/mis O
®) <Dinformation o &
: Y Competition
[‘E Child online @ o O

Q

protection

Intellectual
property

Figure 4 — Challenges facing the metaverse

Regulation. While the metaverse is a space that brings users together, it can also make them
vulnerable if proper legislation and regulations are not established.

Competition. For the metaverse to flourish it needs to be built on a foundation that enables market
competition of ideas and avoids dominance by a few companies.

Digital identity. In the metaverse, there are questions around how individual users can prove who
they are. Aside from having issues related to ethics, there are challenges concerning identity
authentication or verification.

Dis/misinformation. The metaverse ushers in a new set of challenges related to distributing false or
malicious information. Unless regulated, the metaverse could become a dangerous tool of persuasion,
promoting the spread of hate, harassment, and polarization.

Privacy. The metaverse poses a significant threat to privacy since every action, such as how you
breathe, walk, think, move or stare, is captured. Data collection in the metaverse is involuntary and
continuous, rendering consent almost impossible and raising privacy concerns. It is, therefore, critical,
during this nascent phase, that the level of acceptable consent is determined and standardized based
on various needs and considering the diverse range of participants (including child users), so that it
is baked into implementation.

Accessibility. The metaverse can pose further complexities for many people, in particular the aged,
those who are deaf or blind, or have limited vision. In addition, individuals with motor and dexterity
impairments may have difficulty navigating the metaverse. Language and culture may also become

6 FG-MV D.WG1-01 (2023-07)



barriers to metaverse access. Finally, those who have no access to the Internet are also at risk of
exclusion from the metaverse; this could be for geographical or social reasons. All these are
considered vulnerable groups; they are a very large section of the population and measures for their
inclusion need to be addressed at the onset of any development. Interoperability with the equipment
required for these groups to access the metaverse should also be taken into consideration by default
since it can lead to a new digital divide.

Sustainability. Even though the metaverse is virtual, it impacts the environment. The metaverse
draws far more electricity than previous online technologies; it will also increase data centre activity
and corresponding carbon emissions. It is also important to note that continuous technology
development can create an influx of e-waste.

Child online protection and other social challenges. There is concern that the metaverse will
exacerbate the problems associated with social media. For instance, virtual environments create
loneliness, and participants can be exposed to harmful content. The metaverse also poses a potential
risk for children, including cyberbullying and a lack of privacy.

Sexual assault: Incidents of sexual assault have already been reported on metaverse platforms. There
is a serious need for tech companies involved in developing the metaverse applications to address
issues of sexual assault by introducing forms of moderation and systems to restrict this behaviour.

Intellectual property: The metaverse has the potential to create new forms of intellectual property
such as virtual goods, digital assets, non-fungible tokens (NFTSs), and experiences. It is important to
ensure that these new forms of intellectual property are protected, and that their owners can profit
from them.

8 Opportunities

With challenges comes opportunity, and while the metaverse is still being defined, literally and
figuratively, there is the potential that it could unleash the next wave of digital transformation. As
already seen, the metaverse has the opportunity to impact almost every sector and could drive a very
different world over the next 10 years.

Recently, the metaverse has been used to develop new ICTs and digital technologies in customer-
oriented and industrial scenarios. Additionally, cities and countries have been launching metaverse
policies and pilot projects. As the technology continues to develop, more innovative and
transformative applications of the metaverse are expected to appear.

Clauses 8.1 to 8.3 explore how the metaverse can be implemented in three key scenarios (see
Figure 5): digitalized lifestyle for inhabitants; industrial metaverse for industries; and digital
transformation for cities and communities.

Z BN N T
e & g

SESMEIIEE Digitalized lifestyle Industrial metaverse | Digital transformation
for for for
inhabitants industries cities and communities

Figure 5 — Three key scenarios of the metaverse
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8.1 Digitalized lifestyle for inhabitants in the metaverse

A digitalized lifestyle scenario can be referred to as a virtual environment in which people can be
present in digital spaces with the support of AR, VR, digital twin and other technologies. Specific
scenarios include work, games, shopping, online learning, events and fitness activities.

8.1.1 Work

Remote work was adopted around the world during the COVID-19 pandemic. In terms of the job
market, the percentage of workers working from home has increased rapidly, according to a survey
from Enterprise Technology Research [b-Chavez-Dreyfuss]. By 2025, [b-Castrillon] estimates that
70% of the workforce will be working remotely for at least 5 days a month. On the one hand, remote
workers are more efficient than previous expectations. On the other, people miss face-to-face
collaboration, body language, etc. The metaverse can offer a virtual space to meet, collaborate and
present in a more immersive way.

Example: Microsoft launch of Mesh

Microsoft launched Mesh for Microsoft Teams in 2021, which combined with its traditional products
and services to support the future of work, collaborating virtually, training together anywhere, gaining
remote expertise and designing together in three dimensional (3D) space.

