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Summary

In the wake of Brexit, UK leadership will face important decisions, including which
capabilities to invest in, how much to participate in international space projects, what the
role should be for the UK Space Agency, and how much integration should exist between
the civil and defense space efforts. Brexit could lead to the United Kingdom ending its
participation in EU-funded international space programs, including the global navigation
satellite system Galileo (the European Union equivalent to GPS), and pursuing its own
global navigation satellites. The potential withdrawal from Galileo and pursuit of an
expensive navigation satellite system suggests the UK Space Agency—responsible for
strategic decisions on the UK civil space program—may be shifting its focus from investing
in international space projects to acquiring national space capabilities. This decision will
not just affect where and how much it spends on space but also the fundamental role of

British space governance.

Introduction

On June 23, 2016, 51.9 percent of UK voters chose
to withdraw from the European Union. Among its
implications for society and industry, Brexit will
pose sobering options for the growing British space
sector. Policymakers face consequential decisions,
including which capabilities to invest in, how much
to participate in international space projects, what
the role should be for the UK Space Agency, and
how much integration should exist between the civil
and defense space efforts.

Brexit could lead to the United Kingdom no longer
participating in EU-funded international space
programs, including the global navigation satellite

system Galileo, which the British have been
involved in since the program’s inception. In turn,
the government announced in August 2018 that it
was committing £92 million ($116.90 million) to
assess options for pursuing its own global
navigation satellite system [1,2].” Its interest in its
own navigation satellites suggests that the United
Kingdom could be shifting its focus from investing
in international projects to buying expensive
national capabilities, raising questions about which
space systems the United Kingdom should acquire
and how much it can afford. This comes at a time of
other space-related developments, including the
planned release of the nation’s defense space

"The UK government has the formal title, “Her Majesty’s Government.” This paper uses the terms United Kingdom
and Britain interchangeably, with no offense intended to Northern Irish subjects. For the conversion of pounds to
dollars throughout this paper, we used the average exchange rate from the Department of Treasury on December 31,

2018, of $1 to £0.787.



strategy this year and pending decisions about the
next generation of British-owned military
communications satellites. The confluence of these
policies and decisions will present British space
leadership with important challenges and
opportunities.

From January through March 2019, we met with
experts on the UK space sector to discuss options
available to its space leadership in the wake of
Brexit. These experts included current and former
officials in the British government—specifically,
the UK Space Agency, Ministry of Defense, and
Department of International Trade—plus the British
space industry, academia, think tanks, the European
Union, the European Space Agency, and the U.S.
government.

UK Current Participation in International
Space Projects

European Space Agency and EU

Space Projects

The UK space sector for 2016/2017 generated £14.8
billion ($18.81 billion) in income, accounted for 5.1
percent of the global space economy, and employed
40,000 people [3]." The nation’s government and
industry set the goal to grow the United Kingdom’s
global share of the space market to 10 percent by
2030 [4]. Among the sector’s highlights—according
to a May 2018 trade organization report—are that
40 percent of all small satellites in orbit at that time
were British built [5]. The UK Space Agency, a lean
organization of about 200 people, oversees the
civilian space sector. Begun in 2011, the agency
published the United Kingdom’s first-ever National
Space Policy in December 2015 [6,7]. Experts we
met with characterized the agency’s primary roles as
writing regulations, attracting private investment,

and leveraging international partners, including the
European Space Agency, which—from 2013/2014
to 2017/2018—received more than 80 percent of the
UK Space Agency’s budget [8-12].

The European Space Agency has a 2019 budget of
about €5.72 billion ($6.56 billion), the bulk of which
comes from its member states, either in mandatory
or optional contributions [13].* The member states
provide mandatory contributions based on their
gross national product and may provide optional
contributions to various programs. The mandatory
contributions support foundational space science
and research; the optional programs cover Earth
science, navigation, human space flight, exploration,
telecommunications, and space transportation.

