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This report analyses the consequences for Europe of the increasing internationalisation of R&D. It assesses 
Europe’s position in the changing global research landscape and its capacity to respond to new demands on 
science and technology, and gives particular attention to the dynamics of those key actors of localisation 
of R&D, the multinational enterprises. The report also homes in on a number of key areas of science and 
technology for the future, and provides a prospective analysis of Europe’s potential strengths and weaknesses 
in these areas compared with its global partners. The philosophy throughout is to extend the analysis 
beyond the triad to include the emerging research-intensive economies, such as China, India, Russia, Brazil 
and South Africa. The aim is not to present an exhaustive study, but to highlight essential trends which will 
have an impact on European research policies. 

One of the main messages of the report is that Europe’s share of global knowledge production is declining, as 
a result of the emergence of new research-intensive countries.  Nevertheless, in specific fields of technology, 
Europe still holds a competitive position and is well placed to respond to emerging demand at a global level. 
Societal issues such as ageing, climate change, employment and public health are placing new demands on 
science and technology in areas where Europe remains competitive. Indeed many of these challenges are 
themselves global in nature, and can benefit from joint international efforts. 

While internationalisation is driven mainly by MNEs, the public sector still has an important role to play. It 
can optimise the framework conditions for businesses carrying out research to enable them to move forward 
in directions of interest to Europe. But it also has its own challenges in terms of continuing to reform the 
public research system in order to better exploit the opportunities of globalisation. And most importantly, 
it is clear that Europeans must open up to the rest of the world and cooperate in science and technology 
not only with the traditional large advanced economies, but also with the new emerging countries and the 
developing countries.

Isi Saragossi 
Director of Directorate C “European Research Area: Knowledge-based economy”

Foreword
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1.1 Introduction
To what extent has the global research and 
development (R&D) landscape evolved over the 
past few years? And what is Europe’s position in it? 
These are the two basic questions underlying this 
chapter. Providing answers to these two questions 
requires the analysis of a wide range of science and 
technology (S&T) statistics. This chapter focuses 
on: R&D financing and expenditure patterns, and 
cross-border R&D flows; human resources; scientific 
output (publications); technological output 
(patents); and high-tech trade performance. The 
data used in this chapter are officially validated, 
internationally comparable, and from credible 
sources such as Eurostat and the Organisation for 
Economic Co-operation and Development (OECD). 
These data are presented, and also discussed, from 
an extra-European perspective. That means that, in 
most cases, the intra-European Member State and 
regional perspective has been dropped. Whereas in 
many previous Commission publications, the United 
States (US) and Japan constituted the main extra-
European points of reference, an effort has been 
made in this chapter to include data for some of the 
BRIC (Brazil, Russian Federation, India and China) 
and other emerging economies.

The story emerging from an analysis of the available 
data on Europe’s position in the global R&D 
landscape is not very good. Europe is the world 
leader in a small number of S&T indicators, but has 
been lagging behind the other members of the triad 
(the US, Japan) in terms of most of them. In either 
case, its position is now being threatened by the 
arrival of research-intensive emerging economies.

The structure of this chapter is as follows: Section 1.2 
focuses on R&D financing and expenditure patterns, 
and cross-border R&D flows; Section 1.3 focuses 
on human resources; and Section 1.4 examines 
scientific output, technological output, and high-
tech trade performance.

1C h a p t e r  1

the changing global research 
and development landscape
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1.2  R&D financing and 
expenditure patterns, 
and cross-border R&D 
flows

1.2.1 Overall R&D expenditure

Europe’s R&D intensity does not compare well 
to that of its competitors.

In 2005, Europe’s R&D intensity1 of 1.84 (EU-27) 
to 1.85 (EU-25) did not compare well to that of its 
competitors. The R&D intensity was 2.67 in the US 
and 3.17 in Japan. South Korea’s was 2.99 - not too 
far removed from the Japanese one - while that of 
China had already reached 1.34 (Figure 1). India’s 
R&D intensity was reportedly 0.8 in 2002/2003.2

Figure 1
R&D intensity (Gross Domestic Expenditure 
on R&D (GERD) as % of GDP), 2005 (1); in 
brackets: average annual growth rates (%), 
1998-2005 (2)

Israel (5.7)

Japan (0.9)

South Korea (3.6)

Switzerland (1.2)

Iceland (5.8)

US (0.4)

EU-25 (0.4)

EU-27 (0.3)

Norway (-1.4)

China (8.2) 
(3)

Russian Federation(1.6)

Turkey (5.1)
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1.85

1.84

1.51

1.34

1.07

0.67

Source: DG Research
Data: Eurostat, OECD
Notes: (1) TR, IS, CH, US, JP: 2004; (2) CH: 1996-2004; TR, IS, US, JP: 1998-2004; NO: 1999-
2005; CN: 2000-2005; (3) CN: Hong Kong is not included.

