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Abstract: The advent of SpaceX's Starlink technology is poised to revolutionize the
internet landscape in Botswana, offering unprecedented opportunities for education,
particularly in engineering. Starlink's advanced engineering, characterized by its
innovative phased-array antennas, facilitates high-speed, low-latency internet access
that surpasses traditional ISP offerings. This paper explores the transformative
potential of Starlink in Botswana, a country where current internet services are limited
and often unreliable. With Starlink, Botswana can experience the same rapid digital
advancement observed in other countries, fostering an environment conducive to
educational growth and technological innovation. The disruption of the current ISP
market by Starlink's superior speed and reliability can lead to enhanced educational
outcomes, empowering students and educators with the tools necessary for modern
learning. Starlink's coverage will span 100% inch by inch of the entire country,
ensuring that every corner of Botswana has access to reliable internet. Furthermore,
Starlink will begin operations in Botswana through retail partnerships within the next
two months, accelerating the country's digital transformation. This paper also reviews
the engineering marvel of Starlink's antenna design, which plays a crucial role in
delivering high-speed internet, and analyses the current state of Botswana's ISP
market, highlighting the potential impacts and benefits of this revolutionary technology.
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1. INTRODUCTION

The dawn of the 21st century has witnessed an unprecedented surge in the reliance
on internet connectivity, permeating nearly every facet of human existence. This
dependence underscores the critical necessity for ubiquitous, dependable, and high-
speed internet access, especially in developing nations striving to bridge the digital
divide. In recent years, the landscape of internet connectivity has been undergoing a
significant transformation, driven by the advent of satellite-based technologies. Among
these, SpaceX's Starlink project stands out as a pioneering initiative designed to
deliver high-speed, low-latency internet to even the most remote corners of the globe.
This paper explores the profound impact of Starlink on Botswana's internet
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infrastructure, delving into its potential to catalyze socioeconomic development and
propel the nation towards a digitally inclusive future.

Botswana, a landlocked country in Southern Africa, has been traditionally challenged
by unreliable and limited internet services, primarily due to its vast and sparsely
populated terrain. This limitation has hampered the nation's progress in various
sectors, including education, healthcare, and economic development. The introduction
of Starlink, with its promise of high-speed, low-latency internet connectivity, is poised
to revolutionize Botswana's digital landscape, offering a beacon of hope for
overcoming these challenges. Leveraging advanced engineering, particularly its
innovative phased-array antennas, Starlink promises to offer internet speeds and
reliability that far surpass those of conventional ISPs. This paper examines how
Starlink's technology can catalyze educational and technological advancements,
fostering an environment of growth and innovation.

The integration of Starlink into Botswana's digital infrastructure comes at a critical time.
The country has been making significant strides in embracing the Fourth Industrial
Revolution, aiming to diversify its economy beyond traditional sectors such as mining
and agriculture. Botswana's government, through various strategic initiatives such as
the "Maitlamo" National Development Plan and the "SmartBots" Digital Transformation
Strategy, seeks to transform the nation into a knowledge-based economy where digital
technology plays a pivotal role in economic development and social inclusion.

Starlink's comprehensive coverage, which promises to blanket every inch of Botswana,
ensures that no region remains disconnected. This universal accessibility is expected
to disrupt the current ISP market, introducing competition that could drive
improvements across the board. The paper provides a detailed analysis of Starlink's
engineering marvels, such as its phased-array antennas, which are critical in
delivering high-speed internet, drawing upon the latest research in satellite
communication technologies.