Outside of the contributions from the member states,
the agency also receives money for specific
programs, including from the European Union.
Most of this money supports the European flagship
initiatives Copernicus—an Earth  observation
satellite program—and Galileo and its augmentation
system, the European Geostationary Navigation
Overlay Service [14]. The European Union funds
and owns the programs and its executive arm—the
European Commission—manages and oversees
their implementation. The European Space Agency
is responsible for implementing the programs,
including their design, development, and
procurement. As a member of the European Union
and the European Space Agency, the United
Kingdom has helped fund these programs and
British companies have been involved in their
development, including the delivery of satellite
components for Galileo and its augmentation
system [15].

"The UK financial year lasts from April through March; therefore, 2016/2017 reflects April 1, 2016 through

March 31, 2017.

Of the European Space Agency’s 2019 budget, about 22 percent comes from the European Union. For the
conversion of euros to dollars throughout this paper, we used the average exchange rate from the Department of

Treasury on December 31, 2018, of $1 to €0.872.



For 2021 through 2027, the European Commission
also proposed to allocate €500 million ($573.39
million) to security-related satellite programs [16].
These include secure communications for the public
sector and surveillance and tracking of space
objects. The United Kingdom has participated in
these initiatives [17,18].

Statements from officials and government reports
indicate that the United Kingdom will continue to be
a member of the European Space Agency.’ The
government department responsible for leaving the
Union issued a report in September 2017 that states,
“The UK was a founding member of the [European
Space Agency] and European collaboration on
space has been an important enabler of innovation
and technological development in the UK space
sector. The UK will continue to play an active role
in the [European Space Agency] after it leaves the
EU” [19]. Officials from the European Space
Agency have also maintained that Britain will
remain a member. Said Jan Woerner, its director
general, at a press event in January 2019, “We have
a clear commitment from the UK to remain [a
European Space Agency] member state” [20].

What is less clear is Britain’s continued
participation in the European Space Agency’s EU-
funded programs. In September 2018, the
government issued guidance titled, “Satellite and
space programmes if there’s no Brexit deal” [21]. It
covered Copernicus, Galileo and its augmentation
system, and the space surveillance and tracking
program. For each of these programs, the guidance
said that without a negotiated agreement, UK-based

companies will be unable to bid for future funding
tendered by the European Union and that the
government will no longer play any part in their
development.

If this were to happen, the United Kingdom would
be cut out from a growing share of European space
investment. In 2017, the European Commission
delegated €1.33 billion ($1.53 billion) to the
European Space Agency for Galileo, its
augmentation system, and Copernicus; from 2016 to
2017, the EU-funded programs represented the
biggest increase in the European Space Agency’s
budget [22]. It and the European Union have also
committed to strengthening their relationship: in
December 2016, the European Space Agency and
the European Commission signed a joint statement
on their shared vision and goals for Europe in space,
emphasizing their intention to reinforce their
cooperation in the future [23]. The European
Commission issued a press release in June 2018 that
said the European Space Agency will remain a
major partner in the technical and operational
implementation of the EU space programs [24]. The
two organizations also share many of the same
member states, as shown in Figure 1 [25-27].""

Galileo and its Public Regulated Service

Much of the debate over the United Kingdom and
EU-funded programs centers on Galileo, which
culminated in the government’s announcement that
it was seeking its own navigation system. Figure 2
shows some of the important events from May
through September 2018 in their negotiations.

SAgreements over tariffs and freedom of movement, among other issues, could affect the United Kingdom’s

relationship with the European Space Agency.

“Related to international space projects, the UK Department for Business, Energy and Industrial Strategy’s Global
Challenges Research Fund also pays for the “International Partnership Programme,” a five-year, £152 million
($195 million) program designed to partner UK space sector expertise with governments and organizations in
emerging and developing economies around the world to deliver a sustainable economic or societal benefit.
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Figure 1. European Union and European Space Agency (ESA) shared member states.

According to the European Commission, Galileo—
which began in 1999—will provide global
positioning services for citizens, industry, and
government users [28, 29].7T Galileo will include

two services: encrypted navigation signals called the
Public Regulated Service for government
authorized users and an open and commercial
service. The encrypted service will include anti-

T According to the European Commission, Galileo is expected to be fully operational by 2020.



