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ABSTRACT

The advent of space exploration and satellite
technology has marked a pivotal shift in global
dynamics, with significant implications for

countries worldwide, including those in Africa.
The involvement of external actors in space,
encompassing a broad range of stakeholders from
government agencies to private corporations, has

increasingly become a focal point of interest due to
its multifaceted impact on economic development,
security, and technological advancement. This
essay explores the evolving role of these external
actors in space and assesses its implications for
African nations, highlighting both the opportunities
and challenges that arise from this global endeavor.
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EXECUTIVE SUMMARY

This article examines how external actors,
particularly NATO Member States and their
ideological competitors such as China and Russia,
impact African space development. Furthermore,
it will address how these relationships influence
regional and global geopolitics.

External actors seek to influence, shape, or
grow the African space sector; this includes
international space agencies and private
corporations. Whilst the ideological disposition
of the associated organization(s) needs to be
carefully considered, the sharing of knowledge
from more mature space actors will enable Africa
to leapfrog traditional developmental stages, thus
accelerating the continent’s space capabilities
and enabling it to reap a plethora of geopolitical
benefits. If structured appropriately, these
relational benefits would encourage the alignment
of African countries to NATO’s established
standards, rules, and behavioral norms - the
Rules-based International Order. Secondly, it will
ensure collaboration opportunities with participant
African nations for space domain research and
activity. On the contrary, alignment with non-
NATO Member States removes both of these
benefits. This divergence highlights that NATO’s
diplomatic endeavors on the African continent are
instrumental in shaping responsible behavior in
space.

NATO’s space strategy demonstrates a
commitment to ensuring Alliance security and

prosperity. While Africa’s space strategy focuses
on socio-economic development opportunities,
there is considerable opportunity for NATO to
enhance and extend its services and support to
Africa and, in doing so, shape regional geopolitics
in favor of a development model beneficial to
Africa’s ambitions. NATO’s focus on amplifying
existing space support rather than developing
independent capabilities highlights the potential
opportunities and threats the African continent
presents. Addressing Africa’s divergent political
environment is essential for NATO’s growing
influence as well as its collective defense and
cooperation.

NATO must emphasize peaceful cooperation
and shared benefits and facilitate knowledge
exchange, technological advancements, and
capacity-building initiatives. This approach will
promote global development and underscore a
commitment to use space as a peaceful domain for
the betterment of humanity. Secondly, NATO must
support Africa in delivering carefully calibrated
strategies to maximize meaningful engagement
across external actors. These strategies must
intersect  strategic  competition, diplomatic
alliances, and commercial interests. Ciritically,
both NATO and the African nations must navigate
political rivalries and competitive dynamics to
establish standards and equitable governance
that are mutually reinforcing and beneficial to all
parties.



INTRODUCTION - THE EVOLVING

ROLE OF SPACE AND THE IMPACT ON

AFRICAN COUNTRIES

THE ROLE OF EXTERNAL ACTORS IN
SPACE

External actors in the space domain include
countries with advanced space capabilities,
such as the United States, Russia, China,
and the European Union, along with emerging
private sector players like SpaceX, Blue Origin,
and OneWeb. These entities have expanded
their role from mere exploration and scientific
research to encompass satellite communication,
Earth observation, and even space tourism. The
democratization of space technology, driven by
reduced launch costs and innovative business
models, has allowed a broader array of actors
to participate in space activities, fundamentally
altering the landscape of space exploration and
utilization (Kreps et al., 2022; World Economic
Forum, 2022).

IMPACT ON AFRICAN COUNTRIES

OPPORTUNITIES FOR DEVELOPMENT
AND CONNECTIVITY

For African countries, the engagement of external
actors in space presents an array of opportunities.
Satellite technology can play a critical role in
bridging the digital divide by providing widespread
internet connectivity, particularly in remote
and underserved areas. Projects like Starlink
by SpaceX aim to deliver high-speed internet
across the globe, which could revolutionize
access to information, education, and economic
opportunities in African regions.

Moreover, Earth observation satellites offer
invaluable data for environmental monitoring,
agriculture, and disaster management (Chuvieco
et al., 2019; Willige, 2024). For example, satellite
imagery can be used to predict droughts, monitor
crop health, and manage water resources more
effectively, directly contributing to food security
and resilience against climate change.

CAPACITY BUILDING
TECHNOLOGICAL TRANSFER

AND

Collaborations with external actors in space
initiatives can lead to significant capacity building
in African countries. Partnerships for launching
satellites, developing ground infrastructure, and
training local personnel not only build technical
capabilities but also stimulate the growth of
a domestic space industry. South Africa’s
collaboration with the European Space Agency
(ESA) and Nigeria’s engagement with foreign
partners to develop its communications satellites
are examples of how such collaborations can
enhance technological proficiency and foster
innovation.

RELATED WORK - CHALLENGES AND
CONCERNS

However, the involvement of external actors in
Africa’s space sector is not without its challenges.
Stein and Uddhammar (2021) highlight concerns
about dependency on foreign technology, services,
and investment which could have negative long-
term economic consequences for the continent.
Additionally, the strategic and military implications
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of space technology, such as satellite surveillance
and communication interception, raise security
concerns for African nations, necessitating
careful management of international partnerships
(Oyewole, 2020; Faboade, 2024). Moreover, the
digital divide within countries could be exacerbated
if space-based services primarily benefit urban
and economically advantaged areas, leaving rural
and impoverished regions further behind.

Amidst these global developments, African
countries have increasingly sought to participate
in space exploration and utilize space technology
for sustainable development. The establishment
of space agencies and programs across the
continent reflects this growing engagement.

South Africa has been a leader in Africa’s space
endeavors, establishing the South African
National Space Agency (SANSA) in 2010. South
Africa’s contribution to astronomy and space
science, including hosting the Square Kilometre
Array' (SKA) project, highlights its significant
role in the global space community. In addition,
the Nigerian Space Research and Development
Agency (NASRDA), established in 1999, has
focused on satellite communications to enhance
socio-economic facilities such as internet access,
education, and health services across the
country (International Astronautical Federation,
n.d.). Nigeria has successfully launched several
satellites, demonstrating the practical applications
of space technology for development.

Notably, Kenya, Egypt, Algeria, and Ghana have
embarked on space-related initiatives, ranging
from satellite development to space science
education (Ngcofe & Gottschalk, 2013). These
efforts aim to leverage space technology for
environmental monitoring, disaster management,
and agricultural optimization.

The African Union has recognized the importance of
space technology for the continent’s development,
leading to initiatives like the African Space Policy
and Strategy. This framework aims to foster regional

cooperation in space activities, emphasizing space
as a tool for addressing continental challenges
(African Union Commission, n.d.). The distribution
of space-related capability across African nations
is clear, and it is apparent certain nations are
benefitting from space significantly more than
others. Africa must recognize the opportunity for
regional advancement through space-capabilities
and work to mitigate the inter-national competition
and regional challenges facing the fractious region.

The African Union (AU) introduced its space
strategy and policy in 2016 and first socialized
the idea of the African Space Agency (AfSA) in
2017 (Kazeem, 2019). Despite its characterization
as an unstable and disjointed region, awash with
local and regional competition (Cilliers, 2017),
Africa pursues a space strategy of common
benefit and cooperation (African Union, 2019;
AfSA, 2018). This African space renaissance and
cooperative leadership ecosystem may set the
conditions for continental standardization, yet only
twenty-two of the countries on the continent have
a space program (Santodomingo, 2023). These
conditions would establish mutually beneficial
opportunities for Africa and external factors,
including commercial activity, advantageous
launch positions, as well as the progression of AU
aspirations? and UN Sustainable Development
Goals® (SDGs) (Croshier, 2022). Critically, the
AU presents the opportunity for pan-Africa

collaboration and the use of space capabilities for
advancement across many areas.

