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FOREWARD
I'm Mike Grace, the CEO of LongShot. We are a hypersonic
technology company with a long-term interest in space launch. I
originally became interested in Kenya purely because of the
geographic advantages it presents for space launch. You can
look at a map can see that Kenya is among 6 or 7 countries in
the world with ideal placement for space launch. However, after
researching Kenya and paying a visit to Nairobi, I discovered a
further advantage the nation has which may make it unique in the world; its people.
Kenya has a large growing population of young, smart, educated, English-speaking, men and
women who are eager to build a future for themselves and a future for their country. I saw
many things that impressed me while I was visiting, but none more so than the students I had
the opportunity to meet through the aerospace program at Kenyatta University. They were the
equal of any I have encountered in the USA. They asked me probing and incisive questions,
showing a deep interest in our work and an understanding of the wide-ranging discipline of
areospace engineering. Ultimately it was the ambition and hunger for opportunities I saw that
made the largest impression on me and which I feel most differentiated the Kenyans I met from
many Americans.
I am extremely grateful that my company has been able to have a small part in supporting this
study. I expect nothing but great things from these researchers, and from Kenya at large. I hope
that this report can help open eyes, both in Kenya and outside, to the opportunity the
nations present both to the global space launch industry and to our shared human project of
exploring the cosmos.

Sincerely,

Mike Grace
CEO, LongShot Space Technology Corporation
Santa Clara California, USA
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PREFACE
Over the past decade, interest and excitement within the space
sector has grown to levels not seen since the great space race of the
50s and 60s. Different companies have invested billions of dollars
in developing the capacity to launch private citizens on space tours,
leading to leaps in innovation, creation of employment
opportunities and growth of subsidiary industries in manufacturing,
education, research and many others.
Kenya, as an economic leader in the East Africa region, has made
significant progress in building this sector; with the establishment of the Kenya Space Agency
in 2017, establishment of Aerospace Engineering programmes such as the one found in
Kenyatta University, and the increased interest from investors in the tech and innovation
sectors, Kenya is well on its way to building this industry.
The benefits of establishing a spaceport capable of launching rockets within Kenya are
numerous and positively impact the growth of this country. On the equator and on the east coast
of Africa, Kenya is located in a geographically favorable position, able to launch vehicles very
efficiently and with minimised risk to its population. This makes it an attractive launch site that
many countries and private companies would be willing to pay to utilise. In addition, the
development of highly innovative industries such as this provides employment opportunities
in many sectors, and the potential for growth in supporting industries. Development of such a
spaceport would also foster research, innovation and growth of knowledge within this country,
rippling out to Kenya taking the lead globally as a significant player in the space sector.
This report provides a thorough examination on the viability of establishing a spaceport in
Kenya; what are the benefits of establishing it, what considerations must be made, how private
and public sector should work together, an examination of the ideal locations, and a commercial
analysis of the costs and expected financial gains, both to an investor and the government. The
case made here shows that establishment of the spaceport is not only a viable idea, but
something that we as a nation should aim to pursue.
Dr. Eng. Victor M. Mwongera, PE, MRAEs, MIEK
Chairperson, Department of Mechanical Engineering, Kenyatta University.
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Kenya is a globally significant area for innovation, has robust
economic growth and stability over the years has placed it on
the map as an investment hub. With its equatorial location as
an additional advantage, we anticipate increased investment
for space exploration activities in the near future.

This report underpins a shared vision of individuals, mine
included, and organisations for a thriving space industry in Kenya, acknowledging our
geographical, social, political and economical advantage. It reviews the themes and capabilities
in space-related sectors for Kenya, and sets out to envision an action plan to maximise this
potential.

Being part of a team of visionary leaders in the space sector, and applying my expertise as an
Aerospace Engineer, has been a privilege and gratifying experience. With increased
collaboration and investment in the Kenya space sector, I am excited for the diversification of
the Aerospace industry in Kenya beyond aviation and opportunities for advanced application
of Aerospace and Aeronautical expertise.

Eng. Nyambura Kamau
CEO - The Viwanda Africa Group
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About LongShot Space
LongShot is a Silicon Valley-based company building ground-based
hypersonic solutions. Our technology provides a carbon-neutral way of
launching goods to space that will be two orders cheaper than current
methods, as well as provide cheap means to test at speeds exceeding Mach
5. To date we have been awarded a Phase II SBIR from the United States Air Force for research
and development of a hypersonic testbed. Our work has the potential to culminate in a largescale version of our device to launch satellites, food, fuel, and building materials into space to
support human habitation of the solar system.

About Viwanda Africa
The Viwanda Africa Group Limited is a leading engineering firm in Nairobi,
Kenya, providing expert services supporting innovation in aerospace,
manufacturing and medical technologies. Our team has over 40 years
combined experience in Aerospace, Manufacturing, Finance and
Consulting.
With international expertise in Aerospace Manufacturing and Aircraft Maintenance, the
organisation continues to support projects in aviation and capacity building dedicated to
advancing the Aerospace industry in Kenya. Our partnership with LongShot Aerospace and
Kenyatta University progresses our focus on fostering engineering expertise and collaborations
to support growth and cement Africa as a global centre of launch, research and manufacturing
in the emerging global space economy.

About Kenya Space Agency (KSA)
The Kenya Space Agency was established and mandated under the Kenya
Space Agency Order of 2017 to promote, coordinate and regulate the
development of the space sector in Kenya. KSA also provides leadership
and advisory in policy, legislation and programs related to the space sector.
In the KSA strategic plan, delivery of Space Services was identified as a core area in which
launch capability exists as part of space engineering systems.
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Kenya’s history in space launch activity dates back to the 1960s with the establishment of the
satellite launch and tracking base at Malindi (San Marco Project) in collaborations with the
government of Italy. The first satellite was launched on Kenyan soil in 1967 and the last was
in 1988. In total, over 27 launches were conducted at the base. Currently, the Malindi base is
use for tracking of satellite launches, satellite data acquisition and research.
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EXECUTIVE SUMMARY
Space has become an indispensable part of everyday life in the 21st century with applications
in military and intelligence, communications, navigation, weather forecasting, agriculture,
medicine, disaster management, education and even entertainment. Hence, with the increased
uptake of space technology, there has been an exponential growth in the space economy.
However, African countries have lagged mainly in the field of space science despite their huge
potentials, given the location and cost advantages that most of the countries possess. With most
African spaceports and cosmodromes being inactive, Kenya holds the advantage of being a
prime location for developing a spaceport. With its equatorial location as a major advantage,
increased investment for space exploration activities is anticipated in the near future. Hence,
the purpose of this report is to determine the viability of establishing a spaceport in Kenya.
Research was conducted on the physical, economic, environmental, social, political and
cultural factors that would be considered for the establishment of a spaceport. A decision matrix
was then used to analyze the 47 counties in Kenya based on the primary factors which affect
the location of a spaceport (availability of land and population density) for the purpose of
narrowing down to a select 7 counties for further analysis. A PESTEL and SWOT analysis
were then conducted on the 7 counties, and a second decision matrix conducted on the 7
counties based on criteria drawn from the factors discussed above.
Based on these analyses, Marsabit county, located in the northern part of Kenya, was identified
as the ideal location for a spaceport. The choice of Marsabit was heavily contributed to by the
fact that Marsabit has a large area of restricted airspace, low population density, generally flat
terrain and large areas of available land.
A commercial case for the construction of a spaceport in Marsabit county estimated the total
construction cost of the launch facility at $ 51.75 Million, with $ 66 Million annual operational
costs, and a revenue of $ 9.5 Million per launch with an estimate of 5 launches within the first
year of construction and an exponential rise to 60 launches by the 10th year of operation.
This report in turn recommends for:
1. The development of a small size launch facility in Marsabit county.
2. The formulation of policies to regulate space launches in Kenya.
3. Space investors to exploit the tremendous geographical and labour cost advantages in
Kenya.
ix

4. Cooperation between industry, academia and the government in supporting the
development of the up-and-coming Kenyan sector.
5. Investment in the high-tech manufacturing capability of the Kenyan industry.
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1. INTRODUCTION
1.1 BACKGROUND INFORMATION
As the days go by, the access of space by humans has become less of a dream and is now more
of a reality. Space science has developed more applications than just the initial development of
military weaponry, and has become a means of making the world a better place to live in. This
way, the space economy has found itself growing exponentially over the years as shown in

Revenue in Billions of
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Figure 1-1.
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Figure 1-1: Growth of the global space economy [1]

In 2018, the global space economy totalled more than $360 billion and was estimated by the
Bank of America Merrill Lynch to amount to $2.7 trillion by 2045 [2].
Space technology has primarily evolved in countries within the
western and northern hemisphere of the globe, with the United
States currently spearheading the sector. The United States
accounts for over 30% of the operational spacecraft currently

The Global Space
economy is expected to
grow to $ 2.7 trillion by
2045.

orbiting the earth [3]. Other countries making headway in the
field include Russia, China and Japan, amongst others. In
addition, African countries have been making advances to
improve their space sectors, as shown in Table 1-1.
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Table 1-1: Satellites launched from African countries [4] [5]

Country or organisation
Algeria
Egypt
South Africa
Nigeria
Regional African Satellite
Communication Organisation
(RASCOM)
RASCOM
KENYA
ETHIOPIA
SUDAN
RWANDA
MAURITIUS
TUNISIA
MOROCCO
GHANA

Satellites
Alsat-1, Alsat-2
EgyptSat-1, NileSat-101, NileSat 102, NileSat 103,
NileSat 201
New Dawn, Shuttleworth astronaut, Sambundila
NigComSat, NigeriaSat-1, NigeriaSat-2, NigeriaSat-X
RASCOM-QAF1 RQ1

RASCOM-QAF1R RQ1R
SIMBA, 1KUNS-PF
ET-SMART-RSS
SRRS-1
RwaSat-1
MirSat-1
Challenge One
Maroc Tubsat, Mohammed VI-A, Mohammed VI-B
GhanaSat-1

With most African spaceports and cosmodromes being inactive, Kenya holds the advantage of
being a prime location for the development of a spaceport. According to Andy Weir, author of
“The Martian” and “Artemis”, Kenya could be the heart of moon colonization [6]. Despite
Andy Weir being a best-selling author of science fiction books, it goes to show the magnitude
of importance of Kenya as a spaceport location, as Weir speaks of the advantages of Kenya’s
equatorial location and its continuing development of policies which govern space activities
within the country.
Such advantages have led to Kenya investing in the formation of the Kenya Space Agency
(KSA) in 2017 [7], with plans to enter into mutually beneficial, bilateral and multilateral
agreements with persons, agencies, governments or other bodies to further its mandate. This
goes to show that the country is willing to cooperate with international investors, private
organizations and even academia, with regards to the development of space science within
itself, as its mandate is to promote, coordinate and regulate space related activities in Kenya.
Kenya is relatively new in terms of space launch activities; policies are being created as
necessary and this allows the country to learn from past mistakes and to grow its commercial
space operations in a mutually beneficial fashion. With regulations set up by bodies such as the
Federal Aviation Authority (FAA), multiple launch sites and investors are constrained from
conducting multiple projects. This is because some of the rules were created in the 1950s and
2|Page
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1960s to satisfy the Outer Space Treaty, which was mostly concerned with the weaponizing of
spacecraft [6]. Hence, with the growth and development of the space sector, such treaties may
not adequately support the future of space science. Multiple professionals in the space sector
have implied that one of the biggest impediments to the commercial space industry right now
isn’t technology, it’s policy. Commercial space companies such as SpaceX have even gone
ahead to say that it is such a difficult task to deal with the policies put in place [6].
In addition, Kenya is located in a geographically advantageous position due to its lateral
coordinates. Its location on the equator provides a space vehicle being launched from Kenya
with a “speed boost” equivalent to an additional speed of 1,650 km/h, due to the earth’s
rotation. This allows the launch vehicle to save energy and carry heavier payloads into space
[8] as shown in Appendix B. In addition to this, a launch from the equator allows a vehicle to
achieve 0o inclination orbit, if so desired.
Furthermore, Kenya is bordered by the Indian Ocean to the
Kenya is ranked 47th
globally amongst the
countries open for
business

Southeast, which could act as a convenient drop zone and
landing zone for rocket stages during launch. The Indian
Ocean also provides a suitable location for the recovery of
reusable rockets through ocean splashdown recovery missions,
such as those used by Rocket Lab. The ocean also allows for
mid-air retrieval of rocket stages using helicopters, far away
from civilization due to safety factors [9]. Other organizations
such as SpaceX make use of spaceport droneships which are

used to recover the first rocket stages, especially during high velocity missions which cannot
carry adequate fuel to allow for a return-to-launch-site landing [10]. SpaceX is also
constructing its first ocean spaceport which is set to commence operation in 2022, thereby
opening the gates for the construction of offshore spaceports [11].
Kenya is also ranked amongst the top 100 countries to conduct business with. According to
[12] Kenya is ranked 47th globally amongst the countries open for business. This is favoured
by its cheap manufacturing cost (ranked at 71.1/100) and the fact that it does not operate on a
strictly bureaucratic system (ranked 87.6/100). This in turn makes it easy to make transactions
locally and conduct business in general. Table 1-2 below displays a comparison between Kenya
and countries such as China and India which are known for their strengths in business [12].
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Table 1-2: Comparison of Kenya's ranking with regards to being open for business [12]

KENYA

CHINA

INDIA

Open for business

48.1/100

43.6/100

49.6/100

Manufacturing costs

71.1/100

99.6/100

99.9/100

Non-bureaucratic system

87.6/100

26.0/100

57.4/100

The development of a spaceport in Kenya also opens the country to a mode of travel that is still
new, but rapidly gaining popularity: suborbital point-to-point travel. With the recent
discontinuation of the Concord and hence the end of commercial supersonic travel [13], high
speed travelling has proven to still have a market demand for many corporations, governments
and commercial passengers [14]. This involves the use of space vehicles such as rockets and
space planes to transport people and cargo from one corner of the globe to the other within a
short period of time. Hence, considering Kenya’s geographical location, it would be
economical to launch space vehicles to and from a spaceport along the equator, due to the
reserved fuel energy owing to the available speed boost. This spaceport would also act as a
centre for point-to-point travel within Africa, connecting the regional countries which may be
in need of point-to-point travel services.
Finally, thanks to Kenya’s bordering of the Indian Ocean, a spaceport within the country would
provide launch facilities for neighbouring countries which may be interested in the launching
of their satellites into space. This is because several countries within the region are either
landlocked or lack the resources and policies necessary to construct their own spaceports.
Access to the Indian Ocean also helps to serve the international market, as it provides
accessibility to other continents. This in turn makes it easier to ship commodities such as
satellites, launch vehicles and their components, amongst other items being transported to and
from Kenya. Water transport is a cheaper form of transport and may in turn help to reduce
transport costs which may have been incurred through other means of travel.

1.2 RESEARCH AIMS
Owing to the advantages of its equatorial location amongst other advantages, this report hence
discusses the factors to be considered in the setting up of a spaceport in Kenya. It delves into
the physical, economic, social, environmental, engineering, political and cultural issues with
regards to the setting up of the spaceport.
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1.3 OBJECTIVES
The main objectives for this research are:
•

To inspect the viability of establishing a spaceport in Kenya.

•

To examine the best location for a spaceport location in Kenya.

•

To examine the country’s goals and strategies and determine if a spaceport can help
achieve them.

•

To investigate Impact of a spaceport in Kenya, East Africa, Africa, and globally.

•

To determine and recommend the most probable policies of setting up a spaceport in
Kenya and review practice in other launch pad locations.

•

To determine the manufacturing and assembly capacity of Kenya for space
paraphernalia such as satellites.
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2. FACTORS TO BE CONSIDERED IN THE
ESTABLISHMENT OF A SPACEPORT IN
KENYA
Development of a spaceport imposes a range of requirements including but not limited to
technical and operational specifications, human resource specifications, weather and natural
phenomena, and political considerations amongst others. These requirements dictate the
location in which the spaceport shall be established as they have an impact on the setting up
and even the operation of the spaceport. Taking the example of the Kennedy Space Centre in
Florida, its location was selected mainly due to its convenient geographical location in that it
was relatively closer to the equator in comparison to other locations in the United States, and
that it was also along the Eastern Coast. This made it suitable for conducting eastward launches
thereby providing the necessary speed boost [15]. Another example is the Baikonur
Cosmodrome in Russia which is located in a desert due to the presence of large tracts of
unoccupied land which acts as the drop zone for rocket stages. These two examples focus
mainly on the geographical factors of the spaceport’s location; however, other factors such as
those listed above also had a significant role to play. Hence, with Kenya, the factors below
shall be discussed and eventually considered for the determination of a convenient location in
Kenya.

2.1 TECHNICAL FACTORS
2.1.1 Type of Launch System
The technical specifications of a spaceport are majorly defined by the type of launch and launch
vehicle to be used in operations. The two main types of launch systems available in the space
industry include the expendable launch system (ELS) and the reusable launch system (RLS).
The choice of the launch system to be used is determined by the purpose of the launch. These
two launch systems require varying specification to support its operations. The facility need
required to support either type of launch include availability of land to support
development/assembly and integration of vehicle components of launch vehicle prior to
launching and other airfield facilities such as runways and taxiways. Land should also be
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available to support other facilities such as the ground command centre (mission control),
media access centre, visitor centre, and educational facilities. The land should also be enough
to support future expansion of the facility.
The types of launches can also be classified into two groups: vertical launches and horizontal
launches. Horizontal launches, such as those operated by Virgin Galactic, have the advantage
of being conducted in already established airports, as they only require a runway for launching
the space vehicles. This helps to reduce the initial cost of investment that would have required
the establishment of supporting infrastructure for the spaceport. A new spaceport may however
be constructed dependent on the length of the runway required for its operation. For example,
the Kennedy Space Center has a shuttle landing facility (SLF) which is a runway 15,000 feet
long [16]. Spaceport America is another example whose runway is 12,000 feet long and was
responsible for the launching of Virgin Galactic’s SpaceShipTwo VSS Unity into space on July
11, 2021. [17] [15]
Vertical launches on the other hand, such as those conducted by SpaceX and Rocket Lab, are
set up in unoccupied land, as their launch mechanisms are not supported by any other
establishment other than other pre-existent spaceports. Vertical launches also make use of
rocket stages which are detached from the rocket. These stages may undergo a controlled
landing onto a landing pad (such as with SpaceX rocket stages), mid-air recovery using
helicopters or are released to free fall into a large water body, whereby they shall be recovered
during splashdown recovery missions (such as with Rocket Lab). The recovery of the rocket
stages is dependent on whether the launch system is expendable or reusable, and in turn dictates
the amount of land required by the spaceport. It is hence evident that vertical launches may
require more land than conventional horizontal launches.

2.1.2 Power Supply
A major technical requirement for safely functioning launchpads is the need for a stable power
supply. This can be electrical from the national power grid, which requires the electrical grid
network to cross the spaceport’s location. Alternatively, power generating infrastructure, such
as solar or wind farms, can be developed alongside the launchpad. This would have financial
and land resource implications on the capital requirements of the launchpad establishment but
would also give the Launchpad independent sustainable power supply. Appendix F-1 displays
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the current and proposed electrical grid network of Kenya by 2030 and will be used later in the
analysis stage of the report.

2.1.3 Network and Data Connectivity
For the successful establishment and operation of the spaceport, communication is mandatory.
In this case, the spaceport should be located in a region with a provision for network and/or
data connectivity. This will enable the spaceport to remain in constant communication with its
various stakeholders during its construction and operation. In Kenya, the major players
providing communication services are Safaricom and Airtel, with Safaricom providing the
widest network coverage nationally. Both networks provide internet connectivity and mobile
money services, which make it easier for conducting fiscal transactions, especially through the
M-Pesa service offered by Safaricom, which is renowned globally.
Appendix F-2 indicates the regions in Kenya with access to data and network connectivity.

