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Figure 3:  R&D intensities (R&D investment / net sales) in EU and US ICT Scoreboard companies

(2008)

Note: the ICT Scoreboard is an extract of ICT companies from the 2009 EU industrial R&D Investment Scoreboard.

the ratio R&D investment / net sales) varied more
according to sectors than to regions. This suggests
that the ICT R&D investment gap between EU
and US ICT companies is mostly due to the fact
that there is a bigger number of large top R&D-
investing ICT companies from the US than from
the EU. Indeed, in 2008 more than half the top
global R&D-investing ICT companies listed in the
ICT Scoreboard were from the US, while only
15% of them were from the EU.

In 2008, EU companies’ R&D investments
were concentrated in Telecom Equipment and
Telecom Services, whereas R&D investments by
US companies were strong in IT Components,
Computer Services and Software, and also
Telecom Equipment. Japanese companies made
significant R&D investments in IT equipment,
IT Components, and particularly in Multimedia
Equipment where they lead over companies
from other regions. Companies from the rest
of Asia essentially had a strong presence in
IT Components, but with lower aggregate
investments than companies from the US or from
Japan.

— ICT R&D investments by firms from Asia as
a whole are rising more rapidly than those
by firms from the EU or the US - but are still
comparatively lower

Top R&D-investing ICT companies from Asia
increased their R&D investments from 2005 to
2008 by 14%, while the growth rate for EU and
US-based firms was 10% and 11% respectively.
For the same period, the R&D investment growth
rate of Japanese companies was the lowest
(3%)." Total R&D investments of /CT Scoreboard
Asian companies amounted in 2008 to ‘only’
€ 12 billion (of which more than € 10 billion were
invested by Korean and Taiwanese companies) as
compared to total R&D investments of € 27 billion
for EU companies. The innovation capacity of
emerging Asian economies is growing and these
countries are increasingly present in the ICT R&D
global landscape. For India, however, the level of
investment in ICT R&D is still low and it remains
modest for China.

15 Japan is analysed in this report as a single ‘region’, like the
US or EU. It is therefore not included in the analysis of the
Asia region.
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Figure 4:  ICT priority patent applications by EU, US, China and South Korea-based inventors
(1990-2007)
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Notes: Based on priority patent applications to the EPO, the 27 Member States” national patent offices, the USPTO, the JPO, and 29
further patent offices worldwide. Inventor criterion. EPO PATSTAT database - April 2010 release.

-  While ICT patenting by EU and US-based
inventors has remained stable in recent years,
ICT patenting by China-based inventors has
boomed

The annual number of ICT priority patent
applications by inventors based in the EU has
with
17 000 ICT priority patent applications in
2007, i.e., about half the 32 000 ICT priority
patents applied for by US-based inventors'

remained almost constant since 2001

(see Figure 4). The number of ICT patent
priority applications by China-based inventors
has strongly increased since 2000, overtaking
the EU in 2004 and the US in 2006, and
approaching South Korea in 2007 with more
than 40 000 applications. ICT applications by
inventors from South Korea kept on increasing
until 2004 and have slightly decreased since.

The number of ICT applications by inventors

16 Based on number of priority patent applications to the
EPO, the 27 Member States’ national patent offices, the
USPTO, the JPO, and 29 further patent offices worldwide.
Inventor criterion. EPO PATSTAT database - April 2010
release.

from Japan (not shown on the figure) has
also slightly decreased in recent years, but in
absolute values it remains by far the highest:
in 2007, it was three times the number of ICT
applications by US-based inventors.

- ICT patenting in the EU is led by a small
number of Member States

In 2007, the most patenting EU countries
in ICT were Germany, France and the UK,
accounting together for 80% of all ICT priority
by EU-based
Germany-based inventors alone generated half of

patent applications inventors.
all ICT applications for the EU that year. When
the number of ICT priority patent applications
is weighted by number of inhabitants, Finland,
Germany and Sweden are the top three performers

in the EU.