May 24, 2018:

The U.K. government published a
technical note on the country’s
future participation in Galileo
disagreeing with the European
Union’s position that Britain would
be excluded from the development
of Galileo’s encrypted service.

I MAY 2018
> <4

June 13, 2018:

The European
Commission published
slides that say

non-EU countries
cannot participate

in the development

of Galileo’s encrypted
service.

AUGUST 2018

August 29, 2018:

The U.K. government issued
a press release saying it
would spend £92 million on
an 18-month study looking at
the development of a U.K.
alternative to Galileo.

August 28, 2018:

Prime Minister Theresa May

told reporters that unless the
government received assurances
that it could collaborate closely
with the European Union on
Galileo, it would pursue its own
sovereign satellite system.

OCTOBER 2018

September 13, 2018:

The U.K. government
published guidance to
businesses says that—in the
absence of a deal between
Britain and the European
Union—the United Kingdom
will no longer play any part
in the development of
Galileo.

Figure 2. Timeline of important events on EU-UK negotiations on Galileo from May through September 2018.

spoofing and anti-jamming capabilities, which will
make the system’s signals more difficult to disrupt.
When fully developed, Galileo will comprise
30 satellites (24 operational and 6 spares); two
control centers; and tracking and control, uplink,
and sensor stations.

In addition to building components of the satellites
and security systems for Galileo, Britain hosts two
Galileo sensor stations [15]. The European
Commission had also planned to locate a back-up
control center in the United Kingdom; however,
because of the Brexit decision, member states voted
to relocate the back-up site to Spain because the
European Union does not allow non-members to
host or manufacture specific security elements of
the program [15].

It is this issue of the United Kingdom’s involvement
in security components of Galileo that has become
a pivotal dispute with the European Union. On May
14, 2018, the European Union’s chief negotiator,
Michel Barnier stated:

Third countries (and their companies)
cannot participate in the development of
sensitive security matters, such as the
manufacturing of [Public Regulated
Service]-security modules. Those rules
were adopted together by unanimity with
the UK as a member, and they have not
changed. Those rules do not prevent the
UK, as a third country, from using the
encrypted signal of Galileo, provided that
the relevant agreements between the EU
and the UK are in place [30].

Ten days later, the UK government department
responsible for leaving the Union published a
technical note on its future role with Galileo, stating
that its participation was “dependent on its ability to
independently assure the integrity of the system so
we can rely on it for strategic defence and security
uses” [31]. The report lists three requirements: (1)
access to the Public Regulated Service and its
information, (2) industrial involvement in secure
elements, and (3) attendance at security meetings.



An EU official told us that while the United
Kingdom could make an agreement with the
European Union to access the Public Regulated
Service and its information, as a third country it is
excluded from industrial involvement in secure
elements and attendance at security meetings. In
June 2018, the European Commission published a
briefing on third-country involvement in EU space
programs, including Galileo, which it compared
with UK positions [32]. The briefing says that third
countries cannot participate in security and Public
Regulated Service-related development and third-
country businesses cannot manufacture Public
Regulated Service security modules.

Two months later, on August 28, 2018, Prime
Minister Theresa May told reporters that unless the
government received assurances that it could
collaborate closely with the European Union on
Galileo in the future, the government would
“withdraw UK support from Galileo and pursue our
own sovereign satellite system” [33]. The next day,
the government announced plans to spend £92
million ($116.90 million) to assess an alternative
system to Galileo [34]. The money would fund an
18-month study that would look at the design and
development of a British program, led by the UK
Space Agency.

Development of a UK Navigation

Satellite System

An independent global navigation satellite system
may require 2430 satellites in medium Earth orbit
(the same orbit as GPS). Only 18 would be needed
for global coverage but satellites experience
outages—for example, they drift and need to be
repositioned—and more satellites may be necessary
for difficult or obscured terrain, such as dense urban
environments where there is limited visibility to the
sky. Our analysis shows that a system in medium
Earth orbit should have 30 satellites for global
coverage. Some examples of independent global
navigation satellite systems include U.S. GPS (31
satellites in orbit in 2018), Russia’s GLONASS (22

in orbit in 2018), China’s BeiDou (25 in orbit,
expected to increase to 35), and Europe’s Galileo
system (22 in orbit in 2018) [35-41].