" The Square Kilometre Array is the world’s largest international project in radio astronomy. Its first phase began in 2021 and will consist of
two separate arrays of antennas: 197 large dish antennas in South Africa, and c.131,000 low-frequency wire antennas in Western Australia

(University of Oxford, n.d.).

2The African Union has a series of seven aspirations that each have a set of goals that inform its roadmap for success in achieving its

vision by 2063.

3The UN’s SDGs are a series of 17 aspirational goals that will support national decision-making in pursuit of global prosperity and

development (United Nations, 2015).



ANALYSIS SECTION:
INTERNATIONAL COLLABORATION,

OPPORTUNITIES,

STANDARDIZATION, PROCESSES,

AND CHALLENGES

The AfSA aspires to leverage space-derived
benefits to address political, economic, social,
and environmental challenges (African Union,
2019). Of note, these challenges also represent
the critical areas of national, economic, human,
and environmental security (Sharpe et al,
2023). This macro-level perspective of security
is fundamental to the analysis outlined in this
paper. Space is considered a domain common
to all nations (Pecuijli¢, 2021). Thus, there is both
a collective responsibility for its sustainability
and an expectation of equitable opportunity
across actors (Mather, 2017). These ideals are
paramount. While the Outer Space Treaty (OST)
of 1967 governs the activities of states in space
and provides the foundational framework for
international space law, it is yet to be updated
(UNOOSA, 2021). The U.S. Artemis Accords seek
to do so. The Artemis Accords are a series of US-
led bilateral agreements focused on cooperation
and the guiding principles of the OST (NASA,
2020). At present, Nigeria and Rwanda are the
only participating African nations. The benefits
Nigeria and Rwanda will receive from their
participation in the Artemis Accords community
are likely to set them ahead of other African
nations seeking to further their own aspirations
in space (Foust, 2022). More recently, Angola
became the thirty-third signatory of the Artemis
Accords and illustrates that African nations are
recognizing the benefits (NASA, 2023). Accessing
and leveraging global planetary environmental
data insights can put data at the heart of decision-
making and environmental management and can
drive socio-economic change. While the overall
benefits are innumerable, this benefit aligns with
the AU’s 206 Aspirations and the UN’s SDGs. A
significant challenge will be the degree to which
the African continent invests in the Artemis

Accords and becomes greater than the sum of
its parts through unity of purpose and mutually
beneficial endeavors.

The ideological and technological asymmetry
that exists amongst space actors risks reinforcing
existing power imbalances globally and regionally.
As new space actors navigate the space frontier,
calibrated strategies are required to ensure
equitable participation and optimal employment
of space-derived benefits, irrespective of the
cultural or political views of the actor. The nuance
required to deliver balanced, non-discriminatory
participation in space endeavors will become
increasingly complex. Crucially, African nations
can remain non-partisan by engaging across
all space actors. Helpfully, the African political
ecosystem creates opportunities for engagement
and advancement alongside many diverse partner
nations.

As African countries continue to chart their courses
in space exploration, the engagement of external
actors adds depth and dimension to this journey.
It underscores the interconnectedness of global
space endeavors, reinforcing the position that
space is not solely a frontier to exploit or conquer
but a realm that unites diverse nations pursuing
knowledge, development, and the expansion of
human horizons. The evolving space initiatives
across the African continent offer substantial
benefits intertwined with complex challenges, thus
forming a dynamic landscape where technological
progress intersects with regional aspirations and
global partnerships.

The Artemis Accords exemplify this progress.
However, despite the growing number of Artemis
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Accords participants, China and Russia continue
to pursue a divergent discourse through the
United Nation’s Prevention of an Arms Race in
Outer Space (PAROS) and the Prevention of the
Placement of Weapons in Outer Space (PPWT)
(Sharpe et al., 2023). Whilst this disparity may
not directly affect African space actors in the
immediate term, the polarized views of prominent
space actors will have political ramifications on
Earth. Divergent aspirations for the use of space
must be reconciled quickly, or prevailing norms of
behavior that lie outside of global median lawful
and ethical behaviors will be established.

African nations stand to gain immensely from
their space initiatives. These endeavors hold the
potential to accelerate socioeconomic development
by enabling informed decision-making through
Earth observation satellites. By monitoring
agriculture, natural resources, and urban planning,
countries can formulate sustainable development
strategies that align with their unique needs
(Alberts, 2019; Munsami, 2022). AfSA’s aims are
to promote and coordinate the implementation of
policy and strategy to exploit space technologies
for sustainable development and the welfare of its
citizens (Froehlich et al., 2020). In doing so, AfSA
can address other security-related issues not
previously mentioned, such as international crime
and terrorism, hostile state threats, and climate
security.

Furthermore, the integration of space technologies
bolsters disaster management capabilities.
Accurate, reliable satellite data would prove integral
to the establishment of early warning systems that
could be used to identify potential floods, droughts,
and other natural disasters. Thereby facilitating
timely interventions and reducing human and
economic tolls. Likewise, robust connectivity will
advance opportunities for remote and underserved
areas through satellite-based communication
infrastructure. This advancement opens doors to
education, healthcare, e-commerce, and digital
services, thus, driving economic growth and
inclusivity across diverse populations.

Moreover, space technologies contribute to
environmental monitoring and climate change
mitigation. Satellite data assists in tracking
deforestation, assessing pollution levels, and
understanding climate patterns, empowering
nations to devise effective strategies for

environmental conservation and sustainable
practices. There are many climate issues
across Africa, particularly in West Africa, where
increases in temperature and precipitation are
changing the local climate, natural resource
availability, and agriculture (Tarif, 2023). Climate
issues are manifesting political tensions, conflict,
and humanitarian emergencies (Stockholm
International Peaceful Research Institute, 2023).
Where isolated initiatives are of limited effect
in addressing the root causes of human-centric
challenges, systemization between African and
external actors will be key to maximizing their
effectiveness, scaling for efficiency, and avoiding
duplication.

Scientific research and technological innovation
also receive a significant boost from space
activities. African countries gain the capacity
to engage in space-based experiments, study
celestial phenomena, and collaborate on
international research projects. As a result,
these countries can contribute to advancements
across various scientific disciplines. In this
regard, global partnerships emerge as a powerful
avenue for progress. Collaboration with external
entities, such as established space agencies and
corporations, would afford African nations access
to expertise, technology transfer, and funding.
These opportunities accelerate the development of
indigenous space capabilities, propelling countries
further along their cosmic journey.

However, this journey is not devoid of challenges.
The financial constraints of establishing and
sustaining space programs pose a significant
hurdle. Countries exhibiting lower than average
outputs across the range of economic growth
measures must allocate limited resources across
competing developmental priorities and balance
immediate needs with long-term aspirations or
geopolitical alignment. Although foreign direct
investment may reduce immediate economic
burdens relative to the ‘original’ mission, they
may also carry many associated geopolitical
costs. To highlight this, it is apparent that Africa
is increasingly the nexus of strategic competition
between the U.S. (including its Western allies),
Russia, and China (Mabera, 2019). As this
competition intensifies, Africa can pursue political
and behavioral paths commensurate with the UN’s
and AU’s development goals without alienating
either side (Alden, 2019). Acknowledging a rising



trend in global multipolarity, Africa can embrace
numerous geopolitical development models. The
African Union can support and coordinate its
memberstowards achievingthe UN’s SDGs instead
of promoting national interests. In this context,
Africa holds the potential to influence strategic
competition through balanced engagement with
global superpowers (Rudd, 2022). Africa can ‘set
the political tone’ for engagement with ideologically
opposed external agents, thereby enhancing
global stability and, in turn, reaping the benefits
for its space program and general socioeconomic
development.