Among western EU Member States, ICT
patenting by Portugal, Italy, Greece and Spain
remained low, especially when weighted by capita
or GDP. However, ICT patenting by inventors from
Greece and Portugal has notably increased since



Figure 5:  Shares of co-invention between world regions in the total number of ICT inventions of

each region (1990-2007)
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Notes: Based on priority patent applications to the EPO, the 27 Member States” national patent offices, the USPTO, the JPO, and 29
further patent offices worldwide. Inventor criterion. EPO PATSTAT database - April 2010 release.

2000. Among eastern EU Member States, ICT
patenting rose (compared to 2000) particularly
in Estonia, Bulgaria, the Czech Republic, and
Slovenia, but decreased in Hungary, Romania,
Latvia and especially Poland.

- International collaboration between EU ICT
inventors and inventors from other regions
increases, but is still very low

As shown in Figure 5, although the output of
EU international ICT inventive activity has steadily
increased since the early 90s (blue line), ICT
research and innovation is still highly local and
the level of international collaboration beyond EU
borders, remains very low. For example, in 2007,
the share of ICT inventions developed in the
course of joint cooperation between EU and non-
EU inventors was around 2% of the total number
of EU ICT inventions (proxied by the number of
ICT patent priority applications involving EU and
non-EU inventors). Similarly, the share of ICT
inventions collaboratively developed by US and

non-US inventors in 2007 was also around 2% of
the total number of US ICT inventions (red line in
Figure 5).

— The US seem to be better able to exploit
international ICT R&D collaboration than
the EU

The share of non-US ICT inventions owned
by US-based patent applicants (red line in Figure
6) is significantly higher than the share of non-EU
ICT inventions owned by EU-based applicants
(blue line) - proxied by number of ICT patent
priority applications. A possible interpretation
is that US companies, as a whole, benefit
more from the process of internationalisation
of inventive activity because they are able to
capture more inventions developed in overseas
locations than EU firms do, and also because
there is a relatively higher level of collaboration
between US-based inventors and inventors
based overseas (e.g., in the EU or in Asia). This
observation should however be interpreted

Technical Report Series
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Figure 6:
world regions (1990-2007)
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further patent offices worldwide. Inventor criterion. EPO PATSTAT database - April 2010 release.

cautiously, since as previously noted, the
number of US top R&D-investing ICT companies
is much larger than the number of the EU top
R&D-investing ICT companies, and the issue at
stake is therefore most probably not the ability
of individual EU or US firms but that of the entire

group of EU and US firms.

— ICT R&D internationalisation patterns differ
widely across various regions of the world

Detailed analysis of the internationalisation
of ICT R&D shows that the EU and the US exhibit
the highest levels of ICT R&D internationalisation,
when compared to Japan and the rest of Asia (see
Figure 7).

There are however important differences,
even between the EU and US, when different
R&D internationalisation measures are taken
into account. For example, whereas EU and
US firms exhibit similar levels of location of

ICT R&D centres abroad and of cross-border
allocation of product design expenditures,
these regions show very different patterns with
respect to, for example, cross-border ownership
of inventions (as was also pointed out above in
Figure 6).

There are even more important differences
when considering Japan vs. the rest of Asia.
Whereas Japan exhibits higher outward ICT R&D
internationalisation (e.g., in terms of the location
of Japanese firms’ R&D centres abroad) and
lower inward internationalisation (e.g., in terms
of location in Japan of ICT R&D activity of foreign
firms), the reverse can be observed for the rest of
Asia.

These observations would seem to indicate
that internationalisation of R&D activities depends
on both the ICT R&D internationalisation ‘path’
(and policies) followed by each region and the
actual strategies and capabilities of companies



Figure 7:  Eight dimensions of ICT R&D internationalisation across world regions
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Notes: The figure displays on different axis the relative positions of different world regions (EU, US, Japan, and the rest of Asia) with
respect to eight specific ICT R&D internationalisation measures. Values are normalized on a scale from 0 to 4, where 0 represents the
lowest value and 4 the highest value of each measure. Last available year for each measure is used.

from different regions to develop ICT R&D
activities on a global level.