2.1.4 Water Supply
Other than power supply, a consistent water supply is also mandatory. The spaceport should
hence be located in a location with access to water either from the national pipeline network or
alternative sources of water. Such sources may include the tapping water from a borehole or
well, or pumping water directly from a water body such as a nearby river, which will require
licensing from the Water Resources Management Authority (WRMA) [18]. This water will be
used during the construction and operation of the spaceport.

2.1.5 Restricted Airspace
For the purpose of scheduling rocket launches and landings, the spaceport would require a
restricted air space. A location with minimal or no airplane flight paths crossing the area tends
to be the most convenient as it would reduce the chances of a rocket’s flight path from
conflicting with other pre-existent flight paths. An example of this was when SpaceX’s Falcon
9 rocket had its launch scrubbed in the final seconds of its countdown, owing to an aircraft
violating its restricted airspace on June 29,2021. Despite the rocket having had a one-hour
launch window for the mission, the launch was cancelled 11 minutes to lift off due to this
violation [19]. Attaining a restricted airspace will require strong buy-in from the government’s
security and regulatory bodies and can be achieved by selecting a location with no pre-existent
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flight paths, or by selecting a location with an already existing restriction on its air space (such
as a military base). An example of such a spaceport is the Vandenberg Space Force Base in
California which holds the advantage of being the only spaceport in the United States located
within a military base [20]. Otherwise, the spaceport would require to be in constant
coordination with the Kenya Civil Aviation Authority (KCAA) to ensure no conflicting
schedules between itself and other aircrafts.

2.2 GEOGRAPHICAL AND LOCATION FACTORS
2.2.1 Orbits accessible from Kenya
The choice of location of a spaceport is a paramount factor for the development of a successful
space program. The location determines the type of launch orbit and in this case, the launch
orbits most accessible from Kenya’s equatorial location are the equatorial orbits. Other types
of launch orbits such as the polar orbits are more difficult to access, owing to the fact that
Kenya is neighboured by countries to the North (Ethiopia) and South (Tanzania). These
countries inhibit space travel in their respective directions, due to the challenge of crossing
over foreign air spaces during rocket travel. Another hindering factor is that a traveling rocket
may pose a threat to any human settlement within the neighbouring country, which lies in the
path of the rocket’s trajectory due to any detaching rocket stages or falling rocket debris. Other
challenges such as pollution caused by the launching of a rocket may also infiltrate the
neighbouring countries, thereby resulting in conflict between Kenya and its neighbours.

2.2.2 National Security
A particular vulnerability the spaceport will experience is attacks from extremist groups, which
have previously occurred in Kenya. To mitigate this, the spaceport’s location should be selected
as a region with the lowest frequency of terrorist attacks, for the purpose of minimizing security
threats. Appendix F-5 displays the areas in Kenya which have experienced Al Shabaab attacks.
Despite such national security challenges, the Kenyan Government has aided in the fight
against terrorism by deploying military troops in Somalia and the frequently attacked locations
as well. In addition, Kenya is ranked as number 47 amongst the top countries globally open for
business. This goes to show that it has managed to create a conducive environment for
conducting business with international investors, amidst the controlled security challenges it is
9|Page
o

Factors to be considered in the establishment of a spaceport in Kenya

facing. Establishment of the spaceport will therefore greatly benefit from ownership or strong
partnership with the Kenyan government, and the additional security that will follow.

2.2.3 Proximity to human settlement
The spaceport should be located relatively far away from populated areas for safety reasons to
allow for a downrange safety zone for descending debris and rocket stages during rocket
launches and in case of emergencies such as failed or malfunctioned rocket launches. This
helps to prevent endangering the lives of civilians or the damage of property. Additionally,
spaceports have large air and noise pollution that would have a significant effect within the
immediate vicinity.
As an example, Launch Complex 36 was set up at a 5-mile radius distance from the
neighbouring residential areas [21]. Figure 2-1 shows the Baikonur Cosmodrome (whose
launch azimuths vary between 35 degrees and 92 degrees [22]) which has a minimal distance
of 10 km from human settlement.

Figure 2-1: Google maps terrain map of the Baikonur Cosmodrome location [23]

Kenya’s population is mostly concentrated around the urban centres, with the highest
population density spotted in the major towns such as Nairobi, Mombasa and Kisumu. Due to
the low level of development and arid conditions in the northern part of Kenya, the region is
found to have the lowest population density nationally. The population density is as low as 15 people per square kilometre in some areas as shown in Appendix F-3. Such areas would in
turn prove conducive for launching rockets as there is a minimal level of human settlement
within the vicinity.
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2.2.4 Effects on the tourism sector
Since Kenya is considered as a tourism sector, noise from the rocket launches and landings
could disrupt the tourism sector by displacing any naturally occurring wildlife in the national
reserves and game parks, and even for the tourists within the various hotels, more so along the
coast. Hence, the spaceport’s location should be chosen to ensure it is distant enough from
wildlife, natural tourist attractions and nature.
Rocket launches from the spaceport may also have positive impacts on the tourism industry.
Activities such as space tourism may attract multiple clients interested in getting a glimpse of
space from a rocket. Another major contributor to the tourism industry may be revenue
generated from regulating viewpoints for rocket launches. An example is how multiple people
travel to Florida, to view rocket launches from the Kennedy Space Centre. The closest public
viewing area is the Kennedy Space Centre Visitor Complex, which also provides launch
commentary, bleacher sitting and access to exhibits and attractions. All of this provided at a
fee, whereby one is expected to purchase a ticket [24]. Other viewpoints include the Marina
Park, Sand Point Park and Space View Park [24]. This way, rocket launches play the role of a
tourist attraction, thereby enhancing tourism locally.

2.2.5 Nature of the terrain
To minimize capital expenditure, the spaceport should be set up on relatively flat terrain. This
will help reduce costs by avoiding the process of leveling the terrain through explosives and
excavation, which increases the labour and machinery cost.
The spaceport should also avoid considering areas that are heavily forested. Kenya has multiple
forests and forested areas, and a government directive to grow its forest cover to over 10%.
Therefore, location choice should avoid forested areas and minimize felling of trees.

2.2.6 Coastal locations
Locating a spaceport next to a large body of water is inherently attractive, as the water body
acts as the downrange safety zone for the release of rocket stages during launches. Spaceports
such as the Vandenberg Space Force Base and the Kennedy Space Centre take advantage of
this with coastal locations, where the ocean acts as the safety zone during launches, as shown
in Figure 2-2. Kenya fortunately holds the advantage of neighbouring the Indian Ocean, which
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was a primary consideration in the establishment of the San Marco launch platform at the Luigi
Broglio Space Centre in Malindi.
However, it is also imperative to take into account the coastal ecosystem and blue economy
before setting up a spaceport along the coast. Since the water region near the spaceport shall
be experiencing heavy water traffic (with regards to ships moving in and out of the port serving
the spaceport) a region with a clearance zone should be selected. This clearance zone should
have minimal or no water traffic, to prevent conflicting schedules and paths between vessels
serving the spaceport and other vessels. In addition to this, the coastal region has a strong
fishery economy, as well as serving as a large tourist attraction. Locating a spaceport in the
coastal region may therefore have negative impact on these activities and required further
study.

Figure 2-2: Launch azimuths and locations of the Cape Canaveral and Vandenberg Air force base [25]

2.2.7 Supporting Infrastructure
There is a need to have available support infrastructure such as established road networks
within such an area to aid the movement of goods and equipment to and from the facility.
Therefore, the locations should have a relatively reasonable proximity to a town or urban centre
to facilitate personnel involved in the operation of the facility.
As part of the geographical requirements, availability of raw materials for development of such
an enterprise is highly essential. As reported by [26], the Kenyan construction industry is
majorly expanding as a result of major projects such as the Standard Gauge Railway (SGR)
and the LAPSSET projects which have driven demand for such materials. The Kenyan
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construction industry is self-sufficient and construction materials are available locally, thereby
making access to raw materials easier. Kenya's manufacturing capacity has also been
increasing significantly and is set to increase in the future. This is as a result of the Kenyan
vision 2030 strategy and the big four agenda that has placed manufacturing as a key deliverable.
Such projects and agendas help increase the number of suppliers of raw materials through the
delocalization of said suppliers around the countries owing to the multiple projects spread out
throughout the nation, coupled with an increase of trained labour in the construction industry
throughout the nation. This in turn makes it easier to set up a spaceport due to the delocalized
resource. Appendix F-4 shows the road map of Kenya.

2.3 SAFETY
Safety plays a crucial role in the operational capability of a spaceport. The smooth operation
of a spaceport will require the proper handling of dangerous equipment, materials as well as
the management of a large workforce.

2.3.1 Handling of Hazardous Materials
Majority of incidents and accidents that occur in a spaceport involve propellants, which is the
main hazardous material within the facility. Such accidents have, in the past, resulted in
destruction of property and, in rare cases, fatal accidents. However, these accidents and
incidences continue to reduce with the implementation of proper health and safety standards
and policies, a large number of which involve the handling of hazardous materials. Procedures
on the handling and storage of hazardous materials should hence be established and installed
within the spaceport to prevent such accidents from taking place.

2.3.2 Fire Suppression Methods
A spaceport would have to take into consideration fire suppression methods, by either having
permanent or contracted on-site fire extinguishing services. According to the NASA Technical
Standards System (NASA-STD-8719.11), a contracted on-site fire brigade should be provided
with a firehouse which shall act as a centre for the accommodation of the firefighters and the
storage of the required personal protective equipment (PPE) [27]. This ensures that the fire
response team maintains an efficient response time between the onset of a fire alarm and the
response of the firefighters, for the purpose of minimizing damages. Furthermore, the
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importance of a stable water supply is also seen in this case as it may be necessary for the
extinguishing of a fire. Other standards for the fire response department of the spaceport, such
as those for the fire rescue of aircrafts, have been outlined by the National Fire Protection
Association (NFPA) [27]. The location of the spaceport would hence determine whether the
fire extinguishing services would be permanent or contracted on-site, based on the proximity
to existent fire stations.

2.3.3 Medical Services
For the purpose of maintaining good health amongst the spaceport personnel, spaceline crew
and space flight participants, medical services should be made available on-site. This involves
the provision of medical infrastructure (such as medical clinics) which will help to conduct
procedures such as screening (for various factors such as hearing loss for at-risk ground crew),
acute management of mishaps taking place on-site (such as treatment of exposure to hazardous
materials) and even the in-flight and post-flight monitoring and management of on-board
personnel during flights [28].
To ensure coordination between occupational health and emergency response services, the
spaceport should ensure that documentation is done of the on-site hazardous materials, with
response plans in the event of their exposure, thoroughly rehearsed. Emergency evacuation
means should also be made available in the case of high-level emergencies. According to [29],
Kenya holds the advantage of having an increasing number of qualified medical personnel who
can be contracted for the provision of medical services. However, the available personnel may
not be sufficient as they result in a ratio of 25 physicians per 100,000 population [29], which
is still considered as low. This in turn dictates the need for capacity building in the health sector
whereby more individuals should be encouraged to undertake medical training for the purpose
of increasing this ratio. Figure 2-3 shows the increasing number of medical officers in Kenya
over the years.
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Figure 2-3: Representation of the increasing number of medical officers in Kenya [30]

One major factor that should also be considered is the fact that general practitioners may not
fully understand what happens to the human body in space. This in turn requires flight
physicians and flight surgeons who have a proper understanding of space medicine. Space
medicine is key as it elaborates the effects of radiation, isolation, gravity and other factors on
the human body, together with their respective remedies [31]. This helps to monitor the
astronauts’ vitals while in space, thereby ensuring that they remain in good health. Owing to
Kenya being in the early stages of its space science journey without having conducted even a
single independent launch locally, the number of available flight physicians and surgeons is
extremely low, thereby demanding for the outsourcing of labour.

2.4 SECURITY
2.4.1 Facility Security
The spaceport should take into account the general security of the facility, by contracting
security firms responsible for the provision of full-time, on-site security services for the
protection of personnel and infrastructure. A perimeter fencing should also be considered, with
a terminal area fencing put in place, to prevent individuals from having easy access to the
facilities such as the launch pads and hangars. Security barriers can also be installed to protect
facilities such as storage areas for hazardous materials and electrical vaults [28].
It is also important to take into consideration the required amount of land, and in turn determine
the economic activities which would be affected by the zoning of the area. For example, areas
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in the northern parts of Kenya are known for intensive pastoralism. Therefore, a suggestion
would be to divide the spaceport area confined by the perimeter fence into zones, where the
inner zone has strict security protocols and the outer zone with provisions to allow nomads to
graze their cattle during periods of minimal or no launches. Such considerations will be driven
by the location of the spaceport and will minimize disruptions in the area caused by the
spaceport.

2.4.2 Facility Accessibility
Since many of the personnel working in the spaceport may spend more than one day within the
spaceport without exiting, an appropriate system of screening and identification should be
established for each individual entering and leaving the facility. Other areas would be
considered restricted (and are accessible for designated personnel only) and should hence have
a specified filtering means of who is able to access them (such as by means of special key
cards). This will also contribute to the protection of the spaceport’s intellectual property and
trade secrets, by promoting confidentiality [28].
For commercial spaceports, access by the general public should be done in a controlled manner.
To prevent idling within the facility, an entrance fee should be paid upon entry to the facility,
with each individual undergoing rigorous security procedures, for the purpose of assessment
and screening. The number of members of the general public accessing the spaceport accessing
the facility should also be limited on a daily basis for the purpose of easy monitoring and
surveillance [28].

2.5 METEOROLOGICAL REQUIREMENTS
Just like in atmosphere flights, space flights also have policies and guidelines relating to
meteorological conditions such as temperature, icing conditions, cloud clearance, flight
visibility, rainfall and crosswinds, amongst others. Since launch dates are usually set weeks or
even months in advance, meteorological input is necessary to track the weather patterns. Any
unfavourable weather at launch has potential to delay the launch.
As detailed by Steven (2003), the specific weather criteria include: clear visibility for more
than 8000 feet, wind speeds have to be between 19-34 knots, anvil and cumulus cloud rules,
no precipitation, absence of lightning and electric fields along the flight path, and the “good
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sense rule” amongst other conditions for launch and landing. There should also be no lightning
strikes within 10 nautical miles of the launch pad in the 30 minutes prior to scheduled launch
time [32]. Cloud cover thicker than 4,500 thick can also cause a rocket launch to be scrubbed
[32].
Taking cloud cover into consideration, commercial needs such as space tourism would fuel the
need for clear visibility to meet customer needs. Cloud cover also affects the tracking of the
space vehicle and can even trigger lightning [33]. Lightning poses a huge threat to rockets as
they carry a large amount of propellant into space for their propulsion, and can hence result in
an explosion which would damage the rocket and put any on board passengers in harm’s way.
The rocket could also veer off from its predetermined path while rising and crash into a
populated area on the ground [34]. Lightning rods should also be installed on the launch pads
which hold the rocket before launch [32]. Lightning nearly spelled the end of the moon-bound
Apollo 12 rocket, after striking the rocket and causing the spacecraft guidance system to lose
its altitude reference. Fortunately, the crew was able to get the system back online, thereby
enabling the rocket to make it to the moon and back safely [32].
Other weather considerations are listed in Appendix A. It is because of these considerations
that SpaceX’s rocket ship’s launch was called off less than 17 minutes to launch in May, 2020,
owing to thunderclouds and hence the risk of lightning [35]. It is even the unpredictable nature
of weather that led to IPS Meteostar, Inc (IPMS) developing the Leading Environmental
Analysis and Display System (LEADS) for NASA’s Wallops Flight Facility (WFF), which
aids in weather information processing, visualization and decision making [33].

2.6 HUMAN RESOURCE
Kenya is a lower-middle income country with a majority of the workforce operating in the
informal economy. This section investigates the levels and types of skills relevant to the
spaceport establishment that are available in Kenya, the skill gaps, and the cost of hiring the
skills labour cost rankings.
According to the most recent census conducted in Kenya in 2019, 3.5% of the country's
population had tertiary education (university) as the highest level completed. Another 7%
finished a middle level or technical and vocational training (TVET) after the secondary. This
17 | P a g e
o

Factors to be considered in the establishment of a spaceport in Kenya

Kenya’s labour force
consists majorly of
individuals who graduated
from TVET institutions

goes to show that majority of the work force in Kenya
graduated at the TVET level of education (rather than
university level) and would hence be one of the direct
avenues to approach in search for labour. Such individuals
also have the advantage of being technically trained and
hence have a higher hands-on experience. On the other hand,
nearly half of the population reported having primary
education as the highest level completed, while 24.5%
achieved the secondary level [36].

Percentage occupance

60.00%
50.00%
40.00%
30.00%

20.00%
10.00%
0.00%
University

TVET

Secondary

Levels of Education

Primary

Lower than
Primary

Figure 2-4: Representation of the levels of education in Kenya [37]

The construction and operation of a space launch facility would require various cadres of skills
and experience ranging from the unskilled and semi-skilled workforce for the construction
phase, engineers, space scientists, astronauts, computing experts, meteorologists among many
other skill sets. Countries with more developed space industries invest heavily in the education
and training of the needed experts. For instance, Luxembourg’s space strategy targets education
with the aim of cultivating a new generation of space specialists. Different space-oriented
educational programs are offered throughout the schooling cycle, from primary up to university
[38].
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Kenya has an active labour force of about 20.9 million people. While 17.6 million of these
people are engaged in one form of employment or another 1.4 million are unemployed. Going
by these statistics, there is a large pool of readily available workforce that could be engaged to
provide semi-skilled and unskilled workforce during the construction and operation phase [39].
Kenya is endowed with one of the most vibrant and youthful populations worldwide with a
wide range of skills. The skill sets vary from engineering, ICT, law, commerce and many
others. These construction and operation of a spaceport would undoubtedly need these skills.
Prospective spaceport investors in Kenya should therefore aim at tapping into these unique
qualities and skills of the Kenyan people. Kenya also offers the advantage of low labour cost
compared to the United States and most countries in the European Union. The International
Labour Organization (ILO) Global Wage Report 2020-21 [40] reported that in 2019 the
monthly minimum wage in Kenya was KES 21,310.84 (about 213.1 $) and 7.25$ hourly
minimum wage in the USA. According to the Organization for Economic Co-operation and
Development (OECD), the labour costs in Kenya are about a tenth of the labour costs in the
USA.
Skills shortage can be described as an insufficient supply of suitably qualified workers willing
to work under existing market conditions, particularly at prevailing wages. Despite Kenya
having a large pool of readily available workforce and their diverse skills and competencies,
there might be a skills shortage with regards to highly trained personnel in space related
activities such as astronauts, space scientists and aerospace engineers. These shortages could
be plugged in by importing highly skilled manpower to offer supervision during the
construction and operation of the spaceport.
Kenya’s Citizenship and Immigration Act (2011) makes it illegal for any foreigner to enter or
work in the country without a valid work permit. Kenya organizes its work permits into
different classes based on what activities a foreigner will undertake in the country. Importation
of skilled labour falls under Class G work permits which is meant for anyone who wants to
enter a certain trade, business, consultancy role, or profession. The application procedure
involves online or physical submission of filled out and signed application form, cover letter,
copies of the foreigner’s passport, two coloured, passport-size photos and payment of the
application fee to the Directorate of Immigration Services [41]. It is much easier to import
skilled labour into Kenya compared to most European countries and the USA which have more
stringent work visa application procedures.
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2.7 PUBLIC SECTOR AND PUBLIC POLICY
The public sector plays a crucial role in the development and expansion of any nation in all
aspects including development in science. Ensuring the buy-in of the national government will
be a key factor in the development and successful operation of a spaceport. This is seen in the
fact that governmental bodies are responsible for the provision of certain licenses required for
the setting up of a spaceport (such as those required to draw water from natural water bodies
for the spaceport’s operations), provision of land (which can be bought or leased out),
administering of benefits such as tax waivers and to some extent, provision of financial support
towards the development and operation of the spaceport. This financial support may vary
depending on the benefits the host nation receives from the spaceport’s activities.
An example of the impact of a government on space activities is the annual funding the National
Aeronautics and Space Administration (NASA) receives from the United States government.
Figure 2-5 shows the annual budget received by NASA.
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Figure 2-5: Representation of NASA's budget from the U.S. government [42]

In the 1960s, NASA’s budget peaked as the U.S. was part of the race to the moon. After
winning the race, space exploration lost political support, thereby leading to NASA’s budget
being cut significantly. Currently, NASA receives an average of $23 billion, which is roughly
0.5 % of the U.S. government’s national expenditure [19].
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This goes to show that a mutually benefiting relationship between the national government and
the spaceport is key for the spaceport’s development. As stated before, Kenya has been ranked
amongst the top 100 countries globally which are conducive for conducting business with,
indicating that the political atmosphere welcomes international investors.