Instead of an independent global navigation satellite
system, the United Kingdom could consider
acquiring other navigation systems that require
fewer satellites. Based on our analysis, an
independent regional (non-global) navigation
system would require about seven satellites in a
higher altitude orbit (such as in geosynchronous or
geostationary  orbit), which could improve
availability and precision for industry, including in
transport, aviation, maritime, agriculture, surveying,
and timing services. India’s NavIC, which is
expected to consist of seven satellites in
geosynchronous or geostationary orbit, is an
example of an independent regional system.

Rather than an independent system, Britain could
also develop a satellite capability that leverages
GPS or other global navigation satellites. Similar to
the independent systems, these options could offer
more availability and higher precision. Galileo’s
European Geostationary Navigation Overlay
Service, with three satellites over Europe, is an
example of such a system. Japan’s Quasi-Zenith
Satellite System (four satellites) is another example.

If the United Kingdom pursues its own navigation
satellites, the level of investment required could
crowd out funding available for international
projects. The cost would depend entirely on the
option it selected; however, the August 2018
announcement specifies a “British global navigation
satellite system” and an “independent satellite
system,” which could require 30 satellites. For
context, an official from the EU told us that through
2020, Galileo will have cost about €10.3 billion
($11.81 billion). Given that the UK Space Agency’s
annual expenditures in the 2017/2018 fiscal year
were about £392.64 million ($498.91 million)—
more than 83 percent of which went to the European



Space Agency—30 navigation satellites would be a
tremendous financial commitment [12].

Role of the UK Space Agency

The issue of whether Britain will acquire a
navigation satellite system raises questions about
the identity of the UK Space Agency. UK officials
told us that the government and UK Space Agency
will continue to create a business and regulatory
framework that attracts private investment, with a
focus on leveraging international and commercial
partners. The UK Space Agency operates differently
than NASA; the agency is more of an enabler,
working on national and international space projects
in cooperation with industry and academia.

However, the agency purchasing a national space
capability that could cost many times more than its
current annual budget would be a significant
departure from this approach.* Will the agency
remain primarily focused on regulation or move into
large space acquisitions? Should it spend its
resources on global space efforts or on a national
space program? Experts we met with discussed
some considerations for the agency if it determines
to spend more on national capabilities.

Prioritize Needed Space Capabilities

A May 2018 report from the UK space industry calls
for the government to develop a national space
program. It says that, “heightened competition will
expose the fundamental weakness of our current
approach; i.e. the absence of a robust, joined-up
domestic National Space Programme to sit
alongside, and amplify the benefits from, our
participation in the European space institutions.”
Without this, it states, “the sector has had to adopt
an ‘ad-hoc’ or reactive rather than strategic
approach to future investments” [42]. Some of the
experts we met with pointed to Britain’s pursuit of a
global navigation satellite system as a reactive

decision that was not strategically driven. These
experts told us that, prior to purchasing a national
system, the UK Space Agency should strategically
prioritize the capabilities or research for government
investment. In developing a prioritized list, UK
space leadership should consider identifying (1) the
space-based capabilities that Britain should
completely control, (2) the capabilities Britain
should share control of with other countries, and (3)
the capabilities Britain could use even if they are
controlled by other countries. Moreover, the
leadership should determine which of these
categories navigation satellites should fit into.

As examples of capabilities the government may
consider prioritizing, some experts suggested that
the space agency try to take advantage of the
industry’s success in small satellites. Dr. Bleddyn
Bowen of Leicester University told us that money
for a global navigation satellite system could be
better spent on “[intelligence, surveillance, and
reconnaissance|  capabilities or  increasing
communications  satellites, especially =~ when
considering new options in small satellites that the
UK is world leader in.” He continued, “These would
cost a fraction of the entire estimated UK [global
navigation satellite system] option and would
stimulate a world-leading aspect of the UK space
sector whilst also enhancing UK space capability.”