Broader observations

Our analysis shows that EU ICT R&D
investment was (less than) half that of the US
during the whole observed period. Moreover,
due to the prominence of ICT R&D investment
in overall R&D investment both in the EU and
in US, this ICT investment ‘gap’ accounts for
a substantial part of the difference between
EU and US R&D total investment. Therefore,
understanding the current and future dynamics
of EU ICT R&D investment is crucial for reaching
the R&D and economic goals presented in the EU
2020 Strategy.

Issues of economic structure and industrial
composition in a global economy

For several years, our analysis, in line with
that developed by other Commission' and
academic bodies,'® has shown that:

- The comparison of the economic
structure of the EU and the US (size of
the ICT sector in the total economy), of
the composition of their ICT industries
(share of each ICT sub-sector), and of
the overall size and number of their
ICT companies (and particularly the
scarcity of large, globally-operating EU

17 Such as for example the Industrial scoreboard issued by
the Knowledge for Growth Unit of the JRC-IPTS. See at:
http:/ipts.jrc.ec.europa.eu/publications/pub.cfm?id=3819

18 Such as, for example: http://aei.pitt.edu/14847/
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companies - with the notable exception
of Telecom Services sector companies)
largely explains why there is an ICT
R&D investment gap between the US
and the EU.

- Individual EU ICT companies’ R&D
investments are roughly equivalent to
those made by comparable US firms
in  comparable sub-sectors. These
investments are driven by an industrial
logic where, in order to remain
competitive, the companies have to
invest in R&D, taking into account the
behaviour and competitive assets of

their competitors, worldwide."

- The  globalisation  process  has
transformed the industry and its markets
across all regions. The last decade has
been marked by the emergence of
strong ICT activities in Asian countries,
affecting both of the above points:
industrial ~ structure and  company
strategies.”®

Hence, to deepen our understanding of ICT
R&D statistics, it is necessary to elaborate on
the above structural differences. Four possible
contributory factors are described in the

paragraphs below.

— The re-composition of the ICT industry
in advanced economies

The reallocation of ICT manufacturing
from mainly the EU and the US to Asia has
been taking place for several years, and it is
likely that manufacturing activities remaining
in the EU and the US will need to position
themselves in niche markets and in high
value-added, cutting-edge technological
activities. But it is also the case that cheaper

19 See Chapter 4.
20 See Chapter 6 and JRC-IPTS reports on Asia at http://is.jrc.
ec.europa.eu/pages/ISG/PREDICT/Asial CT.html

ICT products manufactured in Asia fed
the worldwide demand for ICT goods,?
including the growing demand in the EU and
the US, and created the conditions for the
consequent accelerated development of ICT
services and ICT-enabled products® in our
advanced economies.

On the world markets, the competitive
battle in ICT between the most advanced
economies - the EU, the US and Japan -
is therefore taking place in the fields of
advanced technology in ICT hardware, in
Computer Services and Software and in
specific ICT-enabled products. Availability
and quality of Telecom services is also seen as
a prerequisite, a basic enabling infrastructure
(strongly correlated with GDP) which allows
the ICT business to expand and ICT to be
integrated into the products of other industrial
sectors. This justifies the policy emphasis on
the deployment of infrastructure such as ultra
high speed broadband, and the adoption
of national broadband plans by advanced
economies worldwide.

In this competitive battle, EU ICT
Manufacturing still has a good performance,
active mainly in the Components, Telecom
Equipmentand Instrumentation industries, but
often heralding only few large companies.?

Production from Computer Services and
Software in the EU, the US and Japan is still
much bigger than it is in Asia. Competitive
pressure is pushing companies from the
advanced economies towards strategies that
ensure they keep the edge on international
markets. Over the last few vyears, these
strategies have included the promotion of

innovative services and the reintegration

21 China has become the Tst largest country producing ICT

products.

22 We refer here to embedded ICT in Transport, Energy,

Health etc. - related solutions.

23 Such as ST Microelectronics in Components, Nokia or

Alcatel-Lucent in Telecom Equipment, etc.


http://is.jrc.ec.europa.eu/pages/ISG/PREDICT/AsiaICT.html
http://is.jrc.ec.europa.eu/pages/ISG/PREDICT/AsiaICT.html

of customised hardware and software into
services hubs (e.g., smart phones and apps
stores; cloud computing).

