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European Commission

The global economic crisis that appeared in summer of 2008 has adversely affected the
economies of most European nations. Nonetheless, some market sectors have not suffered
as severely as others and, in some cases —including applications of GNSS technologies

— have continued to prosper. This essay by economic analysts in the European Commission’s
Galileo Unit describes how Galileo, the European global navigation satellite system

now under development, can contribute to Europe’s recovery from this crisis.

ANITA PIETKA AND BERNARDO URRUTIA
GALILEO UNIT, EUROPEAN COMMISSION

ack in 1999, the European Union decided to set up

a global satellite navigation system (GNSS), known

as Galileo, for civil and commercial use. Early 2010

the European Commission awarded the contracts
for Galileo’s first satellites, launchers and support services. In
2011 the European system will finalize its validation phase.
As a result, the initial service provision of Europe’s satellite
navigation system could start as of early 2014.

To complete Galileo, the European Commission, the
European Space Agency (ESA), and the European GNSS
Supervisory Authority (GSA) are making a significant imple-
mentation effort — in terms of investment, research expendi-
ture, and human resources.

This effort comes at a moment in time when the world
economy is struggling to recover from a very severe econom-
ic crisis. There is little doubt that the subsequent recession
has an impact on the demand for services and applications
using GNSS.

Moreover, the GNSS landscape is changing rapidly, with
constant technological innovation on the receiver side and
a whole generation of new GNSS systems, including the
upgrade of the U.S. Global Positioning System, which will
come into operation within a few years.

Against this background, it makes sense to examine
recent market developments and to consider the case for the
Galileo program to contribute to the recovery of the Euro-
pean economy, making it more sustainable and knowledge-
based.

The European model for recovery emphasizes the role of
innovation as a motor for economic change. Space technolo-
gies and, in particular, satellite navigation, have been recog-
nized as having a high potential for bringing wide ranging
economic and social improvements.

GNSS and the Economic Recession

GNSS is similar to the Internet and information and com-
munication technologies (ICT) in general: a service enabler
rather than just a specific and finite product of a process. The
GNSS business results precisely from the capacity to find cre-
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ative ways to use and to improve the accuracy and utility of
GNSS signals.

Because of its nature as a general purpose technology, it
is difficult to apply boundaries to the GNSS business. Many
different markets exist, each with particular dynamics and
many different actors in the value chain. (For a detailed
presentation, see, GNSS Markets and Applications by Len
Jacobson, Artech House, GNSS Technology and Application
Series, 2007.) Consequently, ascertaining GNSS market sizes
and quantifying revenues and the related employment is a
difficult exercise.

Based on a narrow definition of the value chain —i.e,,
GNSS receiver equipment and related software — annual
market revenues from commercial (non-military) GNSS-
based products and services were estimated to have been
between €18 and €20 billion in 2007.

Available market research suggests a steady performance
of the GNSS industry in the years prior to the economic
crisis, with GNSS-enabled products and services increasing
at compound annual growth rates exceeding 30 percent on
average over the period 2004-2008.

Most of the growth was linked to transportation services
and to personal mobile communications. However, commer-
cial GNSS services played an increasingly important role in
many professional markets, generating hundreds of millions
of euros in revenues annually.

Over the past few years, progress on GNSS receiver tech-
nology has been a key factor for expanding markets. Lower
prices and higher performance of sophisticated, small multi-
channel receivers are at the core of the expansion of GNSS
markets.

Today, GPS chipsets and receiver modules are embedded
into all sorts of end user equipment. In the near future, the
competitive advantage of a GNSS system could come to rely
much more on receiver capabilities than on the intrinsic fea-
tures of the system itself.

Moreover, the critical importance of certain
applications cannot be measured just in terms
of revenues. For example, GPS time applications
have an enormous economic significance albeit
with limited market size.

Today, among these applications are
synchronization of Internet Protocol-
based networks and communications
networks, synchronization of electricity
grids, time-tagging of financial transactions,
frequency reference control, calibration of
test instruments, and time and frequency
distribution.

Hydrogen maser clocks planned for Galileo
satellites are expected to be even more accurate
than GPS clocks, which are stable to less than
one second in more than a million years. Con-
sequently, many more timing applications will
likely arise using GPS and Galileo.

ESAimage

Projections for the Post-Crisis Horizon

The most recent market research suggests that, notwith-
standing the impact of the economic crisis, the GNSS indus-
try is still growing at a solid pace. We draw this conclusion
based on a compilation and review of the more recent com-
mercial studies on benefits derived from the Galileo system,
additional studies conducted by the European Commission,
the GSA and EU Member States, and business interviews
with participants in the GNSS industry conducted in March
and April 2009.

ABI Research forecasts GNSS system shipments (a proxy
of sales) to reach more than 500 million worldwide in 2010
and to continue growing to 1.1 billion in 2014. (As noted
earlier, revenue projections vary widely depending on the
market definition. A broader definition covering all type of
added-value applications enabled by GNSS technology would
result in much higher figures.)

Current projections suggest that, over the period 2009-
2013, GNSS markets will grow at compound annual growth
rates of around 24 percent. In today’s crisis scenario, few
other industries are granted such bright prospects.