Furthermore, the paper discusses the launch of Starlink services in Botswana,
facilitated through retail partnerships, marking a significant step towards the country's
digital transformation. It examines the current state of Botswana's ISP market and
anticipates the broad-reaching impacts and benefits that Starlink will bring, from
enhanced educational opportunities to significant advancements in digital
infrastructure, drawing upon empirical evidence and case studies from other regions
where Starlink has been deployed.
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1.1. How Starlink Works

Recent research has focused on antenna systems and signal processing for low Earth
orbit (LEO) satellite constellations like Starlink. Sturdivantt & Chong (2017) compared
mechanical and electronic scanning antennas, finding that mechanical systems
increase latency due to slew time. Qin et al. (2023) developed an articulated horn
antenna system capable of rapid repositioning, offering an alternative to phased-array
antennas for LEO signal tracking. Kanj et al. (2023) derived a Starlink signal model
and proposed a joint code and carrier phase Kalman filter-based loop for tracking in
low SNR conditions, achieving a 21.2 m 2D positioning error. Khalife et al. (2022)
demonstrated the first carrier phase tracking and positioning results with Starlink
signals, using an adaptive Kalman filter-based algorithm to achieve a 7.7 m horizontal
positioning error. These advancements contribute to improved acquisition, tracking,
and positioning capabilities for LEO satellite-based communication and navigation
systems.

Laser intersatellite links (LISLs) are a crucial technology for next-generation satellite
constellations like SpaceX's Starlink. These links can be established between
satellites in the same or different orbital planes, with both permanent and temporary
connections possible (Chaudhry & Yanikomeroglu, 2021). The range of LISLs, which
can span from 4,500 to 45,000 km, significantly impacts network performance.
Increased LISL range leads to improved satellite connectivity, better shortest paths,
and lower average network latency in intercontinental data communications
(Chaudhry et al., 2023). The integration of LISLs in various satellite constellations,
including Starlink, Kuiper, and Telesat, highlights their importance in achieving low-
latency paths and enhancing the overall efficiency of optical wireless satellite networks
(Chaudhry & Yanikomeroglu, 2021)

1.2. How Starlink is Set Up

The setup process for Starlink is designed to be simple and user-friendly. Users are
provided with a kit that includes a phased-array satellite dish, Wi-Fi router, and
necessary cables and mounting hardware. The dish is mounted in a location with a
clear line of sight to the sky, and once powered on, it automatically adjusts its
orientation to optimize its connection to the satellite network (SpaceX, 2024). The
entire setup is completed via the Starlink mobile app, which provides real-time
feedback on signal strength and helps users position their dish for optimal
performance

Satellite-based systems offer promising solutions for global high-speed internet
access. Communication satellites, initially designed for voice telephony, have evolved
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to provide internet connectivity (Evans, 2001). Various approaches have been
proposed, including a terabit elliptic orbit satellite system using Molniya orbits and
phased array ground stations for 10T and consumer internet access (Sturdivant &
Chong, 2016). Nanosatellites in low Earth orbit (LEO) have been suggested as a cost-
effective option for universal network access, particularly for underserved and remote
areas (Burleigh, 2013). The Teledesic Network, a pioneering concept, envisioned a
constellation of 288 LEO satellites providing global coverage for voice, data, and video
communications with various terminal options and data rates (Matossian, 1998).
These satellite-based systems aim to maintain constant communication with ground
stations, delivering uninterrupted high-speed internet access to users worldwide,
including those in remote or economically disadvantaged regions.

The Starlink system architecture, as depicted in Figure 1, consists of several key
components:

1. Satellite Constellation: At the core of the Starlink system is its constellation of
Low Earth Orbit (LEO) satellites. These satellites orbit at an altitude of
approximately 550 km, forming a mesh network in space. The constellation is
designed to provide global coverage, with satellites constantly moving to ensure
continuous connectivity.

2. User Terminals: Also known as "Starlink dishes" or "Dishy McFlatface," these
are the ground-based equipment that end-users install to connect to the Starlink
network. The user terminal is a technologically advanced phased array antenna
that can electronically steer its beam to track Starlink satellites as they move
across the sky.

3. Ground Stations: These are fixed terrestrial stations that serve as the link
between the satellite network and the internet backbone. Ground stations, also
called gateways, have large antennas that communicate with the satellites
overhead, routing internet traffic to and from the wider internet.

