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Abstract
The evolution of the Internet has transformed the world, representing a continu-
ously expanding revolution driven by technological and infrastructural develop-
ments. With the advent of Web 4.0, both new opportunities and challenges have 
progressively emerged. One of the most promising technologies of this novel era 
is the metaverse, which holds enormous potential, particularly in the fields of edu-
cation and medicine. However, such an evolution risks exacerbating social prob-
lems and discrimination, as the increasing reliance on advanced technologies for 
fundamental, daily tasks can intensify the current digital divide. This phenomenon 
occurs when people lack access to necessary technologies due to economic, so-
cial, or geographical barriers. The purpose of this study is to examine the concept 
of “digital divide” in relation to the metaverse and explore potential future-proof 
solutions offered by the integration of large constellations of satellites, commonly 
referred to as “mega-constellations,” in the Internet infrastructure to contribute to 
bridging the digital divide.
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1  Introduction

Since its birth, the Internet has been a real revolution for the world. Ever since the 
World Wide Web was introduced in 1991, this technology has slowly changed our 
lives, performing many functions that were previously done manually or simply did 
not exist. Its growth has been as rapid as it has been inexorable. Initially, in the era 
of the so-called Web 1.0, such technology was reserved for a few people who had the 
necessary skills and tools to use the Web. It was still a ‘read-only web,’ as defined 
by Berners-Lee. Users could only access content without creating interaction; pages 
could only be consulted.

Since 2000, we have been entering the Web 2.0 phase. In this stage, called the 
‘read-write web,’ even non-technical users could interact on websites. This is the 
period in which the first social networks were born, which subsequently paved the 
way for the advent of Web 3.0, a phase of Internet enhancement, mainly character-
ized by an increasing emphasis on data. It is the juncture of the massive development 
of the Internet, which will be used by almost 6 billion people by 2024 (DataReportal 
and Meltwater, 2024).

This is also the phase in which many services become exclusively (or almost) 
digital. It is the case, for instance, of home banking, car and bike sharing apps, deliv-
ery, etc. This stage, however, is about to pass, reaching the Web 4.0 phase. The goal 
now is to make the Internet more interactive and user-friendly; it will be built on the 
foundation of decentralized networks and applications using blockchain technology, 
coupled with machine learning and artificial intelligence (AI) that would help build 
more intelligent and adaptive ecosystems. The technologies that characterize this 
period are mainly accessible AI, augmented or virtual and mixed reality systems, and 
the metaverse. It is precisely this last concept that is the focus of this paper.

Neal Stephenson coined the term “metaverse” in his 1992 book Snow Crash. The 
word “meta” (transcendence) and the suffix “verse,” which stands for “universe,” 
are combined to form this concept. Still, other scholars assert that the metaverse’s 
history dates back beyond. They make reference to immersive, multisensory theaters 
from the 1950s (Momtaz, 2022), flight simulators from the 1920s (Mystakidis, 2022), 
videogames from the 1970s (Lee et al., 2021), or Jaron Lanier’s virtual reality experi-
ments (Mystakidis, 2022; Walsh & Pawlowski, 2002; Lanier, 2014). The metaverse 
concept is therefore not new, nonetheless, the hype it has enjoyed in recent years is 
partly due to Mark Zuckerberg’s announcement in 2021, which outlined his vision 
for the future of Facebook, formalizing the company’s focus on the metaverse and his 
rebranding as “Meta.” After this declaration, the metaverse began to receive increas-
ing attention and many wondered what the ‘metaverse’ would look like.As per the 
definition that the Council of the European Union and the European Parliament have 
agreed upon, “the metaverse can be described as an immersive and constant virtual 
3D world where people interact using an avatar to carry out a wide range of activi-
ties.” Matthew Ball, a leading author on the subject, has instead defined the metaverse 
in more detail as a “massively scaled and interoperable network of real-time rendered 
3D virtual worlds and environments which can be experienced synchronously and 
persistently by an effectively unlimited number of users with an individual sense of 
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presence, and with continuity of data, such as identity, history, entitlements, objects, 
communications, and payments” (Ball, 2022).

After the Web and mobile Internet revolutions, the metaverse is acknowledged as 
a growing paradigm of the future generation Internet where users can live as digital 
natives and experience an alternate life in virtuality (Grider & Maximo, 2021). It 
combines the worlds of virtual reality (VR) and mixed reality (MR), which can be 
accessed via a browser, smartphone, or headset (Hine et al., 2024). Furthermore, it 
combines four distinct digital concepts—social media, blockchain, eCommerce, and 
virtual worlds—to enable real-time interactions and experiences.

The metaverse, nevertheless, requires advanced hardware, software, and infra-
structure technologies to function effectively. From a hardware perspective, since 
VR and MR are essential components of this technology, users will need special-
ized equipment to enjoy a complete and satisfactory experience. The same applies 
to computers, which will require adequate processing power and graphic capabilities 
to enable effective use of the metaverse. On the infrastructure side, a fast internet 
connection will be indispensable. The latter, in particular, represents one of the most 
significant obstacles, especially in certain geographic areas. To address such a hin-
drance, it will be of utmost importance to further enhance the capacities of existing 
Internet infrastructure and to develop new ones (Haihan et al., 2021).

All these elements, in practice, make the metaverse less accessible. Accessibility 
becomes even more challenging for users in unfavorable economic or geographic 
circumstances, giving rise to the so-called ‘digital divide:’ a mechanism of discrimi-
nation based on the ability to use specific technologies and interact easily within the 
digital world. This divide can affect individuals, groups, and entire communities, 
even extending to whole countries and regions (Hernandez & Roberts, 2018).

Finding appropriate solutions to a problem that grows in complexity as society 
becomes progressively saturated with technology is ambitious. It would also be 
overly presumptuous to believe that a single remedy could address this issue. Conse-
quently, initiatives aimed at resolving (or at least mitigating) the problem must neces-
sarily be multifaceted and address various aspects. The paper aims to highlight how 
the development of the metaverse could exacerbate the digital divide and proposes 
a potential pragmatic-technological approach. This approach focuses on enhancing 
traditional cable-based Internet infrastructures while integrating the use of satellite 
constellations. Such a holistic strategy would allow for personal rerouting in case of 
damage to secondary infrastructures and access to the required Internet connection 
in areas where terrestrial infrastructure is not present, thereby ensuring speed and 
continuous access to Internet connections.

2  Metaverse connectivity requirements

As seen above, the main technologies that are involved in the development of the 
metaverse are AR, VR, AI, IoT, blockchain, and 3D reconstruction. Three ele-
ments are needed for the metaverse to be implemented on a large scale: (i) hard-
ware advancements (GPU memory, 5G, for example); (ii) the creation of a hardware 
parallel expression and recognition model; and (iii) content availability for users to 
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engage with and immerse themselves in. In other words, to create a successful meta-
verse, one necessitates powerful equipment capable of handling high-level graphics 
and performance, advanced algorithms capable of recognizing and reacting to user 
behavior, and a wide variety of interesting and interactive content that attracts and 
maintains user attention (Park & Kim, 2022).

Specifically, connectivity is closely related to the growth of virtual worlds and 
the metaverse. A 1,000-fold boost in processing efficiency over the state of the art 
will be required to develop genuinely persistent and immersive computing on a mas-
sive scale, accessible in real-time to billions of humansg. Despite the great advances 
made by technology in recent years, the metaverse is the next major connectivity and 
network infrastructure challenge in the evolution of the Internet. In a contest heavily 
based on graphics and immersive experience, the speed of computation and signal 
transmission becomes crucial. Thus, it can be argued that latency is the principal 
obstacle to the development of the metaverse.