1.  R&D intensity, or the ratio of R&D expenditure to GDP, provides a useful 
indication of how much an economy spends on R&D compared to the value 
of its total production, and reflects its knowledge-intensity.

2.  Demos, 2007.

Europe’s R&D intensity is stagnating.

Europe’s R&D intensity is not just low; it is also 
stagnating, while that of its competitors is increasing. 
This is important given the objective set at the 2002 
Barcelona European Council of spending 3 per cent of 
European GDP on R&D by 2010. EU-25 R&D intensity 
decreased slightly between 2002 (1.89) and 2005 
(1.85), following its slow growth from 1.77 in 1996. 
After a brief period of decline from 2.74 in 2001 to 
2.64 in 2002, US R&D intensity is increasing again, 
which - in combination with Europe’s weak R&D 
intensity performance - results in an increasing EU-
US R&D intensity gap. In recent years, R&D intensity 
has been growing faster in Japan than in either the 
EU or the US. Between 1996 and 2003, it grew by an 
average annual rate of 2 per cent, from 2.81 to 3.20, 
falling back slightly the following year. Between 
2000 and 2005, China’s R&D intensity increased by 
an average annual rate of 8 per cent, from 0.90 to 
1.34. If the current trend persists, China will have 
caught up with the EU-25 in terms of R&D intensity 
by 2009 (Figure 2).

Figure 2
Evolution of R&D intensity (GERD as % of 
GDP), 1995-2005
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Source: DG Research
Data: Eurostat, OECD
Notes: (1) US: Break in series between 1998 and previous years: Japan: break in series between 
1996 and previous years; (2) Japan: GERD was adjusted by OECD for the years 1991 to 1995 
inclusive; (3) China: Hong Kong is not included.

Europe’s R&D gap with the US remains large, 
while that with Asia is increasing.

The corollary of Europe’s weak R&D intensity 
performance compared to that of its competitors is 
the persistence of an R&D expenditure gap with the 
US and the emergence of a new one with Asia. The 
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gap in real terms in total R&D spending between 
Europe and the US increased rapidly in the second 
half of the 1990s from 40 billion PPS in 1995 to 
an initial peak of 73 billion PPS in 2000. It then 
decreased slightly to 62 billion PPS in 2002 to reach 
a new peak of 76 billion PPS in 2004. After 2000, a 
new R&D gap emerged between Europe and a small 
group of important Asian economies including China, 
Taiwan, Japan, Singapore and South Korea. In 2004, 
that gap amounted to 33 billion PPS or 45 per cent 
of the gap with the US (Figure 3).

Figure 3
Gap in R&D expenditure (GERD) between the 
EU-27 and the US, and the EU-27 and 5 Asian 
economies - in constant terms (billion PPS, at 
2002 prices) - 1995-2004

40
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 Gap EU-27/US  Gap EU-27/5 Asian Economies
Source: DG Research
Data: Eurostat, OECD
Notes: 5 Asian economies: China (not including Hong Kong), Chinese Taipei, Japan, Singapore 
and South Korea; EU-27 estimated by DG Research and not including LU and MT; 1995 value 
Japan adjusted by OECD.

The share of Europe (and the triad) in global 
R&D is decreasing.

According to OECD figures, the share of the EU-25 
in the R&D expenditure of the triad, the non-triadic 
OECD countries,3 and a set of non-OECD countries,4 
dropped from 28.9 per cent in 1995 to 25.0 per 
cent in 2005. In fact, all three members of the triad 
suffered decreases in their shares: the US from 38.4 

3.  Australia, Canada, Iceland, Korea, Mexico, New Zealand, Norway, 
Switzerland, Turkey.

4.  Argentina, China, Chinese Taipei, Israel, Romania, Russian Federation, 
Singapore, South Africa.

to 34.4 per cent and Japan from 15.9 to 13.0 per cent. 
The share of the triad as a whole decreased from 
83.2 to 72.4 per cent. The share of the non-triadic 
OECD countries remained more or less stable at 
around 9 per cent as the decreases in the shares 
of some countries (e.g. Switzerland, Norway) were 
(more than) offset by the increases in the shares of 
South Korea and (to a lesser extent) other countries. 
A dramatic increase took place in the share of the 
non-OECD countries, which more than doubled from 
8.1 to 18.3 per cent. The main country responsible 
for this was China, the share of which multiplied by 
three and a half from 3.6 to 12.7 per cent over the 
eleven year period (Table 1).