4. Network Operations Center (NOC): This is the central hub that manages and
monitors the entire Starlink network. The NOC oversees satellite operations,
manages network traffic, and ensures the overall health and efficiency of the
system.

5. Launch Vehicles: While not part of the operational architecture, SpaceX's
reusable Falcon 9 rockets are crucial for deploying and replenishing the satellite
constellation.

6. Inter-Satellite Links: Advanced versions of Starlink satellites incorporate laser
inter-satellite links, allowing satellites to communicate directly with each other.
This reduces the need for ground stations and improves service in remote areas.

7. User Devices: These are the end-user devices (computers, smartphones, loT
devices, etc.) that connect to the internet via the Starlink user terminal.
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Figure 1. Startlink artchitecture. https://www.techplayon.com/starlink-system-
architecture/ retrieved 16 September 2024.

The diagram illustrates how data flows through this system:

1. A user device sends data to the Starlink user terminal.
The user terminal transmits this data to a Starlink satellite overhead.

N

3. The satellite can then either: a) Transmit the data to a ground station if one is
within range, which then routes the data to the internet backbone, or b) Use
inter-satellite links to transmit the data to another satellite that is within range of

a ground station.

4. For incoming data, the process is reversed, with data flowing from the internet
backbone through ground stations, to satellites, and finally to user terminals

and devices.

This architecture allows Starlink to provide high-speed, low-latency internet access
even in areas where traditional ground-based infrastructure is lacking. The use of LEO
satellites significantly reduces latency compared to traditional geostationary satellite
internet services, while the large number of satellites ensures consistent coverage and

high bandwidth capacity.
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Figure 2. Startlink installtion in Malolwane, Kgatleng District. (courtesy Malakana
Interprises).

1.3. How Starlink Achieves 100% Coverage

Starlink's LEO satellite constellation aims to provide global broadband coverage
through a multi-shell network of satellites at altitudes between 340-1,200 km (Cakaj,
2021). This approach offers lower latency and better coverage compared to traditional
GEO satellites (Su et al., 2019). The constellation's design, including orbital
parameters and beam coverage schemes, is crucial for system performance and
interference management with GEO satellites (Su et al., 2019). Network topology
design for these fast-moving satellites presents unique challenges, requiring
specialized methods to balance latency, throughput, and link stability (Bhattacherjee
& Singla, 2019). LEO constellations are particularly valuable for 10T applications in
remote areas without terrestrial network access (Qu et al., 2017). However, adapting
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existing loT protocols is necessary to ensure compatibility between LEO-based and
terrestrial 10T systems (Qu et al.,, 2017). Overall, LEO satellite constellations offer
promising solutions for global internet and 10T connectivity, with ongoing research
addressing various technical challenges.

* . not affiliated with, ]
+ spaceXof starlink~" , +*, %

Figure 3. Live start link routers covering the whole world. Flysing atr abou 27,000
km/hr at 2500 km altitude ( retrieved from https://satellitemap.space on the 18
October 2024).

1.4. The Satellite

Each Starlink satellite weighs approximately 125 kg and has a lifespan of about 10
years (Aguilar et al., 2019). The constellation utilizes advanced technologies such as
electronically steered antennas, Ka/Ku-band communications, and inter-satellite
crosslinks (Zheng, 2023). Starlink's LEO deployment allows for lower latency,
estimated at around 25 ms, compared to higher orbit satellites (Aguilar et al., 2019).
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Figure 4. The Startlink Satellite. As of early 2024, there were nearly 6,000 Starlink
satellites in orbit. Eventually, SpaceX plans to build a massive constellation of

12,000 satellites, with a possible expansion to 42,000.

Key observations from the live satellite map include:

1.