Augmented reality (AR) applications require minimal latency due to their depen-
dence on head and eye movements. For instance, when wearing glasses, our eyes 
quickly adapt to new surroundings, taking in light particles within 0.00001 ms. How-
ever, a delay of 10–100 ms in receiving new information while using a VR visor 
could cause dizziness and diminish the user experience. This highlights why latency 
is one of the biggest challenges for networks aiming to build the metaverse. The 
problem is that there are currently few services or applications demanding ultra-low-
latency delivery, making it difficult for network operators and technology companies 
specializing in real-time delivery. To improve the user experience in AR-based appli-
cations, reducing latency is thus critical (Ball, 2022).

The delay in data transmission through fiber optic cables can be attributed to sev-
eral factors, one of which is the use of silica glass as a medium. It is a frequent mis-
conception that data transmitted over these cables travels at the speed of light, yet this 
is not entirely accurate. Even in cases where the cable is arranged straight, the light 
beams themselves do not follow a straight route, even though they move at the speed 
of light in silica glass. The reason lies in the fact that light is refracted by glass fibers, 
which differ from the vacuum of space, causing the light beam to bounce between 
the fiber’s edges in a zigzag pattern. As a result, the actual distance traveled by the 
light beam is approximately 31% longer than the straight-line distance, increasing the 
delay to 58–65 ms (Ball, 2022).

In addition, most Internet cables are not installed arbitrarily; instead, they must 
take into account cost/benefit calculations, geographical constraints, and international 
rights. Numerous nations and large cities consequently lack a direct connection. For 
example, Portugal is not connected to New York City via a direct underwater cable, 
while France is. Direct US traffic can reach Tokyo, while US traffic to India must tra-
verse many undersea cables on the Asian or Oceanian continents. It is possible to lay 
a single cable from the US to India, but it would have to travel hundreds —or perhaps 
thousands— of kilometers through Thailand, which would only address shore-to-
shore transmission. Moreover, as of December 2020, private sector entities possessed 
all 59% of the subsea cables. This can pose a risk not only to sovereignty (Ganz et al., 
2024), but also to accessibility to services that rely on these cables, whose price may 
be influenced or controlled by these entities.
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Contrary to popular belief, improving domestic Internet infrastructure proves to be 
harder than refining international Internet infrastructure. The process of installing or 
upgrading cables involves maneuvering around a variety of population centers, pro-
tected parks and lands, and a vast network of transportation infrastructure, including 
railroads and freeways. Each of these areas has its own political procedures, constitu-
ents, and incentives. Comparing the laying of a cable over a private-public mountain 
range to doing so over a seamount in international waters, the process is simpler.

It is appropriate to focus, in particular, on the characteristics of networking tech-
nologies operating in the metaverse. Networking technologies like 6G, software-
defined networking (SDN), and IoT enable huge real-time data transfer across virtual 
and real worlds, as well as between sub-metaverses, and ubiquitous network connec-
tivity in the metaverse. Massive metaverse devices with improved mobility support 
might benefit from pervasive, ultra-reliable, and real-time connectivity provided by 
Beyond 5G (B5G) and 6G.

3  The ‘Digital Divide’: concept and state-of-play

With such a massive development and use of technology, IT tools have become an 
everyday instrument in the lives of millions of people. The PC, the smartphone, or 
even the television, just to name a few examples, have become quotidian objects 
in our households—items, in many cases, indispensable. These tools have greatly 
improved our daily lives and work. Nevertheless, the spread of these devices and the 
consequent beginning of the ‘Internet age’ have had the side effect of creating a new 
layer of discrimination: the so-called ‘digital divide.’ This concept first appeared in 
1995, in the article entitled ‘Falling through the Net,’ published by the US National 
Telecommunications and Information Administration. Such a concept rapidly dis-
seminated throughout Europe. A plethora of definitions for it have been identified, 
but the most common definition runs as follows: “a division between people who 
have access and use of digital media and those who do not” (Van Dijk, 2020).

The digital divide may affect individuals, but it could also manifest itself between 
and within nations (such as between urban and rural areas). The substantial differ-
ences in Internet access among countries are made abundantly evident in the report 
on Internet penetration published by Statista. The percentage of people who have 
access to the Internet, as shown by the proportion of Internet users in a nation, is 
known as the Internet penetration rate. In developing areas, like Africa, the average 
rate falls below 50% (exactly 38% in 2024) (Petrosyan, 2024). In some other coun-
tries, it even falls below 20%, as observed in Burkina Faso and South Sudan.

There are several reasons why Internet penetration is important. First of all, it 
makes it easier to obtain vital information, which may be useful for purposes rang-
ing from job openings to economic expansion. Secondly, a nation’s contacts with the 
international community are greatly influenced by the Internet, facilitating effective 
communication and the development of alliances. Lastly, access to the Internet is 
essential to empower people to fight for basic freedoms and human rights.

Another metric that sheds light on the digital divide between countries is the own-
ership of smartphones. For instance, in 2022, approximately 82% of the population 
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in the United Kingdom owned a smartphone. This figure was 81% in the US and 
roughly 70% in China. Conversely, in countries such as Pakistan and Bangladesh, 
smartphone ownership drops drastically to around 30% (Newzoo, 2023).

Digital technology has become vital in modern society. Access to and utilization 
of digital media are prerequisites for enjoying societal benefits. In most developed 
nations, governments now expect citizens to have both an email address and access 
to the Internet (Van Dijk, 2020). When a population lacks access to the Internet, the 
digital divide inevitably widens, thereby diminishing the developmental potential of 
a country. For this reason, it is crucial to address the issue of the digital divide.The 
digital divide manifests at multiple levels, stemming from a deficiency in utilization 
skills (the capacity to operate and utilize digital media) or a challenge with physical 
access (the chance to use digital media by acquiring them privately in households or 
openly in communal settings). The three ideas of physical, material, and conditional 
access are differentiated in Van Dijk’s perspective.

As far as physical access is concerned, it cannot be denied that Internet access 
has significantly changed in the past two decades. Initially, a very limited number 
of people could own a PC and have access to the Internet. Many people used the so-
called ‘Internet cafes’ to access the Internet. Over time, the PC became commonplace 
in more developed states and so did the smartphone. In less developed countries, 
however, access to these devices and to a fast Internet connection was limited to just 
a few.

Beyond physical access, the idea of “material access” is more expansive. Van Dijk 
(2020) defines it as all the resources required to continue using digital media over 
time, such as subscriptions, auxiliary devices, power, software, and print essentials 
(such as ink and paper).

Conditional access represents the third and more restrictive idea. Frequently, con-
nections and devices alone are insufficient to obtain a certain service. All online users 
are aware of the several usernames and passwords demanded to access websites. The 
provisional access to specific computer and network contents, programs, or applica-
tions is referred to as conditional access. Payment or a specific role, membership, or 
an allowance necessary at work or school, and membership in organizations or activi-
ties are the criteria to be fulfilled. In the commercial and unreliable World Wide Web, 
entitlements and payment are becoming more and more significant (Van Dijk, 2020).

Therefore, the digital divide can be considered a form of discrimination, and, in 
recent years, with the continuous increase in technology usage, it has become a sub-
ject of mounting relevance. It could have an impact on a wide range of different 
population groups. Along with the digital divide, the following social groups are 
more likely to experience various forms of discrimination: Lesbian, bisexual, gay, 
transsexual, and intersex individuals (LGBTIQ+); the elderly; demobilized military 
personnel; people with disabilities; migrants, internally displaced people (IDPs), 
refugees, and stateless persons; workers in the informal sector; Indigenous people; 
Unattached Youth (NEETs); people from ethnic, caste, and religious minorities; and 
individuals living in rural areas.
There is more to the digital divide than just disparities in the Internet access. It also 
encompasses matters including literacy and language hurdles, societal conventions 
preventing certain individuals from using digital solutions, affordability, safety, 
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access to devices and infrastructure, and availability. The effects, in each of these 
fields, were effectively summarized by the United Nations (UN) as early as 2018. 
The following table expresses the meaning of the digital divide in terms of various 
concepts.
Divide Description
Access It starts with access or the lack thereof: although Internet penetration has in-

creased, it continues to be a key barrier as more people globally remain offline 
rather than online.