A market study conducted by the GSA foresees that the
overall worldwide GNSS “enabled” market size for civil
applications — combining sales of GNSS devices plus GNSS-
based services — will amount to around €236 billions in
2025.

Obviously, long-term projections have to be treated pru-
dently. Nevertheless, market trends suggest GNSS-based
products and services are still in the “early majority” phase
of an innovation adoption cycle. (This observation draws
on Everett Rogers’ Diffusion of Innovations Theory, which
observes that by the time the “early majority” of customers
get involved, most of the hard work for creating a new market
has been done. The role of the “early majority” is to increase
the critical mass of take-up.)
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If this assumption is correct, it should mean that
significant opportunities for GNSS businesses and
entrepreneurs will continue for at least the next 15
years.

Galileo’s Impact on Revenues and Jobs
The question of the market benefits that can be
attributed to the Galileo program alone is one that is
frequently posed. Over the past 10 years, several cost-
benefit analyses and market assessments have been
carried out. They focused on the estimation of market
revenues in the upstream and downstream markets
and of jobs opportunities that could derive from
European Union usage of Galileo.

However, clear externalities and other non-quan-
tifiable effects are not included in the traditional
cost-benefit approach. Those refer to macro-economic
effects, for example, in terms of productivity gains
across industry, and public benefits such as reduc-
tions in road congestion, lower carbon-dioxide emis-
sions, and improved levels of safety and security (lives
saved, accidents avoided and so forth).

Just in terms of market opportunities, according to esti-
mates produced in the pre-crisis period, Galileo had the
potential to generate €100 billion of accumulated revenues
for European companies in the global market for naviga-
tion applications in the period 2005-2030. Such an outcome
would lead to the creation of as many as 100,000 high-tech
jobs across Europe, according to these studies.

A review of these estimates taking account of the possible
impacts of the economic crisis suggests that, in a worst-case
scenario, the total accumulated benefits coming from Galileo
over the period 2008-2030 would be between €55 and €62
billion.

This “less optimistic” or worst-case scenario assumes a
very low penetration of Galileo-based services in European
and world markets for GNSS services. It takes account of
direct and indirect effects on both GNSS upstream and
downstream markets. Even under this pessimistic scenario,
the accompanying increase in employment is projected to
produce around 1,400 permanent jobs created in up-stream
industries — Galileo infrastructure and operations — and
between 17,000 and 21,000 incremental jobs in down-stream
industries — Galileo product manufacturers and service
providers.

Somehow, these “bottom line” figures confirm expecta-
tions placed on Galileo. Moreover, if the overall GNSS mar-
ket will bring significant benefits to Europe, some of these
benefits will be incremental and generated only thanks to
the introduction of Galileo. Although difficult to quantify
too, those benefits have a tremendous economic significance.
They appear in the form of opportunity cost, competitive
edge, and know-how.

Opportunity Cost. Galileo will provide redundancy in case
of a degradation of GPS signals and, therefore, will cover the

cost of lost opportunities for Europe of not having such a
backup capability. A degradation of available GNSS signals
would entail significant costs in terms of impact on logistics,
road congestion, and safety risks in the transportation sector.
Professional activities based on GNSS would also be affected,
as well as the communications and financial networks that
depend on GNSS-based precise time and synchronization.

Assuming that by 2014-2015 revenues from GNSS-
enabled devices and applications for civil applications in
Europe represent around €60 billion (a conservative hypoth-
esis), this amount can be taken as a rough estimate of the cost
opportunity in terms of revenues lost in case of serious dis-
ruption to GPS open signals. However, the collateral damage
arising from disruption of transportation, logistics, and other
critical services could significantly exceed this estimate.

Competitive Edge. Galileo has been primarily conceived for
civil purposes — a feature exclusive to the European spon-
sored GNSS.

From a market perspective, the provision of a commercial
GNSS service and the possibility of adapting open signals to
civil users’ requirements can entail a definitive competitive
advantage for Galileo. Such a possibility could support the
growth of existing markets and further penetration of GNSS-
based applications in various economic sectors.

In addition, today users do not have any enforceable
rights concerning the continuous availability and level of
quality of GNSS signals. The Galileo service guarantee for the
commercial and safety of life services could also represent a
unique market opportunity for Galileo services worldwide.

Know-How. The European Union is already one of the
most important markets in the world for GNSS services. In
the coming years, the use of GNSS-based services in various
sectors of the European economy can be expected to increase
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further. According to projections from the GSA, the revenues
generated by location-based services are expected to grow at
an annual rate of about 23 percent between 2007 and 2015.

Among the key factors supporting this market growth
potential are the openness of end users to adopt new technol-
ogies and the availability of skilled human capital and entre-
preneurial resources able to exploit the possibilities opened
up by GNSS technology.

Galileo’s Long-Term Stimulus Package

When considering the issue of the contribution of Galileo to
recovery from the economic crisis, an element that cannot be
ignored is that the investment being made by the European
Union is already being paid back.