As an example of practical application, Accenture, a global professional services company, has been
on-boarding new employees via the virtual platform supported by Microsoft Mesh, One Accenture
Park. In addition, thousands of Accenture staff have attended events in a virtual digital twin of its
recently opened office.

8.1.2 Games or social interactions

The metaverse can offer a virtual space to meet, collaborate and present in a more immersive way.
The concept of the metaverse was adopted in the games industry decades ago. Several gaming
companies have been moving towards the metaverse, such as Epic Games, Roblox, Axie Infinity,
Decentraland, Sandbox, IHlluvium, Chain of Alliance, My Neighbor Alice, Krystopia and Alien
Worlds. Digital technologies have significantly influenced social activities in recent years. With the
advancement of AR, VR, cloud computing and other digital technologies, more immersive and
interactive experiences can be realized in the metaverse.

Example: Santa Monica adoption of a metaverse project using a social app

Santa Monica is a beachfront city in western Los Angeles County, California, USA. The city is
partnering with [b-FlickPlay], a social metaverse platform, to launch a play-to-earn metaverse mobile
app, which will combine social media with gamification.

The mobile app will use VR and AR to build a digital layer of reality across restaurants, parks and
businesses. Citizens can unlock collectibles and rewards to redeem for actual physical items at retail
locations in the city.

8.1.3 Retail or fashion

Al, AR, digital twin and other metaverse technologies could offer an opportunity for new business
models to enrich consumer experience and leverage virtual fashion. Many companies are setting up
stores in the metaverse, such as Adidas, Burberry, Gucci, Tommy Hilfiger, Nike and Samsung. Nike
has collaborated with [b-Roblox] to launch a virtual world called Niketown. Gucci has established its
Gucci Garden in the Roblox gaming metaverse, which attracted 19 million visitors. The metaverse
allows for 360° views through online showrooms and avatars of models and consumers. In addition,
the metaverse has been used in digital collection with the support of NFTs, which provide a unique
digital identifier that cannot be copied.

8 FG-MV D.WG1-01 (2023-07)



Example: Metaverse Fashion Week

The Metaverse Fashion Week was held on a [b-Decentraland], a decentralized virtual reality platform.
The second Metaverse Fashion Week ran in March 2023 with the participation of luxury brands,
household names, digital native designers and more than 10 000 visitors.

The Metaverse Fashion Week aimed to allow creators and designers to: broaden the scope of their
creativity; offer opportunities for more audiences to access the brands; provide inclusive and
personalized experiences for audiences; and allow visitors to try on clothes in a digital form.

8.1.4 Education

The metaverse can bring positive changes to education from several perspectives, e.g., immersive
interactive experience, visualization and simulation of abstract theories, lower learning costs and
risks, unrestricted time and space (such as the recreation of historical events), and personalization and
engagement. According to a [b-PWC] survey, VR learners were four times faster to train than in the
classroom. With the application of VR and other digital technologies, there will be a revolution in the
education sector to change ways of teaching and learning and promote equality in educational
resources for citizens in developed and less developed countries. Technology companies are working
on the application of the metaverse in the area of education.

Example: Stanford University's Virtual People course

[b-Stanford] University's Virtual People course allows students to be fully immersed in VR
environments. The Virtual People course was launched in 2003, and has been taught since, entirely
in VR, owing to the advances in VR technology.

The course provides opportunities for students' avatars to experience and build applications from
therapeutic medicine to sports training. The course examines the role of the metaverse in areas such
as engineering, behavioural science and communication.

8.1.5 Events

Virtual concerts and events will be another application of the metaverse. The immersive and
extensible nature of the metaverse offers unlimited space for ideas to hold an event. The metaverse
also allows audiences to further engage and interact with each other and players in the events.

Example: SK Telecom staged free virtual concerts on its ifland metaverse platform

[b-SK Telecom] held the metaverse music festival on its ifland metaverse platform in 2022. It made
use of hundreds of cameras filming from all angles to generate naturally moving 3D models in virtual
reality. The festival featured several singers and an avatar group. Attendee avatars were allowed to
float in the air around the hall.

SK Telecom is merging the metaverse technology with K-pop content aimed at generation Z. The
company is also building cooperation with other telecommunication operators in this domain.
8.2 Industrial metaverse for vertical industries

The second scenario can be broadly called the industrial metaverse. According to a survey [b-Nokia],
50% of enterprises believe that the industrial metaverse will be a "real game changer”. The metaverse
arguably offers the greatest potential to sectors such as manufacturing, banking, healthcare, and
transportation.