2.7.1 Accessibility
When a spaceport is located in a certain economic zone of the operating country, all aspects
relating to the accessibility of that spaceport must be done in conjunction with the national
government. The proposed location for the spaceport should be accessible enough for investors
and other interested players in the industry. This will encourage investment in the spaceport as
well as profitable collaborations
Most of the spaceports in the world are state-owned entities controlled by the national
government. However, there are some spaceports that are either privately owned or owned by
foreign entities. The Luigi Broglio space centre which is located on the Kenyan was initially
established and operated through a partnership between NASA and Aerospace Research Centre
from the Sapienza University of Rome.

2.7.2 Regional and international Politics
The neighbouring airspace around the spaceport’s host country affects and is affected by its
operations; direction of launch from the host country depends heavily on diplomatic relations
between it and its neighbours. As an example, Palmachim Airbase, located in Israel, strictly
launches in a Western direction to avoid its hostile neighbours in the East, despite the fact that
a westward launch is less efficient. It would therefore be important to establish an agreement
between the national government and its neighbouring countries, if need be, in order to access
its airspace. The Kenya government currently has stable relationships with majority of its
neighbours. This creates an enabling environment where Kenya can negotiate with its
neighbours to allow for Sun-synchronous launches (SSO) thus enhancing viability of this
spaceport.
Treaty negotiation with regional organization such as the African Union and The United
Nations could also play a big role in the development of a spaceport in the country.
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The African Union through the African Space Policy and Strategy is looking to formalize an
African Outer space program. This program will be governed by the following policy and
strategic goals; [43]
•

Well - coordinated and integrated African Space Programme that is responsive to the
Social, Economic, Political and environmental need of the continent as well as being
globally

•

Regulatory Framework that supports an African space programme and ensures that
Africa is a responsible and peaceful user of outer space

•

Space-derived products and services used for decision-making and addressing the
economic, political, social and environmental challenges.

•

An indigenous space capability, both in the private and public sectors, that defines a
coordinated, effective and innovative African-led space Programme

The United Nations Office of Outer Space Affairs (UNOOSA), The Committee on the Peaceful
Uses of Outer Space is the forum for the development of international space law. The
Committee concluded five international treaties and five sets of principles on space-related
activities.
These five treaties deal with issues such as the non-appropriation of outer space by any one
country, arms control, the freedom of exploration, liability for damage caused by space objects,
the safety and rescue of spacecraft and astronauts, the prevention of harmful interference with
space activities and the environment, the notification and registration of space activities,
scientific investigation and the exploitation of natural resources in outer space and the
settlement of disputes [44].
Each of the treaties stresses the notion that outer space, the activities carried out in outer space
and whatever benefits might be accrued from outer space should be devoted to enhancing the
well-being of all countries and humankind, with an emphasis on promoting international
cooperation.

2.7.3 Political Stability
Political stability in the country also affects the general development and operation of the
spaceport. During the choice of Broglio Space Centre in the 1960s, it was acknowledged that
there existed volatile political instability within the equatorial countries both in Africa and
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South America. This limited the selection of possible locations along the equatorial countries.
In the 1960s, Kenya had a very stable political environment, and this influenced the selection
of the location. In the recent past, Kenya has had a relatively unstable political climate
contributed by election violence witnessed in 2007-2008 and a series of terroristic attacks from
extremist groups in the Kenyan capital Nairobi and its North-Eastern border with Somalia.
Over time, the national government has made efforts to quell political temperatures in Kenya,
whilst taking lead to enhance regional stability and security. One major contributor to the cause
are the African Union Mission in Somalia (AMISOM) which has heavily assisted in the
stabilization of Somalia [45].
The security of the proposed spaceport location should therefore be paramount since millions
will be invested in the facility. This will also encourage external investors and collaborations
in the developments of the spaceport in the country.

2.7.4 Public Awareness
Public awareness is another aspect of the political considerations that impacts the development
of the spaceport. During the initial development of spaceports during the space race, spaceport
exact locations were kept hidden from the public. An example is the Baikonur Cosmodrome
that was named after a local town to mislead the public despite its location being far away from
the town. Russia also did not acknowledge Plesetsk Cosmodrome for at least 17 years since its
first launch. Today, majority of spaceports have become public knowledge with their locations
being made public.
For the purpose of sensitization, public awareness on the development of a spaceport and how
it is likely to affect the surrounding community is important to avoid local opposition to the
launch site, especially when the launch operation interferes with the local setup of the area.
This would in turn demand compensation of the locals who may be affected by the setting up
of the spaceport, such as when the relocation of settlements is necessary.

2.7.5 Regulatory Framework
The regulatory frameworks within the local country also greatly dictate the operation within
the local country. This includes the regulatory framework relating to acts and policies that
govern space travel. These policies and standards are also related to the land use policies in the
national government.
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Currently, regulatory policies that govern space activities in Kenya have been created and are
undergoing the process of ratification, owing to Kenya being relatively new in terms of
independent space launch activities. This acts as an advantage to Kenya as the country is able
to learn from past mistakes and can now grow its commercial space operations in a mutually
benefiting fashion that benefits both the national government and the spaceport.

2.7.6 Political goodwill
The willingness of a government to support the development of space technology and scientific
development is important. The politics in the country should be able to create an enabling
environment for the development of a spaceport. Political goodwill will drive the formulation
of policies around the space industry as well as sourcing for funds in the development of a
spaceport, thereby demanding a healthy relationship between the spaceport and the national
government.

2.8 COMMERCIALIZATION OF A SPACEPORT
The growth of the space industry has led to increased interest from the private sector due to the
parallel growth of potential commercially viable activities. Such activities may include
research, educational activities and recreational activities amongst others. Commercialization
of a spaceport would hence enable the following activities to take place:
i.

Space tourism

ii.

Point-to-point transportation

iii.

Renting out of launch pads

iv.

Provision of launch facilities for satellites

v.

Provision of space education services

vi.

Provision of commercial cargo and crew delivery into space.

vii.

Tracking and collection of data from observation centres.
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2.8.1 Space tourism
Space tourism is defined as the practice of travelling into

The tourism sector in
Kenya contributes to
over $1.45 billion
annually

space for recreational, leisure or business purposes [46]. It
is attained by the launching of specially designed, reusable
space vehicles for a specific duration of time. With the
development of space science, space is becoming accessible
not only to professionals (astronauts) but even to the regular
individuals with the desire to get a glimpse of the universe
beyond planet earth.

With a contribution of over Kshs. 160 billion shilling [47] (which is equivalent to $1.45 billion)
to the GDP, tourism is a leading economic sector in Kenya. It is therefore a good assumption
that space tourism would thrive in a country that is an attractive tourist destination globally.
Figure 2-6 shows the revenue developed from tourism in Kenya over the past years. Hence, an
extension of space tourism to the country’s tourist attractions is an achievable goal which
would prove advantageous to both the national government and the spaceport.

Kenya's annual tourism revenue in
thousands (USD mn)
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Figure 2-6: Revenue developed from tourism in Kenya [48]

Multiple companies have already invested in the space tourism sector, such as Blue Origin
which provided its first space tourism experience to 6 individuals on July 20th, 2021, [49] and
Virgin Galactic which launched its space tourism program on July 11th, 2021, to 6 passengers
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inclusive of 2 pilots [50]. Space Perspective plans to launch its space tourism program in 2024
[51]. Table 2-1 shows the various companies providing space tourism services, and their
planned terms and charges.
Table 2-1: Space tourism companies and their respective space vehicles

Company

Space Vehicle

Passengers Charges

Duration of Flight

per seat
Blue Origin

New Shepard

6

$28 million 11 minutes

6

$250,000

(Rocket)
Virgin

SpaceshipTwo

Galactic

(Spaceplane)

13 minutes upon
detachment from
WhiteKniteTwo

Space

Spaceship Neptune

Perspective

(Space Balloon)

8

$125,000

6 hours

Hence, a spaceport could generate revenue by introducing its own space tourism program, or
by acting as a launching or landing zone for other space tourism companies.

2.8.2 Point-to-point travel
Point-to-point travel involves the transportation of goods and people over long distances
globally within a short period of time; it is achieved by using sub-orbital flight paths that attain
the benefit of speed by entering the space regime. Mostly popularized by SpaceX with their
famous Starship rocket, point-to-point travel is becoming more and more popular with the
prospects of its capabilities seeming more and more appealing. For example, using the Starship,
commuting from New York City to Shanghai would take 40 minutes [14] in comparison to the
16 hours required by a conventional commercial airplane today. The landing zones for such
rockets would however require to be located far away from populated areas due to the sonic
booms produced upon landing, which would create noise pollution.
Despite there being no physical evidence towards any investments in point-to-point travel as it
is still a fairly new concept, Kenya shows its capacity with regards to the idea owing to the
presence of the Indian Ocean which would act as a landing zone, and the availability of large
amounts of land in the northern parts of Kenya. Kenya is also equipped with modern means of
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transport such as the Standard Gauge Railway and superhighways connecting the major cities
within it, thereby making it easy to connect from the launch site to various cities locally.
Military forces have also gained interest in point-to-point travel. The U.S. Airforce has
introduced the Rocket Cargo program, responsible for looking for service providers capable of
transporting cargo quickly around the world using rockets which are capable of landing on a
variety of surfaces, which may not necessarily include the conventional “landing pads”.
A spaceport within Kenya would act as a convenient location for launching and landing such
rockets, as it would act as a focal point for point-to-point travel within Africa, thereby
connecting the neighbouring countries to the rest of the world through this high-speed travel.

2.8.3 Renting out launch pads
Depending on the size of the spaceport (number of available launch facilities within it) and the
activities hosted by the owner of the spaceport, launch pads within it could be rented out to
various parties (which may be governmental or private) interested in conducting their own
launches within the spaceport. An example of this is seen in SpaceX which as of 2019 had
leased three government-owned launch sites: Vandenberg SLC 4 in California, Cape Canaveral
SLC-40 in Florida and Kennedy Space Centre LC 39A in Florida [52].
Hence, owing to Kenya’s equatorial location, a spaceport within the country would be ideal, as
different space companies would want to take advantage of the available speed boost resulting
from the earth’s rotation.

2.8.4 Provisions of launch facilities for rockets
With the importance of communication growing by the day, satellites have developed more
and more applications. They are used to conduct earth observation activities, together with
providing services such as internet connectivity and means of communication. This is seen in
SpaceX which plans to deploy thousands of satellites through its Starlink program into Low
Earth Orbit to provide global internet connectivity, owing to the fact that internet from satellites
tends to be 47% faster than that from fibre optic cables [53]. This has led to multiple countries
developing facilities for commercially launching satellites into space at a small fee.
The first company is SpaceX which makes use of their Falcon 9 rocket to launch satellites of
different masses into various orbits using their Rideshare program [54]. Another company,
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which provides the only reusable small launch vehicles and is also looking for more locations
to build launch sites from, is Rocket Lab which makes use of their Electron Rocket to launch
satellites into space [55]. Finally, we have Astra which also plans to commence launching
satellites into various orbits in Summer 2021 and is also planning to develop more launch sites
around the globe [56].
Hence, with SmallSats and CubeSats becoming more popular and larger satellites being phased
out with time, it is becoming possible to launch satellites into space using space vehicles
smaller than the Falcon 9, thereby attracting more satellite launching service providers into the
market. Kenya hence holds the advantage that it is easier to launch vehicles into Low Earth
Orbit, thereby making it more economical to do so. It is also perfectly situated for launching
satellites into the geostationary orbits.
Table 2-2 shows the various types of satellites (missions) which can be launched from
spaceports located around the equator and the respective orbits which they shall be navigating
[57].
Table 2-2: Satellite missions and their respective orbits

Satellite Mission

Type of Orbit

Climate & Weather Forecasting

Low Earth Orbit & Geostationary Earth Orbit

Communications

Geostationary Earth Orbits

Earth Observation

Low Earth Orbit & Geostationary Earth Orbit

Global Positioning/ Navigation

Low Earth Orbit

Space environment observation

Low Earth Orbit

2.8.5 Provision of Space Education Services
With the availability of launch facilities upon the establishment of a spaceport, spaceflight
training programs and educational programs can be developed, and provided to interested
parties at a fee. An example of an educational program is NASA’s discontinued “Teacher in
Space” program which involved teachers going into space and conducting experiments, after
which they would come back to earth and provide a first-hand explanation of their experience
in space [58]. Hence, interested parties such as educational institutions could pay for such
educational programs which would take either students or teachers into space, which would
provide a better understanding of space.
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Students at the University
of Nairobi in Kenya and
the University of Rome
developed the 1KUNS-PF
SmallSat which was
Kenya’s first satellite.

The same launch site could act as a site for launching small
rockets, which would facilitate rideshare programs which
would be used to launch SmallSats and CubeSats into space.
Such an example is the 1KUNS-PF CubeSat which was
developed by the University of Nairobi in Kenya and the
University of Rome. This satellite was however launched in
Florida, but similar satellites in future could be launched
from a spaceport developed within Kenya.

2.8.6 Provision of commercial crew and cargo delivery into space
The growth of the private sector’s interest in the space industry, as well as the increasing
number of space programmes in various countries globally, means that there is a growing
number of satellites, space stations and other man-made objects in space. These require a lot
of activity in terms of launching, maintenance and decommissioning. As a result, space based
organizations such as NASA are looking to hire out service providers for transporting goods
and supplies to locations such as the International Space Station (ISS) [2]. This presents an
opportunity for countries to develop and purpose space programmes solely for transportation
and service activities, making them commercially attractive. This is an area that Kenya can
benefit from greatly as its equatorial launch point means it is able to rendezvous with stations
more efficiently.

2.8.7 Tracking and collection of data from observational centres
Since every spaceport launching rockets requires a means to track its rockets, an observation
centre must also be established for this exact purpose. Hence, the observation centre could be
used to collect data on various aspects such as those listed in Table 2-2 above for interested
parties at a fee. An example is how Kenya is responsible for the tracing of some of the satellites
and rockets for NASA from its Malindi Station [59].
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2.9 KENYA’S GOALS AND STRATEGIES AND HOW A SPACEPORT
CAN HELP IN THEIR ACHIEVEMENT
Kenya as a country has in place various development goals and strategies designed to put
Kenya on track to attaining its full potential. For a spaceport project in Kenya to enjoy the very
important government support and goodwill, the spaceport’s development would contribute to
the achievement of the country’s development goals. The Vision 2030, Big four Agenda,
Global sustainable Development Goals, Agenda 2063 and the KSA strategic plan are some of
the country’s development that may be relevant to a spaceport project.

2.9.1 Global Sustainable Development Goals
The United Nations Office for Outer Space Affairs (UNOOSA) works with Governments and
the wider space community across policy, legal and technical capacity-building aspects of
supporting global activities in the space environment. To assess the impact of space
technologies on the Sustainable Development Goals (SDGs), UNOOSA in their 2017 annual
report [60] demonstrated that 65 out of 169 targets underpinning the SDGs directly benefit
from the use of Earth observation and navigation satellite
systems. Utilizing space contributes positively to a range
of policy areas,

including

climate and weather

monitoring, access to health care and education, water
management, efficiency in transportation and agriculture,
peacekeeping, security and humanitarian assistance [61].
Kenya stands to benefit from all these especially with the
development of a spaceport in her territory.

2.9.2 Africa Agenda 2063
Agenda 2063 is Africa’s blueprint and master plan for
transforming Africa into the global powerhouse of the
future. The development of a spaceport and the
accompanying space technology would contribute to the
achievement of the Agenda 2063 goals on health,
economic transformation, modern agriculture for
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increased productivity, and the blue economy for accelerated economic growth.

2.9.3 Kenya Vision 2030
The Kenya Vision 2030 aims to transform Kenya into a newly industrializing, middle-income
country providing a high quality of life to all its citizens by 2030 in a clean and secure
environment. The establishment of a spaceport in the country would enable more convenient
launching of satellites which could be used in areas of agriculture, healthcare, urban planning,
education and research thus contributing to the
achievement of the Vision 2030 goals. The spaceport
project

would

also

create

direct

employment

opportunities and enhance the country’s manufacturing
capacity. A spaceport project would therefore directly
contribute to the economic and social pillars of the
vision 2030.

2.9.4 Kenya Big Four Agenda
The big 4 Agenda, derived from the country’s third medium term plan, is a development
blueprint aimed at ensuring Food Security, Affordable Housing, Increased Local
Manufacturing and Assembly, and Affordable Healthcare for all. Agricultural observatory and
weather assessment from satellites can be used to inform farming seasons. Space applications
will support soil quality mapping and precision agriculture, which will enhance farm
management and productivity thus aiding the food security pillar. Space applications can be
used to provide data and information on housing demand, housing supply, land use patterns,
infrastructure development, human settlements and urbanization trends and in identification of
suitable sites for affordable housing. There may be a need to manufacture or assemble space
vehicles and other space equipment in the country thus boosting the manufacturing capacity.
Satellites can be deployed to support spatial mapping of health coverage, disease monitoring,
health facilities and in identifying underserved areas to inform resource allocation.
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2.10 ENVIRONMENTAL IMPACTS DERIVED FROM THE
DEVELOPMENT OF SPACE ACTIVITIES (ENVIRONMENTAL AND
NATURAL DISASTERS)
As posited by The Organisation for Economic Co-operation and Development in 2005, space
applications are likely to make a considerable contribution to several long-term and enduring
challenges of the 21st century: the environment, the use of natural resources, the management
of natural disasters, international mobility, and the move to the knowledge society.
Today, a number of key activities could not operate without space systems. But like water,
energy or other infrastructures, space systems and their products (e.g., communications links,
imagery) have become so embedded in our modern societies that their benefits go largely
unnoticed, except when systems fail to function as expected. Weather forecasting is a good
example. Quasi-real-time space data integrated into better computer models have significantly
improved the economic value of weather forecast information (e.g., precipitation forecasts for
agriculture, temperature variations for electric utilities). The traditional error in a three-day
forecast landfall position of natural disasters has been reduced, giving more time to warn
populations and businesses.
The improved accuracy is partly due to better knowledge of the oceans gained from space borne
observation. Satellite altimetry enables water levels to be measured to within 3 cm at basin
level, but also provides information for monitoring phenomena such as variations in ocean
circulations like El Niño, seasonal changes in oceans, and tide mechanisms.
The main benefits from using space systems for tackling natural disasters such as floods,
landslides, earthquakes, desertification, droughts etc., generally take the form of: provision of
invaluable data for early warning system and tracking of such patterns thus resulting in
decreased transaction time, cost savings, cost avoidance, improved productivity, and increased
efficiency for end users of space assets.
As supported by the United Nations office of outer space affairs (UNOOSA), space activities
are being explored to support the environmental wellbeing of earth through combating
desertification, disaster reduction, disaster management and emergency response, detection,
imaging and tracking of wildlife, water management systems for irrigation and food
production, fire hazards and general earth observation for meteorological purposes.
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On the flip side, the construction and operation of a spaceport also poses negative effects to the
environment. The combustion of propellants during vertical launches, horizontal launches and
other operations of the spaceport would result in the emission of greenhouse gases. Space
launches can have a hefty carbon footprint due to the burning of solid rocket fuels. Many
rockets are, however, propelled by liquid hydrogen fuel, which produces ‘clean’ water vapor
exhaust, although the production of hydrogen itself can cause significant carbon emissions.
Rocket engines release trace gases into the upper atmosphere that contribute to ozone depletion,
as well as particles of soot. Rocket launches are nonetheless relatively infrequent, meaning that
their overall impact on our climate remains much smaller than in the aviation industry.
Noise pollution would result from construction and launch activities at the spaceport.
Construction noise levels are not expected to be significant. Vertical launches produce the
highest noise levels but occur for short periods of time, periodically. Persons within three miles
of the launch site would experience loud but not damaging sound levels. Test firing of rocket
engines is less frequent and with less intense noise levels. Horizontal launches would generate
noise that is more frequent but less intense compared to vertical launches (FAA, 2008).
Setting up a spaceport in any natural ecosystem poses an inherent threat of interfering with the
natural habitat. For example, locating the spaceport in the coastal regions poses a threat to
marine life. Water pollution is possibly an impact in cases where the debris of the launch device
falls back as well as rocket fuel. Although most rocket stages that return to earth land in oceans,
the majority are promptly collected to avoid pollution of the oceans.
Soil contamination and degradation could result from debris fall-back, onsite management of
solid wastes and accidents that may lead to rocket fuel being bled into the ground. Adherence
to proper solid waste management and disposal practices could help mitigate soil
contamination occasioned by spaceport-generated waste.
Depending on the location of the spaceport, there will be a general effect on the natural
ecosystem such as forests and wildlife (flora and fauna). There may be a need to clear bushes,
forests and grasslands which constitute the natural habitat for wildlife. The construction may
also result in habitat fragmentation or be located on wildlife migratory routes. A detailed
environmental impact assessment on the recommended location and collaboration with
relevant agencies such as the KWS and KFS would ensure that the negative effects to forests
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and wildlife are mitigated. In its entirety, the benefits derived from space activities outweigh
the probable environmental effects of space activities.