Global Coverage: The visualization dramatically illustrates how Starlink
satellites blanket the entire globe. This extensive coverage is what enables
Starlink to provide internet access to even the most remote areas, including
regions of Botswana that have been historically underserved.
Density and Distribution: The map shows a higher density of satellites over
mid-latitude regions, which corresponds to areas of higher population density
and demand. However, there is still significant coverage over polar regions and
oceans, demonstrating Starlink's commitment to truly global service.
Orbital Planes: The satellites are arranged in distinct orbital planes, visible as
lines or strings of satellites circling the Earth. This arrangement ensures
consistent coverage as the Earth rotates beneath the satellite constellation.
Dynamic Movement: The live map showcases the constant motion of the
satellites. This dynamic nature of the constellation is key to providing
continuous coverage and minimizing latency.
Coverage over Botswana: Focusing on Botswana, we can observe multiple
satellites passing over the country at any given time. This consistent presence
of satellites overhead is what will enable reliable, high-speed internet access
across the nation.
Expanding Constellation: The number of satellites visible on the map is
continually increasing as SpaceX launches more satellites. This ongoing
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expansion of the constellation will further improve coverage and capacity over
time.

7. Ground Station Connectivity: The map also shows the locations of ground
stations. The proximity of satellites to these stations is crucial for routing internet
traffic efficiently.

Speed test

410 Mbps

— 95% Confidence interval

BTC 31084 samples
Upload Speed (Mb/s) m +/- 0.28

Mascom 71896 samples
Upload Speed (Mb/s) m +/-0.14

Orange 56521 samples

Download Speed (Mb/s)

+/-0.27

Upload Speed (Mb/s) 8.18 +/-0.19

Figure 5. Speed: Startlink versus Mascom, Orange, and BTC
Botswana Everage speeds: https://insights.speedchecker.com/africa/botswana/bw-
2022; retrived on 20 October 2024.

The comparison between typical average speeds of Botswana's Internet Service
Providers (ISPs) and a Starlink example in Gaborone reveals a stark contrast in
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internet performance. Traditional ISPs in Botswana, namely BTC, Mascom, and
Orange, offer average download speeds ranging from 12.22 Mb/s to 21.91 Mb/s, with
upload speeds between 6.82 Mb/s and 8.23 Mb/s. In contrast, a single Starlink client
in Gaborone reported a network speed of 410 Mbps, showcasing a dramatic
improvement in internet capability.

This significant speed difference, with Starlink performing approximately 18.7 times
faster than the highest average download speed of traditional ISPs, highlights the
potential for a transformative impact on Botswana's internet landscape. Such high-
speed connectivity could revolutionize various aspects of internet usage, particularly
benefiting bandwidth-intensive applications like video streaming, large file transfers,
and real-time collaboration tools. These improvements could have far-reaching
implications for businesses, education, and overall digital transformation in the country.

If Starlink can consistently deliver speeds close to the 410 Mbps example, it could
significantly disrupt the ISP market in Botswana. This disruption might compel
traditional providers to improve their infrastructure and service offerings, ultimately
benefiting consumers through increased competition and improved internet services
across the board.

The potential for such high-speed internet could play a crucial role in bridging the
digital divide in Botswana, especially if it can be effectively deployed in rural and
underserved areas where traditional ISPs have struggled to provide high-speed
connections. This improved connectivity could enable new economic opportunities,
enhance access to educational resources, and support Botswana's broader goals for
digital transformation and economic diversification.

However, it's crucial to consider that while Starlink can provide these high speeds
without traditional ground infrastructure, it does require users to have the Starlink
terminal and a clear view of the sky. This requirement may present challenges in urban
areas with tall buildings or in regions with dense vegetation.

2. RELATED WORK

2.1. Technological Aspects of Starlink

Starlink utilizes a constellation of low Earth orbit (LEO) satellites that communicate
with ground stations and user terminals to provide internet services. Each satellite is
equipped with phased-array antennas, which enable dynamic beam steering and