The ICT industry in Europe continues
to depend on both Manufacturing — still an
important engine of productivity growth - and
Services, a strong locus of innovation and
revenues. But it has also shown weaknesses
on both sides: in the competition with Asia in
Manufacturing and with the US in Services.

— Innovative waves and changing ICT
industrial ecosystem

The US have confronted the recent crisis
with a Computer Services and Software sector
1.4 times bigger than the EU’s, and a faster
R&D investment growth trend for several
years, as noted in this and earlier PREDICT
reports. In US Internet-related businesses
alone, R&D investments have grown from
virtually nothing to about € 2.5 billion/year
in just a few years.

This  sub-sector  has  definitely
demonstrated its contribution to the high
rates of revenue growth of the US ICT industry
during the crisis years. It has allowed the
US industry to surf on the latest innovation
wave — that of smart phones and apps stores -
while showing the way forward to a renewed
industrial ecosystem where roles and
revenues are redistributed between hardware
and software, telecoms equipment and
services, software development and internet
companies, and between the EU and the US.
The iPhone platform wrested smart phone
leadership from Nokia’s Symbian platform.
This also moved the centre of the smart
phone eco-system from the EU to the US.
Then, the Google Android platform opened
the door for other smart phone hardware
suppliers (Nokia’s competitors) to compete
with the iPhone eco-system. Similarly, one
can expect that the current cloud computing
innovation wave will further boost US

hardware and software companies and their

financial results.

[t is essential to wunderstand why
European companies have missed these
successive innovation waves,>* even more
so as those innovation waves build upon
widely recognised European strengths such
as mobile devices and wireless telephony.

— Revised role vis-a-vis the emerging
economies

As we have seen in earlier editions of this
report, and again this year, while Europe and
the US remain essential locations for ICT R&D,
globalisation is leading to the reorientation
of ICT R&D to emerging economies. These
economies are perceived not only as huge
potential markets but also, progressively, as
sources of original domestically-produced
knowledge. US companies seem to have
opted for a more rapid internationalisation
of their R&D activities, benefiting from a
first-mover advantage in Asian markets.” It
remains to be seen whether US companies
will repeat this fast move in the remaining
BRICS countries: Brazil, Russia, South Africa,
etc. First observations indicate, however,
that companies from the Asian countries
themselves, particularly China, are taking a
large share of these markets.?

Besides the access-to-market motivation,
it is also essential to understand that the

innovative capacity of Asia, and China in

24

25
26

The JRC-IPTS is currently running two research projects
which aim to answer these questions. The first project
integrates the findings of the seven ICT innovation reports
of the COMPLETE project (http://is.jrc.ec.europa.eu/pages/
ISG/COMPLETE.html), and the second sets out to compare
US and EU industrial policies, paying particular attention
to their impact on the growth of small companies into
large global ones.

See Chapter 6.

See Simon J. P. (2011 forthcoming), BRIC Report 1 (Brazil,
India and China), JRC Scientific and Technical Report,
Institute for Prospective Technological Studies, Joint
Research Centre, European Commission.
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particular, is developing, and that its large
companies and market are rapidly evolving.
Though the statistics (value added, revenues,
BERD, etc.) still look modest, the overall
industrial and innovative capacity is growing
very rapidly, supported by strong ambitions
and policies (demand as well as supply
oriented). Major examples of domestically
developed innovations and standards are
already emerging in the telecom sector,
Indian telecom operators have introduced
a major business innovation: the budget
telecom model or ‘bottom of the pyramid’
(BOP) model. Mobile rates are the lowest in
the world. Apple’s iPhone illustrates the shift
by Taiwanese ICT Firms from end-product
manufacture to component manufacture to
form an ICT hub in the global value chain.
Additionally,
markets have leapfrogged fixed lines and rely

these very large emerging
on infrastructure which supports massively
mobile wireless internet.