Africa’s strategic geographical advantages,
combined with its potential as an emerging market
for space technology, offer unique opportunities
for NATO to establish myriad international
partnerships. It would, almost certainly, prove
advantageous for NATO to cooperate with Africa
on space exploration and technology for several
compelling reasons. In this regard, standardization
plays a crucial role in facilitating effective and
sustainable partnerships.

REASONS FOR COOPERATION WITH
AFRICA ON SPACE

Diverse Geographical Advantage: Africa’s vast,
varied geography offers unique locations for
space launches and ground stations. Its equatorial
position is especially advantageous for launching
satellites into geostationary orbits with lower fuel
consumption and costs.

Emerging Market Potential: Africa’s growing
interest in space technology represents an
emerging market for satellite communications,
Earth observation, and space exploration
technologies. This presents opportunities for
technological exchange, commercial partnerships,
and the expansion of the global space economy.

Global Challenges, Global Solutions: Many African
nations are particularly vulnerable to climate
change, environmental degradation, and natural
disasters. Space technology can play a crucial
role in monitoring and managing these challenges.
International cooperation can leverage space
assets for disaster preparedness, agricultural
optimization, water management, and climate

monitoring, offering benefits that extend beyond
Africa’s borders.

Capacity Building and Education: Collaborating
with African nations on space projects can
contribute to capacity building, education, and the
development of a skilled workforce in the region.
This not only aids local development, but also
contributes to the global pool of knowledge and
expertise in space science and technology.

Enhanced Global Security: Space technology
is pivotal for global security and surveillance.
Collaborating with African nations can enhance
global efforts in areas such as maritime security,
anti-piracy operations, and border surveillance,
thereby contributing to overall global peace and
stability.

To ensure seamless cooperation and
interoperability, international standards can be
developed. It is advisable that these standards
encompass various aspects of space activities,
including spacecraft design, communication
protocols, data exchange formats, safety

procedures, and environmental protection. While
this is not purely an Africa concern, Africa is ideally
positioned to benefit from seamless cooperation in
the pursuit of its space-based interests.
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TECHNOLOGICAL EVOLUTION

The contemporary space domain underscores a
transformative shift catalyzed by public and private
organizations collaborating in space endeavors
and extending humanity’s reach throughout the
solar system (Chaben, 2023). It elucidates how
SpaceX, Blue Origin, Virgin Galactic, and other
commercial space programs have transitioned
from niche players to entities democratizing space
(Trichas et al., 2023; Davis, 2019). The shift has
engendered innovative business models, low-
cost reusable launch systems, and a previously
inconceivable software-defined era (Sharpe et al.,
2023; Cross, 2019). Likewise, rapid technological

& ... N

p

advancement has driven unprecedented growth;
however, governance has failed to keep pace with
the intensifying complexity space demonstrates
(MacDonald et al., 2023). As a corollary, the
interplay between commercial forces, technological
innovation, and strategic competition is higher now
than ever.

Technological advancement delineates seminal
milestones: the planned ARTEMIS moon landings,
robotic missions across the solar system, and
the International Space Station (ISS) offer
robust evidence that ideological competitors can
collaborate. This narrative highlights the epochal
significance of each advancement in propulsion
systems, spacecraft design, communication
technology, and remote sensing instruments.
Contrary to the views of Kuhn (1962), these
circumstances demonstrate the incremental
evolution of humanity’s technological prowess and
illustrate how each breakthrough redefined the
boundaries of space exploration.

As the cyber domain previously did, space
has introduced new dynamics in competition
between state and commercial actors who are
principally limited by technological prowess as
well as political will, bureaucracy, and financial
constraints. Given the multiple layers of diplomatic
uncertainty currently affecting global stability, it
is essential to consider the possibility that space
may become a direct vector for conflict. Space
is not openly weaponized; however, Zwart and
Henderson (2021) argue that, following decades
of employment in support of military operations



and intelligence activity, it has become so. The
criticality of space as the ultimate military high
ground, a crucial infrastructure enabler, and a
clandestine domain of dual-use systems elicits
its complexity and strategic significance. These
considerations are synonymous with increasing
geopolitical tensions and the risk of deliberate
attack or accidental damage to assets (Peperkamp,
2020). For example, the technological advantages
in robotics and proximity operations currently
being pursued by the People’s Republic of China
(PRC) space program can easily be exploited
by removing adversary systems from orbit
(Mowthorpe & Trichas, 2022).

The development of advanced satellite systems
aids global communication and navigation. High-
speed internet connectivity, remote sensing, and
precise GPS positioning have become integral
enablers of contemporary society. Innovative Earth
observation satellites equipped with sophisticated
sensors provide data on environmental changes,
weather patterns, and natural disasters. These
data aid disaster response, resource management,
climate research, and the mitigation of ecological
challenges. Similarly, studies conducted aboard
the ISS have yielded valuable insights into the
effects of microgravity on human health (Linck et
al.,, 2019). According to Linck et al. (2019) these
findings have implications for addressing health
conditions on Earth, including musculoskeletal,
immune system and cardiovascular disorders, to
highlight a few. Furthermore, space exploration
has spurred advancements in materials science
and manufacturing techniques. The quest for
lightweight, durable, and heat-resistant materials

has led to innovations across aerospace
engineering to everyday consumer products (Van
Manen et al., 2020).

THE NEED FOR STANDARDIZATION

Interoperability: Standardization ensures that
systems, procedures, and technologies from
different countries and companies can work
together seamlessly (Salmeri, 2020). This is
crucial for multinational projects like satellite
constellations, space stations, and exploration
missions where assets and data need to be shared
efficiently.

Safety and Reliability: Common standards help
ensure that all space operations meet safety
and reliability benchmarks, reducing the risk of
accidents, misunderstandings, and failures. This
is especially important in collaborative ventures,
where diverse technologies and practices
converge.

Integratingthird-partytechnologyrequiresadelicate
balance between innovation and adherence to
mission protocols. Ensuring compatibility and
preventing vulnerabilities becomes paramount,
especially in cybersecurity, where protecting
the ‘C3lA2“ of mission-critical data is essential
for minimizing project risk. Paralleling this view,
economic considerations are also highly pertinent.
The involvement of IT companies in space projects
can optimize resource allocation, expedite
timelines, and potentially reduce costs (Croshier,
2023). However, the commercial nature of these

“Confidentiality, contagion, culture, integrity, attribution, and availability (Sharpe et al., 2023).
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partnerships necessitates a judicious assessment
of proprietary interests, equitable benefit-sharing,
and long-term sustainability.

Cost Efficiency: Standardized components
and procedures can significantly reduce costs
associated with design, manufacturing, and
operations. This makes space technology more
accessible to emerging space nations, including
those in Africa, and fosters broader participation in
space exploration.

Sustainability: Standardization is key to addressing
space debris management and the long-term
sustainability of space activiies. Common
guidelines and practices for the end-of-life disposal
of satellites, debris mitigation, and space traffic
management are essential to preserve the space
environment for future generations.

NATO’s involvement in space security and
standardization efforts emerges as a strategic
bypass, where international security imperatives
intersect with space exploration and technological
cooperation. A history of exploitation and the
traditionally paternalistic behavior the West has
demonstrated across the African continent creates
a barrier to contemporary and future engagement
(Arezki, 2023; Fox, 2022; Maunganidze, 2022).
NATO must, therefore, approach strategic
competition on the African continent with deeper
cultural awareness and a comprehensive
appreciation of the ways in which its activities
are likely to be perceived by African nations. A
failure to establish this position may inadvertently
espouse preferential engagement between certain
African nations and potential strategic partners
that the West deems less compliant or adversarial.
It is imperative, therefore, to consider the layers
of nuance that NATO must apply in navigating
space security, cultivating collaborative initiatives,
and championing standardization throughout pan-
African space endeavors.