Add Technical Expertise

Most of the experts we met with told us that to
develop a national space program, the UK Space
Agency should pull in more technical expertise. An
organization equipped to write regulations and
provide money to international space organizations
may have different skills than an organization
charged with acquiring massive space assets.
Technical expertise is necessary to determine where
to invest and how to administer acquisition. While
discussing challenges that the UK Space Agency

HIn comparison, the U.S. Global Positioning Systems Directorate—the Department of Defense acquisition office for
developing and producing GPS satellites, ground systems, and military user equipment—comprises over 500 people.



will have in identifying the right people to assess
navigation satellite options, one industry executive
told us, “The UK Space Agency does not have the
expertise to administer the industry.” Another
industry official recommended that the agency
develop a “technical arm.” The May 2018 space
industry report also noted a need for technical
expertise for the sector more broadly, “In order to
achieve its growth ambitions UK space needs to
recruit and/or train an additional 30,000 employees.
This is likely to be a conservative figure. These
workers will need to be skilled in mathematics,
physical sciences and engineering, at a time when
other high-tech sectors will be looking at the same
resource pool across the UK” [42].

Future Participation in International

Space Projects

As a potential alternative to spending its resources
on developing sovereign national capabilities, the
United Kingdom could opt to continue investing
heavily in international space projects, which UK
policy reports and pronouncements consistently
characterize as a priority. The National Space Policy
outlines as one of its four primary principles an
emphasis on international cooperation, including,
“collaborating with other nations to deliver
maximum benefit from UK investment in space”
[4]. A recent House of Commons report says that
international collaboration will remain an important
element for the space sector due to the high cost and
global focus of space projects [43]. Experts we met
with proposed options for the UK Space Agency as
it considers future international space collaboration.
Some predicted that Britain is likely to continue to
coordinate  significantly = with  international
partners—including with the European Space
Agency—in space projects but, in the wake of
Brexit, exactly what that cooperation will be is
unclear.

Enhance Cooperation with Allies Outside of
the European Union

Because of Brexit, experts we interviewed noted
that Britain could enhance its civil space
relationship with other countries, including UK
intelligence partners Australia, Canada, New
Zealand, and the United States. Frank A. Rose—
currently a senior fellow at The Brookings
Institution and formerly the U.S. Assistant Secretary
of State for Arms Control, Verification, and
Compliance—told us, “For the last 50 years, the UK
has worked closely with the European institutions
for civil space and worked closely with the United
States for defense space. With Brexit, this could
fundamentally change. The UK may align more
closely with the United States for civil and defense
space.” This could be especially true as a result of
its potential withdrawal from the Galileo program.
If the United Kingdom does pull away from Galileo,
Rose told us that their main options will be to
develop their own navigation system or enhance
their cooperation with the United States, noting that
the U.S. GPS system has a military signal called the
M-Code—currently reserved for U.S. government
users—that offers anti-jamming and anti-spoofing
capabilities.

Even if the British acquire their own navigation
satellite system, the country may still coordinate
more closely with the United States on navigation
capabilities. A December 2018 press release from
the UK government states that it will not use Galileo
for defense or critical infrastructure after Brexit and
that a British navigation satellite system must be
“compatible with the U.S. GPS system, meaning
that if either were subject to malicious attack the
other could provide crucial positioning information”
[44].



Negotiate an Agreement for Galileo

Another option for the United Kingdom would be to
negotiate an agreement with the European Union to
ensure its companies can continue to compete for
contracts for EU-funded programs, such as for
manufacturing components of Galileo. An EU
official told us that this is an option for the British.
The official told us that UK companies are still
eligible to apply for manufacturing contracts for the
Galileo system, apart from some applications
related to the essential security interest of the
European Union and its member states, such as the
control center moved from the United Kingdom to
Spain.

Some experts told us that the United Kingdom
should try to continue to participate in Galileo, even
if that does not include an ability to manufacture
certain security elements and join in decision
making over the program. The costs to industry of
leaving Galileo could be substantial. The Chief
Financial Officer for Surrey Satellites Technology
Limited (headquartered in Guildford, UK)—which
has manufactured satellites and components of
satellites for Galileo—told us that the company
receives 50 percent of its revenue from the program
and after Brexit it will no longer be able to secure
any future work from it. However, an EU official
told us that Surrey Satellites would be eligible for
subsequent Galileo satellites because the satellites
are not a security feature of the program; therefore,
non-EU businesses would not be excluded.