efficient data transmission. The constellation currently includes over 4,276 operational
satellites, with plans to expand further
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Starlink's Low Earth Orbit (LEO) satellite constellation, positioned at altitudes of
approximately 550 km, offers lower latency compared to traditional geostationary
satellites (Cakaj, 2021). This proximity to Earth enables round-trip data times suitable
for real-time applications like video conferencing and online gaming (Zhao & Pan,
2024). However, Starlink's performance can be affected by factors such as hardware
revisions, service subscriptions, and sky obstruction ratios (Zhao & Pan, 2024). While
Starlink can effectively handle most video-on-demand and live-streaming services with
proper buffer configuration, it may experience challenges during interactive video
conferencing, particularly in extreme weather conditions (Zhao et al., 2023). The
network's orbital dynamics lead to continuous latency changes and frequent satellite
hand-offs, which can impact application performance (Tiwari et al., 2023). Optimizing
transport protocols for LEO networks can significantly improve throughput, potentially
enhancing overall user experience (Tiwari et al., 2023).

2.2. Applications in Disaster Recovery

Starlink has demonstrated its utility in disaster recovery scenarios. For example,
during the Noto Peninsula earthquake in Japan, Starlink provided critical
communication infrastructure when traditional systems failed. KDDI Corporation
deployed Starlink kits to restore connectivity in affected areas, showcasing the
system's resilience and rapid deployment capabilities (Nishibayashi, n.d.).

2.3. Impact on Internet Accessibility

Starlink's potential to transform internet accessibility in developing regions is profound.
In Africa, Starlink's introduction has been transformative. A study by Adekanbi et al.
(2024) on internet connectivity in rural Nigeria indicates that the deployment of LEO
satellites has significantly improved internet access in previously underserved regions.
The study further suggests that Starlink's potential to reach rural populations,
particularly in Botswana, can similarly support educational programs and healthcare
services, sectors that rely on reliable connectivity.

2.4. Brightness and Astronomical Impact

The brightness of Starlink satellites, particularly the Direct-to-Cell (DTC) models,
poses challenges for astronomical observations. DTC satellites are significantly
brighter than standard Starlink satellites, which can interfere with observations. Efforts
are ongoing to mitigate these effects through brightness reduction strategies and
improved satellite design (Mallama et al., 2024).
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2.5. Internet Penetration and Digital Connectivity in Botswana

Botswana has seen a steady increase in internet penetration over the years. As of
January 2024, the internet penetration rate in Botswana reached 77.3%, up from 34%
in 2017. This growth can be attributed to various initiatives and projects aimed at
improving digital infrastructure and expanding internet access across the country
(Statistics Botswana, 2023; DataReportal, 2023).

The Botswana government, in collaboration with private sector partners, has launched
several digital projects to enhance connectivity, particularly in rural and underserved
areas. One such initiative is the village connectivity project, which aims to provide
internet access to remote villages, ensuring that all citizens can benefit from digital
services

Botswana has made significant strides in e-government implementation and internet
connectivity, although challenges remain. The government has initiated various e-
government projects to meet World Summit on the Information Society (WSIS) goals,
but their impact on citizens' lives is limited due to inadequate infrastructure, low digital
skills, and lack of an enabling policy framework (Zulu et al., 2012). Innovative
technologies like TV White Space (TVWS) are being explored to enhance broadband
connectivity in rural areas, particularly for healthcare applications (Chavez et al., 2016).
Despite progress, Botswana still lags in utilizing ICTs for online government services
(Nkwe, 2012). The country's internet industry has been developing, with improvements
in the national telecommunication network, internet infrastructure, and regulatory
framework (Mutula, 2002). However, constraints such as limited access and
affordability continue to hamper widespread internet diffusion, highlighting the need
for continued efforts to bridge the digital divide and improve e-government services.