Table 1
Gross Domestic Expenditure on R&D (GERD)
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Triad 398 676 83.2% 657 389 72.4%
The US 184 077 38.4% 312 535 34.4%
EU-25 138 416 28.9% 226 827 25.0%
Japan3 76 182 15.9% 118 026 13.0%
Non-triadic OECD 41 335 8.6% 84 919 9.3%
South Korea 13 681 2.9% 31 632 3.5%
Canada 11 313 2.4% 21 774 2.4%
Australia 5 639 1.2% 11 590 1.3%
Switzerland 4 986 1.0% 7 630 0.8%
Mexico 1 942 0.4% 4 276 0.5%
Turkey 1 306 0.3% 3 654 0.4%
Norway 1 766 0.4% 3 020 0.3%
New Zealand 609 0.1% 1 089 0.1%
Iceland 93 0.0% 255 0.0%
Non-OECD 38 992 8.1% 166 086 18.3%
China4 17 399 3.6% 115 197 12.7%
Russian Federation 7 373 1.5% 16 669 1.8%
Chinese Taipei 6 035 1.3% 14 598 1.6%
Israel 2 977 0.6% 8 774 1.0%
South Africa 1 833 0.4% 4 491 0.5%
Singapore 728 0.2% 3 070 0.3%
Argentina 1 624 0.3% 2 573 0.3%
Romania 1 022 0.2% 716 0.1%
Total 479 002 100.0% 908 394 100.0%

Source: DG Research
Data: OECD
Notes: (1) South Africa: 1993; Australia: 1994; Argentina, Switzerland: 1996; (2) Australia, 
Chinese Taipei, Japan, Romania, South Africa, Switzerland, Turkey, US: 2004; Iceland, Mexico, 
New Zealand: 2003; (3) 1995 value Japan adjusted by OECD; (4) Chinese figure for 1995 
underestimated or based on underestimated data.



12

Europe in the global research landscape

1.2.2  Private R&D financing and 
expenditure

Europe’s business R&D intensity drives its 
overall R&D intensity performance.

When discussing the R&D landscape, a clear 
distinction should be made between private and 
public R&D. Each sector faces a different dynamic. 
Business R&D expenditure – in particular that of 
multinational enterprises – is increasingly mobile as 
new markets open up, different economies compete 
with each other to host R&D facilities, and a 
supportive global financial system is in place. Public 
R&D expenditure is more dependent on government 
funding and is therefore more rooted in the regional 
and national context.

The share of total R&D expenditure attributable 
to the private sector differs substantially across 
economies, exceeding 75 per cent in some cases 
(e.g. 76.9 per cent in South Korea), and remaining 
well below 50 per cent in other cases (e.g. 24.2 per 
cent in Turkey). Business accounts for a (sometimes 
substantially) smaller share of R&D expenditure in 
Europe than in its main competitors. While business 
executes 63.7 (EU-27) to 63.8 (EU-25) per cent of 
GERD in Europe, it accounts for 68.3 per cent in 
China, 70.1 per cent in the US, and 75.2 per cent in 
Japan (Figure 4).

Figure 4
Business Expenditure on R&D (BERD) as % of 
GERD, 2005 (1)
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Source: DG Research
Data: Eurostat, OECD
Notes: (1) Iceland, Japan, Switzerland, Turkey, US: 2004.

In combination with a comparatively low overall R&D 
intensity, this rather small share of R&D expenditure 
accounted for by business translates into a relatively 
low business R&D intensity in Europe. The pattern 
observed here is the same as the one observed for 
overall R&D intensity, demonstrating the significance 
of private R&D in shaping overall R&D expenditure 
patterns. While the EU’s business R&D intensity 
is around 1.2, the figures for the US and Japan are 
around 1.9 and 2.4 respectively. China’s business 
R&D intensity has already reached 0.91 (Figure 5).