8.2.1 Manufacturing

The industrial metaverse can be applied to the manufacturing industry through an interplay among
the technology of 10T, Al, digital twin, etc. The metaverse can be implemented in factories in the
process of research and development, manufacturing, and operation and maintenance.
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The industrial metaverse can enhance the interaction and collaboration between designers and
stakeholders in the value chain at the research and development stage. The digital twin of the
manufacturing process could support factories in monitoring and optimizing production and testing
processes in real time. It can also improve security and work together without the barriers of distance.
In terms of operation and maintenance, problems and risks can be captured and fixed before they arise
with the support of metaverse technologies. It also offers a valuable tool for training and testing.

Example: Mercedes-Benz assembles Next Generation factories with the metaverse

Mercedes-Benz has announced that it is using the NVIDIA Omniverse platform to further digitalize
its production process [b-Shapiro].

With Omniverse, Mercedes-Benz planners can access the digital twin of the factory to review and
optimize the plant and synchronize plant locations anywhere in the world. The metaverse
technologies can help this automaker reduce waste, decrease energy consumption and continuously
enhance quality.

8.2.2 Tourism

Digital technologies have been implemented in the tourism industry for decades. With the onset of
the COVID-19 pandemic, digital services were expanded in the tourism sector and virtual tourism
advanced during the lockdown. A smart tourist destination is one that is innovative, consolidated on
cutting-edge technological infrastructure, which guarantees the sustainable development of the tourist
territory. It promotes accessibility for all and facilitates interaction and integration of the visitor with
the environment, so increasing the quality of their experience in the destination and improving the
quality of life of the residents [b-U4SSC]. The metaverse will further accelerate digital transformation
to smart tourist destinations.

Example: Yabu opening of a Virtual Yabu in the metaverse

The Japanese city of [b-Yabu] opened its Metaverse Virtual Yabu in June 2022. The local government
worked with an entertainment company in Japan, Yoshimoto Kogyo One, to build the virtual space.
It recreated the city's tourism resources in the metaverse and plans to hold events that connect the
virtual space and the real world in the future.

According to the Yabu Government website, Virtual Yabu allows users to see the remains of Akenobe
Mine and enjoy the mining game. It also provides virtual experiences of other sightseeing spots. Users
can access the metaverse with or without VR devices.

8.2.3 Banking

Most banking transactions have been moving online in recent decades. The metaverse offers an
opportunity for banks to provide a more engaging experience, and differentiated products and services
for customers. In addition, as one of the key technologies in the metaverse, blockchain also impacts
the financial industry with new age transactions and lending.

Banks are already launching projects in the metaverse, e.g., KB Kookmin Bank in the Republic of
Korea is building the KB Metaverse VR branch testbed where customers can access bank services in
the metaverse via VR devices [b-Zelealem]. Another example is Shinhan Bank, which is working
with Korea Telecom (KT) in a wide range of digital services. KT plans to integrate Shinhan's financial
infrastructure into its metaverse platform and is exploring the possibility of integrating commercial
real estate services [b-Wood].

Example: JPMorgan opening of a bank branch in the metaverse

JPMorgan opened a "lounge™ in Decentraland in 2022, and thus became the first bank to establish a
presence in the metaverse. The lounge shows the bank's blockchain accomplishments and videos of
e-commerce and financial technology forum.
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The company's ambitions are not limited to a virtual bank branch. According to its report on
Opportunities in the metaverse, the virtual real estate market could start seeing banking services much
like the services in the banks in the physical world, including credit, mortgages and rental agreements
[b-Morgan].

8.2.4 Healthcare

On the health care metaverse, according to [b-Brown], 81% of healthcare executives surveyed
worldwide say that they think the metaverse will impact their organizations positively.

Metaverse can be used to train healthcare professionals, including practising surgery on virtual
patients and making training more accessible to students in remote areas. Telemedicine will be
another key application for health care in the metaverse. According to [b-Marr], more than 90% of
healthcare facilities can provide patients with remote consultations after 2020, and the metaverse will
open new possibilities for remote consultations and treatments.

Moreover, those frontier technologies of the metaverse could allow professionals to peek inside
patients' bodies to detect, diagnose and treat them. Furthermore, medical professionals could explore
and determine the best possible procedure in the 3D virtual environment and use that information to
improve the treatment.

Example: MeTAI ecosystem

A research paper published in Nature Machine Intelligence proposed a metaverse of 'medical
technology and Al' (MeTAl), which can facilitate the Al-based medical practice, especially medical
imaging-guided diagnosis and therapy: virtual comparative scanning (to find the best imaging
technology in a specific situation); raw data sharing (to allow controlled open access to tomographic
raw data); augmented regulatory science (to extend virtual clinical trials in terms of scope and
duration); "metaversed" medical intervention (to perform medical intervention aided by metaverse)
[b-Wang].