The United Kingdom could also negotiate an
agreement to access the Public Regulated Service’s
encrypted signals. An EU official noted that the
United States and Norway are currently in
negotiations with the European Union for gaining
such access. However, UK leadership has indicated
the government will not rely on a system used for
security and defense when it is not involved in the
decisions on the system. In discussing this position,
Frank Rose told us that the European Union should
have allowed the United Kingdom an ability to

participate in the security meetings. He said, “The
UK is a natural security partner for the EU and
should be able to help shape what the Public
Regulated Service looks like. Consequently, I
expect that the UK will align more closely with the
United States on security matters for space.”

Relationship Between the UK Space
Agency and Ministry of Defence

Integrate More Between Civil and

Defense Space

The past year was momentous for the UK defense
space sector. The Ministry of Defence issued a
report in December 2018 on defense modernization
that officially identified space as an operational
domain to go with cyberspace, land, sea, and air
[45]. In May 2018, Defence Secretary Gavin
Williamson announced the launch of a UK defense
space strategy, which is expected for release this
year, and an increase in the number of defense space
personnel from 500 to over 600 [46]. Also in 2018,
the defense ministry launched the Carbonite-2
demonstrator satellite that offered full-motion color
video from space [47].

Similar to civilian space, UK defense space
leadership faces serious decisions over what to
invest in and how much it can afford. The Ministry
of Defence will need to replace the UK’s SkyNet
system of five military communications satellites,
some of which are due to go out of service in the
early 2020s. The ministry procured one new
geostationary satellite, SkyNet 6A, to fill the
potential gap in capability before it purchases a new
group of satellites [48]. The ministry could also play
a role in the procurement of a British global
navigation satellite system, as indicated in the
announcement of the 18-month study that the
Ministry of Defence would support the UK Space
Agency. In the launch of the defense space strategy,
Secretary Williamson said, “Britain is a world
leader in the space industry and our defence
scientists and military personnel have played a
central role in the development of the EU’s Galileo



satellite programme alongside British companies, so
it is important we also review our contribution and
how we plan for alternative systems in this crucial
area” [46].

Some experts told us that while the UK Space
Agency and Ministry of Defence are coordinating
more on space than in the past, the organizations
should further integrate to create a more cohesive
government space strategy where they can leverage
technical expertise and prioritize investments in
global and national space efforts. For example,
Professor Christopher Newman from Northumbria
University told us, “Moving forward, there should
be a more holistic approach to UK space interests,
recognizing that, as civilian capacity grows, it
makes sense to integrate the military provision
where possible.” He added, “There seems little to
suggest an integrated space strategy fusing military
and civilian interests is likely to emerge in the near
future.” While the near-term prospect of a civil-
defense space strategy is unclear, UK leadership has
noted the importance of the organizations working
together on space. For example, General Sir Chris
Deverell, the commander of the Joint Forces
Command, said in November 2018, “Cooperation
with the UK Space Agency and industry is vital”
[49].

Looking Ahead

The world’s spotlight is on the United Kingdom as
it maneuvers through Brexit. The change in its
relationship with the European Union could be an
inflection point for the UK space sector. The
country has many opportunities available and can
follow lessons learned from other nations’ space
efforts to determine what course it wants to take.
One expert told us that Brexit has helped force the
nation’s leadership to think strategically about
space. The potential withdrawal from Galileo and
pursuit of a navigation satellite system raises not just
questions about where and how much to invest but
also about the fundamental role of British space
governance. Prior to the establishment of the UK

10

Space Agency—and long before Brexit—the House
of Commons issued a report in 2010 that looked at
what balance should exist between investment in the
European Space Agency and a national program and
what should be the UK Space Agency’s role,
priorities, and relationship with the Ministry of
Defence [50]. The United Kingdom’s space
leadership should continue to consider these issues.
The decision about whether to transition from
spending the vast majority of its resources on
international space projects to acquiring large
national space systems has serious consequences for
the sector. It should be made deliberately and
strategically.
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