2.11 SOCIAL AND CULTURAL IMPLICATIONS
Space activities and technological developments not only offer critical commercial
applications, but also offer an opportunity to Kenya as a country to become a global leader in
Africa in space activities. Development in space enterprises offer an opportunity for human
cooperation. Space activities have the potential of inspiring further human exploration in the
future. Space resources such as a spaceport are vital elements for the future developments in
space such as habitats on the moon and the colonization of other planets like Mars amongst
others. In essence, human colonization of space and migration will have a significant impact
on human culture and might result in the creation of an entirely new culture that is adapted to
the realities of space activities. Since the success of the Apollo missions, there have been
numerous possibilities in space exploration. A key inspiration for space exploration is the
search for microbial life in order to understand the universe better. Taking a localized approach,
the space age has been able to shape the view of earth as an entity. According to Marina
Benjamin, the ability of viewing earth from space has changed the view of earth and made it
more fragile hence resulting in more concerted efforts to taking care of earth as a living system.
Therefore, space activities have the potential of changing the social view in the Kenyan culture
and inspire technological developments in space activities.
In the local context, space activities have a high capability of affecting the Kenyan culture. It
is important to note that Kenya has a highly culturalized social system that is based on its
different tribes and other social systems. It is therefore imperative to understand the Kenyan
cultural context before development of space activities in order to avoid social resistance.
Kenya is a multilingual country and mainly uses the English and Swahili languages for official
communication. Other traditional African tribal languages are also majorly used in
communication especially in the rural environment. Additionally, Kenya is a highly religious
nation with a majority of its citizens being Christians, Muslims and other mainstream religions.
Additionally, traditional cultural practices still form an important practice of the local social
system. It is therefore important to understand the local culture and social system in the
spaceport location in order to understand how to successfully work with the Kenyan workforce
and also morph the space activities to fit the local context and avoid any form of resistance. It
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is therefore important to understand the local culture and social system in the spaceport location
in order to understand how to successfully work with the Kenyan workforce and also morph
the space activities to fit the local context and avoid any form of resistance. It is therefore
important to understand the local culture and social system in the spaceport location in order
to understand how to successfully work with the Kenyan workforce and also morph the space
activities to fit the local context and avoid any form of resistance.
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3. SELECTION OF AN APPROPRIATE
SPACEPORT LOCATION IN KENYA
From the information presented in Chapter 2, it is clearly evident that there exists a myriad of
factors to consider when determining the viability of establishing a spaceport. Kenya is an East
African country, divided into 47 counties, whose names and codes are listed in Table 3-1.
Table 3-1: Kenyan counties and their respective codes [62]

Code

Name

Code

Name

Code

Name

001

Mombasa

017

Makueni

033

Narok

002

Kwale

018

Nyandarua

034

Kajiado

003

Kilifi

019

Nyeri

035

Kericho

004

Tana River

020

Kirinyaga

036

Bomet

005

Lamu

021

Murang’a

037

Kakamega

006

Taita Taveta

022

Kiambu

038

Vihiga

007

Garissa

023

Turkana

039

Bungoma

008

Wajir

024

West Pokot

040

Busia

009

Mandera

025

Samburu

041

Siaya

010

Marsabit

026

Trans Nzoia

042

Kisumu

011

Isiolo

027

Uasin Gishu

043

Homa Bay

012

Meru

028

Elgeyo/ Marakwet

044

Migori

013

Tharaka-Nithi

029

Nandi

045

Kisii

014

Embu

030

Baringo

046

Nyamira

015

Kitui

031

Laikipia

047

Nairobi City

016

Machakos

032

Nakuru

To be able to select the most suitable counties for consideration for establishment of a
spaceport, the factors affecting the spaceport’s location were derived from chapter 2 and
divided into two categories: Primary factors and Secondary Factors.
The primary factors have both geographical and technical implications and have been identified
as the two critical factors which would determine the general area in which a spaceport can be
located, as they cannot be changed nor compensated for owing to their nature. These primary
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factors were used to narrow down from the 47 counties in Kenya to a select few for further
analysis, and they include:
i.

Low population density

ii.

Availability of land

Population density within an area cannot be altered much as it would demand the relocation of
inhabitants of a specific area. This may result in political, cultural and even financial challenges
which may inhibit the development of the spaceport. Availability of land on the other hand
cannot be changed as a spaceport requires a certain minimal area of land for its establishment.
Factors such as land ownership would also affect the availability of land as the cost of privatelyowned land is significantly higher than government-owned land.
Secondary factors on the other hand may not exactly hinder the establishment of a spaceport
within a specific area, as they may have readily available alternatives and solutions, which may
not have implications as drastic as the primary factors. An example if the availability of
supporting infrastructure, whereby roads can be built within a specific area (in their absence)
without resulting in major political or cultural challenges. The cost of constructing a road would
even be cheaper than paying liability insurance due to a high population density within the
spaceport’s location (as shown in Appendix E-1 and E-2). These secondary factors include:
i.

Technical factors – Proximity to large water bodies to facilitate cooling
requirements

and

splashdown

landing,

Electrical

supply,

Presence

of

communication services, and available airspace.
ii.

Geographical and Locational factors – Security, Proximity to human settlement,
minimal effects on the tourism industry, Flat terrain, supporting infrastructure.

iii.

Operational factors – Proximity to airports.

iv.

Human resource factors – Availability of construction phase labour.

v.

Environmental factors – Minimal landslides, Minimal flooding, Low deforestation,
Minimal displacement of wildlife.

Using the primary factors, seven counties were selected, as those having the lowest population
density and the largest area of land available for the construction of the spaceport. These
counties were selected using Decision Matrix 1 below, whereby the counties with the greater
scores were selected. Decision Matrix 2 was then used to analyse the shortlisted 7 counties, to
determine the most suitable location.
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Available land was considered as that which was not occupied by forests, human settlement,
water bodies, wildlife and nature conservancies. Availability of land was determined from
assessment of the individual counties via google maps. The scores were rated from 1-10,
whereby 1 represented the least area of available land, and 10 represented the highest area of
available land. These scores were hence awarded on the approximate percentage of available
land with reference to the entire area occupied by the county.
Population density on the other hand was rated as per the number of persons per square
kilometre, which is indicated in Appendix F-3. The scoring system used is indicated in Table
3-2 below.
Table 3-2: Scoring for Population density

Persons per square kilometre

Score

6 – 30

10

31 – 125

8

126 – 350

6

351 – 500

4

501 and above

2
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3.1 DECISION MATRIX 1
Table 3-3: Decision Matrix 1

DECISION MATRIX 1 FOR MOST SUITABLE COUNTIES FOR A SPACEPORT IN KENYA
COUNTIES
CRITERIA
Population
Density
Availability
of land
Total Score

Mombasa

Kwale

Tana
River

Kilifi

Taita
Taveta

Lamu

Garissa

Wajir

Mandera

Marsabit

2

8

8

10

10

10

10

10

8

10

3
5

3
11

5
13

9
19

5
15

6
16

3
13

9
19

9
17

9
19

COUNTIES
CRITERIA
Population
Density
Availability
of land
Total Score

Isiolo

Tharakanithi

Meru

Embu

Kitui

Machakos

Makueni

Nyandarua

Nyeri

Kirinyaga

10

6

6

6

8

6

6

6

6

4

5
15

2
8

4
10

4
10

3
11

3
9

3
9

2
8

2
8

3
7

COUNTIES
CRITERIA
Population
Density
Availability
of land

Murang'a

Kiambu

4

2

10

2

1

9

West
Pokot

Turkana

Elgeyo/
Marakwet

Samburu

Trans Nzoia

Uasin Gishu

Nandi

Baringo

8

10

6

6

8

6

8

5

4

3

3

3

3

4
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Total Score

CRITERIA
Population
Density
Availability
of land
Total Score

CRITERIA
Population
Density
Availability
of land
Total Score

Murang'a Kiambu
6
3

Laikipia

Turkana
19

Nakuru

West Pokot
13

Narok

Kajiado

Samburu
14

Trans Nzoia
9

COUNTIES
Kericho
Bomet

Uasin Gishu
9

Elgeyo/
Marakwet
11

Kakamega

Vihiga

Nandi
9

Baringo
12

Bungoma

Busia

8

6

8

8

6

6

2

2

2

2

7
15

2
8

6
14

4
12

2
8

3
9

1
3

2
4

1
3

3
5

Siaya

Kisumu

COUNTIES
Homa Bay
Migori

Kisii

Nyamira

Nairobi

4

2

4

4

2

2

2

3
7

1
3

3
7

3
7

1
3

3
5

1
3

From the decision matrix above, the top 12 counties as per the scoring are:
1. Tana river

5. Mandera

9. Laikipia

2. Wajir

6. Taita Taveta

10. Samburu

3. Marsabit

7. Lamu

11. Narok

4. Turkana

8. Isiolo

12. Kilifi
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The following counties however are eliminated from the list due to the following reasons:
•

Wajir county – It borders Somalia, and hence a rocket launched eastward would cross
over into Somali airspace. This may result in conflict of interest which may result in
the impediment of the spaceport’s operation.

•

Mandera county – This county also borders Somalia, thereby posing the same threat as
Wajir county.

•

Taita Taveta county – It borders nature conservancies such as the Tsavo National Park
and the Lumo Community Wildlife Conservancy. Spaceport operations may therefore
disrupt the natural habitation of the wildlife in the vicinity, thereby disrupting the
tourism industry which is one of Kenya’s major sources of income.

•

Lamu county – It one of the counties with one of the highest terrorist attack incidents,
thereby compromising the security of the spaceport.

•

Samburu county – It has 3 conservancies within the area, together with a forest and
Maralal town to the south, and Baragoi town to the north, all which reduce the
maximum available area.

Upon eliminating the 5 counties discussed above, 7 counties remain. These are: Tana River,
Marsabit, Turkana, Isiolo, Laikipia, Narok and Kilifi. A PESTEL and SWOT analysis were
conducted to display the determining factors of setting up a spaceport in each of the 7 locations
and have been displayed in Appendix C and Appendix D respectively. A second decision
matrix (with weighted factors) was then conducted to determine the most suitable location
using the data from the PESTEL and SWOT analysis, and a list of criteria developed from the
factors to be considered in developing a spaceport.
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3.2 DECISION MATRIX 2
A second decision matrix was conducted to determine the most suitable location out of the initially shortlisted, seven locations. These locations
were rated according to the following factors: Technical factors, Geographical factors, Operational factors, Human resource factors and
Environmental factors. The scores given per county were determined using the data presented in Appendix F.
As there was no pre-determined hierarchy of importance for the factors below, the respective weights for each factor were allocated based on the
number of alternatives present for each factor. Hence, the less the number of alternatives available for each factor, the higher the weight awarded
to the respective factor. For example, “available airspace” was awarded the largest weight possible owing to the fact a spaceport would require a
restricted or non-congested airspace to launch its rockets. There is hence no alternative for the availability of airspace.
The availability of airspace was rated using the Kenya Civil Aviation Authority En-route chart.
Table 3-4: Decision Matrix 2

DECISION MATRIX 2 FOR SPACEPORT LOCATIONS
TECHNICAL FACTORS

WEIGHT
(Rated out
of 10)

COUNTIES
Turkana Marsabit

Kilifi

Narok

Laikipia

Isiolo

Tana River

Proximity to large water bodies

3

6

6

10

2

2

1

7

Electrical supply
Presence of Communication Services

8
9

1
2

3
4

7
6

5
7

4
6

2
3

3
3

Available airspace

10

2

10

4

1

6

6

4

64

178

180

119

152

106

112

SCORE
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GEOGRAPHICAL &
LOCATIONAL FACTORS

WEIGHT
(Rated out
of 10)

COUNTIES
Turkana Marsabit

Kilifi

Narok

Laikipia

Isiolo

Tana River

Security

Separation from human settlement
Minimal effects on the tourism
industry
Flat terrain
Supporting infrastructure (urban
centres, roads, airports, etc.)
SCORE

OPERATIONAL
FACTORS

FACTORS
Construction phase labour
SCORE

6

7

3

8

7

6

6

10

9

9

4

4

5

9

8

9

8

7

2

6

5

7

8

8

5

9

8

3

7

7

10

8

5

7

7

6

6

5

4

302

351

208

246

269

309

324

WEIGHT
(Rated out
of 10)

Proximity to airports (horizontal
launches)
SCORE

HUMAN RESOURCE

10

4

WEIGHT
(Rated out
of 10)
7

COUNTIES
Turkana Marsabit

Kilifi

Narok

Laikipia

Isiolo

Tana River

5

0

8

4

5

3

4

20

0

32

16

20

12

16

COUNTIES
Turkana Marsabit
3
21

3
21

Kilifi

Narok

Laikipia

Isiolo

Tana River

5
35

5
35

5
35

4
28

3
21
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ENVIRONMENTAL
FACTORS
Minimum landslides
Minimum flooding
Low Deforestation
Minimum Displacement of wildlife
SCORE

WEIGHT
(Rated out
of 10)
8
8
8
9

COUNTIES
Turkana

Marsabit

Kilifi

Narok

Laikipia

Isiolo

Tana River

3
4
9
8
200

3
6
9
5
189

6
5
7
9
225

7
7
4
4
180

7
8
7
4
212

3
5
9
6
190

6
2
8
6
182

TOTAL SCORES
Turkana

Marsabit

Kilifi

Narok

Laikipia

Isiolo

64
302
20
21
200
607

178
351
0
21
189
739

180
208
32
35
225
680

119
246
16
35
180
596

152
269
20
35
212
688

106
309
12
28
202
657

Technical Factors
Geographical Factors
Operational Factors
Human Resource factors
Environmental Factors
TOTAL SCORE

Tana
River
112
324
16
21
200
673
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From the analysis conducted above, Marsabit county was rated the highest score. This was
heavily contributed to by the fact that Marsabit has a restricted airspace, low population
density, generally flat terrain and large areas of available land. Alternatives to Marsabit county
included the following, which have been listed in order of hierarchy:
i.

Laikipia County

ii.

Kilifi County

iii.

Tana River County
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4. COMMERCIAL CASE
From the analysis conducted in the previous section, Marsabit county was rated the highest
score using the decision matrix. The PESTEL analysis and SWOT analysis (Appendix C and
Appendix D) also indicated that Marsabit county possesses the most advantageous
characteristics, such as the availability of land and a low population density, in comparison to
the other locations.
To determine the feasibility of establishing the spaceport, the financial implications of setting
up the spaceport and its operations must be considered. This involves looking into the major
costs of setting up the spaceport, the costs that shall be incurred during its operation, and
eventually the sustainability of the spaceport with regards to the revenue generation and the
duration of time required to break even.

4.1 COST OF BUILDING THE SPACEPORT
The initial investment tends to demand the highest amount of funding, as the spaceport would
be set up having minimal pre-existent infrastructure within the vicinity. Natural resources such
as water and electrical power may be even unavailable, due to the remoteness of the location.
Table 4-1 indicates the various costs which would be incurred in the setting up of the spaceport.
Refer to Appendix E-1 for a detailed explanation of the calculation of the costs.
Table 4-1: Initial spaceport investment costs

Facility Name

Description

Land

Land size should be equivalent to 250-

acquisition

1000 acres to accommodate for

Low-end cost

High-end

estimate

cost estimate

($M)

($M)

$5

$20

$1

$4

current developments and future
expansions
Vertical site

This includes a processing high-bay

Horizontal

area consisting of clean rooms to

Integration site support the assembly of space vehicles
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Facility Name

Description

Low-end cost

High-end

estimate

cost estimate

($M)

($M)

$3

$8

$1

$5

$2

$6

$2

$5

Concrete construction of a runway and $3

$8

Launch

Multi-storey building containing

control tower/

offices to support engineering and

Visitors centre. other operational activities. The top
storey should accommodate visitors
for launch viewing
Hangar

Hangar facility capable of
accommodating various medium size
aircrafts.

Infrastructural This includes utilities such as (water,
utilities

electricity, sewerage system, and data
& communications facilities)

Launch pad

Including concrete construction of a

facility

launch pad, development of a launch
stand and equipped with a flame
deflector, lightning protection and a
water deluge system

Runway

taxiway facilities with paving. Also
inclusive of utility support
infrastructure.
Other

These include other miscellaneous

operational

operational facilities such as security

facilities

fencing.

Off-site roads

These include off-the-site roads

$0.5

$2

$7.5

$12.5

leading to site. These costs are highly
dependent on the exact location and
how far it will be from the major roads
in the area.
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Facility Name

Description

Residential

This includes the construction of

houses

residential houses for staff members to

Low-end cost

High-end

estimate

cost estimate

($M)

($M)

$3

$5

$28

$75.5

facilitate ease of access to the facility
TOTALS

Taking an average of both the high end and low-end costs we obtain an approximate cost of
$51.75 Million.

4.2 SPACEPORT OPERATIONAL COSTS
Apart from the monthly salaries due at the end of the month, the major operating costs of a
spaceport are the cost of obtaining a license, and payment for liability insurance. These costs
are regulated by the national regulatory body for space activities and are necessary for a
spaceport to commence its operations. Table 4-2 below indicates the various annual operational
for the spaceport. Refer to Appendix E-2 for further details.
Table 4-2: Spaceport Operational costs

EXPENDITURE
Salaries

Description

Low-End Cost

and Depends on the total staff at the 2

Remuneration

site and the skills level

Spaceport

Includes licensing fees and 2

Licensing

taxes payable to the national

High-end cost
5

3

government
Insurance costs

Liability insurance costs for the 50

70

spaceport facility
Total Cost

54

78

Average annual operational costs are obtained as $66M.
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4.3 REVENUES
This spaceport shall majorly generate revenues from launch fees, renting launch fees, and other
support launch facilities such as logistics and services provided by the clean room and
processing facilities. The revenues below are rough estimates based on the current models of
other existing spaceports.
The number of launches is also estimated depending on current activities happening in the
industry as well as the future expansion activities in the market. A 10-year analysis model was
developed.
Table 4-3: Spaceport Revenue

Revenue

Description

Cost per launch ($M)

Launch fees (light- The price for launching a rocket majorly Low-end

High-end

lift rockets)

depends on the payload that is being sent estimate

estimate

into LEO. In this instance, we are $5

10M

considering a small rocket able to launch
a maximum of 4,000 kgs (4 tonnes).
Launch support

These

include

other

miscellaneous $1M

fees

launch support operations such the use of

$3M

clean room operations, and fuel costs.
Total Revenues

$6M

$13M

The average revenue expected per launch is obtained as an average of both the low-end and the
high-end estimate. This is obtained as $9.5M.