Affordability The gap between rich and poor affects affordability of ICTs and serves as an im-
portant difference in adoption within countries as much as between them.

Age Older people are generally using ICTs to a lesser extent than younger populations, 
despite the notion that they could benefit from online social and health services.

Bandwidth International bandwidth and the capacity to transmit and receive information over 
networks varies greatly between countries but also within them, limiting potential 
useful endeavours.

Content Relevant content in local language(s) is important to stimulate adoption.
Disability Those with disabilities face additional hurdles to use ICTs if websites are not 

compliant with web accessibility guidelines.
Education Like social divides, education and literacy rates are fundamental challenges to 

bridge digital divides.
Gender There is a small but persistent difference in online usage between men and women.
Migration Migrants may not possess the same levels of digital skills as the population in their 

new country and if they do, may be subject to content and language divides.
Location Rural and remote areas are often at a disadvantage in terms of speed and quality of 

services as compared to their urban counterparts.
Mobile Mobile devices provide opportunities to bridge the access gap but can also intro-

duce new forms of divides in terms of technology, speed and usage.
Speed The gap between basic and broadband access is creating a new divide as speed is 

important to reap the full benefits of a digital society.
Useful usage What people do with their access is a key difference in whether users take full 

advantage of ICTs, such as e-government services.
Note: The above table is intended to be illustrative and not exhaustive
Source: United Nations (2018, p. 34).

Both legislators and officials have also started to pay attention to the digital gap in 
recent years. For example, the Digital Equity Act was enacted by the US Congress in 
2021. This law mandates the creation of funding programs by the National Telecom-
munications and Information Administration to assist initiatives aimed at advanc-
ing digital inclusion and equity, and at creating capacity for state-led initiatives to 
enhance broadband adoption among citizens.

The European Union (EU) has implemented legislation to reduce the cost of high-
speed broadband networks and has introduced the Broadband State Aid Guidelines, 
accompanied by a new General Block Exemption Regulation. This regulatory frame-
work designates certain categories of aid, including aid for broadband infrastructure, 
as compatible with the internal market under specific conditions. Additionally, the 
European Parliament has adopted a resolution emphasizing the need to address and 
combat the digital divide to fully benefit from the Digital Single Market and ensure 
the inclusion of all citizens in the digital era, regardless of their income, social situa-
tion, geographical location, health, or age.
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Similarly, in May 2015, the Parliament also adopted a resolution expressing its 
support for the full implementation of the UN Convention on the Rights of Persons 
with Disabilities, which is the first human rights treaty to address access to Informa-
tion and Communication Technologies (ICTs), as outlined in its Article 9. As part of 
this resolution, the Parliament has urged the Council to expedite its work on the pro-
posal for a directive on the accessibility of public sector bodies’ websites (Negreiro, 
2015). Furthermore, the contrast to the digital divide is particularly prominent in the 
UN’s Agenda 2030. This highlights that the governments of numerous states indeed 
understand how relevant the problem actually is. To achieve the reduction of the digi-
tal divide, both legislative and, above all, technical solutions are needed, especially 
now that new technologies like the metaverse are taking on greater importance.

To date, the main practical application of the metaverse has been in the world of 
gaming. Platforms such as Fortnite are now among the most widely used platforms by 
gamers worldwide. It is estimated that by 2023 the average monthly users on Fortnite 
were 250 million. To these, the users of Roblox, Minecraft, and other smaller gaming 
platforms should be also added. Nonetheless, the metaverse cannot be reduced to the 
definition of a mere ‘game’ or ‘website,’ since it offers the possibility for millions of 
people to connect even thousands of kilometers away, but with much more realistic 
and active participation than in Web 1.0 and 2.0.

Moreover, in addition to creating possible new ‘applications’ from scratch, the 
metaverse will allow us to improve existing ones. Social networks and e-commerce, 
for instance, will benefit from a new dimension when the metaverse is fully opera-
tional. For this to happen, however, there is a prerequisite: a stable and fast Internet 
connection that can support the exchange of large amounts of data in the shortest 
period of time possible. Currently, this is the primary roadblock preventing the meta-
verse from developing.

Yet, the metaverse is also moving in other directions. Besides gaming, many com-
panies are investing in the implementation of the metaverse in areas such as educa-
tion, work, architecture, and recreation. But the potential applications are manifold 
and will continue to increase over time. One of the most interesting is related to the 
education sector. During the COVID-19 pandemic, millions of students were forced 
to attend classes remotely, which underscored all the critical aspects of such an edu-
cational system. A key issue was that some individuals, particularly those from low-
income backgrounds, found it difficult to access suitable devices to support their 
activity in the best possible way.

Additionally, this juncture demonstrated the need to have a quick and reliable 
connection, which many students felt they lacked at the time. In a domain where 
the physical presence of the professor is so important to the quality of teaching, the 
metaverse could be an excellent tool in the hands of educational institutions and stu-
dents. Witnessing interactive and immersive lessons via VR or extended reality (XR) 
could represent a useful addition to traditional teaching methods. Indeed, viewing in 
3D could simplify comprehension and memorization of concepts to a greater extent 
than simply reading a text. the metaverse also offers a viable alternative to exercises 
in particularly hazardous areas (e.g., training of firemen, doctors, or pilots).

The effect of the aforementioned on the numbers is that the education segment 
of the metaverse market is expected to experience significant growth in the coming 
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years. According to market research led by Statista Market Insight, the global virtual 
and augmented reality in education market size is expected to reach $24 billion by 
2030, with a Compound Annual Growth Rate. Already during 2022, metaverse edu-
cation accounted for 3.63% of the metaverse market revenue, while the number of 
users in the metaverse education segment is projected to reach 74.0 m users by 2030. 
It should be pointed out that the influence of technology on education is nothing new. 
If one thinks of the evolution of this field over the last 20 years, for example, with the 
introduction of tablets and interactive whiteboards, one understands the multifarious 
applications of technology in the area. Among these technologies, in the future, the 
metaverse may also be included.

Unfortunately, all the potential of the metaverse in the education sector comes up 
against an obvious obstacle: the need for significant resources to make effective use 
of it. In this instance, the difference with the entertainment sector is evident. Gaming 
may be a major part of many people’s lives, but it is still not of paramount importance 
to compete in the professional world. Education, on the contrary, is. To enjoy a good 
education in the metaverse, the student will in most cases need a VR or XR visor, a 
powerful PC, and a fast and stable internet connection. Elements that, in most cases, 
are not easily accessible.

It is no coincidence that the penetration for metaverse education is especially high 
in rich countries like Switzerland and Singapore, and it is lower in less economi-
cally and technologically developed countries such as India. South Korea is fund-
ing 40,000 professionals and 220 companies specializing in metaverse technology. 
In Japan, at N and S high schools — the largest online high schools in the country 
—, 7,000 students learn through VR headsets. Yet the high cost of these must also 
be considered. The Pohang University of Science and Technology (Postech) said it 
invests $300,000 a year to buy equipment and develop educational programs for stu-
dents and has pooled $500,000 to build classrooms that tap the metaverse. This is a 
cost that only a few universities in the world can afford.