Data Sharing and Utilization: Standardized data
formats and protocols enable easier sharing
and analysis of space-derived data, enhancing
its value for scientific research, environmental
monitoring, and commercial applications. This
is particularly relevant for Earth observation
missions, where data can contribute to addressing
global challenges such as climate change, natural
disaster response, and sustainable development.
NATO is a conduit for the exchange of space-

related information among its member states.
Contemporaneously, it facilitates comprehensive
situational awareness of the celestial environment
across its Partner Nations (NATO, 2023a; 2023b).
This domain awareness is instrumental in ensuring
security and prosperity, identifying nascent
threats, monitoring satellite movements, and
tracking space debris. The insight gained therein
enhances NATO’s ability to respond effectively to
emerging challenges by elevating the collective
preparedness to address space security concerns
and ensuring operational success. NATO’s focus
on security is clear. This focus is, nevertheless,
at odds with the prevailing sentiment of the
African Union’s Space Strategy that focuses on
development and socioeconomic benefit (African
Union, 2022).

This diplomatic dimension reinforces NATO’s
commitment to preserving a secure and stable
space environment. Furthermore, it accentuates
the importance of NATO cooperating with inter-
governmental institutions such as the UN, AU, and
supranational organizations such as the European
Union (Rose, 2020). In doing so, NATO will
develop commonality with countries uncomfortable
or opposed to the further militarization or
weaponization of space (Mills, 2021; Hitchens,
2019).

HANDLING IN THE IT INDUSTRY

The IT industry is critical for space technologies
and is a pivotal nexus where technological
prowess converges with hardware and software
engineering. This intersection will reshape how
humanity envisions, implements, and benefits
from our ventures beyond Earth’s confines. The IT
industry catalyzes a transformation in how space
missions are conceptualized, executed, and
analyzed. According to Morris (2022) and Katz
(2020), innovative computing technologies amplify
the capacity to process vast volumes of data,
enabling scientists to be more ambitious than ever.
Katz (2020) asserts that this computational muscle
lends itself to tasks such as trajectory analysis,
complex simulations, and the intricate calculations
that underpin the success of space missions.

Moreover, the IT industry amplifies the efficiency
and efficacy of satellite technologies. Advanced
software simulations can model space operations
and orbit pathways whilst developing robust
communication strategies for satellite design and
deployment. These simulations refine satellite



enhance and reduce

functionality,
potential risks, thus epitomizing the constructive

reliability,

collaboration between IT, engineering,
manufacturing, and celestial exploration (ESA,
2023). Data management and Al are critical
concepts that highlight the IT industry’s impact
on space activity. The torrents of data streaming
from satellites, rovers, and telescopes exploit
sophisticated data analytics and Al algorithms.
These analytical tools extract actionable insights,
thereby fostering breakthroughs in a range of
fields from climate modelling to astronomical
observations (Frackiewicz, 2023). It follows
that the IT industry’s hand in turning raw data
into knowledge is instrumental in advancing
humankind’s understanding of the Earth and the
COSMOS.

The IT industry affords a novel perspective on
satellite communication by supporting data reach-
back to Earth with astonishing efficiency. Advanced
coding techniques and encryption protocols
secure these transmissions, mitigating potential
interference and safeguarding sensitive information
(Tedeschi et al., 2022). This capability extends
to satellite-based navigation, enhancing global
positioning systems through refined algorithms
and real-time updates. However, challenges

emerge. The IT industry faces the daunting task
of ensuring data integrity and cybersecurity across
vast cosmic distances. Safeguarding satellites
from potential cyber threats is paramount, as a
breach could compromise sensitive information
or disrupt critical mission functions. The capacity
to strike an effective balance between the joint
frontiers of innovation and security underscores
the IT and security industry’s pivotal role in the
cosmic narrative.

The IT industry reshapes the cost dynamics
of space endeavors. The infrastructure and
mechanisms essential to national survivability
are now increasingly integrated with the internet
infrastructure of Earth. Consequently, direct
access to cloud computing resources enables
remote data processing, this, in turn, reduces the
need for bulky onboard computing hardware and
further reduces the costs of asset space launching,
particularly when implemented alongside a
multitude of smaller satellites (Odell et al., 2021).
This efficiency streamlines mission designs
and lowers costs, broadening the horizons of
participation in space exploration. Access to cloud
computing services also expands the ubiquity of
the internet to forms of space hardware that were,
historically, held discretely because of uncommon
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protocols and operating systems
Martinovic, 2022).

(Pavur &

As tensions in space intensify, space actors will
increasingly use the cyber domain to influence
competitors and adversaries. The vulnerability of
the space and cyber domains is their dependence
on the electromagnetic environment. Data
communicated through non-physical mediums
are at risk of exploitation by adversaries who can
undermine a system or service’s confidentiality,
integrity, or availability to facilitate a competitive
advantage. Cybersecurity considerations are
now fundamental to space activity. Security
through obsolescence or novelty is insufficient as
software-defined radios and amateur enthusiasts
can target satellites. This raises myriad concerns
around the capability and intentions of highly
trained, well-equipped hostile state actors. Without
robust, open, and standardized security protocols,
attackers will continue engaging in sophisticated
attacks on space systems (Pavur & Martinovic,
2022).

NATO’S APPROACH TO SPACE -
STANDARDIZATION IN NATO

NATO is working towards the establishment of
protocols that govern responsible behavior in
space. These protocols encompass guidelines
for conducting space activities, preventing debris
creation, and avoiding actions that could degrade
the security of space. By articulating these
norms, NATO aims to foster an environment of

transparency, trust, and mutual respect among
space stakeholders. While this may be the case
for NATO, the U.S. is at risk of adopting a ‘do as
| say, not as | do’ approach to its space activity.
The U.S. continues to pursue military advantage
through the space domain, risking the further
militarization and potential weaponization of space
(Osborn, 2021). According to Retired Col. Charles
Galbreath, “It’s oxymoronic to establish a new
military service charged with protecting interests
in space without arming it with the weapons it must
have to accomplish its mission” (Hadley, 2023).
Furthermore, U.S. Air Force Secretary Frank
Kendall Ill acknowledged that there are ‘hard kill
and soft kill’ space capabilities funded by the U.S.
Government (Hitchens, 2023; Kitfield, 2023). It is
noteworthy that non-kinetic ‘space weapons’ are
also discussed in U.S. and other NATO Member
State’s space doctrines. This inconsistent narrative
between NATO and its most powerful members
does not elicit the ideals NATO hopes to espouse
in its members and Partner Nations (Haar,
2020). These circumstances may dissuade those
countries seeking to employ space for peaceful
purposes from aligning with NATO. Commentary
from the Nigeria Minister Muhammed Zayyanu
Bandiya highlights that a ‘comprehensive and
legally binding treaty’ regarding the placement
of weapons is necessary and condemns the
placement of weapons in space for ‘offensive or
defensive purposes’ (Bandiya, 2022). In response
to this statement, it would be advantageous for
NATO to categorically define what it regards
as ‘space weapons’ and, thereafter, to set out
associated governance principles.




NATO’s approach to space encompasses the
development of frameworks that promote space
situational awareness. The organization facilitates

the sharing of space-related data, tracking
information about satellites and debris, and the
provision of comprehensive space-based insight
to its members and Partner Nations (SFET, n.d.).
This collaborative approach enhances the ability
to identify and mitigate potential threats to space
assets. NATO'’s pursuit of space-related protocols
and frameworks epitomizes a multifaceted
commitment to the secure, responsible, and
collaborative use of space. To what extent NATO
is best suited to lead these initiatives remains in
question as other non-military organizations, such
as the Inter-Agency Space Debris Coordination
Committee’s (IADC), have proven successful
(IADC, 2023). The IADC’s successes in orbital
debris environmental models and observation
data exchange formats suggest that ideological
competitors can work towards common interests
for the betterment of humankind (Sharpe et al,,
2023; IADC, 2023).