8.25 Transportation

The industrial metaverse can be implemented in the transportation area from two perspectives:
providing an immersive metaverse experience to drivers and passengers, and providing transportation
system operation and management platforms. The metaverse can enable a more intelligent, efficient
and sustainable transportation network by leveraging digital twins of physical infrastructure and Al
automation. Although the future of transportation in the metaverse is unclear, industries have already
started to launch pilot metaverse projects, from vehicle manufacturing to transportation management.

Example: MTR enters the metaverse

Hong Kong's MTR Corporation announced its partnership with the Sandbox and became the first
transport operator to enter the metaverse [b-MTR]. The MTR plans to build a virtual railway space
such as a railway station and railway museum in the metaverse, and provide immersive experiences
through gamification. The company has bought land in the Sandbox metaverse to build a virtual
station as a replica of the physical railway station. The MTR aims to enhance the interaction with the
community and seize opportunities that would be added to the real world.

8.3 Accelerating digital transformation for cities and communities through the metaverse

The third metaverse scenario is focused on cities and communities. By 2050, 70% of the world's
population is expected to live in urban settlements. At the same time, cities account for between 60%
and 80% of energy consumption and generate as much as 70% of human-induced greenhouse gas
emissions [b-UN-Habitat]. The COVID-19 pandemic has accelerated the rise of virtual services and
communities. The growth of digital experiences and the real-time virtual environment have laid the
groundwork for the metaverse.
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According to the UN Deputy Secretary-General's remarks at the High-level Meeting of the General
Assembly on the Implementation of the New Urban Agenda, cities are engines of growth, innovation,
culture and knowledge. Cities are generally where productive firms and key institutions are located
and where innovative technologies and applications are developed and initially adopted, e.g., mobile
Internet. Cities could provide an ideal platform for implementing these technologies to support the
vision and development of the metaverse.

The metaverse could provide opportunities to improve urban design, increase citizen participation,
improve operational efficiency, optimize energy consumption and enhance the capability of disaster
and emergency management. It might even make changes to the forms of governance.

The metaverse will improve urban efficiency and generate new value to cities in the physical world.
In addition, it will also enrich the physical experiences of citizens and create new virtual experiences.

Although the metaverse is still in its early stage, several cities have already identified the importance
of this trend. Indeed, the metaverse has been pioneered in cities around the world. The metaverse has
been mentioned in city development plans several times. Some cities have even launched metaverse
plans to stay one step ahead and are prepared to enter the upcoming metaverse era. These plans and
implementations of the metaverse will raise confidence for cities to move towards the metaverse.

8.3.1 The Republic of Korea aims to create its metaverse ecosystem

According to the Ministry of Science and Information and Communications Technology of the
Republic of Korea, the country will spend at least USD 186.7 million to create its metaverse
ecosystem, with the potential to create 1.5 million job opportunities [b-Chittum]. To support the
development of the metaverse, the country also plans to produce more than 40 000 professionals
specialized in this area. The government set four goals: activating the ecosystem for metaverse
platforms; nurturing professionals; fostering companies; and establishing a safe environment for
metaverse users.

The Republic of Korea emphasizes the following applications: arts; culture; education; K-pop; and
tourism. It plans to establish a metaverse academy and organize metaverse development competitions
to build a creative culture and encourage the participation of citizens and companies. The government
will launch a new metaverse hub to provide space and facilities to support start-ups and provide
financial support via a metaverse fund.

Additionally, the Electronics and Telecommunications Research Institute (ETRI), together with the
Korea Information and Communication Technology Association, will start developing an ICT
convergence standard framework for the metaverse [b-Kim].

Despite this support for technological development, the government plans to draft a set of ethical
principles, and will create a pan-governmental body to review and revise related laws and regulations.
The Korea Information Society Development Institute report, [b-KISDI], identified 10 principles for
the future-oriented regulations of platforms in the metaverse era such as approaching all platforms on
a case-by-case basis and joining the global efforts to harmonize regulations.

Seoul is the capital city of the Republic of Korea. In November 2021, the city launched a 5 year plan
to build Metaverse Seoul [b-SMG]. Seoul aims to become the first city to enter the metaverse (see
Figure 6). The plan involves seven areas: economy; education; tourism; communication; city;
administration; and infrastructure. This 5 year basic plan has three stages as follows.

. Introduction stage in 2022: Establish the platform and introduce services, including those for
the economy, education, tourism, public services, urban management, and conferences,
complete the creation of the platform and showcase it to the public.

. Expansion stage in 2023 and 2024: Establish an online general civil service office. Once the
virtual service office is completed, citizens may meet avatars of public officials, resolve their
civil complaints and benefit from consultancy services without physically being present at
the City Hall. Also, Seoul's famous tourist attractions will be created virtually on the platform
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as a "special zone for a virtual tour.” Destroyed historical sites such as Donuimun will be
reanimated in the virtual space.

. Settlement stage in 2025 and 2026: Further enhance the civil service and tourist services.