Some authors believe that the digital divide will be overcome in the future with 
the decrease in the cost of devices. Quoting Matthew Ball’s words, “a decade ago, 
some worried that the adoption of superpowered mobile devices—most of which cost 
hundreds of dollars more than a “dumbphone”—would exacerbate inequality. The 
most frequently used example was that of iPads in education. What would happen if 
some students couldn’t afford the device and had to rely on “analog,” out-of-date, and 
impersonalized textbooks, while their wealthy peers (whether they sat beside them or 
in exclusive private schools miles away) took advantage of digital and dynamically 
updated textbooks? Such worries have been assuaged by the rapidly declining cost 
of these devices, as well as their ever-expanding utility. In 2022, a new iPad can be 
purchased for less than $250—making it cheaper than most PCs, even though it’s 
considerably more capable. The most expensive iPhone costs three times as much 
as the 2007 original, but the most affordable iPhone sold by Apple is 20% cheaper 
(40% cheaper after adjusting for inflation) and offers more than a hundred times the 
computing power. And none of these devices need to be bought for the classroom; 
most students already own one. This is the arc of most consumer electronics: they 
begin as a toy for the wealthy, but early sales enable more investment, which leads 
to cost improvements, which drive greater sales, which facilitate greater production 
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efficiency, leading to lower prices, and so on. VR and AR headsets will be no differ-
ent” (Ball, 2022).

Despite these considerations, however, some infrastructural issues remain which 
will influence and have an impact on the digital divide, such as device power and 
Internet speed. While everyone will be able to access the metaverse, not all users will 
be able to enjoy the same quality of experience.

4  Satellite Mega-Constellations as Metaversal Enablers: Addressing 
Opportunities and Regulatory Challenges

It cannot be disputed that expanding infrastructure capabilities will be crucial to fight-
ing the digital divide, by extensively providing cutting-edge technologies, among 
which VR and XR can be named. The success of the metaverse in the future will be 
determined by the capacity to sustain fast and reliable Internet broadband connection. 
Nevertheless, where the metaverse would offer the most social benefits, it is also 
where the infrastructure needed to sustain its functioning is most lacking.

As discussed above, the metaverse for educational purposes would provide the 
opportunity to bring high-level education to rural and poor areas, bringing water-
fall effects fostering economic and social growth. Alongside education opportunities, 
the metaverse is expected to play a key role in healthcare offerings, which forecasts 
predict could be worth $71bn USD by 2030. Telemedicine is a new form of medical 
assistance that has become more popular since COVID-19 (Shaver, 2022). In particu-
lar, the possibility to visit a patient through virtual reality would enable a new level of 
preventive approach to people’s well-care (Solaiman, 2023).

However, the quality of experience and the ability of access to the metaverse is 
subject to a set of challenges. Metaverse platforms must improve user experience 
and minimize entry barriers to increase uptake (Lu & Chang, 2022). Specifically, it 
could be attained through a reliant infrastructure ensuring access to the Internet, the 
expansion of such infrastructure to reach every node of the globe, and a high-speed 
broadband connection to deliver a seamless experience to achieve truly persistent and 
immersive services.

Mega-constellations of satellites in the Low Earth Orbit (LEO) can play an impor-
tant part in broadening connectivity capabilities and terrestrial infrastructure. These 
emerging technological eco-systems may aid in the expansion of the metaverse, 
allowing for universal access and acting as a relay infrastructure in case of failure 
of traditional ones, by resembling the fastest Internet broadband connection present 
today. Such constellations are placed between 350 and 1000 km from the ground sta-
tions, which enables the rapid exchange of data on assigned frequencies.

The aim of this paper is not to argue that large satellite constellations should sub-
stitute traditional terrestrial infrastructure, but rather that these systems could make a 
significant contribution in overcoming the challenges that hinder access to the Inter-
net, therefore bridging the digital divide where it is most needed Tricco, (2023). This 
is due to the fact that mega-constellations of satellites can expand fast Internet broad-
band access where terrestrial infrastructures face hurdles to reach. In addition, they 
can act as a double layer of the connectivity infrastructure, allowing decoupling of 

1 3

29  Page 10 of 26



Digital Society (2025) 4:29

access points to high-speed broadband connection. This provides redundancy in the 
event of terrestrial infrastructure failure (Ulybyshev, 2008).

Indeed, the North Atlantic Treaty Organization (NATO) recognized the strategic 
role of satellites, investing $2.5 million to make the Internet less vulnerable. This 
initiative aims to reroute information through space as a safeguard against disrup-
tions caused by attacks on or accidental damage to terrestrial infrastructure, such as 
undersea cables (NATO, 2024).

It follows that, within the scope of this paper, mega-constellations are identified 
as a chief instrument in enabling access to the metaverse in underserved regions and 
in sustaining the functioning of the Internet in case of breakdown of ground infra-
structure. These technologies have achieved a level of sophistication comparable to 
terrestrial cables in numerous instances (Burleigh et al., 2019). Although the concept 
of space communications as a democratizing force for Internet access has been theo-
rized, it does not appear to be a technically feasible solution (Kohn, 1997).

Initially, satellite communications relied mainly on the Geostationary Earth Orbit 
(GEO), where satellites are stationed at 36000 km above the Earth. Satellites located 
in GEO continuously cover specific large areas of the Earth, typical services being 
weather data or broadcast television. With a few satellites, it is possible to offer 
worldwide services to any part of the globe. Nonetheless, given the distance from 
the ground stations on Earth, a strong latency is experienced, which constitutes an 
integral element of communications services.

Instead, LEO satellites, due to their proximity to Earth, cover only a small por-
tion of the planet at a time. To overcome this limitation, they are deployed in large 
constellations. The result is a network of interconnected systems holistically rotating 
around the Earth at 26,000 km/h (or 9.8 km/s). This configuration enables compre-
hensive global coverage in any corner of the planet at any moment. Accordingly, 
these constellations provide the potential for low-latency communication, thereby 
allowing data to be transferred more quickly between ground terminals and satellites 
and enhancing connectivity with terrestrial infrastructure (Internet Society, 2022).

Notably, mega-constellations deliver connectivity specifications comparable to 
ground-based systems, albeit not yet surpassing the performance of most direct ter-
restrial cable connections (del Portillo et al., 2019). For example, SpaceX’s Starlink 
mega-constellation of satellites is claimed to offer a connection with a latency of just 
20–40ms1—in other words, on the order of typical submarine cables. In terms of 
capacity, the Starlink constellation provides better capabilities for satellites in GEO, 
but less so for submarine cables having a capacity of up to 200 tbps (Daehnick et 
al., 2020). However, the outlook is promising, with expected capacity increases on 
the horizon. According to SpaceNews, the Starlink constellation consists of approxi-
mately 6,000 satellites, with plans to expand to 42,000 satellites by 2035 (Pultarova, 
2025). As metaverse technologies mature and the cost of headsets decreases, the 
space-based connectivity infrastructure is expected to become more advanced, there-
fore supporting even greater capabilities.

The performance of such systems is only set to improve as communication tech-
nologies advance. The upcoming 6G connectivity will bring a new wave of progress, 

1 See ​h​t​t​p​s​:​​/​/​w​w​w​​.​s​t​a​r​l​​i​n​k​.​​c​o​m​/​l​​e​g​a​l​/​​d​o​c​u​m​e​​n​t​s​/​​D​O​C​-​1​4​0​0​-​2​8​8​2​9​-​7​0
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with “satcom” (i.e., satellite communications) playing an eminent role (Lin et al., 
2021). In addition, the space industry as a whole is at an influx point with expecta-
tions of becoming the next trillion-dollar industry (WEF, 2024), hence the rising 
investment in the development of new space technologies that will lead to a novel era 
of opportunities and connectivity.