It is important to note, however, that NATO'’s role
in fostering a cohesive framework extends to crisis
management and response. The characteristic
of resilience is rooted in NATO’s Article 3 and
supports its means to deter and defend against its

adversaries. The organization conducts exercises
and simulations that replicate space-related
contingencies, both military and natural, thereby
honing member states’ readiness to address
emergent challenges and ensuring resilience
across military and civil endeavors (NATO, 2023c).

A pivotal aspect of NATO’s impact on international
space governance lies in its role as a model of
responsible behavior. The standardization efforts
advocated by NATO are examples of global
best practices in space activities. By adhering
to established norms, member states reinforce
the principles of transparency, sustainability,
and non-militarization in their cosmic endeavors,
thus signaling to the broader international space
community that the adoption of similar standards
is advantageous. Crucially, NATO’s efforts to
establish standardized protocols resonate beyond
its member states. The organization’s emphasis
on cooperation, transparency, and predictability
in space activities reverberates across the
international landscape, influencing the norms
and practices of Allies and Partner Nations
(Tardy, 2022). The effects of this approach are
especially beneficial in facilitating joint operations
and collaboration between NATO and other non-
member countries.
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RECOMMENDATIONS FOR NATO AND
NATIONS AND CONCLUSION

NATO should continue to advocate space security,
champion robust and equitable policies, and
encourage collaboration across African regional
actors. Contemporaneously, NATO should carefully
consider how it engages African nations regarding
their space development roadmap by focusing on
opportunities for socio-economic betterment that
maximize positive engagement. This position will,
thereby, minimize the likelihood of any potential
geopolitical ramifications by focusing on non-
contentious activities. Despite this observation,
encouraging African nations to align with NATO’s
development and operational standards opens the
opportunities for the Western technology market
and future integration. These opportunities would
be less numerous should Africa align with other
great powers.

NATO should also continue highlighting the
criticality of avoiding increasing tensions and

geopolitical competition in space; particularly,
between hegemonic nations. The prospect of
space becoming increasingly militarized and
weaponized is a symptom of the human condition
of competition; as such, NATO should direct its
influence towards prevention of space becoming
a true domain of warfare.

Furthermore, NATO should support capability
development within African nations, thus
contributing to significant industry growth as
related industries cluster around NATO space
investment. These clusters will attract businesses,
investment in infrastructure, research facilities,
and talent, in the form of professionals and
academic institutions. NATO investment in
Africa will become increasingly sustainable as a
regional cultural shift attracts young professionals,
innovative businesses, and startups, establishing
a closer link between academia and industry.



CONCLUSION

The evolving role of multiple actors in space
exploration signifies a transformation from
government-centric initiatives to a dynamic
landscape involving private companies,
international collaborations, and multilateral
partnerships.  Technological = advancements,
commercial interests, the pursuit of scientific
discovery, and geopolitics are driving the shift.
This paradigm has significant potential to impact
Africa by offering participation, knowledge
transfer, and technology sharing. With the
correct positioning, African nations will benefit
from increased access to space resources,
collaboration on capacity-building programs, and
the potential for economic growth through space-
related industries. However, challenges such as
technology disparities, geopolitical equity, and the
implementation of equitable participation must be
carefully considered.

Standardization and international cooperation
are pivotal in ensuring the efficient, safe,
and sustainable growth of space activity.
Standardization establishes a common
framework that streamlines operations, enhances
interoperability, and mitigates risks. Likewise, the
successful alignment of protocols, technologies,
practices, and legal frameworks will facilitate
collaboration among diverse stakeholders.
International cooperation transcends boundaries
and encourages sharing of resources, expertise,
and knowledge. When delivered in a manner

that is consistent with international legal statutes
and established trade agreements, multinational
cooperation frameworks pave the way for cost-
effective endeavors, accelerate technological
advancements, and foster a sense of collective
responsibility. It follows that standardization and
international cooperation form the bedrock of safe,
prosperous, and collaborative space activity.

Efforts by NATO Member States to ensure
equitable and sustainable space exploration for
global development underscore the critical role
that international collaboration plays in shaping
the future of space activities. By prioritizing
inclusivity,  transparency, and responsible
practices, NATO and its member states can foster
a harmonious space environment that benefits
all nations. Emphasizing peaceful cooperation
and shared benefits will facilitate knowledge
exchange, technological advancements, and
capacity-building initiatives. This approach not
only promotes global development but also
underscores a commitment to the use of space as
a peaceful domain for the betterment of humanity.
Africa must exercise carefully calibrated strategies
to maximize meaningful engagement across
an array of external actors. These strategies
must intersect strategic competition, diplomatic
alliances, and commercial interests. Critically, they
must navigate entrenched political rivalries and
competitive dynamics to establish standards and
equitable governance.

Page 19



REFERENCES

1. African Space Agency. (2018). Statute of the African Space Agency. Available at: https://au.int/sites/
default/files/treaties/36198-treaty-statute_african_space_agency_e.pdf.

2. African Union. (2019). African Space Strategy. Available at: https://au.int/sites/default/files/docu-
ments/37434-doc-au_space_strategy_isbn-electronic.pdf.

3. African Union. (2021). Leveraging Private Sector Engagement for the Africa we Want. Available at:
https://au.int/en/pressreleases/20211108/leveraging-private-sector-engagement-africa-we-want.

4. African Union Commission (AUC). (n.d.). African Space Policy: Towards Social, Political and Eco-
nomic Integration. Available at: https://au.int/sites/default/files/documents/37433-doc-african_space_
policy_isbn_electronic_.pdf

5. African Union Development Agency. (2022). Second Continental Report on the Implementation of
Agenda 2063. Available at: 41480-doc-2nd_Continental_Progress_Report_on_Agenda_2063_English.
pdf (au.int).

6. Agbor, S. (2019). African Union Space Strategy Foreword. Available at: https://au.int/sites/default/
files/documents/37434-doc-au_space_strategy_isbn-electronic.pdf.

7. Alberts, A.d. (2019). The Possible Beneficial Effect of Using Small Satellite Technology to Promote
the Achievement of the UN Sustainable Development Goal of Poverty Reduction Specifically on the
African Continent. In: Froehlich, A. (Ed.), Embedding Space in African Society. Southern Space Stud-
ies (pp.181-194). Switzerland: Springer Nature.

8. Alden, C. (2019). Emerging Powers and Africa: From Development to Geopolitics. Istituo Affari Inter-
nazionali. Available at: http://www.jstor.com/stable/resrep19667.

9. Arezki, R. (2023). Niger: ‘It’s time to break with the practice of paternalism towards Africans and
allows these countries to exercise free will’. Le Mode. Available at: https://www.lemonde.fr/en/opinion/
article/2023/08/19/niger-it-s-time-to-break-with-the-practice-of-paternalism-towards-africans-and-allow-
these-countries-to-exercise-their-free-will_6098503_23.html.

10. Bandiya, M. (2022). UN Assembly: Seventy Seventh Session, 22nd Meeting. Available at: https://
press.un.org/en/2022/gadis3698.doc.htm.

11. Bednarski, L. (2023). The New Space Race: Africa’s Cosmic Ambitions. Engelsberg Ideas. Avail-
able at: https://engelsbergideas.com/essays/the-new-space-race-africas-cosmic-ambitions/.