4.3.1 Number of Launches estimate
There are three major target industries that will drive the demand in this industry, these are:
•

Aerospace industry (both commercial and government)

•

Unmanned systems (Aircraft and maritime)

•

Academia coupled with Research and development (R&D)

Therefore, there is expected tremendous growth in the future as more companies invest in the
space industry. This report also identified a few target companies that have shown great
initiative in driving the aerospace industry and could be potential clients to this spaceport.
These companies include:
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•

Blue Origin

•

Firefly Aerospace

•

Aerojet Rocketdyne

•

CubeCab

•

SpaceX

•

Stratolaunch Systems

•

Virgin Orbit

•

Vector Space Systems

•

Orbital ATK

•

United Launch Alliance (ULA)

•

Rocket Lab

The current rideshare capacity is not sufficient to fulfill the huge constellation demand needs especially in the LEO and MEO markets. Current
rideshare capacity have focused on the sun-synchronous orbit regions. Various launch service providers are therefore developing SmallSat
dedicated launch service. This depicts the increasing demand existing for which Spaceport Kenya can fill. The table and graph below depict the
already launched SmallSats and also show a demand forecast for launch as analyzed by [63]. Various scenarios have been forecasted as explained
below:
•

Low Scenario – only includes launches from operators that have already been announced as well those with a launch history.

•

Mid-Scenario – This includes demand forecast for operators who are yet to announce constellations but possess a launch history.

•

High-Scenario – Includes demand forecast from operators that have announced constellation but have no launch history.

Table 4-4: Launch Demand Forecast

2015 2016
High-Scenario
Mid-Scenario
Low-scenario

171

126

2017 2018
268
325 122
196

2019
298
100
192

2020
371
96
416

2021
537
103
406

2022
487
111
256

2023
511
106
480

2024
1063
126
469

2025
891
92
319

2026
914
81
480

2027
1467
139
480

2028
1295
98
320

2029
1318
108
481

2030
1871
116
471
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Total Small-Satellite Launch Forecast (2015-2030)
Number of Satellites
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Figure 4-1: Total small-satellite launch forecast

The above demand forecast depicts the potential market that lies within the aerospace industry, and beyond which was used to estimate potential
number of launches for the Spaceport Kenya project. The model below shows a rough estimate of the demand of launch activities that shall happen
once the spaceport has been developed.
Table 4-5: Estimated spaceport launches

Number of launches

Year 1
5

Year 2
6

Year 3
8

Year 4
12

Year 5
18

Year 6
23

Year 7
30

Year 8
37

Year 9
45

Year 10
60
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Launch Demand estimate
70

Number of Launches

60
50
40
30
20
10
0
Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10

Year 7
30
$ 9.5M
285

Year 8
37
$ 9.5M
351.5

Years

Figure 4-2: Launch demand analysis

4.3.2 Future Cash Flows
Table 4-6: Spaceport future cash flows

Number of launches
Revenues per launch
Total CFs

Year 1
5
$ 9.5M
47.5

Year 2
6
$ 9.5M
57

Year 3
8
$ 9.5M
76

Year 4
12
$ 9.5M
114

Year 5
18
$ 9.5M
171

Year 6
23
$ 9.5M
218.5

Year 9
45
$ 9.5M
427.5

Year 10
60
$ 9.5M
570
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Future Cash Flows
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Figure 4-3: Spaceport future cash flows

4.3.3 Project Appraisal Techniques
This project was analyzed against the key project appraisal methods to determine its financial viability as well as its economic impact. In essence,
three major appraisal methods were adopted:
1. Net Present Value (NPV)
2. Payback Period
3. Internal rate of return
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a. Net Present Value (NPV
NPV is the difference between the present value of cash inflows expected from a project in the
future and the present value of cash outflows. The NPV technique is a popular metric that is
used in capital budgeting for appraisal of projects. The reliability and use of the NPV analysis
are as a result of its ability to consider the time value of money. In retrospect, NPV shows the
current value of future monetary returns after accounting for taxes, interests, depreciation, and
the initial investment amount. The NPV for Spaceport Kenya was calculated using the formula
below:
𝒏

𝑵𝑷𝑽 = ∑
𝒕=𝟏

𝑪𝒕
− 𝑰𝟎
(𝟏 + 𝒓)𝒕

where:
Ct is the cash flow in time t
r is the opportunity cost of capital/discount rate
Io is the initial cash outflow
n is the useful life of the project
The 10-year NPV analysis model was performed for spaceport Kenya and obtained as below:
•

Initial outlay = $51.75M

•

Depreciation = $2.175M
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Table 4-7: Spaceport Net Present Value
Year 1
Number of
launches
Revenues per
launch
Total Revenues
Operational Costs
EBITDA
Less depreciation
Profits before Tax
Less tax @30%
Profits after tax
Add Back Dep.

Cash Flows
PVIF@10%
PV of Cash Flows
Total PV of CFs
initial outlay
NPV

Year 2
5

$
$
$
$
$
$
$
$
$
$
$
$

9.50
47.50
66.00
(18.50)
2.18
(20.68)
(6.20)
(26.88)
2.18
(24.70)
0.91
(22.46)

Year 3
6

$
$
$
$
$
$
$
$
$
$
$
$

9.50
57.00
66.00
(9.00)
2.18
(11.18)
(3.35)
(14.53)
2.18
(12.35)
0.83
(10.21)

Year 4
8

$ 9.50
$ 76.00
$ 66.00
$ 10.00
$ 2.18
$ 7.83
$ 2.35
$ 5.48
$ 2.18
$ 7.65
$ 0.75
$ 5.75

Year 5
12

$
$
$
$
$
$
$
$
$
$
$
$

9.50
114.00
66.00
48.00
2.18
45.83
13.75
32.08
2.18
34.25
0.68
23.39

Year 6
18

$ 9.50
$ 171.00
$ 66.00
$ 105.00
$ 2.18
$ 102.83
$ 30.85
$ 71.98
$ 2.18
$ 74.15
$ 0.62
$ 46.04

Year 7
23

$ 9.50
$ 218.50
$ 66.00
$ 152.50
$ 2.18
$ 150.33
$ 45.10
$ 105.23
$ 2.18
$ 107.40
$ 0.56
$ 60.63

Year 8
30

$ 9.50
$ 285.00
$ 66.00
$ 219.00
$ 2.18
$ 216.83
$ 65.05
$ 151.78
$ 2.18
$ 153.95
$ 0.51
$ 79.00

Year 9
37

$ 9.50
$ 351.50
$ 66.00
$ 285.50
$ 2.18
$ 283.33
$ 85.00
$ 198.33
$ 2.18
$ 200.50
$ 0.47
$ 93.54

Year 10
45

$ 9.50
$ 427.50
$ 66.00
$ 361.50
$ 2.18
$ 359.33
$ 107.80
$ 251.53
$ 2.18
$ 253.70
$ 0.42
$ 107.59

60
$ 9.50
$ 570.00
$ 66.00
$ 504.00
$ 2.18
$ 501.83
$ 150.55
$ 351.28
$ 2.18
$ 353.45
$ 0.39
$ 136.27
$ 519.55
$51.75
$ 467.80

The Net Present value for the project is $467.8M which is a positive value and therefore indicating that this project is indeed viable to undertake.
b. Discounted Payback Period (PBP)
The payback period refers to the amount of time it takes for the project to recoup its initial investment in the project. In other words, PBP is the
period of time required for the cumulative expected cash flows from an investment project to equal the initial cash outflow. The formula below
was used to determine the PBP.
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𝑢𝑛𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑛𝑎𝑙 𝑦𝑒𝑎𝑟
)
𝑃𝐵𝑃 = 𝑌𝑒𝑎𝑟 𝑏𝑒𝑓𝑜𝑟𝑒 𝑓𝑢𝑙𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 + (
𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑢𝑏𝑠𝑒𝑞𝑢𝑒𝑛𝑡 𝑦𝑒𝑎𝑟
The PBP was calculated as below:
Table 4-8: Spaceport discounted payback period

Payback Period
Cash Flows
Cumulative CFs

$ (22.46)
$ (22.46)

$ (10.21)
$ (32.67)

$ 5.75
$ 23.39
$ (4.46) $ 29.14

$ 46.04
$ 69.44

$60.63
$ 106.67

$ 79.00
$ 139.63

$ 93.54
$ 172.54

$ 107.59
$ 201.13

$ 136.27
$ 243.87

Therefore:
PBP = 4.33 years, equivalent to 4 years and 4 months.
The project has a relatively short PBP indicating that within 4 years and 4 months, the investor shall have recuperated their initial investment and
any amount thereafter is added value and profits to the investor.
c. Internal Rate of Return (IRR)
IRR is another project appraisal method that shows the rate at which an investment project gives value and returns. In other words, IRR is annual
growth rate that the investment project is expected to return. In this case, the IRR is calculated using the formula below
𝐼𝑅𝑅 = 𝑙𝑜𝑤𝑒𝑟 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑁𝑃𝑉 + (

𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑁𝑃𝑉
) × 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑁𝑃𝑉𝑠
𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑁𝑃𝑉𝑠

The IRR for this project was calculated as below:

Page | 55
o

Commercial Case

Table 4-9: Spaceport internal rate of return

Internal Rate of Return (IRR)
Year 1
Year 2
Cash Flows -24.70
-12.35
PVIF@45% 0.69
0.48
PV of Cash -17.04
-5.88
Flows
Total PV of
Cash Flows
Initial
Outlay
NPV

Year 3
7.65
0.33
2.51

Year 4
34.25
0.23
7.75

Year 5
74.15
0.16
11.57

Year 6
107.40
0.11
11.56

Year 7
153.95
0.07
11.42.

Year 8
200.50
0.05
10.26

Year 9
253.70
0.04
8.95

Year 10
353.45
0.02
8.60
49.71
$51.75
($2.04)

𝑰𝑹𝑹 = 𝟎. 𝟏 + (

𝟒𝟔𝟕. 𝟖
) ∗ 𝟎. 𝟑𝟓
𝟒𝟔𝟗. 𝟖𝟒

IRR = 45%
The acceptance criteria of IRR is that it should be greater than industry hurdle rate. The industry’s hurdle rate for project in the aviation industry
is 30%. The IRR of 45% is higher than the industry’s hurdle rate thus indicating that the project’s returns exceed the opportunity cost of the project.
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4.4 Financial Structure
One of the greatest constraints facing the developments in the space industry is initial setup
costs. As demonstrated above, the initial investment in such a spaceport project requires a
substantial initial amount as well as recurrent annual operational costs. Such a spaceport project
therefore requires collective association between the private sector, the government, and
academia to make the enterprise successful. Academia provides the research upon which the
industry builds upon, and also provided the highly necessary skilled labor force that the
spaceport requires. The government interacts with academia by majorly providing funding for
development of higher learning institutions as well as the space related research that is
performed there. The collaboration between the government and the industry is also important
since the government defines the regulatory framework and has the capability of addressing
the initial setup costs challenge. The government may also provide incentives to the industry
such as funding, and tax cuts as well as define the regulatory framework. The industry runs and
operates the project to generate revenue as well as create jobs thus spurring economic
development. In the Spaceport project, the contribution of the various institutional spheres is
as presented below:

Academia

• Provides skilled labor force to
the industry
• Provides Research disciplines
to the industry and
government
• Develops new ideas and
innovations

Spaceport
Collaboration

Government

Industry

• Operates the
spaceport and
generates
revenue
• Generates Jobs

• Provides funding for both
academia and Industry
• Regulates both industry
and academia
• Provided incentives such
as tax cuts
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4.4.1 Government’s Contribution
The government’s role in this project is very important in providing incentives for external
investors to come and develop a commercial spaceport. The government controls factors such
as land and capital, which can be used in the spaceport project development. This paper
proposes a model through which the government and the industry can collaborate. The
proposed model is for the project to be developed through a public-private partnership model
where the government donates strategic land upon which the spaceport development is to be
setup in Marsabit County and also offer tax incentives in the initial years of operation to
encourage development. The industry partner shall do the infrastructural development and
operation. This model is also called the Build-operate-Transfer (BOT) model where the
government offers concession to a company that builds and operates the project for a number
of years and then hands over the project to the government. Subsequently, the revenue sharing
model for both the government and industry partner can be negotiated and agreed upon on a
specific percentage for the number of years that the operator owns the contract.

4.5 Economic Impact Analysis of Spaceport Kenya Project
The Spaceport Kenya project holds the potential of boosting the Kenya economy tremendously.
This is however only achievable through high level collaboration between the three key
stakeholders, that is, government, private sector and academia. This collaboration will spur
great economic development as a result of the country’s participation in the space related
economic activities. In retrospect, the collaboration is to achieve development and expansion
in technology, service delivery, and human resource capability to successfully position the
country as key player in the space 2.0 economy. As a result, key economic areas are set to
directly and indirectly benefit from the project. The key economic impacts of the spaceport
project in Kenya include:
1. Employment opportunities in the primarily involved industries such as aerospace and
defense, manufacturing, operations, service provides, and other value-added services
within the space ecosystem supply chain.
2. The spaceport has a high likelihood of attracting high-tech manufacturers in satellites,
robotics, space components, and rockets to develop manufacturing capacity in the
country thus resulting in inward investment for Kenya.
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3. The spaceport enterprise shall most likely spur academic research and development in
the country, resulting in development of future technologies that could solve the key
challenges of the 21st century.
4. The academia industry will be greatly impacted as there will be renewed interest in the
science, technology, engineering and mathematics (STEM) programs. Despite these not
having non-measurable direct economic impacts, research has shown that there is a
greater impact in the long run as a result of creative solutions and innovations from the
STEM academic space.
5. The spaceport shall stimulate the growth and development of support industries in the
supply chain such as construction, manufacturing, tracking and space debris
monitoring, tourism, telecommunication, insurance, and logistics, among others
6. The spaceport and its activities shall increase public awareness on space-related across
the Kenyan and regional population hence resulting in spin-offs such as rise of a
generation of scientists, engineers, and space-preneurs.
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5. RECOMMENDATIONS
5.1 REVIEW OF PRACTICE AND POLICIES IN OTHER LAUNCH
LOCATIONS AND RECOMMENDATIONS FOR PROBABLE POLICIES IN
KENYA
The central part of space law consisting of five multilateral treaties prepared under the auspices
of the United Nations (UN), has constituted the global framework for the regulation of space
activities. The existing space regulations have been blamed for retarding the growth of the
commercial space sector in some countries like the USA. For instance, the United States
International Traffic in Arms Regulations (ITAR), whose goal was to impede other countries
from reproducing US military capabilities, has been severely criticized by commercial space
advocates and academics as having the unintended consequences of inhibiting legitimate
commercial developments. The law prohibits many American companies working on space
projects from hiring or working with foreign persons without an export license or from sharing
minor parts and components [64].
With a renewed interest for space, many countries have adopted their national space legislation
to regulate launch, spaceport construction and behaviour in space. However, Kenya, at the
moment, lacks specific laws to regulate launch activities within its territory. Benchmarking
with a space fairing nation offering launch may be crucial, and this must encompass all aspects
of space. This section presents a case study of the rules and regulations governing launch
activities in Japan and makes recommendations for use in the Kenyan Case.

5.1.1 Launch Regulatory Framework in Japan
The Space Activities Act adopted on November 16, 2016, and entered into force on November
15, 2018, is the primary space law in Japan. The Act created a regime for the authorization of
space operations conducted by private operators. The law also provides a framework that
promotes the engagement of the private sector in space activities by ensuring legal certainty
[65]. It sets out licensing requirements for those activities and special liability rules for damages
arising from them.

5.1.2 Permission to Launch
Under the Space Activities Act (2016), any person wishing to launch a satellite from Japan
requires a license from the government. Additionally, any satellite operator operating from
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Japan must obtain a separate license. The government evaluates technical aspects of the rockets
and satellites, and their purpose and use from various perspectives, including public safety and
internationally agreed on principles under space treaties. The procedures for granting launch
permission in Japan are highlighted below. Given the progressive nature of these laws, as
highlighted by [66], we recommend their adoption in Kenya.
i.

The rocket's design will be reviewed from the perspective of safety on the periphery
of the flight path and the launch facility. However, the evaluation of the design for a
rocket model already used multiple times over several years will be simplified

ii.

The launch facility is reviewed from the perspective of safety. For example, it must
be equipped with radio equipment enabling the launch operator to identify the location
of the rocket and send commands to the rocket to discontinue the flight if it deviates
from the scheduled flight path. The evaluation of the launch facility may be simplified
if the applicant is using a launch facility that has already been certified by the
government.

iii.

The government shall review the launch plan to ensure sufficient safety measures, and
the applicant must show that it has adequate capacity to implement the plan.

iv.

The relevant government agencies ensure that the purpose and use of satellites to be
carried by rockets are in line with the fundamental principles of the Basic Space
Law and do not infringe on the treaties related to the development and use of outer
space or the notion of public safety [66].

5.1.3 Permission to Control Satellites
The Act requires any individual who wishes to operate and control a satellite from a satellite
operating centre located within Japan's territory must obtain permission for each satellite. If a
satellite is controlled by multiple control facilities located in more than one jurisdiction,
approval is required if the main control function is located in Japan. The criteria for permission
for satellite control focus on public safety and compliance with the basic principles of domestic
and international laws and on preventing the contamination of the outer and Earth [66]. Based
on the above provisions of the Japanese Space Act (2016), we recommend the following criteria
for the licensing of satellites in Kenya:
i.

The responsible government agency shall review the purpose and use of the satellite
to determine whether they are in line with the fundamental principles of the Basic
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Space Law, the treaties related to the development and use of outer space, and the
notion of public safety.
ii.

The structure of the satellite shall be evaluated to ensure it conforms to standards
separately promulgated by the government to prevent any harmful contamination of
outer space and ensure public safety. The main concern regarding toxic contamination
of outer space is the generation of space debris arising from the satellite during and
after its lifetime, which means the satellite must be structured to prevent the release
of fragments. It must also be structured to avoid jeopardizing public safety during and
after its life and avoid the contamination of the Earth's environment or other celestial
bodies.

iii.

The satellite operator must present a satellite control plan that includes measures to
prevent any harmful contamination of outer space and end-of-life measures, and the
applicant must show it has sufficient capacity to implement the plan. The end-of-life
measures must be any of the following: de-orbiting and re-entry to Earth, with public
safety at landing ensured, deploying the satellite into 'graveyard orbit', or deploying
the satellite into the orbit of another celestial body or allowing the satellite to fall into
the celestial body. However, suppose these measures cannot be met due to technical
or financial constraints. In that case, the cessation of control of the satellite after taking
measures to prevent malfunction and explosion may be acceptable.