4.1  Technical Limitations

Despite the benefits in utilizing satellite mega-constellations to bridge the digital 
divide highlighted ut supra, there are certain factors that act as a constraint. As 5G 
technologies emerge, it is becoming increasingly crucial to accurately determine the 
financial implications of providing these services. Particularly, the estimation of costs 
has evolved into a prevalent challenge in the deployment of telecommunication infra-
structures on a national scale (Sawad et al., 2023). This cost-related defiance is of a 
two-fold nature: (1) the cost of maintenance of the “satcom” infrastructure; and (2) 
the cost of access to backhaul bandwidth by developing countries.

In the first place, the cost of maintenance of the mega-constellations’ infrastructure 
represents an unavoidable hindrance. The financial outlay required to maintain and 
advance constellations is approximately $10,000 per pound (0.45 kg) launched (Grif-
fin, 2005). The aggregate cost of a mission, including all phases from inception to 
decommissioning, frequently exceeds billions of dollars (Pratt, 1999).

Nevertheless, the notable reduction in the scale and expense of hardware has facil-
itated the deployment of large-scale constellations at a competitive cost (Tepper and 
Morin, 2020). It could be argued, accordingly, that this limitation might be overcome 
by the company offering metaverse services developing their own satellite constella-
tion. By way of illustration, following SpaceNews, China announced in late 2023 its 
ambition to deploy two separate LEO communications mega-constellations, which 
have been described as low-cost (Jones, 2023).

In the second place, while fixed and mobile services are becoming gradually more 
affordable across numerous countries, the price of transiting and accessing backhaul 
bandwidth still represents a major obstacle for developing countries, especially those 
landlocked nations, as per the preamble of Resolution 137 (Rev. Bucharest, 2022) 
of the International Telecommunication Union (ITU). The recent advancements in 
satellite technology have given rise to a new category of cost-effective, LEO satellite 
networks, which are being launched to furnish enhanced coverage in rural and remote 
regions.

These innovations are positioned to be a key enabler in powering the backhaul 
of 5 G traffic. In comparison to terrestrial networks, satellites present a compelling 
solution for the backhaul of mobile infrastructure and the extension of connectivity 
to underserved areas. Unlike the former, satellites are not constrained by geographic 
distance or rights-of-way issues, providing satellite solutions with a clear advantage 
(Pallone, 2020). For instance, the Japanese conglomerate Softbank is leveraging sat-
ellite backhaul to deliver LTE services to isolated areas (Henry, 2016), whereas Meta 
is employing such technology to bring Wi–Fi connectivity to parts of Africa (Lee, 
2015).
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LEO satellites (especially, mega-constellations of satellites) have been therefore 
proposed as a solution for remote and landlocked areas, as they provide essential 
backhaul transmission services, facilitating both backbone connectivity and direct-
to-consumer television and broadband access. They can also serve as a valuable con-
tingency measure in the event of terrestrial systems failure or damage (ITU-D, 2022). 
That is, should an undersea volcano damage a submarine cable, as occurred in Tonga 
(Brice, 2024), or should other disasters disrupt the Internet network, LEO large satel-
lite constellations could prove invaluable as a backup system. Yet they remain unaf-
fordable for many low- and middle-income countries.

4.2  Legal and Policy Considerations

The deployment of satellite mega-constellations has been identified as a potential 
source of concern in two main areas (Tăiatu, 2019). Firstly, the current norms gov-
erning frequency assignment may prove insufficient to avoid the risk of spectrum 
hoarding and the creation of so-called “paper satellites” when applied to non-geosyn-
chronous (non-GSO) satellite systems.

This practice of “paper satellites” originated approximately forty years ago, with 
regulatory filings being submitted to the ITU with no intention of manufacturing and 
launching satellites by either the filing organization or the state (Allison, 2014). One 
of the most frequently referenced cases is when the Tongan government filed for the 
launch of sixteen GSO satellites in 1990, claiming almost nine percent of the world’s 
total of 180 slots, without an accompanying plan to launch them. Their intention was 
to lease the satellites to other operators (ESPI 2023; van Fossen, 1999).

Secondly, mega-constellations could also potentially impact the sustainability of 
the outer space environment. Consequently, space debris alleviation and remedia-
tion assume fundamental importance to the development of commercial operations 
in LEO.

4.2.1  Regulatory Requirements of Deployment and Frequency Assignment

A recent study conducted by researchers from the University of British Columbia 
(Falle et al., 2023) examined the number of filings to the ITU by entities planning 
to deploy satellites to LEO. The findings revealed a sharp rise in the number of fil-
ings, indicating that the current capacity of the ITU system may soon reach its limit, 
potentially hampering future satellite deployments.

The researchers analyzed the ITU database and determined that the number of 
filing requests is growing at a rate that will shortly exceed the system’s capacity. For 
instance, they discovered that the current filings consist of approximately one million 
prospective satellites, encompassing the blueprint for 300 mega-constellations. It is 
highlighted that these figures represent a 115% increase in current low-orbit traffic.

Although allocated spectrum may be considered underutilized, the phenomenon 
of overfilling and the issue of reserving spectrum capacity without employing the 
system are longstanding concerns for the ITU. Notwithstanding the implementation 
of measures to regulate overfilling of requests for satellites that are yet to be built, 
administrators continue to submit applications with the objective of maintaining 

1 3

Page 13 of 26  29



Digital Society (2025) 4:29

competitiveness, as insurance against future needs, thereby exerting additional pres-
sure on the frequency band allocation system (ESPI 2023).

This can be attributed to the fact that, under the prevailing regulatory framework, 
there is no obligation for a prospective user to substantiate the necessity or techni-
cal capacity to utilize an assignment (Christol, 1989). Also, the absence of robust 
enforcement mechanisms causes disquiet about the system’s enforceability. It is not 
within the authority of the ITU to prevent the launch of a satellite by a pre-registered 
administration or nation, even if the slot has already been allocated (Thompson, 
1996).

A case in point is the application submitted by the government of Rwanda in 
September 2021 to the ITU (Foust, 2021). This proposal expressed their willing-
ness to launch two mega-constellations, comprising a total of 327,230 satellites. To 
date, Rwanda has had a single satellite launch, the three-unit CubeSat “RwaSat-1,” 
deployed in 2019. This fact illustrates that Rwanda still has limited capacity for man-
ufacturing and launching space objects, which in consequence precludes the possibil-
ity of placing the substantial number of satellites it has announced into orbit.

Frequency assignments and orbital slots are allocated through a sophisticated 
system of notification, coordination, and bringing into use (BiU) to the requesting 
administrations. This practice is reflected in the Rules of Procedure for RR No. 11.44, 
which foresee that the deployment in space of one satellite in a planned non-GSO 
system—provided that it is equipped to transmit and/or receive the relevant assign-
ment— is sufficient for the frequency assignment to become operational, even if 
there is a larger number of satellites envisaged for deployment (ITU-BR, 2015).

These provisions lack specificity with regard to BiU of frequency allotments to 
non-GSO satellite systems. As a result, they may prove inadequate in preventing the 
prospect of spectrum warehousing and the proliferation of paper satellites. For the 
time being, with a single satellite operational, the respective administrations can be 
regarded in a manner akin to if the satellite operators had launched the entirety of the 
non-GSO network. They are thus afforded international acknowledgment and protec-
tion for the recorded frequency assignments, regardless of whether the constellation 
comprises one or multiple satellites (Tăiatu, 2019).

The deployment of large constellations of non-GSO satellites has led to a shift in 
the dynamics of overfilling and warehousing, introducing new layers of complex-
ity to the filing procedure and underscoring the need for robust ITU and national 
frameworks to address these challenges. Accordingly, a transition from a system that 
required the filing of confirmed BiU for a single satellite to one that enabled the filing 
of a single document for multiple satellites has been conducted. This prompted pre-
occupations about the ability to deal with the BiU process, besides the long-standing 
concerns pertaining to a congested space environment (ESPI 2023).