The funds committed to date in support of the European
Global Navigation Satellite System total €5.6 billion. This
amount, covering the period 1999-2013, also includes the
development of the in-orbit validation phase of Galileo satel-
lites as well as the European Geostationary Navigation Over-
lay Service (EGNOS) an augmentation system that enhances
the integrity, accuracy, and operation of the satellite naviga-
tion systems.

Completion of the European GNSS project will require
additional funds — to be approved in due time by the Euro-
pean Parliament and Council —for the exploitation phase of
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Galileo. This also includes the improvement and renewal of
the system in the period 2014-2019.

In essence, a long-term political commitment will now be
required to ensure that the technical performance and reli-
ability of Galileo are guaranteed for the foreseeable future,
meaning well into the 21st century.

Without prejudging the additional funding that will be
required for Galileo, we should noted that, in terms of the
size of the budgets allocated for the support of big European
civil works — e.g., sizable trans-European infrastructural
projects — the cost of the European GNSS is modest. For
example, the cost of the rail link between Berlin and Palermo
exceeds €47 billion while the construction of the Brenner
base tunnel between Austria and Italy will cost €4.5 billion.

Expenditures on the civil Galileo system will remain sig-
nificantly lower than the overall cost of GPS, a system oper-
ated by the U.S. Air Force and designed for military applica-
tions as well as civil and commercial uses.

In 2006, the USAF GPS Joint Program Office estimated at
$26 billion the overall cost of the GPS system up to that fis-
cal year, for the 31 satellites and the control segment. At the
time, it projected that an additional $9 billion package will
be necessary to build a modernized GPS, i.e., GPS III, with
the first upgraded satellite operational during the fiscal year
2013.

i
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In April-May 2009, the U.S. Gov-
ernment Accountability Office reported
significant cost increases and schedule
delays in the acquisition of new GPS
satellites and in the required upgrading
of ground control and user equipment.
Taking into consideration these latest
developments, a rough estimation of
the total cumulative cost of the GPS
system, including the GPS III upgrade,
would amount to about $40 billion.

However, for Europe, Galileo repre-
sents a productive investment in a gen-
eral-purpose technology that requires
the support of a solid high-tech indus-
try as its backbone. Far beyond the
benefits that can be expected from civil
work projects, a very important spill-
over from Galileo is the knowledge
base being built up for the European
space industry.

The money expended on the Gali-
leo program thus far has already con-
tributed to the training and specializa-
tion of a new generation of European
scientists and created opportunities
for a wide range of companies in the
upstream markets and for universities
across Europe.

Interoperability: Helping
Maximize Benefits for Users
In a few years time, the GNSS land-
scape will change completely. In
addition to GPS and GLONASS, the
Galileo, Compass, Indian regional
navigation satellite system, and Japan’s
Quasi-Zenith Satellite System will also
come into operation.

From the point of view of civil
applications, GNSS system interoper-
ability is a market enabler:

« offering better accuracy and avail-
ability to end users

« guaranteeing a back-up capability
in case of signal degradation

« reducing the risk of market frag-
mentation, which emanates from
the existence of GNSS systems
operating independently.

Interoperability would pave the way
for the development of common inter-
faces and facilitate GNSS penetration
into mobile devices and user equip-
ment in general. It would generate

economies of scale, lower production
costs, and create more robust equip-
ment and applications.

To a large extent, GNSS market
growth has been supported by a con-
stant improvement in chipsets and
receiver technology. Interoperability
would lead to a faster pace of innova-
tion, more satisfied end-users, and new
applications attracting new custom-
ers — hence, to further growth in the
market.

A concerted international effort to
agree the basic governance rules for
satellite navigation infrastructures for
civil usage at a world-wide level is of
prime importance. The compatibility
and interoperability of systems would

enlarge the size of the relevant markets.

The case of the Internet, which has
become an engine of economic growth
in which the consolidation of diverse
but interoperable infrastructures has
already taken place, provides a good
precedent.

GNSS: a Long-Term

Investment for Europe

When considering market develop-

ments and the importance that GNSS

commercial services have acquired

in recent years, some key conclusions

become apparent:

1. GNSS represents a long-term
growth industry, with potential
revenues in the range of tens of bil-
lions of euros, even in a context of a
severe eConomic crisis.

2. Today, the European Union is the
most important market for GNSS
products and services after the
United States. In the next 15 years,
European economic dependence on
GNSS will increase.

3. Galileo represents a productive
investment in a general-purpose
technology that will help to regen-
erate the European economy. The
overall cost of Galileo will be low
in comparison with the direct and
indirect benefits — in terms of rev-
enues, jobs, and productivity gains
— that can reasonably be expected
from it. From the perspective of a
recovery plan, Galileo is a sure bet

for building up a lasting competi-
tive advantage for Europe in the
post-crisis scenario.

4. The consolidation of a global GNSS
backbone infrastructure is a key
requirement for ensuring the long-
term growth of commercial GNSS
applications. With the coming into
operation of new systems, the inter-
national framework for addressing,
inter alia, problems of compatibility
and liability issues will have to be
reinforced. This will create market
certainty for investors and safe-
guard service levels for critical civil
GNSS usage.

Additional Resources
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