5.1.4 Radio Station Licensing
A satellite operator must go through the process of international frequency coordination with
the International Telecommunication Union in collaboration with the Ministry of Internal
Affairs and Communications to use radio frequency spectrum. The satellite operator must also
obtain a domestic license under the Radio Act to use the same frequency for each satellite and
control facility. Due to the scarcity of available frequencies, a domestic radio license may only
be granted to Japanese nationals or Japanese legal entities.
For the Kenyan case, we recommend the standard radio licensing procedure provided by Kenya
Information and Communications Act (1998) be applied. The Act provides that all radio
communication equipment in Kenya must be owned and operated under a license issued by the
Communications Authority (CA) and must be kept in force by regular payment of the
prescribed license fee [67].
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5.1.5 Special liability Insurance
The Japanese Space Activities Act includes special civil liability rules for third-party damage
caused by space activities to protect the public from inherently dangerous space activities. The
Act also requires anyone who launches a rocket to take financial measures to secure the
payment of damages arising from the launch by purchasing space liability insurance and
entering into a compensation agreement with the government. Damage to third parties may
result from falls, collisions, and the explosion of rockets after the commencement of the launch
operation. Even if an applicant obtains launch permission from the government, it may not
launch a satellite unless it implements measures to secure its liability for any damage caused
to third parties by the launch activity and obtains approval from the government. Based on the
provisions of the Japanese Space Act, we recommend the following rules for use in the Kenyan
case with regards to space liability insurance:
i.

The terms of insurance shall subject different parties to different responsibilities. In
the event of settling a liability, some costs might be shared, others may be borne by
the Launch service provider wholly depending on the terms of the insurance.

ii.

No person other than the launching party shall be liable to any third party for damages,
as there is no application of product liability law.

iii.

A person who pays damages to a third party may claim a contribution from another
person to whom the incident is attributable. However, where that person is a supplier
of goods or services for the launch of satellites, that person shall be liable only if the
damage is caused by its or its employees' willful misconduct.

5.2

OTHER RECOMMENDATIONS

5.2.1 The development of a small size launch facility in Marsabit County.
From the decision matrix, SWOT and PESTEL analysis conducted in the report, the
development of a spaceport in Marsabit is highly feasible. Marsabit county is sparsely
populated, has readily available, vast arid lands, and connectivity to the LAPSSET transport
corridor. The existence of a restricted military airspace in the northern part of the country,
where Marsabit is situated also makes it easier to launch vehicles to space without huge
disruption to normal air traffic. However, there may be a need to construct additional
supporting infrastructure such as roads, boreholes and solar farms.
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5.2.2 Need for further research and formulation of policies to regulate space
launch in Kenya.
Further research needs to be performed in the space operations regulatory framework. Kenya
at the moment lacks specific laws to regulate space activities. There is a need to benchmark
with other countries which conduct launches and whose space laws have been described as
progressive on the areas of policies and regulations. This can be majorly achieved through the
review of regulatory frameworks of countries such as the United States, Japan, New Zealand
and Luxembourg. A case study on the regulatory framework in Japan and the specific policies
that could be relevant to Kenya is presented in the next section.

5.2.3 Space investors should exploit the great geographical and labour cost
advantage in Kenya.
Kenya’s location at the equator gives it a higher speed boost advantage compared to some
major launch sites such as Cape Canaveral in the USA. The speed boost advantage results in
greater fuel savings thus cheaper cost of launch. The labour costs in Kenya are also relatively
low compared to other launch locations in the USA and Europe. A space investor in Kenya
therefore stands to benefit from cheaper cost of launch given these advantages.

5.2.4 Co-operation between the industry, academia, and the Government.
There is a huge need for cooperation between these stakeholders especially in the area of
education, research and training to ensure key developments are made in the Kenyan space
industry to support the development and operation of this enterprise.
To ensure that Kenya has a talented and motivated aerospace workforce, there is a need to
objectively assess all aspects of space-related education programs, including research,
undergraduate and postgraduate university programs. Currently, there are very few universities
that offer aerospace related programs. The programs should be expanded, replicated, and
considered for additional funding to ensure that Kenya produces its own aerospace workforce.

5.2.5 Investment in the high-tech manufacturing capability of the Kenyan
industry.
There is a need for capacity building to enable Kenya to manufacture and assemble rockets,
satellites, and other space components. The production of these items locally will ensure more
efficient operations and reliability.

Page | 64
o

Recommendations

o

Commercial Case

6. REFERENCES
[1]

statista, “Global turnover of the space economy from 2009 to 2020,” 2 September
2021. [Online]. Available: https://www.statista.com/statistics/946341/spaceeconomy-global-turnover/. [Accessed 13 July 2021].

[2]

Global Spaceport Alliance, “National Spaceport Development Network,” 2020.

[3]

ESRI, “Top 10 countries in space technology in 2018,” 05 07 2021. [Online].
Available:
https://www.arcgis.com/apps/MapTour/index.html?appid=09bad7b2f1c3418b9c3817
49a006092e.

[4]

L. Ngcofe and K. Gottschalk, “The growth of space science in African countries for
earth observation in the 21st century,” Cape Town , South Africa, 2013.

[5]

M. Toulemonde, “Africa’s satellite market is now open; 20 projects ready to take
off,” The Africa Report, 26 July 2021.

[6]

D. Mosher, “Kenya could be the heart of moon colonization, says 'The Martian'
author Andy Weir,” 14 November 2017. [Online]. Available:
https://www.businessinsider.com/kenya-lunar-city-launch-site-artemis-andy-weir2017-11?r=US&IR=T.

[7]

Kenya Space Agency, “Kenya Space Agency,” 05 July 2021. [Online]. Available:
https://ksa.go.ke/about/.

[8]

NASA, “Basics of Space Flight,” [Online]. Available:
https://solarsystem.nasa.gov/basics/chapter14-1/.

[9]

Rocket Lab, “ELECTRON,” [Online]. Available:
https://www.rocketlabusa.com/rockets/electron/.

[10]

“Active Fleet,” [Online]. Available: https://spacexfleet.com/fleet.

Page | 65
o

References

o

Commercial Case

[11]

D. Etherington, “SpaceX's first ocean spaceport is being built and will host launches
next year,” 31 May 2021. [Online]. Available:
https://techcrunch.com/2021/05/31/spacexs-first-ocean-spaceport-is-being-built-andwill-host-launches-nextyear/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guc
e_referrer_sig=AQAAAEu3mYnV53dQUTcLic1XyKe_5N-N1mXba9PEX3QY8ptLVSsu6IfLn0NHa_6a.

[12]

“Kenya,” [Online]. Available: https://www.usnews.com/news/best-countries/kenya.

[13]

Interesting Engineering, “Interesting Engineering,” 05 March 2017. [Online].
Available: https://interestingengineering.com/concorde-the-real-reason-why-thesupersonic-passenger-jet-failed.

[14]

Burghardt, “Preparing for "Earth to Earth" space travel and a competition with
supersonic airliners,” 26 December 2020. [Online]. Available:
https://www.nasaspaceflight.com/2020/12/earth-to-earth-supersonic-airliners/.

[15]

K. Rowan, “Why do rockets launch from Florida?,” 2020. [Online]. Available:
https://www.livescience.com/32721-why-are-rockets-launched-from-florida.html.

[16]

C. Moskowitz, “NASA Space Shuttle Runway Gets New Life as Commercial
Spaceport,” 2013. [Online]. Available: https://www.space.com/21776-space-shuttlerunway-commercial-spaceport.html.

[17]

SpaceportAmerica, 2020. [Online]. Available:
https://www.spaceportamerica.com/about/.

[18]

M. King, “Borehole/well permetting,” Village Drill, n.d..

[19]

J. Foust, “Falcon 9 launch scrub highlights airspace integration problems,” 2021.
[Online]. Available: https://spacenews.com/falcon-9-launch-scrub-highlightsairspace-integration-problems/.

[20]

military.com, “Vandenberg AFB Base Guide,” n.d.. [Online]. Available:
https://www.military.com/base-guide/vandenberg-air-force-base.

Page | 66
o

References

o

Commercial Case

[21]

P. Lynne, “KSC Vertical Launch Site Evaluation,” www.Nasa.gov, 2007.

[22]

bayterek, “Baikonur Cosmodrome,” n.d.. [Online]. Available:
http://bayterek.kz/en/info/baykonur.php.

[23]

Google maps, [Online]. Available:
https://www.google.com/maps?q=Baikonur+cosmodrome&um=1&ie=UTF8&sa=X&ved=2ahUKEwjvyKmv1_fyAhWSohQKHYAvDekQ_AUoAnoECAEQB
A.

[24]

J. Cawley, “See a Launch Up Close!,” 6 May 2021. [Online]. Available:
https://www.nasa.gov/centers/kennedy/launchingrockets/viewing.html. [Accessed 26
August 2021].

[25]

T. G. Roberts, “Spaceports of the World,” Washington, DC, 2019.

[26]

OBG, “Kenya's textiles, food processing and construction materials segments show
growth. Oxford Business Group.,” 2016. [Online]. Available:
https://oxfordbusinessgroup.com/overview/target-development-despite-challengestextiles-food-processing-and-construction-materials-segments.

[27]

E. Griffith, F. Alicea, L. Seth, D. Joseph and G. Michael, “Literature Review on
Spaceport Fire Safety,” www.nfpa.org, 2018.

[28]

FuturIST, “Future Infrastructure for Space Transportation,” International Space
University, 2008.

[29]

J. Faria, “Registered medical doctors in Kenya 2015-2019,” 31 May 2021. [Online].
Available: https://www.statista.com/statistics/1238125/number-of-registeredmedical-doctors-in-kenya/.

[30]

J. Faria, “Number of registered medical officers in Kenya from 2015,” 31 May 2021.
[Online]. Available: https://www.statista.com/statistics/1238125/number-ofregistered-medical-doctors-in-kenya/.

[31]

NASA, “The Human Body in Space,” 2 February 2021. [Online]. Available:
https://www.nasa.gov/hrp/bodyinspace. [Accessed 26 August 2021].

Page | 67
o

References

o

Commercial Case

[32]

B. Lada, “3 weather obstacles that SpaceX faces when launching rockets into space,”
n.d.. [Online]. Available: https://www.accuweather.com/en/space-news/types-ofweather-that-can-delay-a-spacex-rocket-launch/352407.

[33]

R. Stedronsky, “Modernizing the Wallops Flight Facility Launch Weather Decision
Support System,” [Online]. Available:
file:///C:/Users/HP/Downloads/Modernizing%20the%20MidAtlantic%20Regional%20Spaceport%20Weather%20Decision%20Support%20Syste
m%20Readying%20NASA%20to%20Support%20the%20International%20Space%2
0Station%20Re-Supply%20Mission.pdf.

[34]

R. Kearbey, “Why a rocket launch gets 'scrubbed',” 2019. [Online]. Available:
https://www.wtsp.com/article/weather/weather-explainer/why-rocket-launch-getsscrubbed/67-61cd61f0-ad35-42e2-ae1e-34fc9dc0ee05.

[35]

M. Dunn, “'Bummed out’: SpaceX launch scrubbed because of bad weather,” 2020.
[Online]. Available: https://apnews.com/article/us-news-ap-top-news-weather-marsvirus-outbreak-ee3b4602a879326904ee9cc53d676391.

[36]

Kenya National Bureau of Statistics, “Kenya Population and Housing Census 2019,”
2020. [Online]. Available: https://www.knbs.or.ke/?wpdmpro=2019-kenyapopulation-and-housing-census-volume-i-population-by-county-and-sub-county.

[37]

Statista, “Distribution of population in Kenya as of 2019, by highest level of
education completed,” 20 May 2021. [Online]. Available:
https://www.statista.com/statistics/1237796/distribution-of-population-in-kenya-byhighest-level-of-educationcompleted/#:~:text=According%20to%20the%20most%20recent,(TVET)%20after%
20the%20secondary..

[38]

Deloitte, “Luxembourg, a rising star in the space industry,” [Online]. Available:
https://www2.deloitte.com/lu/en/pages/technology/articles/luxembourg-spaceindustry-companies.html.

[39]

Kenya National Bureau of Statistics, “Quarterly Labour Force Report-Quarter 3
2020,” 2020. [Online]. Available: https://www.knbs.or.ke/?page_id=3142.

Page | 68
o

References

o

Commercial Case

[40]

International Labor Organization, “Global Wage Report 2020-21,” 2021. [Online].
Available: https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/--publ/documents/publication/wcms_762534.pdf.

[41]

Directorate of Immigration Services, “Permit Section,” [Online]. Available:
https://immigration.go.ke/permit-section/.

[42]

LSE US Cnetre, “Billionaire private investment is good for the space industry,
whether we like it or not,” [Online]. Available:
https://blogs.lse.ac.uk/usappblog/2021/07/19/billionaire-private-investment-is-goodfor-the-space-industry-whether-we-like-it-or-not/.

[43]

D. S. Bachir, “The African Space Policy and Strategy: Towards social, political and
Economic Integration of Africa.,” 2019.

[44]

(UNOOSA), U. N. , “International Space Law: United Nations Instruments.,” 2017.

[45]

African Union Mission in Somalia, “Kenya - KDF,” [Online]. Available:
https://amisom-au.org/kenya-kdf/. [Accessed 09 November 2021].

[46]

Space Tourism Guide, “What is Space Tourism? A new definition,” 10 July 2020.
[Online]. Available: https://spacetourismguide.com/space-tourism-definition/.

[47]

Kenya National Bureau of Statistics (KNBS), “Economic Survey 2020,” Nairobi,
2020.

[48]

CEIC, “Kenya Tourism Revenue,” [Online]. Available:
https://www.ceicdata.com/en/indicator/kenya/tourism-revenue.

[49]

Blue Origin, “The very first seat on New Shepherd sells for $28 million,” 12 June
2021. [Online]. Available: https://www.blueorigin.com/news/the-very-first-seat-onnew-shepard-sells-for-28-million.

[50]

C. Gohd, “Virgin Galactic says it will launch Richard Bransonto space on July 11,”
02 July 2021. [Online]. Available: https://www.space.com/virgin-galactic-richardbranson-vss-unity-flight.

Page | 69
o

References

o

Commercial Case

[51]

Space Perspective, “The most breathtaking 6 hours of your life,” [Online]. Available:
https://www.spaceperspective.com/.

[52]

Wikipedia, “SpaceX South Texas Launch Site,” 02 July 2021. [Online]. Available:
https://en.wikipedia.org/wiki/SpaceX_South_Texas_launch_site.

[53]

A. Mann, “Starlink: SpaceX's Satellite Internet Project,” 28 May 2021. [Online].
Available: https://www.space.com/spacex-starlink-satellites.html.

[54]

SpaceX, “Smallsat Rideshare Program,” [Online]. Available:
https://www.spacex.com/rideshare/.

[55]

“Electron - Dedicated Access to Space for Small Satellites,” [Online]. Available:
https://www.rocketlabusa.com/rockets/electron/.

[56]

ASTRA, “Satellite Launch Service,” [Online]. Available: https://astra.com/launchservices/.

[57]

J. &. S.-A. A. Meseguer, “Low Earth Orbit,” [Online]. Available:
https://www.sciencedirect.com/topics/engineering/low-earth-orbit.

[58]

M. Mathilde, “The Teacher in Space Project,” 11 December 2020. [Online].
Available: https://www.spacelegalissues.com/the-teacher-in-space-project/.

[59]

D. Iyanda, “Kenya Space Agency to launch nano-satellites and rockets in August,”
26 February 2021. [Online]. Available: https://africanews.space/ksab-says-kenya-tolaunch-nano-satellites-in-august/.

[60]

United Nations Office for Outer Space Affairs, “2017 Annual Report,
ST/SPACE/72,” 2018.

[61]

United Nations, “Space Technology and the Implementation of the 2030 Agenda”.

[62]

Kenya Law Reform Commission, [Online]. Available:
https://www.klrc.go.ke/index.php/constitution-of-kenya/165-schedulesschedules/first-schedule-counties/434-1-counties.

Page | 70
o

References

o

Commercial Case

[63]

Spacetec, “Space Launch Market Analysis.,” 2021. [Online]. Available:
https://www.hie.co.uk/media/10475/space-launch-market-analysis-2021.pdf.

[64]

J. M. Bockel, “The Future of the Space Industry - General Report,” NATO
Parliamentary Assembly - Economic and Security Committee (ESC), France, 2018.

[65]

Space Legal Issues, “All about Japaneses Space Law,” 2021.

[66]

M. H. a. M. Matsumoto, In review: Space law, regulation and policy in Japan, 1st ed.,
2019.

[67]

Communications Authority of Kenya, “Licensing Procedures,” 2020. [Online].
Available: https://ca.go.ke/industry/frequency-spectrum/licensing-procedures/.

[68]

National Aeronautics and Space Administration, [Online]. Available:
https://www.nasa.gov/pdf/649911main_051612_falcon9_weather_criteria.pdf.

[69]

W. Taraila, “Model Based Systems Engineering for Venture Class Launch Facility,”
2020.

[70]

R. A. Braeunig, 1996. [Online]. Available:
https://www.scss.tcd.ie/Stephen.Farrell/ipn/background/Braeunig/propel1.htm.
[Accessed 7 September 2021].

[71]

R. Smith, “How NASA Just Spent $350,000 on Fuel to go Exactly Nowhere,” 11
September 2015. [Online]. Available:
https://www.fool.com/investing/general/2015/09/11/how-nasa-just-spent-350000-onfuel-to-go-exactly-n.aspx. [Accessed 7 September 2021].

[72]

Ministry of Works, Road Department, “Road Design Manual, Part 1- Geometric
Design of Rural Roads,” Nairobi.

[73]

Kenya Roads Board, “Kenya Roads Register (Classes ABC),” [Online]. Available:
https://www.krb.go.ke/tenders/KENYA%20ROADS%20REGISTER%20NATIONA
L.pdf. [Accessed 2 September 2021].

[74]

J. Mwende, “Eastern Bypass: Arfica's most expensive urban road,” 24 April 2013.
[Online]. Available: https://www.constructionkenya.com/2908/eastern-bypass-

Page | 71
o

References

o

Commercial Case

africas-most-expensive-urbanroad/#:~:text=The%20Eastern%20bypass%2C%20which%20connects,2%20billion.
[Accessed 2 September 2021].
[75]

Coast Guard, “Safety Zone; Atlantic Ocean, Cape Canaveral, FL,” 27 August 2020.
[Online]. Available: https://www.federalregister.gov/documents/2020/08/27/202018886/safety-zone-atlantic-ocean-cape-canaveral-fl.

[76]

“Firt County Integrated Development Plan (2013-2017)”.

[77]

A. Bhatia, “HVAC Design for Cleanroom Facilities,” Woodcliff Lake.

[78]

Compass International Inc. , “2019 Pharmaceutical/ Biological Facility Cleanroom
Cost Data Benchmarks,” COMPASS INTERNATIONAL INC. , [Online]. Available:
https://compassinternational.net/2019-pharmaceutical-biological-facility-cleanroomcost-data-benchmarks/. [Accessed 2 September 2021].

[79]

SPACEX, “FALCON 9: FIRST ORBITAL ROCKET CAPABLE OF REFLIGHT,”
SPACEX, [Online]. Available: https://www.spacex.com/vehicles/falcon-9/.
[Accessed 3 September 2021].

[80]

European Space Agency, “Spaceport Preparation Campaign,” [Online]. Available:
https://www.esa.int/Enabling_Support/Space_Transportation/Europe_s_Spaceport/Sp
aceport_preparation_campaign. [Accessed 3 September 2021].

[81]

NASA, “Ground Facilities,” NASA, [Online]. Available:
https://www.nasa.gov/mission_pages/station/behindscenes/index.html. [Accessed 2
September 2021].

[82]

Integrum, “Construction costs in Kenya 2021 - Regional Building Rates Per Square
Metre,” [Online]. Available: https://integrum.co.ke/construction-costs-in-kenya2021/. [Accessed 26 August 2021].

[83]

Home Designing, “1 Bedroom Apartment/ House Plans,” Home Designing ,
[Online]. Available: http://www.home-designing.com/2014/06/1-bedroomapartment-house-plans. [Accessed 3 September 2021].

Page | 72
o

References

o

Commercial Case

[84]

CRAFT, “Rocket Lab,” [Online]. Available: https://craft.co/rocket-lab.

[85]

G. Gena, R. Mines, M. Morris and N. Hill, “Aviation Infrastructure,” 16 August
2011. [Online]. Available: https://iea-etsap.org/ETechDS/PDF/T16_Aviation_Infrastructure_v4%20Final.pdf.