In view of the ubiquitous, growing unease regarding mega-constellations, the ITU 
proposed a new approach to govern their deployment (ITU, 2020). It was reached at 
the 2019 World Radiocommunication Conference (WRC-19), convened in Sharm 
el-Sheikh (Egypt), and came into effect on January 1, 2021. This “milestone-based” 
approach is aimed at regulating the deployment of non-geostationary (non-GSO) sat-
ellite systems across designated radio-frequency bands and services, including mega-
constellations in LEO.
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In accordance with this regulatory framework, such systems are required to suc-
cessfully launch 10% of their constellation within a two-year period following the 
conclusion of the current regulatory regime for BiU, a further 50% over the sub-
sequent five years, and the remainder by seven years’ time. Moreover, a regulatory 
mechanism will be established to oversee the accuracy of the Master International 
Frequency Register (MIFR) regarding the actual deployment of these non-GSO satel-
lite systems.

4.2.2  Space Sustainability

Space sustainability is understood as “the ability to maintain the conduct of space 
activities indefinitely into the future in a manner that realizes the objectives of equi-
table access to the benefits of the exploration and use of outer space for peaceful 
purposes, in order to meet the needs of the present generations while preserving the 
outer space environment for future generations” (UNOOSA, 2021). The long-term 
sustainability of the outer space environment represents a significant emerging policy 
issue that is poised to become a pivotal disquietude for the space industry over the 
ensuing years.

In 2023, nearly 3,000 spacecraft were launched into orbit,2 a figure that far 
exceeds the overall number of satellites launched since the inception of the space 
era. In the forthcoming period, public and private entities all over the world are aim-
ing to deploy considerable numbers of satellites into Earth’s orbits. It is anticipated 
that about 100,000 satellite constellations will be launched in the decades to come 
(Zhang et al., 2022). Nonetheless, certain orbital regions surrounding the Earth are 
experiencing a rapid increase in congestion, which gives rise to worrying trends sur-
rounding the long-term sustainability of space activities (OECD, 2022).

When LEO satellite connectivity is discussed, the case for space traffic and the 
concomitant increment in space debris must be given due consideration (Pagallo 
et al., 2023). The concerns of astronomers regarding light pollution obstructing the 
observation of the pristine sky are also not to be overlooked (Marquina, 2022). Par-
ticularly, the proliferation of large satellite constellation infrastructures is intensify-
ing the distress regarding the long-term sustainability of Earth orbits (Gur & Kulesza, 
2024).

The advent of these mega-constellations may thus introduce new risks to space 
sustainability, including those associated with space debris and radiofrequency inter-
ference (Johnson, 2020), which is likely to be followed by a surge in chain-reac-
tion collisions—commonly referred to as the “Kessler syndrome”—and a series of 
regulatory matters that remain unresolved. These factors appear as barriers to both 
equitable access to in-orbit resources and the profits accrued from their utilization 
(Cappella, 2019; Virgili et al., 2016). There is also the potential for spectrum scarcity: 
while radiation is essentially limitless, the amount of information a given spectrum 
can convey is contingent upon the technological capabilities at hand (Rivière, 2019).

It should not be forgotten that the radio-frequency spectrum is a scarce commod-
ity, as per Article 44 of the ITU Constitution, meaning that it is to be exploited in 

2 ​h​t​t​p​s​:​​/​/​o​u​r​​w​o​r​l​d​i​​n​d​a​t​​a​.​o​r​g​​/​g​r​a​p​​h​e​r​/​y​e​​a​r​l​y​​-​n​u​m​b​​e​r​-​o​f​​-​o​b​j​e​c​​t​s​-​l​​a​u​n​c​h​e​d​-​i​n​t​o​-​o​u​t​e​r​-​s​p​a​c​e
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a reasonable, efficient and economic manner, and that positions available in LEO 
are rather scant (Arnopoulos, 1982). That way, the deployment of large-scale satel-
lites raises concerns about potential spectrum shortages (Lyall & Larsen, 2025). This 
could result in interference with competing systems, including those in GSO, and 
even with radio astronomy services. Such interference could ultimately lead to colli-
sions between satellites (Rivière, 2019).

In fact, their deployment has added a novel dimension to the discourse on the legal 
implications of space debris. To begin with, the proposed constellations would bring 
about a substantial surge in the concentration of space objects in certain orbits, conse-
quently escalating the tracking intricacy and the necessity for information exchange 
among operators to circumvent conjunction between systems and debris. The growth 
in the population of objects in orbit has prompted the development of technologies 
designed to physically remove them (i.e., active debris removal). An example is the 
European Space Agency (ESA)-facilitated ClearSpace-1 mission to remove space 
debris from orbit, led by the Swiss startup ClearSpace, which is expected to launch 
by 2026. Nevertheless, such technologies may engender legal quandaries pertaining 
to the legality of potentially removing a non-functional space object belonging to 
another state (Chatterjee, 2014; Wright, 2019).

The case for the protection of dark and quiet skies from interferences derived from 
mega-constellations also deserves a word. The proliferation of these satellites in LEO 
can impede astronomical observations due to their considerable number, luminos-
ity, and pervasive radio emissions. Mega-constellations exhibit substantial brightness 
across the entire spectrum, with a luminosity that far exceeds that of most objects 
currently tracked in LEO (IAA et al., 2022).

Concretely, their effects can influence measurements that necessitate observation 
during twilight hours, such as searches targeting potential Earth-threatening aster-
oids. With the growing fleet of LEO satellites in orbit, there is a heightened risk of 
impairing the undisturbed view of the star-studded night sky. This could have a det-
rimental impact on ground-based astronomical observations, contributing to signifi-
cant financial losses and inaccurate scientific data drawn from systematic nighttime 
astronomical observations (Freeland & Martin, 2023).

In terms of mega-constellations as enablers of the metaverse for the provision of 
digital services, it is of paramount importance to adopt a sustainable approach to orbit 
management, where access to and use of outer space is secure and sustainable, since 
these space systems are dependent upon the safety to carry out space operations in 
the orbital environment. Especially, these concerns may put at stake the sustainability 
of the offering.

In the absence of a legally binding international treaty regulating space sustainabil-
ity, some guidelines, standards and best practices that would impact the deployment 
of large constellations of satellites include the COPUOS’ Space Debris Mitigation 
Guidelines (2010), the Recommendation ITU-R S.1003–2 (12/2010) on “Environ-
mental protection of the geostationary-satellite orbit,” the Inter-Agency Space Debris 
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Coordination Committee (IADC) Space Debris Mitigation Guidelines (2020),3,4the 
ESA’s Space Debris Mitigation Compliance Verification5,6

Concerning the radio-frequency spectrum, the ITU took the notable step of adopt-
ing a resolution with a particular focus on space sustainability. Resolution 219 of 
the ITU Plenipotentiary Conference (Bucharest, 2022) on “Sustainability of the 
radio-frequency spectrum and associated satellite-orbit resources used by space ser-
vices” establishes the foundation for this transition. It aims to facilitate the long-term 
and responsible utilization of the radio-frequency spectrum and associated satellite 
orbit resources, in alignment with the objectives set forth in Article 44 of the ITU 
Constitution.

By recalling the pivotal role of the ITU in fostering the international coordination 
of radio-frequencies employed by space services and by referencing the ongoing and 
augmented stationing of a multitude of non-GSO in outer space (i.e., LEO satellite 
mega-constellations), in addition to the urgency of tackling this matter, the Plenipo-
tentiary Conference resolved, among others, to conduct studies within the frame-
work of the ITU Radiocommunication Sector (ITU-R) addressing the growing use of 
the radio-frequency spectrum and associated orbit resources by these space objects, 
including its equitable access, and the long-term sustainability of such resources.