2.6. Digital Transformation Strategy

Botswana's digital transformation strategy, known as SmartBots, aims to drive
economic growth through digitization. This strategy focuses on connecting the entire
country, developing data-driven products and services, investing in innovation, and
building a knowledgeable workforce capable of competing in the global digital
economy. The strategy aligns with the broader goals of the Fourth Industrial
Revolution, leveraging technologies such as artificial intelligence, big data, and the
Internet of Things (loT) (United Nations Commission on Science and Technology for
Development, n.d.; BOCRA, n.d.).
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3. PREDICTED IMPACT AND OPPORTUNITIES OF STARLINK IN BOTSWANA
3.1. Enhancing Internet Connectivity

Starlink's network of LEO satellites is designed to provide widespread internet
coverage, particularly benefiting regions with limited or no access to reliable
broadband services. In Botswana, where the internet penetration rate has steadily
increased from 34% in 2017 to 77.3% in January 2024, Starlink can accelerate this
growth by offering an alternative to traditional ISPs. This increased connectivity is
expected to bridge the digital divide, allowing more individuals and businesses to
participate in the digital economy (Statistics Botswana, 2023; DataReportal, 2023).

Starlink's comprehensive coverage across Botswana ensures that even the most
remote areas will have access to reliable internet. This is critical in achieving the goals
of the SmartBots initiative, which aims to drive economic growth through digitization.
Improved connectivity will enable digital inclusion, allowing all citizens to participate in
the digital economy and access essential services online.

3.2. Educational Opportunities

Improved internet access facilitated by Starlink will significantly enhance educational
opportunities across Botswana, particularly in the field of engineering. Schools in rural
and underserved areas will gain access to online resources, virtual classrooms, and
e-learning platforms, which can significantly improve educational outcomes. This
aligns with Botswana's broader goals under the SmartBots initiative, which aims to
leverage digital technology for educational advancement and human capital
development (United Nations Commission on Science and Technology for
Development)

The integration of digital technologies and innovative e-learning approaches is
transforming education in Botswana and other emerging economies. The University
of Botswana has successfully implemented blended learning, gamification, and virtual
labs to enhance educational delivery and student engagement (Mabalane, 2024).
Starlink's satellite internet technology offers a promising solution to bridge the digital
divide in rural and underserved areas, providing access to high-speed, low-latency
broadband internet (Herath, 2021; Shaengchart & Kraiwanit, 2023). This improved
connectivity enables access to specialized resources and career advancement
opportunities previously unavailable in remote regions (Shaengchart & Kraiwanit,
2023). At the University of Botswana, the implementation of integrated e-learning and
microteaching methodologies in engineering courses has shown positive results, with
increased pass rates and improved student ratings (Agarwal et al., 2020). These
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advancements align with Botswana's goals to leverage digital technology for
educational advancement and human capital development.

Educational institutions will be able to offer enhanced learning experiences through
access to online resources, virtual labs, and remote learning platforms. This will
facilitate modern and interactive education methods, crucial for engineering education
where hands-on experience and access to the latest information are vital.

3.3. Boosting Economic Growth and Market Disruption

By providing reliable internet access, Starlink can stimulate economic growth in
several ways. Small and medium-sized enterprises (SMESs) will benefit from enhanced
connectivity, enabling them to reach new markets, streamline operations, and adopt
digital tools. Additionally, sectors such as agriculture, tourism, and finance can
leverage improved connectivity to innovate and expand their services. The ICT sector,
which contributed 2.6% to Botswana's GDP in Q1 2023, is likely to see further growth
with the advent of Starlink (Statistics Botswana, 2023).

Starlink's superior speed and reliability have the potential to disrupt the current ISP
market, leading to increased competition and potentially lower prices for consumers.
This can lead to increased productivity, the creation of new business opportunities,
and overall economic development. The retail partnerships mentioned for Starlink's
launch will also boost the retail sector.

Starlink, SpaceX's satellite constellation project, has the potential to revolutionize
global internet connectivity, particularly in remote areas (Shaengchart & Kraiwanit,
2024). Its low Earth orbit (LEO) satellites aim to minimize latency and maximize
throughput, offering a significant advantage over traditional geostationary satellites
(Hooda, 2023). Starlink's complete vertical integration, from satellite design to service
provision, could lead to lower retail prices through economies of scale (Giannopapa et
al., 2022). The COVID-19 pandemic has accelerated the need for high-speed internet,
making Starlink's offerings particularly relevant (Hooda, 2023). While Starlink has
proven effective in countries like Ukraine and Tonga, its impact may vary in markets
with established fiber infrastructure and competitive pricing, such as Thailand
(Shaengchart & Kraiwanit, 2024). The project aligns with the growing recognition of
space as an enabler for digital transformation and sustainable socioeconomic growth
(Giannopapa et al., 2022).
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3.4. Promoting Innovation and Technology Adoption