[86]

Las Cruces Sun-News, N.M., “Spaceport America's runway rivals El Paso airport's
longest,” 25 January 2013. [Online]. Available:
https://www.aviationpros.com/home/news/10858837/spaceport-americas-runwayrivals-el-paso-airports-longest.

[87]

SCMO, “HOW MUCH DOES IT COST TO BUILD AN AIRPORT?,” 9 August
2019. [Online]. Available: https://www.scmo.net/faq/2019/8/9/how-much-does-itcost-to-build-an-airport.

[88]

L. David, “Spaceport America: First Looks at a New Space Terminal,” 4 September
2007. [Online]. Available: https://www.space.com/4304-spaceport-america-spaceterminal.html.

[89]

elrha, “WATER FILTERS BETWEEN DROUGHTS AND FLOODS IN
NORTHERN KENYA,” [Online]. Available: https://www.elrha.org/projectblog/water-filters-between-droughts-and-floods-in-northern-kenya/.

[90]

European Space Agency, “Ariane 6 launch pad water deluge system test,” [Online].
Available:
https://www.esa.int/ESA_Multimedia/Videos/2021/05/Ariane_6_launch_pad_water_
deluge_system_test .

[91]

Safelane Global, “Water Supply Boreholes,” [Online]. Available:
https://www.safelaneglobal.com/en/land/operations/drilling/water-supply-boreholes/.

[92]

Dragon Drilling , “Why is borehole depth important?,” [Online]. Available:
https://dragondrilling.co.uk/why-is-borehole-depth-important/ .

[93]

K. Smith, “Cost of Drfilling Borehole in Kenya,” Borehole Requirement, 25 April
2018.

Page | 73
o

References

o

Commercial Case

[94]

Rocket Lab, “Complete Missions,” Rocket Lab, [Online]. Available:
https://www.rocketlabusa.com/missions/completed-missions/. [Accessed 2
September 2021].

[95]

B. S. Gulliver and G. W. Finger, “Spaceport Infrastructure Cost Trends,” San Diego,
2014.

[96]

ADDLESHAW GODDARD, “INSURANCE AND LIABILITY REGIME FOR UK
SPACE LAUNCH ACTIVITIES,” 2020. [Online]. Available:
https://www.addleshawgoddard.com/globalassets/insights/transport/uk-space-law--draft-insurance-and-liability-part-iv.pdf.

[97]

GAO, “COMMERCIAL SPACE LAUNCH INSURANCE,” 2016.

[98]

“Liabilities & Insurance 2020,” 2020.

[99]

Kenya Power, “Annual Report and Financial Statements for the year ended 30th
June, 2016,” Parklands, 2016.

[100] Ministry of Information, Communiactions and Technology, “The National
Broadband Strategy: A vision 2030 Flagship Strategy”.
[101] PopulationData.net, “Kenya-density (2019),” 7 November 2019. [Online]. Available:
https://en.populationdata.net/maps/kenya-density-2019/.
[102] ezilon maps , “Kenya Map- Road Map of Kenya,” [Online]. Available:
https://www.ezilon.com/maps/africa/kenya-road-maps.html.
[103] C. G. Njoku, O. O. Okeniyi, N.-A. N. Ayara and C. O. Akoth, “Terrorism in Africa:
Mapping the Nigeria and Kenya situation,” ISDS LLC, Japan, 2018.
[104] [Online]. Available:
https://en.wikipedia.org/wiki/Counties_of_Kenya#/media/File:Map_showing_Counti
es_underthe_new_kenyan_constitution..gif.
[105] S. Kasuku, “LAPPSET CORRIDOR DEVELOPMENT AUTHORITY,” [Online].
Available: http://kenyagreece.com/sites/default/files/lapsset-project-presentation.pdf.
[Accessed 3 December 2013].

Page | 74
o

References

o

Commercial Case

[106] S. Zhou, S. Zhou and X. Tan, “Nationwide Susceptibility Mapping ogf Landslides in
Kenya using the Fuzzy Analytic Hierarchy Process Model,” 2020.
[107] reliefweb, “Kenya: Flash flooding update: (19th March to 11 April 2013),” 12 April
2013. [Online]. Available: https://reliefweb.int/map/kenya/kenya-flash-floodingupdate-19th-march-11-april-2013.
[108] WWF Kenya, “Kenya's deforestation hotspots map,” [Online]. Available:
https://www.wwfkenya.org/keep_kenya_breathing_/state_of_forest_in_kenya/.
[109] A. Thompson, “New NASA Launch Pad for Small Rockets is Open for Business,” 31
July 2015. [Online]. Available: https://www.space.com/30120-nasa-small-rocketlaunch-pad-39c.html.
[110] International Space University, “FUTURIST: Future Infrastructure for space
transportation,” Parc d'Innovation, France, 2008.
[111] Next Era Energy, “FPL, NASA celebrate new solar array at Kennedy Space Center,”
[Online]. Available: https://newsroom.nexteraenergy.com/FPL-NASA-celebratenew-solar-array-at-Kennedy-Space-Center.
[112] Solar Reviews, “What is a solar farm? Costs, land needs & more,” 08 December
2020. [Online]. Available: https://www.solarreviews.com/blog/what-is-a-solar-farmdo-i-need-one. [Accessed 26 August 2021].
[113] J. Waymer, “Florida Today,” FPL plans $100 million solar plant at NASA's Kennedy
Space Center, 09 August 2019.
[114] Integrum, “Road Construction Rates per Km in Kenya 2021,” 15 May 2021.
[Online]. Available: https://integrum.co.ke/road-construction-costs-per-km-in-kenya2021/. [Accessed 26 August 2021].
[115] SPACEX, “Falcon 9 Launch Vehicle Payload User's Guide, Rev 1,” Space
Exploration Technologies Corporation, 2009.

Page | 75
o

References

o

Commercial Case

[116] Angstrom Technology, “What is a cleanroom?,” Angstrom Technology, [Online].
Available: https://angstromtechnology.com/what-is-a-cleanroom/. [Accessed 26
Auguat 2021].
[117] Rocket Lab, “Rocket Lab USA Poised to Change the Space Industry,” Rocket Lab,
[Online]. Available: https://www.rocketlabusa.com/about-us/updates/rocket-lab-usapoised-to-change-the-space-industry/.

Page | 76
o

References

o

Commercial Case

7. APPENDIX
A: LAUNCH WEATHER CRITERIA [68]
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B: SPEED BOOST ANALYSIS
B-1: Analysis of the speed boost gained from launching at the equator.
Putting a satellite into orbit requires that a velocity is imparted to the satellite. Since the Earth
is rotating, its surface velocity provides a head start on achieving orbital velocity when the
launch is towards the east – the direction of the Earth's rotation. The closer the launch site is to
the equator; the more velocity you get from the Earth's rotation. This is shown in Figure 7-1
below indicating the different velocities at the earth’s surface at spaceports located at different
latitudes.

Appendix 7-1 - Velocity on the earth's surface by latitude [69]

Consider a launch site to be located in Kenya which lies between latitude 4.5 ° N and 4.5° S
and the Cape Canaveral Launch Complex in Florida located at latitude 28.6 ° N. The objective
of this section is to illustrate the speed boost advantage that a Kenyan launch site would have
over other launch sites using Florida's Canaveral launch site as an example.
The value of the speed boost is given as:
𝑉𝑏𝑜𝑜𝑠𝑡 = 𝑉𝑔𝑟𝑜𝑢𝑛𝑑 = 𝜔𝑒𝑎𝑟𝑡ℎ × 𝑟𝑒𝑎𝑟𝑡ℎ × cos(𝜃𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 )
where:
𝜔𝑒𝑎𝑟𝑡ℎ – Angular velocity of the earth (rad/s) = 7.292 × 10-5 rad/s
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𝑟𝑒𝑎𝑟𝑡ℎ - Radius of the Earth at the latitude, 𝜃𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 [m]=6378km
𝑉𝑏𝑜𝑜𝑠𝑡 – Speed boost (km/s)
Therefore, the speed boost experienced in Kenya along the equator is:
𝑉𝐾𝑒𝑛𝑦𝑎−1 = 𝑉𝑔𝑟𝑜𝑢𝑛𝑑 = 𝜔𝑒𝑎𝑟𝑡ℎ × 𝑟𝑒𝑎𝑟𝑡ℎ × cos(𝜃𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 )
= (7.292 × 10−5 ) × 6378 × (cos 0°)
= 0.465 𝑘𝑚/𝑠
= 1,040.40 𝑚𝑝ℎ
Hence, considering the maximum latitude of the Kenyan boundary (ie. 4.5o):
𝑉𝐾𝑒𝑛𝑦𝑎−2 = 𝜔𝑒𝑎𝑟𝑡ℎ × 𝑟𝑒𝑎𝑟𝑡ℎ × cos(𝜃𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 )
= (7.292 × 10−5 ) × 6378 × (cos 4.5°)
= 0.464 𝑘𝑚/𝑠
= 1,040.18 𝑚𝑝ℎ
The speed boost experienced by a spaceport situated in Kenya is:
𝑉𝐾𝑒𝑛𝑦𝑎 =

=

𝑉𝐾𝑒𝑛𝑦𝑎−1 + 𝑉𝐾𝑒𝑛𝑦𝑎−2
2
0.465 + 0.464
2

= 0.4645 𝑘𝑚/𝑠
= 𝟏, 𝟎𝟒𝟎. 𝟐𝟗 𝒎𝒑𝒉
For Cape Canaveral, which is located at a latitude of 28.6°:
𝑉𝐶𝑎𝑛𝑎𝑣𝑒𝑟𝑎𝑙 = 𝜔𝑒𝑎𝑟𝑡ℎ × 𝑟𝑒𝑎𝑟𝑡ℎ × cos(𝜃𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 )
= (7.292 × 10−5 ) × 6378 × (cos 28.6°)
= 0.408 𝑘𝑚/𝑠
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= 𝟗𝟏𝟒. 𝟏𝟎 𝒎𝒑𝒉
The difference between the speed boost experienced in Kenya and Cape Canaveral is:
𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝑉𝐾𝑒𝑛𝑦𝑎 − 𝑉𝐶𝑎𝑛𝑎𝑣𝑒𝑟𝑎𝑙
= 0.4645 − 0.4080
= 0.0565 𝑘𝑚/𝑠
= 𝟏𝟐𝟔. 𝟏𝟗 𝒎𝒑𝒉
A Kenyan launch site would hence have a 126.19 mph velocity advantage over the Cape
Canaveral Launch Complex, which is an equivalent of 56.50 m/s. This corresponds to the
velocity advantage of 55 m/s held by the Guiana Space Centre over the Cape Canaveral Launch
Complex, as shown in Figure 7-1, since Kenya lies on a similar latitude as the Guiana Space
Centre.

B-2: Computation for the resultant fuel savings
Consider a vehicle with a total structural & payload mass of 1,000 kg that is designed to attain
escape velocity of 11.2 km/s (minus the velocity boost) using a propellant with a specific
impulse of 300 s. Calculate the mass of the propellant required for the burn at Cape Canaveral
and a Kenyan launch site taking into account the different velocity boost at the two locations.
Using the Tsiolkovsky Rocket Equation:
𝑚𝑜
∆𝑣 = 𝐼𝑠𝑝 × 𝑔𝑜 × 𝑙𝑛 ( )
𝑚𝑓
Where:
Isp – Propellant specific impulse
go - gravitational acceleration
mo - Initial vehicle mass (mass of payload, structures and propellant)
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mf - Final mass (mass of payload and structures assuming a single-stage vehicle)
At Cape Canaveral, with a velocity boost of 0.408km/s, the escape velocity generated from fuel
burn =10.792 km/s.
∴ 10,792 = 300 × 9.81 × 𝑙𝑛[(1,000 + 𝑚𝑝 )1,000]
Where mp is the mass of the propellant. Hence:
11,608

𝑚𝑝−𝐶𝑎𝑛𝑎𝑣𝑒𝑟𝑎𝑙 = (1,000 × 𝑒 2,943 ) − 1,000
= 38,134.58 𝑘𝑔
For the Launch Site in Kenya where the velocity boost is 0.464km/s. Escape velocity generated
from fuel burn = 10.736 km/s. Hence:
∴ 10,736 = 300 × 9.81 × 𝑙𝑛[(1,000 + 𝑚𝑝 )1,000]
11,664

𝑚𝑝−𝐾𝑒𝑛𝑦𝑎 = (1,000 × 𝑒 2,943 ) − 1,000
= 37,396.96 𝑘𝑔
The fuel savings made as a result of the additional speed boost from Kenya is hence:
𝑚𝑝−𝑟𝑒𝑠𝑒𝑟𝑣𝑒𝑑 = 𝑚𝑝−𝐶𝑎𝑛𝑎𝑣𝑒𝑟𝑎𝑙 − 𝑚𝑝−𝐾𝑒𝑛𝑦𝑎
= 38,134.58 − 37,396.96
= 𝟕𝟑𝟕. 𝟓𝟖 𝒌𝒈
Therefore, a launch site in Kenya would require 737.58 Kg less fuel. Converting this to litres:
𝜌=

𝑀𝑎𝑠𝑠
𝑉𝑜𝑙𝑢𝑚𝑒

∴ 𝑉𝑜𝑙𝑢𝑚𝑒 =

𝑀𝑎𝑠𝑠
𝜌

where:
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Mass = 737.58 kg
𝜌 (Density) = 1.141 g/ml = 1,141 kg/m3 [70]
Hence:
∴ 𝑉𝑜𝑙𝑢𝑚𝑒 =

737.58
= 0.6464 𝑚3 = 646.4 𝑙𝑖𝑡𝑟𝑒𝑠 = 170.76 𝑔𝑎𝑙𝑙𝑜𝑛𝑠
1,141

According to [71] the average cost of rocket propellant is $1.65 per gallon. Hence, the total
cost saving on fuel as a result of the speed boost is:
𝐶𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔 = 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑢𝑒𝑙 × 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑔𝑎𝑙𝑙𝑜𝑛
= 170.76 × 1.65
= $ 𝟐𝟖𝟏. 𝟕𝟓𝟒
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C: PESTEL ANALYSIS
Turkana County
Political

Turkana County is led by the local county government which is a second
level of governance in the Kenyan governmental structure. Both the
Kenyan national government and the local county government control the
public resources within the county. The county’s political structure is
very stable. There are no significant security threats in the region.
However, there exists tribal conflicts on the northern parts of the county
as a result of competition over grazing lands. The county government has
set up various tax policies on all enterprises in the county, this would
however have no significant impact on the operations of that enterprise.
The county borders South Sudan and Ethiopia to the northern parts of the
county. The neighbouring South Sudan has a relatively unstable political
climate.

Economic

The economic development of the county is relatively minimal with most
of its population being pastoralists. The county has one major town called
Lodwar which serves as the business hub of the county. Lodwar has 1
airport that supports air transport for local chartered flights. The
infrastructural development of the area is relatively poor with only the
major roads developed. Development of a spaceport within this location
would spur economic development in the area.

Social-

The local community within this location involves the local Nilotic

Cultural

speaking individuals who are majorly pastoralists. There are significant
increase in demographics within the area but still remains as one of the
sparsely populated regions in Kenya. There are no significant sociocultural factors that might affect the development of a spaceport.

Technological

There is very little technological activity within this county. Network and
internet coverage is still minimal in this region. The region holds great
potential in the development and harnessing of solar power.
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Environmental The county is majorly located in arid and semi-arid region. The area is
therefore not susceptible to any significant
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.

Marsabit County
Political

Marsabit County has a similar political structure like that of Turkana
County. It however has a rather unstable political climate as a result of
skirmishes between the local communities. The county borders Ethiopia
on its Northern side. Therefore, if the spaceport is to be located here, then
there might be a need to fly into neighbouring Ethiopian airspaces
depending on the launch azimuth.

Economic

Marsabit has a relatively slow growing economy. There is no large-scale
manufacturing potential happening in the region. Poor infrastructural
development with very little coverage of tarmac roads. There is potential
for growth since the region is connected to the LAPPSET project.

Social-

The local communities in the region includes the Cushitic people with

Cultural

other inhabitants such as the Nilotes and the Ameru. The demographic
trends are still low within the region but show potential for steady growth.

Technological

There is little technological activity within the area. There is access to 3G
internet facilitated by the National Optic Fibre Backbone. The region has
a low national grid electricity supply but has huge potential in solar
power.

Environmental The county consists of majorly an arid and semi-arid region. The area is
therefore not susceptible to any significant environmental threats that
might affect spaceport operations.
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.
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Kilifi County

Political

Kilifi county has a relatively stable political environment. It lies along
the coast corridor which exposes it to the security threat associated with
terror attacks, however, there has been minimal cases of terror attacks in
Kilifi county. It borders the Indian Ocean on its south and thus offers a
great location for launch into space without crossing the neighbouring
countries’ airspaces, dependent on the launch azimuth.

Economic

The county shows great potential of economic growth in various sectors
such as trade, tourism, health, manufacturing, agri-business, energy
sector and the blue economy.

Social-

The county has rich culture, evidenced through its various cultural

Cultural

heritage sites located in the region. It is mainly inhabited by the Bantu
Mijikenda community with the Swahili culture dominating the region.
The demographic trends in the region are steadily rising with a growth
rate of 3.05% every 10 years.

Technological

The county has access to high-speed internet with 4G capabilities. It has
a relatively low electricity supply with 21% coming from national grid
electric supply and 6% from solar energy courtesy of the Kenya off grid
solar access project (KOSAP).

Environmental The region is affected by the coastal climate and thus prone to
environmental threats such as floods, and droughts.
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.

Laikipia County
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Political

Laikipia county has a stable political environment, with an existing
political goodwill within it. It is located at the centre of the country, thus
there no likelihood of crossing over to other neighbouring airspaces
during eastward launches. The area is highly secure with insignificant
security threats.

Economic

There is evidenced economic growth in Laikipia County with a GDP
growth rate of 8.9%. The county has invested heavily in its economic
development and thus provides greater potential for growth.

Social-

The county is made up of an inter-tribal mix-up of mainly kikuyus,

Cultural

Maasai, Turkana, Kalenjin, Pokot and Samburu. The county has low
demographics with projections showing no significant growth in
demographics.

Technological

The county has access to high-speed internet with 4G capabilities. It also
has access to energy such as electricity, solar, biogas and wind energy.

Environmental The region is prone to environmental threats such as floods, and drought
especially since it’s on the leeward side of Mt. Kenya.
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.

Isiolo County
Political

Isiolo county has a stable political environment with political goodwill
present within it. It is located at the centre of the country thus no
likelihood of crossing to other neighbouring airspaces. The area is secure
with insignificant security threats.

Economic

There is potential for growth in economic activity in Isiolo County with
the county’s projected GDP at 10% per annum. The region has access to
the LAPPSET corridor that spurs economic development. County has
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poor infrastructure with only a smaller section as bituminised. It also has
access to the Isiolo international airport and several functional airstrips.

Social-

The county is made up of majorly the Cushitic tribes with low

Cultural

demographics and projections showing no significant growth in
demographics.

Technological

The county has access to high-speed internet with 4G capabilities and
access to energy such as electricity, solar, and wind energy.

Environmental Isiolo is majorly affected by wind gusts.
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.

Narok County
Political

Narok county offers the advantage of having a stable political
environment and borders Tanzania to its south. The country has a stable
political environment and is a secure location devoid of any potentially
significant potential security threats.

Economic

The county currently has a poorly developed economic infrastructure
resulting but the county has an integrated green economy implementation
plan aimed at spurring economic development. The county is investing
in its trade, industrialization and cooperative development which makes
the county a hub for business development. The county offers a good
economic climate for investments.

Socio-cultural

The local community is made up of pre-dominantly the Maasai and
Kalenjin communities. The demographic trends in the county indicate
that the population is about 1 million people and has a 4.7% population
growth rate.
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Technological

The county is connected to high-speed fibre optic internet cables that
enhances technological developments in the county.