Moreover, in order to prevent any undue interference with both GSO and non-
GSO systems, as well as with other radio services operated by different authorities 
and administrations, and to guarantee an optimal utilization of the radio-frequency 
spectrum and associated satellite orbit resources, Member States are encouraged to 
take all necessary measures and to develop appropriate regulatory frameworks for the 
operation of non-GSO systems.

In November 2023, a few days prior to holding the WRC-23 (World Radiocommu-
nication Conference) in Dubai (UAE), the ITU Radiocommunication Assembly 2023 
(RA-23) was held. Primarily, the Assembly sought to refine the prospective trajec-
tories of radiocommunication systems. During RA-23, Resolution 74 on “Activities 
related to the sustainable use of radio-frequency spectrum and associated satellite-
orbit resources used by space services” was adopted.

The document opens by recalling both Resolution 219 and 218 (Bucharest, 2022), 
the latter on “ITU’s role in the implementation of the “Space2030” Agenda: space as 
a driver of sustainable development, and its follow-up and review process.” Then, it 
makes reference to the possibility of engaging in certain sustainability practices by 
Member States, namely satellites deorbiting upon the conclusion of their operational 
lifespan and the formulation of criteria and methodologies (including data sharing) 
to ensure the efficient coordination of frequencies and facilitate the compatible utili-
zation of satellite systems, as well as the development of emerging technologies for 
in-orbit servicing of space radiocommunication service spacecraft (i.e., active space 
debris removal).

3 ​h​t​t​p​s​:​​/​/​o​r​b​​i​t​a​l​d​e​​b​r​i​s​​.​j​s​c​.​​n​a​s​a​.​​g​o​v​/​l​i​​b​r​a​r​​y​/​i​a​d​​c​-​s​p​a​​c​e​-​d​e​b​​r​i​s​-​​g​u​i​d​e​l​i​n​e​s​-​r​e​v​i​s​i​o​n​-​2​.​p​d​f
4 ​h​t​t​p​s​:​​/​/​w​w​w​​.​u​n​o​o​s​​a​.​o​r​​g​/​d​o​c​​u​m​e​n​t​​s​/​p​d​f​/​​P​r​o​m​​o​t​i​n​g​​S​p​a​c​e​​S​u​s​t​a​i​​n​a​b​i​​l​i​t​y​/​​P​u​b​l​i​​c​a​t​i​o​n​​_​F​i​n​​a​l​_​E​n​g​l​i​s​h​_​J​u​n​e​
2​0​2​1​.​p​d​f
5 ​h​t​t​p​s​:​​/​/​s​d​u​​p​.​e​s​o​c​​.​e​s​a​​.​i​n​t​/​​d​o​c​u​m​​e​n​t​s​/​d​​o​w​n​l​​o​a​d​/​E​​S​S​B​-​H​​B​-​U​-​0​0​​2​-​I​s​​s​u​e​2​1​4​F​e​b​r​u​a​r​y​2​0​2​3​.​p​d​f
6 https://www.iso.org/standard/83494.html
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To conclude, the Resolution calls upon the ITU-R with urgency to continue techni-
cal activities, specifically those pertaining to the assessment and mitigation of inter-
ference in non-GSO systems. These activities aim to prevent harmful interference 
while meeting two fundamental objectives. The first is to assure the rational, equi-
table, efficient, and economical usage of the radiofrequency spectrum and associated 
orbital resources, while the second is to take developing countries’ special needs 
and countries’ geographical locations into consideration. Besides, the creation of a 
handbook outlining optimal practices for the sustainable utilization of frequencies 
and accompanying non-GSO orbits by space radiocommunication services is being 
pursued.

The Resolution further calls for the undertaking of studies aimed at formulating a 
new Recommendation providing guidance on safe and efficient deorbit and/or end-
of-life disposal strategies and methodologies for non-GSO space stations involved 
in radiocommunication services. For this purpose, it calls for the collaboration and 
exchange of information with the UN Office for Outer Space Affairs (UNOOSA) and 
the Committee on the Peaceful Uses of Outer Space (COPUOS).

Overall, the regulatory outcome of Resolution 74 is envisaged to establish per-
missible limits for concrete orbital parameters of non-GSO systems, including a 
milestone-based procedure. This procedure will involve a consistent reduction in 
the count of orbital satellites following the attainment of defined milestones (Zoller, 
2023).

Last but not least, in March 2024, the ITU Radiocommunication Bureau issued 
the Circular Letter CA/272 on the “Deorbit and/or disposal strategies for non-GSO 
space stations using frequency assignments currently recorded in the ITU MIFR, 
or under coordination or notification processes.” The purpose of the Circular Let-
ter is to encourage the participation of various stakeholders— such as governmen-
tal entities, satellite operators, manufacturing companies, launch service providers, 
space agencies, and other relevant parties— in the submission of information to the 
Radiocommunications Bureau regarding the strategies currently in use, or planned 
for future implementation, for the deorbiting and/or disposal of non-GSO space sta-
tions, namely post-mission strategies, de-orbit timetables, maneuverability capabili-
ties, and the designated point-of-contact.

5  Trends in the Deployment of Satellite Mega-Constellations: 
Resembling Terrestrial Rationale?

Despite the challenges and limitations coming with the diffusion of large satellite 
constellations, it remains a technology that is bringing crucial improvements in mat-
ters of connectivity and widespread access to the Internet. Satellite constellations, 
coupled with the rapid increase of assets in orbit, can be concretely instrumental in 
bridging the digital divide given their international outlook, thereby sustaining the 
dissemination of capabilities to support the uptake of the metaverse, particularly in 
poor areas where much is needed.

It is worth noting that the current terrestrial infrastructure, comprising hundreds 
of thousands of kilometers of fiber optic cables, is primarily owned by a minority of 
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large private companies. Consequently, the expansion of this infrastructure and deci-
sions about where and to what extent cables are laid are mostly driven by economic 
considerations (Ganz et al., 2024).

To provide a fast broadband connection, cables must reach specific areas, which 
limits accessibility. In contrast, satellite constellations operate differently by deliver-
ing global coverage. Space systems such as Starlink, Blue Origin’s Project Kuiper, 
and OneWeb can provide internet access wherever a small receiver is located. These 
systems communicate directly with small dishes priced at a few hundred dollars, 
making them relatively affordable. As Ball (2022) explains, the cost of most con-
sumer electronics tends to decrease over time. Thus, with the predicted number of 
satellites in orbit, these offerings are expected to become even more cost-effective in 
the near future (Falle et al., 2023).

Moreover, in an ideal scenario, a specific amount of these satellite constellations 
could provide Internet access in underserved areas, supporting the UN Sustainable 
Development Goals (SDGs). Recently, satellites have been used to furnish free ser-
vices, such as supporting military communications during the Russia-Ukraine war 
(Jayanti, 2023), highlighting the potential of private actors to provide critical connec-
tivity in extraordinary circumstances. Mega-constellations of satellites could also be 
leveraged for humanitarian purposes, offering connectivity to foster development and 
support underserved communities. In partnership with international organizations or 
states, these services could be provided free of charge or at low cost to underdevel-
oped countries.

However, it is uncertain whether this scenario will unfold as envisioned. At present, 
we can examine the major players operating these constellations to assess whether 
a situation similar to that of terrestrial cables is emerging in space. The dominance 
of a few key companies could lead to a form of hegemony where only a handful of 
private actors end up controlling these services, potentially playing a decisive role in 
addressing various societal challenges.