G MEHA ME
845

Figure 6 — Metaverse Seoul: Virtual municipal world

8.3.2 Dubai aims to become a global hub for the metaverse community

Dubai launched its metaverse strategy in July 2023, aiming to turn Dubai into one of the world's top
metaverse economies, as well as a global hub for the metaverse community. The metaverse is
expected to add USD 4 billion to annual GDP and 40 000 jobs to the country's workforce by 2030
[b-DFF].

The city plans to foster metaverse innovation and economic contribution, cultivate metaverse talent
through education and training, develop metaverse use cases and applications in the Dubai
Government, and adopt, scale and globally advocate for safe platforms. The metaverse strategy will
focus on four key sectors, namely tourism, education, government services, and retail and real estate.

In addition to the strategic plan, some metaverse projects have been adopted in public service. For
example, the Ministry of Health and Prevention launched a metaverse Customer Happiness Service
Centre where citizens can request information, submit documents, pay fees, etc.

Dubai's strategy is also supported by governance and regulations to resolve concerns on issues such
as security and privacy, to name but two. Dubai's Virtual Asset Regulatory Authority, which has been
established recently, aims to empower investors and increase awareness about virtual asset services
and products, and encourage innovation to promote real opportunity. It is a significant step towards
regulating the expansive global virtual assets in the metaverse.

8.3.3  Chinese cities release policy documents promoting metaverse development

China has also noticed the opportunities in the metaverse. The China Mobile Communications
Association created the Metaverse Industry Committee in December 2021, during the World
Artificial Intelligence Conference, which took place in Shanghai. A metaverse experience hall was
shown at the 2022 China International Fair for Trade in Services. In addition, several cities have
released their action plans and other policy documents on the metaverse.

Shanghai is one of the biggest cities in China. The Shanghai City Department has released its 5 year
development plan in electronic information manufacturing industry, which includes encouraging
metaverse use in public services, business offices, etc.
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[b-Cheng] mentions “encouraging the application of the metaverse in areas such as public services,
business offices, social entertainment, industrial manufacturing, production safety and electronic
games". It will promote the development of related metaverse technologies and businesses.

In July 2022, the Shanghai City Government released another policy paper on Shanghai's "Metaverse"
New track action plan (2022-2025) [b-SMPG]. It aims to build the metaverse industry to CNY 350
billion by the end of 2025, and promote the city's digital transformation through building more than
50 pilot metaverse applications and more than 100 leading products and services. The strategy focuses
on developing the technical infrastructure, cultivating metaverse applications and scenarios and
building an innovative ecosystem. Key scenarios include new business, education, culture and
tourism, entertainment, manufacturing, health, work and city governance.

The Fengxian district, a new suburban district in Shanghai, has become the first to launch a metaverse
city hall. This project is a collaboration with a digital entertainment company based in Shanghai that
aims to provide digital services to citizens in the future.

8.3.4 Barbados plans to launch the first metaverse embassy

Barbados is an island country in the Lesser Antilles of the West Indies, in the Caribbean region of the
Americas. It plans to legally declare digital real estate sovereign land by establishing a metaverse
embassy.

The Barbadian Ministry of Foreign Affairs and Foreign Trade signed an agreement with
Decentraland, which provides a fully digital world, to establish this metaverse embassy. With the
release of the embassy, Barbados will become the first country in the world to recognize digital
sovereign land. As mentioned by His Excellency Mr Gabriel Abed, Ambassador of Barbados to the
United Arab Emirates, establishing embassies in the metaverse could support more diplomatic
missions for Barbados to achieve diplomatic parity and could save costs compared to the
establishment of a physical embassy [b-Wyss].

The metaverse embassy for Barbados could empower developing countries to: gain diplomatic
representation without vast budgets and infrastructure; create immersive virtual experiences for
diplomats, investors and habitants; expand the reach of diplomacy to promote culture, tourism and
investment to the world; and manage multiple diplomatic missions with non-resident ambassadors.

8.3.5 Europe’'s plan to thrive in the metaverse: People, technologies and infrastructure

The European Commission recognized that not one but many metaverses are being built and fosters
the metaverse from three perspectives, people, technologies and infrastructure [b-EC]. It aims to build
the metaverse centred on Europe's values and rules through developing standards, increasing
interoperability and maximizing impact of different stakeholders.

To master the metaverse technologies, Europe is building an ecosystem based on existing capabilities
in emerging technologies. The Virtual and Augmented Reality Industrial Coalition was launched in
2022, bringing together stakeholders from key metaverse technologies. In addition, construction of a
more resilient connectivity infrastructure is expected to shape the metaverse.

A briefing [b-EP] analyses the policy issues on competition, data protection, liabilities, financial
transactions, cybersecurity, health, and accessibility and inclusiveness.

In addition, a European Commission initiative, Global Gateway, has been launched to boost smart,
clean and secure links in digital, energy and transport, and strengthen health, education and research
systems worldwide [b-EC-GG]. The metaverse is being used to enhance the immersive experience.