Environmental Some sections of the county experience perennial droughts and flooding.
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.

Tana River County
Political

Tana river has a stable political environment and has shown goodwill in
supporting economic enterprises. The county despite being secure and
little to no security threats, the county boarders Lamu and Garrissa
counties which are not devoid of security threats.

Economic

The county presents a rather growing economic infrastructure with
potential of exponential growth in the future.

Socio-cultural

The county is majorly made up the pokomo, Somalis, and Orma people.
The demographic trends in the county show very little population growth
potential.

Technological

The county is yet to be connected to the fibre optic network and thus little
to no technological developments are happening in the county.

Environmental The county has no significant environmental adversities.
Legal

There are no current policies and legal frameworks that would be a
hindrance to the development of a spaceport within this county.
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D: SWOT ANALYSIS
Turkana County
Strengths

Weaknesses

i.

Flat terrain

i.

Extreme droughts

ii.

Availability of vast arid lands to act

ii.

Occasional Inter-clan wars

as safe drop zones
iii.

Low population density

iv.

Presence of well-developed road
networks

v.

Presence of Lodwar and Lokichogio
Airports

vi.

Presence of L. Turkana to the east,
ideal for splashdown activities

vii.

Reasonable proximity to urban
centres for logistical support.

Opportunities
i.

Threats

Average temperatures of around 32°

i.

Likely opposition from the pastoral

C with average sunlight daily for

communities

more than 10 hours. Ideal for
harnessing solar power.

Marsabit county
Strengths
i.

Weaknesses

Availability of vast arid lands to act as

i.

safe drop zones

Sporadic ethnic and inter tribal
clashes

ii.

Low population density

ii.

The location lacks a large water

iii.

Presence of good road networks

body for splashdown activities in

(Connectivity to LAPSSET Corridor)

the event of an eastward launch.
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iv.

Reasonable proximity to urban centres

iii.

to offer logistical support

An eastward launch will cross over
the Somalia airspace

v.

Flat Terrain

vi.

Presence of military camps, thereby
providing enhanced security within
the area

Opportunities
i.

Threats

Possibility of harnessing solar power

i.

Likely opposition from the very
conservative

pastoral

communities.

Kilifi County
Strengths
i.

Weaknesses

Already hosts the San Marco launch

i.

facility
ii.

Moderate road network
connectivity.

Borders the Indian Ocean which could
provide a safe drop zone

iii.

Low population density

iv.

Availability of well-developed road
network and proximity to seaports
(Lamu, Mombasa)

v.

Availability of the Malindi airport

vi.

Reasonable proximity to urban centres
to provide logistical support

vii.

Flat terrain

viii.

Stable

political

environment

(security)
Opportunities
i.

Threats

Possibility of harnessing solar power

i.

Likely opposition from
environmentalists and
Page | 90

o

Appendixo

Commercial Case

conservationists who may view a
spaceport a threat to tourism in the
area

Narok County
Strengths
i.

Weaknesses

Availability of vast tracts of lands to

i.

act as safe drop zones.

Lack of large water bodies for
splashdown activities

ii.

Low population density

·

iii.

Reasonable proximity to urban centres
including Nairobi to provide logistical
support

iv.

Presence of well-developed and
extensive road networks

v.

Stable political environment (Security)

vi.

Flat terrain

Opportunities
i.

Threats

Possibility of harnessing solar power

i.

Likely opposition from the
pastoralist communities

ii.

Likely opposition from
environmentalists as Narok county
is home to the Maasai Mara game
reserve
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Isiolo County
Strengths

Weaknesses

i.

Availability of vast land

i.

Lack of large water bodies

ii.

Low population density

ii.

Occasional security issues due to

iii.

Flat terrain

iv.

Reasonable proximity to urban centres

v.

Connectivity to the LAPPSET

inter-clan clashes and cattle rustling
iii.

An eastward launch will cross the
Somalian territory

infrastructure project
vi.

Availability of Isiolo International
Airport

Opportunities
i.

Threats

Possibility of harnessing solar power

i.

Likely

opposition

from

the

pastoralist communities
ii.

Likely

opposition

environmentalists as

the

from
county

hosts the Bisanadi, Buffalo Springs
and Shaba game reserves
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Laikipia County
Strengths
i.

Weaknesses

Higher speed boost advantage as the

i.

county lies on the equator
ii.

Absence of large water bodies
needed for splashdown operations

Availability of extensive and well -

ii.

developed road networks

Sporadic clashes over pasture
zones

iii.

Presence of vast tracts of land

iv.

Low population density

v.

Enhanced security due to presence of
military facilities (Laikipia Airbase,
BATUK)

vi.

Flat terrain

vii.

Reasonable proximity to towns
(Nanyuki)

Opportunities
i.

Threats

Possibility of harnessing solar power

i.

Likely opposition from the
pastoralist communities

ii.

Presence of military airbase thus
restricted airspace

iii.

Likely opposition from
environmentalists due to presence
of wildlife conservancies (Ol
Pejeta etc)
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Tana River County
Strengths

Weaknesses

i.

Vast lands to provide safe drop zones

ii.

Low population density

iii.

Boarders the Indian ocean

iv.

Low population density

v.

Flat terrain

vi.

Reasonable proximity to urban centres

Road networks provide minimal
connectivity

ii.

Occasional inter-clan clashes over
pasture and grazing fields

Opportunities
i.

i.

Threats

Possibility of harnessing solar power

i.

Likely opposition from local
pastoralist communities
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E: SPACEPORT FINANCIAL IMPLICATIONS
E-1: Cost of building the spaceport
For the initial setting up of the spaceport, intensive financial investment is required. This
investment is required for the purpose of building a solar farm, construction of roads, and
construction of hangars, amongst other factors.
a) Construction of a solar farm
In the occurrence that the area selected for the setting up of the spaceport does not have access
to the national electrical power grid, an alternative source of power may be sought for. In this
case, solar power may be the preferred option, owing to the intensive and prolonged solar
radiation experienced within Marsabit County. A solar farm would hence provide renewable
energy, thereby reducing the spaceport’s dependence on fossil fuels [50].
According to [51] the average cost of installing a solar farm is roughly $0.82 to $1.36 per watt.
Taking the example of the Kennedy Space Centre, it has a solar farm stretching over 5 acres of
land and produces 1 MW of power. This solar farm was constructed in 2009 by Florida Power
& Light Co. (FPL), and was fed straight to the KSC station, with the aim of meeting NASA’s
renewable energy goals [52]. In addition, a private-public partnership between NASA and FPL
is in the works, with the aim of developing a $100 million solar farm with the capacity of
generating 74.5 MW. This solar farm would take up 504 acres of land and would prevent the
release of 100,000 tonnes of greenhouse gases into the atmosphere [52].
Hence, taking the cost of installing a solar farm (per watt) as the average of the two limits listed
above:
𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑤𝑎𝑡𝑡 =

(0.82 + 1.36)
2

=$ 1.09 per watt
Therefore, taking the 1 MW as the approximated amount of power required to power the
spaceport, the total cost of constructing the solar farm becomes:
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 1.09 × (1 × 106 )
=$ 1.09 million
b) Construction of roads
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Due to safety factors, the spaceport would be set up at a distance from the neighbouring urban
centres. As a result, the spaceport may be located at a distance from the main roads within
Marsabit county, thereby demanding for the construction of roads for the sake of accessibility
and mobility within the area. This is key especially in the construction phase of the spaceport,
and even during its operation owing to the regular transportation of heavy space vehicles. This
means that the road should be able to handle the weight of the heavy commercial vehicles
which shall be used for transportation purposes. Since the road is not expected to experience
any heavy traffic, a two-way, two-lane, asphalt road may be considered.
Working with the assumption that the constructed road would require to support heavy loads
regularly as explained above, a road of the highest grade would be constructed. In this case,
the highest grade is a Class A road according to [72]. Taking the example of the Eastern bypass in Kenya (which is a class A road, UCA1-Nairobi [73]) its construction cost Kshs 4.2
billion for a length of 39 km [74]. This translates to Kshs 107.69 million per km, which is
equivalent to $ 979,890 per km. The road is a two-way, two-lane road which was designed to
support heavy loads, owing to the heavy commercial vehicles using it on a daily basis.
Assuming that the required safety zone for launching a rocket from Marsabit county is
equivalent to that required for launching rockets from Cape Canaveral, the required radial size
is 240 nautical miles [75] which is equivalent to an area of 8.232 108 m2. Assuming that this
is a circular region, the radius of the area becomes:
𝐴𝑟𝑒𝑎 = 𝜋𝑟 2

𝑟=√

𝐴𝑟𝑒𝑎
8.232 × 108
=√
= 16,187.42 𝑚 = 16.187 𝑘𝑚
𝜋
𝜋

Hence, the approximate maximum distance to be covered traversing into the spaceport comes
to roughly 16 km. The total cost of constructing the roads comes to $ 15.86 million.
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Figure 7-2: Marsabit county roads and urban settlement [76]

c) Construction of a Hangar
Hangars would be required for the purpose of storing the rockets within the spaceport, and even
for the assembly and maintenance of the rockets. Hence, the size of the hangar is dependent on
the operations which shall be taking place within it, as well as the number of rockets to be
stored within it. Considering a hangar to be a high-tech factory/ lab, its construction would cost
Kshs. 55,360 per square meter [55] which translates to $504 per square metre.
Taking the example of SpaceX’s hangar in Space Launch Complex 40 (SLC-40), the hangar
should consist of a hoisting and lifting mechanism, which serves the purpose of moving heavy
rocket parts. A heating, ventilation and air conditioning (HVAC) system should also be
installed to provide the following payload environment [56]:
•

Temperature = 70℉ ± 5℉

•

Humidity = 50% ± 5%

•

Cleanliness = Class 10,000

•

Air flow rate = 1,000 cfm = 1,699 m3/h

The HVAC system should also make use of High Efficiency Particulate Air (HEPA) filters, for
the purpose of removing unwanted particulate matter [77]. A suitable HVAC system is a
packaged air-conditioning system, such as a rooftop unit, which makes use of a duct system.
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The average cost of installing a packaged air conditioning system with an airflow rate of 1,000
cfm is:
A clean room should also be installed for the purpose of payload processing. This clean room
would provide a controlled environment whereby pollutants are filtered out from it, when
working with the electronics of the rocket and its components [57]. According to [78] the
average cost of setting up a class 10,000 clean room (which is to be used for larger applications)
lies between $150 and $200 per square foot. If the approximate size of such a cool room is
50'×50'×10' high [78], then:
Total surface area= 50'×50'
=2,500 ft2
Using the average of the limits of the cost per square foot, then:
150 + 200
)
𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑟𝑜𝑜𝑚 𝑐𝑜𝑠𝑡 = 2,500 × (
2
=$ 437,500
As for the hangar, using the example of the SLC-40 hangar which hosts SpaceX’s Falcon 9,
the approximate dimensions can be taken as:
Length = Falcon 9 length + Allowance
where the Falcon 9 length is taken as 70 meters [79] and an approximate allowance of 5 meters
on both ends of the space vehicle. The total length hence comes to:
Length = 70 + (2×5) = 80 meters
The width is taken as the width of the clean room stated above, which is 50 feet (15.24 meters).
The total surface area of the hangar is hence taken as:
Surface Area=Length×Width
= 8015
1,219.2 m2
The total cost of construction can hence be estimated as:
Hangar cost = 1,219.2×504
=$ 614,476.8
The total cost of constructing the hangar hence becomes:
Total Cost = Cooling room cost + Hangar cost
Page | 98
o

Appendixo

Commercial Case

=437,500.00 + 614,476.80
=$ 1.052 million

d) Cost of Constructing a Satellite Ground Station
The following should be installed: the trajectography system used in the first phases of flight
to monitor the launcher’s trajectory; radars; launcher telemetry acquisition system; flight safety
system - a remote control system able to destroy the launcher in flight if the trajectory is not
nominal; meteorological centre to provide weather forecasts before each flight; optical systems
to provide technical high-speed images of lift-off. All these facilities are checked and
configured 10 days before lift-off to ensure they are able to support the launcher flight. Finally,
three days before lift-off, a full-scale rehearsal takes place to test all systems [80].

Figure 7-3: Galliot ground station [80]

e) Construction of office blocks
A building responsible for housing the offices of the various staff members, the boardroom and
the mission control centre amongst other things, should be constructed. SpaceX's mission
control centre is located in Building 30 at the Johnson’s Space Centre [81] which has an overall
capacity of 135,898 square feet. This is equivalent to 12,625 square meters. Hence, if the cost
of constructing standard low rise office blocks is Kshs 40,080 per square meter [82], which is
equivalent to $365, then the total cost of constructing the office blocks is:
Office Blocks Cost=12,625×365
=$ 4.608 million
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f) Cost of constructing residentials for staff members
Standard Low Rise Apartment Block: Kshs. 37,650 per sq. metre [82] which is equivalent to
$342.96 per square meter. The average size of a single bedroom apartment is 530 square feet
[83] which is equivalent to 49.2 square metres. As an example, Rocket lab has approximately
458 staff members over 2 locations [84]. This means that a single location approximately has
229 staff members, responsible for the operation of the spaceport. Assuming that each staff
member is allocated their own apartment of 49.2 square metres, then the total size of the
residentials comes to:
Residentials size = 49.2×229
= 11,266.8 m2
Hence, the total cost of setting up the residentials is:
Cost of setting up residentials = 11,266.8×342.96
= $ 3.864 million

g) Cost of building a Runway
For runways, concrete and asphalt are the main primary material options. The construction of
a 20- 30m-width concrete-based runway is estimated to cost between $ 4,400 and $ 7,200 per
linear metre, whereas using asphalt the cost is about $3,900 per linear metre. The maintenance
cost of the runway infrastructure is influenced by the construction materials. Replacing a 23m2
concrete slab costs between $2,200 and $4,500. In contrast, the cost of resurfacing a 23 m2
area of asphalt runway (typically, 1 linear metre) costs around $400-$700 [85].
Hence, taking Spaceport America’s runway as the reference length for a runway, the total cost
of constructing the 12,000 feet (3,657.6 m) long runway (which is made of asphalt as this is
the preferred material in the aviation industry [86]) is:
4,400 + 7,200
) = $ 5,800 𝑝𝑒𝑟 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑒𝑡𝑒𝑟
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑒𝑡𝑒𝑟 = (
2
Runway Cost = 3,657.6×5,800 = $ 21.215 million
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h) Cost of building a launch pad for small rockets
With SmallSats and CubeSats becoming more popular by the day, smaller rockets are being
developed for the launching of said satellites into orbit. Hence, taking NASA’s Launch Pad
39C in the Kennedy Space Centre as an example, it is 50 feet wide and 100 feet long and is
designed to allow different launch operators to use their own rocket mounts and ground system
support. This makes it efficient for attracting different customers with different launch systems
and mechanisms, thereby enhancing the launch pads commercialization [49].
The launch pad is designed for launching small vehicles weighing up to 60,000 kilograms
(inclusive of the payload and fuel). The rockets launched would hence carry no more than 450
kg and produce no more than 90,000 kg of thrust. Such a launchpad cost $900,000 to build and
took a duration of 6 months to put up [49].
i) Construction of a Spaceport Terminal
Since the spaceport may be commercialized, a terminal would be required for the purpose of
processing flight details for various passengers, while filtering the number of individuals with
access to the space vehicle. It also enhances security as passengers can be screened. According
to [87] the average cost of constructing a passenger terminal is roughly $500 per square metre.
Considering Spaceport America’s (which is a commercial spaceport) passenger terminal, its
size is approximately 9,290 square meters [88]. Hence, using this as a reference, the total cost
of setting up a terminal would be:
Terminal cost=9,290500
=$ 4.645 million
j) Construction cost of boreholes
Due to Marsabit’s remote location, the county has no access to the national water pipeline
network. This is due to the fact that there are no permanent rivers in Marsabit county, due to
the arid conditions [89]. In addition, human settlement within the area is concentrated around
the pre-existent boreholes, shallow wells and earth dams in the low-lying areas [89]. Hence,
since the spaceport should be constructed in a sparsely populated area, the spaceport would
require its own water source, such as its own independent boreholes.
Majority of the water required by a spaceport is used by the water deluge system. This system
sprays water on the launch pad and beneath the launch pad in order to absorb and deflect the
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enormous acoustic energy generated at lift-off [90]. Taking the example of the Ariane 6 launch
pad in French Guiana, it makes use of approximately 1,200 cubic metres of water per launch
[90].
According to [91] a single borehole is able to produce 20,000 litres of pure water on a daily
basis. The average depth of a borehole is usually 60-80 metres [92], with the average cost of
drilling a borehole being Kshs 6,400 per metre depth [93], which translates to $58.3. Taking
Rocket Lab as an example, summing up the successful launches in 2020 gives a total of 7
launches [94]. This is an equivalent of a single launch every 52 days.
Hence, if 1,200 cubic metres of water are required per launch, then the amount of water
produced by a single borehole in 52 days is:
Single borehole water =20,000 litres×52 days
=1.04×106litres
=1,040 m3
The amount of water produced every 52 days by a single borehole is hence less than the amount
of water required by the deluge system for a single launch. This hence goes to show that at
least two boreholes would be required for the efficient operation of the spaceport. Hence, the
total cost of constructing two 80-metre-deep boreholes becomes:
Total boreholes cost=Number of boreholes×Depth of boreholes×Cost per unit metre
=280 metres$58.3
=$ 9,328
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E-2: Cost of operating a spaceport:
a) Spaceport Licensing
In order to begin commercial operations, a commercial spaceport must be licensed as a launch
site by the national/regional regulatory body. According to [95] the average cost of licensing a
commercial spaceport lies between $ 500,000 and $ 3,000,000 depending on the site, proposed
operations and environmental sensitivities. The upper limit of $ 3,000, 000 can hence be
considered as the cost of licensing.
b) Cost of Liability insurance
Safety is at the heart of the proposed regulatory regime under the Space Industry Act 2018.
This regime has been used to govern space activities in the United Kingdom [96]. This act
dictates that liability insurance should be paid to cater for natural disasters, environmental
pollution, and damage to infrastructure upon the launch of a space vehicle [96]. As is done with
most countries such as the United States, the liability for the launch activities should be shared
between the national government and the private sector, by means of a three-tier approach.
This helps to cater for third party claims from when the launch vehicle arrives at the spaceport,
to the end of the launch [97].
At the moment, Kenya is not bound by policies that cater for insurance covers for space
launches. Hence, before a decision is made on who exactly shall be in charge of determining
the risk for every mission thereby regulating the cost of insurance, a standard fee could be
expected. For example, a €60m Fixed Limit has been set for launches taking place in Europe
[98]. This is equivalent to approximately $ 70.80 million. Table 7-1 summarises the various
international approaches to liability limits.

Table 7-1: Liability insurance in different countries [98]

Country

Liability insurance (USD)

Austria, France
Finland
Japan
Netherlands
South Korea
UK (OSA)
US

70.80 million
70.80 million
194.1 million
23.3 million
181.3 million
69.7 million
500 million
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Since Marsabit county is a remote location with minimal infrastructure and human settlement,
the liability insurance may not be as high as is expected in other countries. This is because
launches in the area would pose minimal threat to its environs. Hence, the $ 70.80 million value
can be considered as the approximate liability insurance expected.
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F: REPRESENTATIONS OF THE KENYAN MAP
F-1: Electrical connectivity in Kenya [99]
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F-2: Network and communication services available in Kenya [100]
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F-3: Population density in Kenya [101]
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F-4: Road network connectivity in Kenya [102]
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F-5: Location distribution of terrorist attacks in Kenya [103]
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F-6: Counties in Kenya [104]
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F-7: LAPPSET corridor in Kenya [105]
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F-8: Landslide susceptible areas in Kenya [106]
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F-9: Flood prone areas in Kenya [107]
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F-10: Forested areas in Kenya [108]

Forest

Lake

Indian Ocean
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G: Invitation to Participate in Kenyan Spaceport Research Project
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