12. Betz, E. (2021). The Karmén Line: Where does space begin? Astronomy. Available at: https://www.
astronomy.com/space-exploration/the-karman-line-where-does-space-begin/.

13. Bowen, B. (2015). Space Power and Space Warfare. Available at: https://pure.aber.ac.uk/ws/por-
talfiles/portal/10682707/Bowen_B_E.pdf.

14. Brukardt, R. (2022). How Will the Space Economy Change the World. Available at: https://www.
mckinsey.com/industries/aerospace-and-defense/our-insights/how-will-the-space-economy-change-
the-world#/.

15. BSI. (2022). Space Engineering Control Performance Guidelines.

16. Chaben, J. (2023). Extending Humanity’s Reach. Journal of Strategic Security, Vol. 13, No. 3.
Available at: https://www.jstor.org/stable/10.2307/26936546.

17. Croshier, R. (2023). The Handbook for Space Capability Development. Center for Global Develop-
ment. Available at: https://www.jstor.org/stable/resrep48711.8.



18. Chuviecoa, E., Mouillotb, F., van der Werfc, G.R., San Migueld, J., Tanasea, M., Koutsiase, N.,
Garciaa, M., Marta Yebraf, M., Padillag, M., Gitash, I., Heili, A., Hawbakerj, T.J., Gigliok, L. (2019).
Historical background and current developments for mapping burned area from satellite Earth obser-
vation. Remote Sensing of Environment 225, 45-64.

19. Croshier, R. (2022). Recommendations for US-Africa Space Cooperation and Development.
Available at: https://www.cgdev.org/sites/default/files/Recommendations- US-Africa-Space-Coopera-
tion_brief.pdf.

20. Cross, M. (2019). 50 years After the Moon Landing: Why Europe Should Lead the Next 50. Norwe-
gian Institute of International Affairs. Available at: http://www.jstor.com/stable/resrep19870.

21. Davis, M. (2019). The Contested Space Domain Through to 2035 and Beyond. Australian Strate-
gic Policy Institute. Available at: http://www.jstor.com/stable/resrep23071.6.

22. Deloitte. (2013). Offshoring - Hope to Ensure Success. Available at: https://www2.deloitte.com/
content/dam/Deloitte/se/Documents/strategy/Offshoring%20-%20How%20t0%20ensure%20suc-
€es5%20130902.pdf.

283. Di Pippo, S. (2018). The Contribution of Space for a More Sustainable Earth: Leveraging
Space to Achieve the Sustainable Development Goals. Cambridge University Press. Available at:
S2059479818000170jxx 1..3 (cambridge.org).

24. European Space Agency. (2023). Space Hardware Seeks — and Finds — Game Changing Soft-
ware. Available at: ESA - Space hardware seeks — and finds — game-changing software.

25. European Space Agency. (n.d.). Requirements and Standards. Available at: ESA - Requirements
and standards.

26. Faboade, D. (2024). Assessing the Risks and Challenges of Anti-Satellite Weapons to African
Space Programme. Space in Africa. Available at: https://spaceinafrica.com/2024/03/11/assess-
ing-the-risks-and-challenges-of-anti-satellite-weapons-to-african-space-programme/#:~:text=De-
spite%20this%20positive%20adoption%2C%20the,setbacks%2C%20and%200ther%20related%20
hazards.

27. Foust, J. (2022). First African Nations Sign Artemis Accords. Available at: https://spacenews.com/
first-african-nations-sign-artemis-accords.

28. Fox, P. (2022). Western Paternalism in Africa Reaches Its Limits. Responsible Statecraft. Available
at: https://responsiblestatecraft.org/2022/10/26/western-paternalism-in-africa- reaches-its-limits.

29. Frackiewicz, M. (2023). The Economic Benefits of Satellite Technology. Available at: The Econom-
ic Benefits of Satellite Technology (ts2.space).

30. Frackiewicz, M. (2023). The Use of Satellites in Climate Modelling and Prediction. Available at:
https://ts2.space/en/the-use-of-satellites-in-climate-modeling-and-prediction/.

31. Froehlich, A., Siebrits, A., Kotze, C. (2020). Space Supporting Africa. Volume 2: Education and
Healthcare as Priority Areas in AChieving the United Nations Sustainable Development Goals 2030.
Springer International Publishing.

32. Global Gateway. (2023). EU-Africa Flagship Projects for 2023). Available at: https://internation-
al-partnerships.ec.europa.eu/system/files/2023-06/EU-Africa-flagship-projects-may2023.pdf.

33. Haar, R. (2020). Why Should America Continue to Lead NATO: Why Europe Should Embrace
U.S. Leadership. Atlantisch Perspectief, Vol. 44, No. 2, pp 31-37. Available at: https://www.jstor.org/
stable/48600530.

Page 21



34. Hadley, G. (2023). New Study: US Needs Counterspace Weapons for Space Superiority. Available
at: https://www.airandspaceforces.com/ussf-counterspace-weapons-space-superiority/.

35. Hitchens, T. (2023). Space Forces FY24 Budget Includes ‘Offensive’ Options for Space. What
Does that Mean? Available at: https://breakingdefense.com/2023/03/space-forces-fy24-budget-in-
cludes-offensive-options-for-space-what-does-that-mean.

36. The Hague Centre for Strategic Studies. Space-Based Warfare. Available at: http://www.jstor.com/
stable/resrep12606.

37. Harding, R. (2013) Space Policy in Developing Countries: The Search for Security and Develop-
ment on the Final Frontier. New York: Routledge.

38. Hitchens, T. (2019). Raymond Urges NATO Space Ops; European Fear Offensive Missions. Avail-
able at: https://breakingdefense.com/2019/11/raymond-urges-nato-space-ops-europeans-fear-offen-
sive-missions/.

39. Inter-Agency Space Debris Coordination Committee. (2023). Available at: https://www.iadc-home.
org/what_iadc.

40. International Astronautical Federation (IAF). (n.d.). National Space Research and Development
Agency (NASRDA). Available at: https://www.iafastro.org/membership/all-members/national-space-re-
search-and-development-agency-nasrda.html.

41. Irving, D. (2023). The Calls for More Progress on Space Governance is Growing Louder. Rand
Review. Available at: https://www.rand.org/blog/rand-review/2023/01/the-calls-for-more-progress-on-
space-governance-are.htmi.

42. Johnson-Freese, J. (2014). China’s Space Ambitions: It is Not All About the U.S. Georgetown Jour-
nal Of International Affairs, Vol. 15, No. 1. Available at: https://www.jstor.org/stable/43134274.

43. Kamer, L. (2023). Internet Penetration Rate in Africa as of June 2022, Compared to the Global
Average. Available at: Africa: internet penetration 2022 | Statista.

44. Katz, B. (2020). The Collection Edge Harnessing Emerging Technologies for Intelligence Collec-
tion. Center for Strategic and International Studies (CSIS) Available at: https://www.jstor.org/stable/
resrep25236.

45. Kazeem, Y. (2019). A New Space Agency Signals Africa’s Focus on Harnessing Geospatial Data.
Available at: https://qz.com/africa/1550551/egypt-to-host- african-space-agency.

46. Keller, K., Yeung, D., Baiocchi, D., Welser IV, W. (2013). Facilitating Information Sharing Across
the International Space Community: Lessons from Behavioral Science. Santa Monica, CA: RAND
Corporation, 2013. Available at: https://www.rand.org/pubs/technical_reports/TR1255.html.

47. Kitfield, J. (2023). Pentagon Leaders Emphasize ‘Responsible’ Options for Countering
Space Weapons. Available at: https://www.airandspaceforces.com/pentagon-responsible-op-
tions-space-weapons.