8.3.6  The Pacific nation of Tuvalu is planning to upload itself to the metaverse

The world is undergoing severe climate change and urgent action is needed to address this. According
to the Intergovernmental Panel on Climate Change [b-IPCC], there is high confidence that beyond
2040, and depending on the level of global warming, climate change will lead to numerous
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irreversible risks to natural and human systems. Cities, inhabitants and infrastructures will be put at
high risk with further global warming. Climate change mitigation and environmental protection
involve policymakers, government, civil society and the private sector.

The first step would be to raise awareness of this urgent issue. The metaverse, which makes a digital
replica of the real world, with the support of a set of digital technologies and ICTs, can provide a
platform to simulate and test city responses to any future climate change scenarios. In addition,
cutting-edge frontier technologies such as Al, digital twin or robotics can contribute to mitigation.
Metaverse, as an aggregate of these emerging technologies, could be used to analyse and simulate the
impacts of climate change and test a set of action plans to combat climate change.

Responding to the existential threat of rising sea levels, Tuvalu launched Tuvalu's Future Now
Project, a new initiative by the Ministry of Justice, Communication and Foreign Affairs, in 2021
[b-Tuvalu]. The country is planning to create a version of itself in the metaverse. It will create a digital
twin of the country in the metaverse to preserve its nature and culture. The project aims to raise
awareness of climate change. See Figure 7.

The metaverse presents a wide range of examples across different industries, and the potential for
even more innovative applications is vast as the technology continues to develop.

Figure 7 — Tuvalu's foreign minister unveils plans to turn the country into a metaverse

8.3.7 Japan is preparing for the spread of metaverse in cities and communities

The potential market for metaverse is considered large, and one study predicts that its global value
will reach USD 678.8 billion in 2030, about 17 times the 2021 level. Some potential problems that
are not yet apparent could arise when there are many more users.

In August 2022, the Japanese Ministry of Internal Affairs and Communications (MIC) established
the Study Group on the Utilization of Metaverse towards Web3 Era in order to examine use cases of
metaverse and to identify such potential problems. The draft report, "Study Group on the Utilization
of Metaverse towards Web3 Era,” compiled in June 2023, addresses the challenges of promoting
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metaverses in cities and communities, and proposes solutions [b-MIC]. In the future, the MIC plans
to take the necessary measures to promote safe and secure metaverse based on the published report.

In May 2020, KDDI Corporation, Shibuya Mirai Design Corporation, and Shibuya Ward Tourism
Association Corporation unveiled the Shibuya Ward Certified Virtual Shibuya, a reproduction of
Shibuya, one of Tokyo's most famous wards, on the Metaverse (see Figure 8). Taking advantage of
this experience, the Virtual City Consortium established the virtual city guideline in April 2022,
which is a private-sector guideline for urban-linked metaverse and guidelines for building metaverse
[b-KDDI]. The following five items are discussed, and the results will be included in the virtual city
guideline for the development of communication among users using avatars, user-centric search
activities, and economic activities in cooperation with existing cities when constructing city-linked
metaverse:

. activation of the creator economy;

. user generated contents copyright;

. avatar protection;

. avatar portrait rights and publicity rights;
. virtual properties.

Figure 8 — Shibuya Ward certified virtual Shibuya

9 The key elements of the metaverse

It is clear that in addition to the technical infrastructure, the metaverse also includes a range of social
and economic structures. To facilitate a healthy development of the metaverse, underlying
technologies, and regulatory and economic implications are both important.

9.1 Underlying technologies

Different models have been proposed by different organizations and individuals to organize the
metaverse components, differing on emphasis and granularity. Examples are the metaverse ecosystem
of [b-Deloitte], the five layers of the value creation model in [b-WEF], the seven layer model of
[b-Radoff], and 10 layer model of [b-McKinsey]. Five core building elements, infrastructure, human
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augmentation, digital identity, economic enablers and ecosystem, have been introduced in ITU and
the UNWTO Executive Briefing on metaverse [b-EBMV]. See Figure 9.

Ecosystem
Economic
1 Infrastructure Enablers 4
I
2 Human Digital 3
Augmentation il Identity

Figure 9 — Five elements model of the metaverse

Based on connectivity and computing infrastructure, users can access the metaverse and explore the
virtual and physical worlds seamlessly with the support of human interfaces and various software and
hardware platforms. Enabled by digital identity and decentralized finance technologies, the metaverse
can provide various immersive experiences, creating profound impacts on the economy and on
society by gradually fostering a new digital ecosystem. The five building elements of the metaverse
consist of the following concepts and technologies.

Infrastructure: networks and connectivity, computing power, graphic processing units,
storage capacity, sensing or perception, cloud or edge infrastructure, semiconductor (chips
Or processors).