Starlink's high-speed internet service will support Botswana's ambitions to become a
leader in the Fourth Industrial Revolution. By facilitating access to cutting-edge
technologies such as artificial intelligence, big data, and the Internet of Things (loT),
Starlink can drive innovation and help local businesses adopt advanced digital
solutions. This is crucial for the country's SmartBots initiative, which aims to create a
knowledge-based economy through digital transformation (United Nations
Commission on Science and Technology for Development, n.d.; BOCRA, n.d.).

The advanced engineering of Starlink, particularly its innovative phased-array
antennas, provides an infrastructure that supports technological innovation. This can
lead to the development and implementation of new technologies in various fields. The
reliable and fast internet connection will enable researchers and tech entrepreneurs
to work more efficiently, fostering a culture of innovation and creativity.

3.5. Improving Healthcare Services

Healthcare services in remote and rural areas of Botswana can be significantly
improved with better internet connectivity. Telemedicine, remote consultations, and
access to digital health records will become more feasible, ensuring that healthcare
providers can offer timely and effective care. This can enhance overall health
outcomes and reduce disparities in healthcare access between urban and rural
populations.

Telemedicine and digital health tools have the potential to significantly improve
healthcare access and outcomes in rural areas of Botswana and other developing
countries. TV White Space technology offers a promising solution for broadband
internet connectivity in remote regions, enabling telemedicine applications (Chavez et
al., 2016). Mobile telemedicine initiatives, such as "Kgonafalo" in Botswana, have
demonstrated success in connecting patients with specialized care, though challenges
like device malfunctions and cultural misalignment need to be addressed (Ndlovu et
al., 2014). Satellite-based telemedicine can extend healthcare services to isolated
communities, but issues with latency and data transmission need to be resolved (Bisu
et al., 2018). Digital health tools, including mobile applications and educational
platforms, can enhance community health literacy and empower individuals to manage
their health more effectively. However, successful implementation requires
overcoming barriers such as limited internet connectivity and low digital literacy rates
(Maha et al., 2024).
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3.6. Enhancing Public Services

Better internet connectivity will improve the delivery of public services, including
healthcare, education, and government services. E-government services can become
more efficient and accessible, improving the overall quality of public administration.

Starlink, with its satellite-based internet services, can offer high-speed, low-latency
internet access even in remote or underserved areas. This would directly address the
challenges of low internet speeds, limited access, and high tariffs that Botswana'’s
citizens face (Mokeresete & Esiefarienrhe, 2020). By improving connectivity across
the country, Starlink can ensure that more citizens gain reliable access to online
government services, regardless of geographic location.

Furthermore, internet access could facilitate the development and widespread use of
indigenous software applications, as these require stable and affordable internet to be
effectively deployed and maintained. This aligns well with the e-government strategy’s
goals of enhancing public service delivery through localized solutions (Esiefarienrhe
& Mokeresete, 2022).

With Starlink’s support, Botswana’s goal of universal broadband access could become
more achievable. Enhanced internet infrastructure could also foster greater public trust
in e-government services by improving the accessibility and reliability of online
platforms. This would enable the government to engage citizens more effectively,
offering an improved digital experience for accessing critical services and information.

3.7. Boosting Research and Development

The reliable and fast internet provided by Starlink will benefit research and
development activities. Universities and research institutions can collaborate more
effectively with international partners, access global databases, and conduct high-
level research without the limitations imposed by poor internet connectivity. This can
lead to significant advancements in various fields and position Botswana as a hub for
scientific research in the region.