48. Knipfer, C. (2017). International Cooperation and Competition in Space (Part 1). The Space Re-
view. Available at: https://thespacereview.com/article/3376/1#:~:text=These%20include%2C%20in%20
addition%20to%200ther%20guidelines%3A%20promoting,confidence-building%20measures%20
for%20the%20peaceful%20use%200f%20space.

49. Kreps, S., Melamed, A., Jayawardhana, R. (2022). Commentary. The promise and perils of the
new space boom. Brookings. Available at: https://www.brookings.edu/articles/the-promise-and-peril-
of-the-new-space-boom-us-china-competition-spacex-international-law/

50. Kuhn, T. (1962). The Structure of Scientific Revolutions. University of Chicago Press: Chicago.



51. Linck, E., Crane, K. W., Zuckerman, B. L., Corbin, B. A., Myers, R. M., Williams, S. R., Carioscia,
S. A, Garcia, R., & Lal, B. (2019). Human Health Factors. In Evaluation of a Human Mission to Mars
by 2033 (pp. 105—-114). Institute for Defense Analyses. Available at: http://www.jstor.org/stable/res-
rep22892.9

52. Logsdon, J. M. (2020). The United States in Space. Asia Policy, Vol. 15, No. 2, pp. 5—11. Available
at: https://www.jstor.org/stable/27023893.

53. Luwanga, C. (2023). Panel discussion moderated by Dr Jean-Denis Gabikini. Available at:
https://africanews.space/excerpts-from-the-2023-newspace-africa-conference-day-three/#:~:tex-
t=%E2%80%9CAfrican%20countries%20must%20develop%20innovative,thing%20in%20the%-
20space%20industry.

54. Mabera, F. (2019). A Roundup of Strategic Developments and Trends in Africa in 2019. Institute for
Global Dialogue. Available at: http://www.jstor.org/stable/resrep23049

55. MacDonald, B., Freeman, C., McFarland, A. (2023). China and Strategic Instability in Space: Path-
ways to Peace in an Era of US-China Strategic Competition. United States Institute of Peace, No. 515.
Available at: https://www.jstor.org/stable/resrep47207.

56. Makoni, M. (2020). Plans for African Space Agency Jeopardized by Slow Progress. Physics World,
Vol. 33, No. 4. Available at: Plans for African Space Agency jeopardized by slow progress - IOP-
science.

57. Mather, M. (2017). How Space and Cyberspace are Merging in the 21st Century Battlefield. Avail-
able at: https://discoverscifi.com/author/matt.

58. Maunganidze, O. (2022). Partnership, Not Paternalism, is What Africa and Europe Need. The
Progressive Post. Available at: https://progressivepost.eu/partnership-not-paternalism-is-what-afri-
ca-and-europe-need/.

59. McKinsey & Company. (2023). A Giant Leap for the Space Industry. Available at: https://www.mck-
insey.com/featured-insights/sustainable-inclusive-growth/chart-of-the-day/a-giant-leap-for-the-space-
industry.

60. Mills, C. (2021). The Militarisation of Space. House of Commons Library. Available at: https://re-
searchbriefings.files.parliament.uk/documents/CBP-9261/CBP-9261.pdf.

61. Moore, M. (2023). African Space Agencies Have the Potential to Lead the Global Space Race.
Available at: https://spacenews.com/african-space-agencies-have-the-potential-to- lead-the-global-
space-race.

62. Mowthorpe, M., Trichas, M. (2022). A Review of Chinese Counterspace Activities. Available at:
https://www.thespacereview.com/article/4431/1.

63. Morris, C. (2022). How Edge Computing is Revolutionizing Data Processing. Available at: How
edge computing is revolutionising data processing | BT.

64. Munsami, V. (2022). Why Africa Needs to be in Space. Chatham House. Available at: https://www.
chathamhouse.org/publications/the-world-today/2022-08/why-africa-needs-be-space.

65. NASA. (2023). NASA Welcomes Angola as Newest Artemis Accords Signatory Available at: https://
www.nasa.gov/general/nasa-welcomes-angola-as-newest- artemis-accords-signatory.

66. NASA. (2021). The Edge of Space. NASA Science. Share the Science. Available at: https://sci-
ence.nasa.gov/edge-space. NATO Strategic Direction South. (2022). MENA Space Capabilities and
Security Challenges. [PDF].

67. NASA. (2020). NASA Welcomes Angola as the Newest Artemis Accords Signatory. The Artemis
Accords. Available at: Artemis-Accords-signed-130ct2020.pdf (nasa.gov).

Page 23



68. NATO. (2022). NATO’s Overarching Space Policy. Available at: NATO - Official text: NATO’s over-
arching Space Policy, 17-Jan.-2022.

69. NATO. (n.d.). What is NATO? Available at: https://www.nato.int/nato-welcome.
70. NATO. (2023a). NATO’s Purpose. Available at: NATO - Topic: NATO’s purpose.

71. NATO. (2023b). NATO’s Approach to Space. Available at: NATO - Topic: NATO’s approach to
space.

72. NATO. (2023c). Resilience, Civil Preparedness, and Article 3. Available at: https://www.nato.int/
cps/en/natohg/topics_132722.htm.

73. Ngcofe, L., & Gottschalk, K. (2013). The growth of space science in African countries for Earth
observation in the 21st century. South African Journal of Science, No. 109, Vol. 1, pp. 1-5.

74. Ngoma, H. (2022). Climate Change Increasing Frequency and Intensity of Drought and Extreme
Weather Events in South Africa. [PPT]. Available at: https://hdl.handle.net/10883/22423.

75. Nye, J. (2003). Propaganda Isn’t the Way: Soft Power. International Herald Tribune. Available at:
https://www.belfercenter.org/publication/propaganda-isnt-way-soft-power.

76. Nye, J. (2004). Soft Power: The Means to Success in World Politics. Public Affairs: Michigan.

77. Odell, L., DiLorenzo. C., Dawson, C., DeMaio, W. (2021). U.S. Government and DoD LEO Efforts.
In U.S. Low Earth Orbit Dominance Shifting with Gray Zone Competition (pp. 3-1-3-8). Institute for
Defense Analyses. http://www.jstor.org/stable/resrep36484.6.

78. Osborn, K. (2021). America is Moving to Weaponize Space, but Space is Already a Warzone.
The National Interest. Available at: https://nationalinterest.org/blog/reboot/america-moving-weapon-
ize-space-space-already-warzone-196269.

79. Oyewole, S. (2020). The quest for space capabilities and military security in Africa. South Afri-
can Journal of International Affairs, No. 27, Vol. 2, pp. 147-172.

80. Pavur, J., Martinovic, I. (2022). Building a Launchpad for Satellite Cyber-Security Research: Les-
sons From 60 years of Space Flight. Journal of Cybersecurity, Vol. 8, No. 1. Available at: https://doi.
org/10.1093/cybsec/tyac008.

81. Peperkamp, L. (2020). An Arms race in Outer Space? Atlantisch Perspectief, Vol. 44, No. 4. Avail-
able at: https://www.jstor.org/stable/10.2307/48600572.

82. Petroni, G., Bianchi, D. (2016). New Patterns of Space Policy in the Post-Cold War World. Space
Policy, Vol. 37, No. 1. Available at: https://doi.org/10.1016/j.spacepol.2016.10.002.

83. Pecujli¢, A. (2021). Outer Space as a Global Common. Center for International Relations and Sus-
tainable Development. Available at: https://www.cirsd.org/en/expert-analysis/outer-space-as-a-global-
common.

84. Poushter, J., Carle, J., Bell, J., Wike, R. (2015). Internet Seen as a Positive Influence on Education
but Negative on Morality in Emerging and Developing Nations. Pew Research Center. Available at:
Pew-Research-Center-Technology-Report-FINAL-March-19-20151 (1).pdf.