Human augmentation:

— mobile devices: headsets (VR), smart glasses (AR), other wearables, haptics,
holographic, brain-machine interface;

— creation platform: interaction platform, content moderation platform, 3D design or
modelling, game engines, Al or machine learning services, creator tools, search/visual
search;

— asset: 3D interoperable assets, asset market.

Digital identity: avatar, agent, multiuser and multitasking, social graphs, rating, social
curation, security, privacy.

Economic enablers: decentralized, blockchain, cryptocurrency, NFT, commerce,
advertising, payment, transactions.

Ecosystem: entertainment, shopping, education, games, e-sports, industrial applications,
regulation, governance, ethics.
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9.2 Regulations and economic competitions

As the metaverse continues to evolve and expand, there are increasing calls for regulation to ensure
that its development and operation is safe, secure and ethical. However, regulating the metaverse is
complex as it involves a wide range of stakeholders, including governments, industry players and
users.

One of the main challenges is that the metaverse could be operated across multiple platforms and
countries in a decentralized manner. However, most traditional regulatory frameworks are based on
geographic boundaries and centralized authority, which may not be suitable for the metaverse.
Another key area of concern for regulation is the issue of safety and privacy. As the metaverse
involves large-scale data collection and processing, it is important to set regulation to ensure the
safety, privacy and well-being of users. In addition, regulations on diversity and inclusivity are
important to avoid the potential for the metaverse to exacerbate existing social and economic
inequalities.

With the huge market opportunities, the metaverse is expected to become a major part of the digital
economy in the future. One of the primary drivers of the metaverse economy is the creation and sale
of virtual goods and services. These could include virtual real estate, digital assets, as well as digital
experiences. Digital currency is also an important element in the metaverse. Many existing virtual
platforms already have their own currencies, which can be used to purchase goods and services within
the platform. The economy in the metaverse is likely to be complex and dynamic. Furthermore, its
economy can interact with the real-world economy and affect the lives and livelihoods of people
around the world. Regulations on consumer protection, anti-monopoly measures, intellectual property
rights, digital currencies, taxation and other aspects will be needed to shape healthy and sustainably
economic competitions in the metaverse.

Overall, regulating the metaverse will require a collaborative and multi-stakeholder approach that
balances innovation and growth with the need for consideration of safety, security, ethics,
sustainability, accessibility and equity.

10 The role of international standards

Interoperability will be essential to provide a seamless and immersive experience between
metaverses. Several large technology companies have undertaken actions to create toolsets to design,
build and operate their versions of the metaverse with some open standards. Still, it is difficult to
relinquish their sense of proprietary ownership. As a result, widely recognized and freely accessible
standards will be more effective for interacting and cooperating across different multiverses. By
creating a set of standards for these multiverses, it will promote a faster and more secure environment
for the sharing of content and data. It will stipulate the effective functioning of the metaverse,
guaranteeing interoperability between different virtual worlds to provide a seamless user experience.

A new ITU-T Focus Group on metaverse (FG-MV) was established in December 2022 to work
towards international technical standards for the metaverse, laying the groundwork for technical
standards that can help create underlying technologies and business ecosystems (Table 2). The
establishment of the Focus Group was supported by 193 ITU Member States and more than 900
companies, universities, research institutes, as well as international and regional organizations.
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Table 2 — ITU-T Focus Group on metaverse

The Focus Group on the metaverse was established as an
ITUT : ITU-T Telecommunication Standardization Advisory
Focus Group pE e Group (TSAG) in December 2022.

on metaverse ok .
(FG-MV) il S FG-MV provides an international collaboration platform
RS for dialogue and aims to develop a roadmap for setting
technical standards to make metaverse services and
Gw  applications interoperable, enable a high-quality user
experience, ensure security and protect personal data.

The FG-MV analyses the technical requirements of the metaverse in order to identify fundamental
enabling technologies in areas from multimedia and network optimization to digital currencies, the
Internet of things, digital twins and environmental sustainability.

To facilitate the discussion and collaboration, eight working groups have been established under the
focus group as follows.

. Task Group — Collaboration

. Working Group 1 — General

. Working Group 2 — Applications and services

. Working Group 3 — Architecture and infrastructure

. Working Group 4 — Virtual/real world integration

. Working Group 5 — Interoperability

. Working Group 6 — Security, Data and personally identifiable information (PIl) protection
. Working Group 7 — Economic, regulatory and competition aspects

. Working Group 8 — Sustainability, accessibility and inclusion

The focus group coordinates with governments, industry and academia, and collaborates with other
standards development organizations (SDOs), as well the UN family, to establish an agreed
foundation for open, inclusive and interoperable metaverse standards, which will ensure that the
metaverse contributes to sustainable digital transformation for the benefit of all users.