The development of the majority of LEO satellite constellations is concentrated 
in a small number of private companies that are capable of funding fully operational 
systems. In particular, Elon Musk’s SpaceX and Jeff Bezos’ Blue Origin with Project 
Kuiper. It can thus be concluded that the most ambitious initiatives in this field are 
guided by the major players in digital capitalism, who are aiming to shape the future 
of Internet infrastructure in outer space (Tricco, 2023). In addition to these efforts, 
OneWeb operates an active mega-satellite constellation merged with Eutelsat, a lead-
ing European satellite company. Furthermore, the EU’s Infrastructure for Resilience, 
Interconnectivity, and Security by Satellites (IRIS2) initiative underscores the sec-
tor’s future dynamism.7

Conversely, these examples indicate that the deployment of broadband LEO sat-
ellite constellations extends well beyond simply offering Internet access to regions 
not covered by terrestrial networks. In fact, such companies are implementing global 
strategies that integrate both Earth-based and space-based data, positioning them-

7 See for further details: ​h​t​t​p​s​:​​/​/​o​n​e​​w​e​b​.​n​e​​t​/​r​e​​s​o​u​r​c​​e​s​/​e​u​​t​e​l​s​a​t​​-​a​n​d​​-​o​n​e​w​​e​b​-​c​o​​m​b​i​n​a​t​​i​o​n​-​​h​e​r​a​l​​d​s​-​n​e​​w​-​e​r​a​
-​​s​p​a​c​​e​-​c​o​n​​n​e​c​t​i​​v​i​t​y​-​w​​o​r​l​d​​s​-​f​i​r​s​t​-​g​e​o​-​l​e​o; See for further details: ​h​t​t​p​s​:​​​/​​/​d​e​f​e​n​c​​e​-​i​n​d​u​​s​t​r​​y​-​​s​p​a​​c​e​​.​​e​c​.​e​​u​r​​o​​p​a​​.​
e​​​u​/​e​u​-​s​​​p​a​c​e​/​​​i​r​i​​s​2​-​s​​e​c​u​r​e​-​c​o​n​n​e​c​​t​i​v​i​t​y​_​e​n
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selves as pervasive, ‘one-stop’ data systems that centralize their core services on 
Earth (Darnis, 2021). This integration strategy enables these companies to deliver 
comprehensive services that transcend traditional Internet provision, potentially 
influencing sectors such as global communication, data analytics, and cloud services 
on a planetary scale.

The dominance of these core players, such as SpaceX and Blue Origin, raises 
critical questions about the concentration of power in the hands of a fistful of private 
actors. This scenario mirrors the existing terrestrial Internet infrastructure, where a 
small number of corporations exert control over vast networks of fiber optic cables 
(Lehdonvirta, 2022), creating a similar situation in outer space infrastructures. Such a 
concentration of control could have significant implications for digital equity and the 
democratization of Internet access, primarily in underserved regions.

Also, SpaceX and Amazon approaches establish vertically integrated processes. 
These approaches incorporate connectivity solutions into broader markets, such as 
autonomous driving and e-commerce (ESPI, 2022). For example, SpaceX’s Starlink 
would be able to provide the necessary ubiquitous connectivity for Tesla’s autono-
mous vehicles. It would ensure seamless data communication and enhance the func-
tionality of self-driving technology. Similarly, Amazon could leverage Project Kuiper 
to sustain its e-commerce operations, ensuring reliable and fast internet connectivity 
for its delivery drones and logistics network. Moreover, space-based cloud-services 
can be an important future offering for Amazon Web Services.

These vertical integrations clearly show the far-reaching implications that the dif-
fusion of LEO satellite constellations will detain in reshaping digital and industrial 
landscapes. By taking steps in both the infrastructure and the services that depend on 
it, SpaceX and Amazon can create synergistic effects that amplify their market power 
and influence in the future. This not only positions them as leaders in space-based 
Internet services but also as pivotal players in the broader technological ecosystem, 
influencing the future of connectivity, commerce, and data management.

SpaceX is already widely advertising its connectivity services, providing roaming 
plans to deliver Internet connections nearly anywhere in the world, while ensuring 
profits at the same time (Erwin, 2024). In turn, Blue Origin has not yet launched its 
satellites for the Project Kuiper constellation. Nevertheless, it has already received 
approval from the Federal Communications Commission (FCC) for deploying 
3,236 satellites, with commercial service set to begin once 578 satellites are in orbit 
(Kohnstamm, 2024). As analyzed in the previous section, space orbits and spectrum 
frequencies are limited resources, meaning that there is a finite capacity for the sta-
tioning of satellite mega-constellations. As a result, the window for deploying such 
constellations in LEO could rapidly close, and few companies currently hold a sub-
stantial lead.

If companies can self-regulate, the deployment of mega-constellations of satellites 
might proceed without the regulatory safeguards needed to ensure the long-term sus-
tainability of LEO and associated satellite-orbit resources. The lack of a regulatory 
regime could result in increased space debris, collision risks, and spectrum interfer-
ence jeopardizing the orbital environment for future space missions, consequently 
hindering the potential to integrate large satellite constellations into the Internet infra-
structure to bridge the digital divide.
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It will be essential to strike a balance between encouraging private investment and 
ensuring that regulatory frameworks are put in place to protect the orbital environ-
ment and promote equitable access. In the future collaborative efforts between pri-
vate companies, international organizations, and governments, it will be imperative 
to establish guidelines and standards that ensure the long-term viability of LEO and 
that guide the effective integration of satellite systems in the Internet infrastructure.

6  Conclusions

The evolution of the Internet has profoundly transformed our lives. The metaverse 
represents the next phase in the evolution of the Internet. As we move from Web 3.0 
to Web 4.0, incorporating technologies like blockchain, AI, and mixed reality will 
make the Internet more interactive and user-friendly, with the metaverse at the heart 
of this transformation, especially in strategic sectors such as education and healthcare. 
Nonetheless, connectivity challenges raise questions on the uptake of such reality.

This paper aimed to present how the deployment of LEO satellite constellations 
can play a major role in enabling this new digital landscape. To that end, the techno-
logical capabilities of such systems were introduced, while underlining some of the 
obstacles that must be taken into consideration for their responsible diffusion. SpaceX 
and Blue Origin are leading the sector, with the former already offering global con-
nectivity services and the latter ready to launch the Project Kuiper constellation. 
The distribution of such satellite networks detains the potential to extend high-speed 
Internet access to remote and underserved areas, bridging the digital divide and sup-
porting the metaverse’s inclusive vision.

However, the rapid deployment of these constellations is coming within some spe-
cific concerns. Space orbits and spectrum frequencies are limited resources, and the 
LEO environment is currently at risk of congestion. The lack of appropriate regula-
tory safeguards stands as a growing preoccupation, whereas the deployment of hun-
dreds of satellites may lead to a surge in space debris, collision risks, and spectrum 
interference, thereby menacing the long-term sustainability of the outer space envi-
ronment. This scenario would impede the wide integration of LEO satellite constella-
tions into the global Internet infrastructure, with the risk of preventing the full usage 
of satellite constellation as a tool for combatting the digital divide.

Additionally, the dominance of a few private players in the LEO business may 
culminate in a market hegemony, where control over critical digital infrastructure is 
concentrated in the hands of a select minority. Such a status quo would mirror the cur-
rent state of terrestrial Internet infrastructure posing risks to digital equity and access.

These challenges must be considered with a head start. Collaborative efforts 
between private companies, international organizations, and governments are essen-
tial to establish guidelines and standards that ensure the long-term viability and equi-
table access of LEO. It is vital to spark the discussion around those topics to ensure 
that the full potential of LEO satellite constellations will be harnessed to create a 
more connected and inclusive society, in which the metaverse can thrive and furnish 
unprecedented opportunities for innovation, interaction, and development.
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