From an operational point of view,
though dozens of European companies
have chosen to ensure their early presence
in these markets, it seems that Europe lacks
a broad coordinated strategy in its relations
with these regions and countries. As a result,
EU companies compete on a weaker basis
than their US counterparts, which are better
supported by US institutions (such as the
US Chamber of Commerce) or simply by a
clearer agenda.?”

One should also stress that this new
role of emerging economies is accompanied
by changes in trade patterns. For instance,
the ICT industry illustrates the growing role
of China in global production networks.
Emerging trade relationships  between
Asia and Brazil have displaced previous
relationships with other regions like the EU

and the US. Not only does intraregional

27 For more see at: http:/is.jrc.ec.europa.eu/pages/ISG/

PREDICT/Asial CT.html

trade in Asia affect the global trade streams
but it allows Asia to play a growing role in
an increasingly sophisticated global value
chain, as a supplier of intermediate inputs.
For instance, China coordinates assembly
networks taking inputs from other countries
like India, and ships products, while Taiwan
acts as a facilitator for China.

— The competitive asset of ICT R&D in
non-ICT sectors of the EU economy

Following up on the above industrial
analysis, one has to consider the importance
of ‘embedded’ ICT for the other sectors of
the economy. A substantial share of ICT
R&D is carried out in other sectors of the
economy (for example, in Automotive,
Media, Pharmacy, Aeronautics, etc.) but this
is not presented here, nor is it measured by

currently available statistics.??

Deeper sector-level analysis, showing
the fundamental role of ICT R&D in the future
competitiveness of the European automotive
sector,” has shown the pervasive impact of
ICT-enabled hi-tech products on European
industry performance and the EU economy.
ICT, complementing the diversity of European
industrial activities, play a growing and
essential role as key enabling technologies.
This complementarity enhances existing
goods and services, giving those companies
that embed ICT in their products and services

28

29

The JRC IPTS has established an economic methodology
allowing a first approach to this issue, and a first estimate
for one national economy (Germany). Report available
at: http://is.jrc.ec.europa.eu/pages/ISG/documents/FINAL-
17March2011.pdf. Earlier, the OECD had estimated
that the ICT R&D carried out in other sectors than the
ICT sector itself may count for an additional 30% R&D
activity.

Such as Advanced Driver Assist Systems and its software.
See more in: Juliussen E., Robinson R. (2010). Is Europe
in the Driver’s Seat? The Competitiveness of the European
Automotive Embedded Systems Industry. JRC Scientific and
Technical Report EUR 24601 EN. Institute for Prospective
Technological Studies, Joint Research Centre, European
Commission. Available at: http://ipts.jrc.ec.europa.eu/
publications/pub.cfm?id=3780


http://is.jrc.ec.europa.eu/pages/ISG/PREDICT/AsiaICT.html
http://is.jrc.ec.europa.eu/pages/ISG/PREDICT/AsiaICT.html
http://is.jrc.ec.europa.eu/pages/ISG/documents/FINAL-17March2011.pdf
http://is.jrc.ec.europa.eu/pages/ISG/documents/FINAL-17March2011.pdf
http://ipts.jrc.ec.europa.eu/publications/pub.cfm?id=3780
http://ipts.jrc.ec.europa.eu/publications/pub.cfm?id=3780

the opportunity to develop (or maintain) the
competitive edge on a global scale.

Policy issues

The combination of these various aspects
creates a new dynamic that goes beyond the ICT
sector. The pervasive impact of ICT, its inherent
R&D magnitude and intensity, its innovation
performance and global dynamics, confirm the
central role ICT play in the world economy, the
EU economy and the EU’s economic recovery.
Furthermore, this reportindicates thatthe European
comparative under-investment in ICT R&D is a
complex industrial issue resulting from a multitude
of contributory factors. These factors include the
competitive battle for the ICT industry among
advanced economies, the innovative tensions
affecting the industry ecosystem, the emergence
of new large ICT markets and ICT knowledge

flows, and the progressive transformation of the
ICT industry from an engine of direct growth into
a competitive asset as a key enabling technology
for other sectors of the EU economy. These factors
will shape Europe’s economic and industrial ICT
structure.