85. Rose, F. (2020). NATO and Outer Space: Now What? Available at: https://www.brookings.edu/arti-
cles/nato-and-outer-space-now-what/.

86. Rudd, K. (2022). The Avoidable War. Hachette Book Group, Inc: New York.

87. Ruhlig, T. (2023). The New Geopolitics of Technical Standardisation: A European Perspective.
Future Europe. Available at: https://feu-journal.eu/issues/issue-3/the-new-geopolitics-of-technical-stan-
dardisation-a-european-perspective/.



88. Salmeri, A. (2020, October 13). #SpaceWatchGL Opinion: One Size to Fit Them All: Interoper-
ability, the Artemis Accords and the Future of Space Exploration. Spacewatch Global. Available at:
https://spacewatch.global/2020/11/spacewatchgl-opinion-one-size-to-fit-them-all-interoperability-the-
artemis-accords-and-the-future-of-space-exploration.

89. Santodomingo, R. African Nations Join Forces to Enter the Modern Space Race. Available at:
https://english.elpais.com/international/2023-06-29/african-nations-join-forces-to-enter-the-modern-
space-race.html.

90. Schwab, K., Davis, N. (2018). Shaping the Future of the Fourth Industrial Revolution: A Guide to
Building a Better World. Penguin Books, Limited.

91. Sharpe, J., Moustakis, F.,Trichas, M., Terrill, D. (2023). The Implications of the UK’s National
Space Strategy on Special Operations. Available at: https://www.thespacereview.com/article/4604/1.

92. Sharpe, J., Moustakis, F.,Trichas, M., Terrill, D. (2023). What Does the PRC’s Space Program
Mean for Great Britain and the West? Available at: https://www.thespacereview.com/article/4612/1.

93. Sharpe, J., Trichas, M., Terrill, D. Moustakis, F. (2023) The Interplay of Domains: Space, Cyber,
and Special Operations on the Global Stage. [unpublished paper].

94. Siegle, J. (2023). The Creeping Loss of African Sovereignty. African Center for Strategic Studies.
Available at: https://africacenter.org/experts/creeping-loss-african-sovereignty/.

95. Soule, F. (2021). Mapping the Future of Africa-China Relations: Insights From West Africa. South
African Institute of International Affairs. Available at: https://www.jstor.org/stable/resrep36161.

96. Space Foundation Editorial Team. (n.d.). Space Briefing Book: Space Situational Awareness.
Space Foundation. Available at: https://www.spacefoundation.org/space_brief/space-situation-
al-awareness/.

97. Stockholm Internatinal Peaceful Research Institute. (2023). Climate Change and Security in West
Africa: Regional Perspectives for Addressing Climate-Related Security Risks. Available at: https://
www.sipri.org/publications/2023/partner-publications/climate-change-and-security-west-africa-region-
al-perspectives-addressing-climate-related-security#:~:text=Climate%20change%20is%20altering%20
security,conflicts%20and%20complex%20humanitarian%20emergencies.

98. Shockley, A. (2023). The Importance of International Collaboration in the Space Industry. Available
at: https://www.kdcresource.com/insights/the-importance-of-international-collaboration-in-the-space-in-
dustry/#:~:text=The%20Benefits%200f%20International%20Collaboration&text=Arguably%20the %20
biggest%20is%20cost,be%20transferred%20to%200ther%20industries.

99. Stein, P., & Uddhammar, E. (2021). China in Africa: The Role of Trade, Investments, and Loans
Amidst Shifting Geopolitical Ambitions. Observer Research Foundation 327. Available at: https://
www.orfonline.org/research/china-in-africa

100. Stiftung, K. (2017). From Cyberspace to Outer Space. Available at: http://www.jstor.com/stable/
resrep10101.9.

101. Suma, K (2023). How Can Europe Continue to Support African Space Development in Light of
the Creation of the African Space Agency. Available at: hitps://www.friendsofeurope.org/insights/criti-
cal-thinking-how-can-europe-continue-to-support-african-space-development-in-light-of-the-creation-
of-the-african-space-agency/.

102. Tardy, T., & Tardy, T. (Eds.). (2022). Six takeaways from NATO’s new Strategic Concept. In
NATO’s New Strategic Concept (pp. 5—16). NATO Defense College. Available at: http://www.jstor.org/
stable/resrep43425.6.

Page 25



103. Tedeschi, P., Sciancalepore, S., Di Petro, R. (2022). Satellite-Based Communications Security: A
Survey of Threats, Solutions, and research Challenges. Available at: https://arxiv.org/pdf/2112.11324.
pdf.

104. Trichas, M., Moustakis, F., Mowthorpe, M., Sharpe, J. (2023). Opportunities and Threats From
Commercial Satellite Mega Constellations. [unpublished paper].

105. United Nations. (2015). Transforming Our World: The 2030 Agenda for Sustainable Development.
Available at: https://sdgs.un.org/sites/default/files/publications/ 21252030%20Agenda%20for%20Sus-
tainable%20Development%20web.pdf.

106. United Nations Office for Outer Space Affairs (UNOOSA). (2021). Treaty on Principles Govern-
ing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other
Celestial Bodies. RES 2222 (XXI).

107. University of Oxford. (n.d.). The Square Kilometre Array. Available at: https://www.physics.ox.ac.
uk/research/group/square-kilometre-array-ska.

108. U.S. Department of Defense. (2019). Competition Continuum; Joint Doctrine Note 1-19. Available
at: https://www.jcs.mil/Portals/36/Documents/Doctrine/jdn_jg/jdn1_19.pdf.

109. U.S. Mission to the North Atlantic Treaty Organization. (n.d.). About NATO. Availble at: About
NATO - U.S. Mission to the North Atlantic Treaty Organization (usmission.gov).

110. van Manen, H., Bekkers, F., Kupistikova, Z., Sweijs, T., & Bolder, P. (2020). Space: Satellites,
Space Exploration, and the Netherlands’ National Security. Hague Centre for Strategic Studies. Avail-
able at: http://www.jstor.org/stable/resrep24826.

111. Varmada, P. (2022). The Space Race Expands: Why African Nations are Looking Beyond Earth.
Harvard International Review. Available at: https://hir.harvard.edu/why-african-nations-are-shooting-
for-the-stars.

112. Verstraete, W. (2023). On the Necessity of Defending Belgian Interests in Outer Space.
Edgemont Policy Brief 302. Available at: hitps://www.jstor.org/stable/resrep48820.

113. Willige, A. (2024, May 16). 6 ways satellites are helping to monitor our changing planet from
space. World Economic Forum. Available at: https://www.weforum.org/agenda/2024/05/earth-obser-
vation-satellites-climate-change-research.

114. World Economic Forum. (2022). The Global Risks Report 2022 17th Edition. Insight Report.
World Economic Forum. Available at: https://www.weforum.org/reports/global-risks-report2023/#:~:-
text=The%20Global%20Risks%20Report%202023,human% 20development%20and%20future%20
resilience.

115. World Population Review. (2023). Countries With Space Programmes. Available at: https://world-
populationreview.com/country-rankings/countries-with-space-programs.

116. Zwart, M., Henderson, S. (2021). Commercial and Military Uses of Outer Space. Springer Nature
Singapore.






OPEN

PUBLICATIONS

External Actors’ Evolving Role in Space
and the Impact on African Countries
www.openpublications.org




	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_01.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_02.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_03.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_04.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_05.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_06.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_07.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_08.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_09.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_10.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_11.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_12.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_13.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_14.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_15.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_16.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_17.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_18.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_19.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_20.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_21.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_22.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_23.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_24.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_25.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_26.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_27.pdf
	edited v2 MAR 2025 External Actors’ Evolving Role in Space and the Impact on African Countries_28.pdf