4. OTHER COMPETITION LEO INTERNET SERVICES

Other low Earth orbit (LEO) satellite internet technologies competing with Starlink
include:

OneWeb: Partnered with governments and major telecoms, OneWeb aims to provide
global broadband coverage, focusing heavily on underserved areas and enterprise
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markets. It is a leading satellite internet provider, aims to deliver global broadband
coverage with a planned constellation of 648 satellites (Yoon et al., 2023). The
company has made significant progress, with over 600 satellites deployed as of March
2023, focusing on high-speed, low-latency connectivity for high-latitude regions

Amazon’s Project Kuiper: Amazon's upcoming LEO constellation aims to deploy
over 3,000 satellites. It plans to leverage Amazon’s massive distribution network,
aiming for consumer and enterprise markets by providing fast, reliable internet.
Amazon's Project Kuiper is part of a growing trend of Low Earth Orbit (LEO) satellite
constellations aiming to provide global broadband internet. These megaconstellations,
including Kuiper's planned 3,236 satellites, promise improved connectivity for remote
areas but raise environmental concerns due to increased rocket launches (Ogutu et
al., 2023).

Telesat Lightspeed: Telesat, a long-time satellite communications company, is
developing the Lightspeed LEO constellation, focusing on delivering high-performance
connectivity for enterprise applications, particularly in aviation, maritime, and backhaul
sectors. Telesat LEO satellite constellation designed to provide global broadband
connectivity with low latency and high performance (Nader Yared & G. Jansson, 2023).
The system utilizes Optical Inter-Satellite Links (OISLs) for mesh network connectivity,
enabling secure and resilient data transmission without the need for anchor relay
stations (Nader Yared & G. Jansson, 2023).

China's Guowang: This is China’s state-backed LEO satellite constellation initiative
aimed at national coverage and competing internationally. Guowang aims to provide
high-speed internet with over 13,000 satellites.

Astrome: Based in India, Astrome focuses on a smaller constellation to provide high-
speed, affordable internet access in remote areas. They are also exploring new ways
of increasing data capacity via millimeter-wave technology.

Viasat: Though more established in geostationary orbits, Viasat is expanding into LEO
to enhance its capabilities for high-speed internet, particularly targeting underserved
rural areas.

5. CONCLUSION

The introduction of SpaceX's Starlink in Botswana presents a transformative

opportunity for the country's digital landscape. By providing high-speed, low-latency
internet access across the entire nation, Starlink has the potential to bridge the digital

348



International Conference on Engineering Education and Management
(IC2EM’24), September 23-25", 2024, BIUST, Botswana

divide, enhance educational outcomes, stimulate economic growth, and drive
innovation across various sectors.

The predicted impacts and opportunities of Starlink operations in Botswana are far-
reaching. From improving internet connectivity and supporting educational initiatives
to boosting economic growth and promoting technology adoption, Starlink's presence
aligns well with Botswana's digital transformation goals. The potential improvements
in healthcare services, public administration, and research and development further
underscore the significance of this technological advancement.

However, the successful implementation and utilization of Starlink's services will
require addressing challenges such as affordability, competition with existing ISPs,
and regulatory considerations. It will also be crucial to focus on digital literacy initiatives
to ensure that all citizens can benefit from the improved connectivity.

As Botswana continues its journey towards becoming a knowledge-based economy,
the integration of Starlink into its digital infrastructure marks a significant milestone. By
leveraging this advanced satellite internet technology, Botswana is positioning itself at
the forefront of the digital revolution in Africa, paving the way for inclusive growth and
sustainable development in the digital age.

Compared to traditional ISPs in Botswana, these speeds represent a dramatic
improvement, particularly in rural areas where internet connectivity has historically
been slow and unreliable (Statistics Botswana, 2023).

As new satellites are deployed and more ground infrastructure is developed, Starlink's
footprint continues to grow, prioritizing areas such as rural schools and clinics. This
expansion process is essential to fulfilling Botswana's national digital transformation
strategy, SmartBots, which aims for universal digital inclusion (SpaceX, 2024).
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