All these aspects call for a policy mix that goes
beyond ICT R&D and innovation policies, and
favours industrial high-tech, high-growth, high
added-value sectors fuelled by ICT-enabled
innovations designed for global markets and
supported by global research and production
value chains. Targeted policies can help creating
a strong lead in science and technology, without
necessarily picking winners in the form of national
champions, but by consistently earmarking
support for particular sectors deemed to define
the future.
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1 Introduction

This report provides an analysis of the state
of Information and Communication Technologies
(ICT) Research and Development activities in the
European Union.

It was produced by the Information Society
Unit of the Institute for Prospective Technological
Studies (JRC-IPTS)*° under PREDICT,?" a research
project analysing Research and Development
(R&D) in ICT in Europe. PREDICT is being run by
JRC-IPTS for the Directorate General Information
Society & Media of the European Commission.

This is the fourth report of a series which is
published annually.?? This year’s report provides
data up to 2008,* and therefore covers a period
of ICT sector growth until the beginning of the
recent financial and economic crisis started.

The report starts with a presentation of
general trends concerning the EU ICT sector in a
global perspective and in the EU Member States
(Chapter 2), and presents an analysis of the impact
of the financial crisis on the ICT sector (Chapter
3). The report then analyses R&D in the ICT sector,
using data from the EU Industrial R&D Investment
Scoreboard,** which tracks R&D spending by the
biggest EU and non-EU R&D spenders (Chapter 4).
Chapter 5 provides an overview of ICT patenting
in the European Union and a comparison of ICT
patenting performance, by Member State and
with other world regions. Chapter 6 presents a
set of empirical analyses on internationalisation

30 The |Institute for Prospective Technological Studies
(JRC-IPTS) is one of the seven scientific institutes of the
European Commission’s Joint Research Centre (JRC).

31 PREDICT: Prospective Insights on R&D in ICT.

32 Previous reports are available at http://is.jrc.ec.europa.eu/
pages/ISG/PREDICT.html

33 For most of the data, 2008 figures were the latest available
in autumn 2010 when the report was prepared; for patent
data, latest year available was 2007. The chapter on
impact of the financial crisis uses data up to 2010.

34 http://iri.jrc.ec.europa.eu/research/scoreboard_2009.htm

of R&D in the ICT sector, on which there is still
scarce evidence available, particularly with regard
to ICT R&D internationalisation with emerging
Asian economies. This chapter aims to assess the
size and importance of the internationalisation of
ICT R&D, building upon and extending the initial
analysis presented in last year’s edition. Finally,
Chapter 7 provides the conclusions of the report.
Several methodological annexes can be found at
the end of the report.

Contrary to previous editions of the report,
the present edition does not include an analysis
of ICT R&D expenditures in the EU, since 2008
data on Business Expenditures in R&D (BERD)
broken down by sectors of performance are not
available for all EU countries.*

For the first time, the annual PREDICT
report is complemented by a series of reports
presenting more detailed analyses of some of
the themes included in this report, namely on:
R&D investment by top ICT R&D companies
worldwide, performance of ICT R&D analysed
through ICT patenting, and internationalisation of
ICT R&D.3¢

35 Periodicity of R&D data compilation is determined by
the Commission Regulation (EC) No. 753/2004 of 22
April 2004 implementing Decision No 1608/2003/
EC of the European Parliament and of the Council as
regards statistics on science and technology. Under this
Regulation, provision of R&D data by EU Member States
to EUROSTAT is mandatory every two years. EUROSTAT
publishes and disseminates all the data available, even for
the years that are not obligatory, but there are countries
that do not provide data on those years. This is currently
the case for 2008 data for several EU Member States.
Since ICT BERD data of some of these Member States have
an important weight in the total EU ICT BERD, resorting
to estimations would increase uncertainty to a level that
would make the analysis unreliable, especially bearing in
mind that 2008 was the year at the onset of the financial
crisis.

36 These reports are available at http:/is.jrc.ec.europa.eu/
pages/ISG/PREDICT.html (some are still forthcoming at the
date of publication of this report).
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