Although the metaverse is still evolving, there are already some other organizations and initiatives
working on developing standards and guidelines for the metaverse. Examples follow.

. The World Economic Forum (WEF) has launched an initiative to define and build the
metaverse to develop and share actionable strategies for the creation and governance of the
metaverse.

. The Metaverse Standards Forum has been established to provide a venue for cooperation

between organizations and companies to foster the development of interoperability standards
for an open and inclusive metaverse.

. SDOs: The Institute of Electrical and Electronics Engineers (IEEE) has established the
Metaverse Standards Committee (CTS/MSC), Computer Society SAB SC Metaverse SG
(MSG), etc. The International Organization for Standardization (ISO) and International
Electrotechnical Commission (IEC) have also worked in this area, e.g., in the Joint
Standardization Evaluation Group (JSEG) on the metaverse. The World Wide Web
Consortium (W3C) has established an (Open) Metaverse Interoperability (OMI) Community
Group.

The standardization landscape of the metaverse is still emerging, and will be important for
stakeholders to work together to develop open, transparent, and interoperable standards that enable
the growth and development of the metaverse.
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11 Metaverse for SDGs

Digital inequality is clearly evident between urban and rural communities, among different
socioeconomic groups, across less economically developed countries compared to their more
economically developed counterparts, and between individuals with varying levels of education,
disability and age. There is a critical need to ensure that the metaverse is developed in a way that
builds an accessible, safe and secure space for all, leaving no one behind.

The metaverse has the potential to provide greater access and inclusivity across social boundaries. It
is crucial to be mindful of the potential for widening the digital divide.

The 17 SDGs have been determined by the member states of the United Nations to find solutions to
the challenges that concern humanity. The SDGs are fundamental, affecting our planet and society;
cities, organizations and industry have been increasing awareness and driving change by employing
various technologies. While the metaverse is still in its infancy, there is already potential to advance
the SDGs. See Figure 10.

Partnerships for Good Health
the Goals and Wellbeing

SDG 16: SDG 4:
Peace, Justice Quality
and Sirong Education

Institutions Metaverse

for SDGs

5DG 12: S
Responsible T
Consumption and o Poverty

Production

SDG 13: SDG 9:
Climate Action Industry,
Innovation and
Infrastructure

Figure 10 — Metaverse for SDGs
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The metaverse could be harnessed effectively to transform and enhance education, improve the
livelihood of inhabitants and generate income, provide access to public and private services,
strengthen global cooperation and community building, boost citizen engagement, and enable new
cooperative and collaboration models. Examples follow.

12

SDG 1: No poverty. The metaverse can provide new opportunities for income generation and
economic empowerment. It can also support skills development and entrepreneurship,
enabling individuals to access new markets and increase their income.

SDG 3: Good health and well-being. The metaverse can play a significant role in achieving
this goal by enabling people to access health and wellness services, including virtual therapy
and telemedicine. It can also facilitate access to health education and raise awareness about
health-related issues. Additionally, it can provide a platform for research and development
of new technologies and treatments to improve health outcomes.

SDG 4: Quality education. The metaverse can support access to education and lifelong
learning opportunities, particularly for people who are unable to attend in-person classes due
to financial, geographic or other barriers. It can also promote greater inclusivity and diversity
by providing a virtual space for people from different backgrounds to connect and
collaborate.

SDG 9: Industry, innovation and infrastructure. The metaverse can serve as a platform for
innovation and experimentation. It has the potential to promote sustainable industrialization,
foster innovation, and build resilient infrastructure.

SDG 11: Sustainable cities and communities. The metaverse can contribute to sustainable
urban planning and infrastructure by providing a platform for city planners and architects to
test and refine their designs in a virtual environment before implementing them in the real
world. This can lead to more efficient and environmentally friendly buildings and
infrastructure.

SDG 13: Climate action. The metaverse can provide a platform for sustainable virtual events
and activities, reducing the need for physical travel and minimizing carbon emissions. It can
also support education and awareness-raising campaigns on climate change and its impacts,
promoting behaviour change towards more sustainable lifestyles.

SDG 17: Partnership for the goals. The metaverse can contribute to achieving this goal by
providing a platform for collaboration and knowledge sharing among diverse stakeholders.
Additionally, it can facilitate cross-border communication and cooperation, supporting the
implementation of sustainable development initiatives and the sharing of best practices.

Conclusion

While there is increasing interest in the development of the metaverse, it is important to acknowledge
that the unfolding and ultimate shape of the metaverse remain uncertain at the time of publication. As
with any new technology, the development of the metaverse raises important questions and
considerations that will need to be addressed. It is important to continue to explore its potential and
engage in dialogues and studies of the metaverse. ITU-T has entered the exploration phase of the
metaverse and will continue to collaborate with various stakeholders to build the metaverse for the
benefit of all and accelerate achievement of the SDGs.
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