Figure 5
BERD as % of GDP, 2005 (1); in brackets: 
average annual growth rates (%), 1998-2005 (2)
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Source: DG Research
Data: Eurostat, OECD
Notes: (1) TR, IS, CH, US, JP: 2004; (2) CH: 1996-2004; TR, IS, US, JP: 1998-2004; NO: 1999-
2005; CN: 2000-2005; (3) CN : Hong Kong is not included.
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China is also where the growth in business R&D 
intensity over the past few years has been among 
the highest (Figures 5 and 6). The longer term 
evolution of business R&D intensity in the triad plus 
China closely resembles that of the longer term trend 
in overall R&D intensity in the same economies, 
pointing once more to the crucial role of private 
R&D in shaping overall R&D expenditure patterns: 
while Europe’s business R&D intensity is stagnating, 
that of its main competitors is now generally on the 
increase (although the US did witness a sizeable 
decrease between 2000 and 2002). The longer time 
series available for the US and Japan provide some 
insight into the cyclical nature of business R&D 
expenditure. In the US, the business R&D intensity 
decreased from 1.91 in 1991 to 1.66 in 1994, rose 
again to 2.04 in 2000, dropped to 1.85 in 2002, and 
rose again to 1.87 in 2004. In Japan, the intensity 
was up from 2.07 in 1997 to 2.40 in 2003, and down 
to 2.38 in 2004 (Figure 6).

Figure 6
Evolution of business enterprise expenditure 
on R&D (BERD) as % of GDP, 1991-2005 (1)
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Notes: (1) JP: Break in series between 1996 and previous years; (2) CN: Hong Kong is not 
included.

As a result, the EU-US business R&D expenditure 
gap persists. Figure 7 convincingly shows the 
overwhelming extent to which the overall EU-US 
R&D expenditure gap (Figure 3) is due to business 
R&D expenditure. The gap in real terms in business 
R&D spending between Europe and the US increased 
rapidly in the second half of the 1990s from 43 billion 
PPS in 1995 to an initial peak of 74 billion PPS in 
2000. It then decreased slightly to 57 billion PPS in 
2002 to reach a new peak of 68 billion PPS in 2004.

Figure 7
Gap in business R&D expenditure (BERD) 
between the EU-25 and the US - in constant 
terms (billion PPS, at 2000 prices) - 1995-2004 
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The EU is also making little progress towards 
the ‘two-thirds’ objective for business 
financing of R&D and still lags behind Japan 
and the US.

The EU is making little progress towards the ‘two-
thirds’ objective for business financing of R&D and 
still lags behind Japan and the US. In Japan, about 
three-quarters of overall R&D expenditure is financed 
by business. The EU figure is below sixty per cent 
(although this is probably an underestimation by a 
few percentage points as the part of GERD financed 
by foreign business (private ‘abroad’) is not taken 
into account). The US lies in between, with about 
two-thirds of overall R&D expenditure financed by 
business (Figure 8).

Figure 8
Share of GERD financed by business (%) – the 
EU-27, the EU-15, the US, Japan – 1995, 2000, 
2004
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Data: Eurostat, OECD

The global R&D landscape is shaped by 
private R&D.

Substantial amounts of private R&D spending are 
flowing out from Europe. Between 1997 and 2003, 
US R&D spending in the EU-15 increased from $9.7 
billion PPP to $14.2 billion PPP, while EU-15 R&D 
spending in the US increased from $9.9 billion 
PPP to $18.7 billion PPP, turning a net outflow of  
$0.2 billion PPP into one of $4.4 billion PPP (Figure 
9). The R&D performed abroad by affiliates of US 
owned companies appears to be shifting to other 
regions, especially to Asia (Figure 10). A similar 
story, though at a smaller scale, can be told for R&D 

flows between the EU-15 and Japan. Between 1997 
and 2003, Japanese R&D spending in the EU-15 
increased from $346 to 876 million PPP, while EU-15 
R&D spending in Japan increased from $260 million 
PPP to $3.2 billion PPP, turning a net inflow of  
$86 million into a net outflow of $2.3 billion PPP 
(Figure 11).

The short-term prospects for R&D spending in 
Europe are not good. One piece of evidence is a 
recent survey of 200 multinational companies 
which indicated their home country as either the US  
(109 or 43.6 per cent), a country in Western 
Europe (122 or 48.8 per cent) or another country  
(19 or 7.6 per cent). 7.2 per cent of the respondents 
expected an increase in technical employment in 
the US, while 11 per cent anticipated a decrease in 
the US. In contrast, only 3.3 per cent anticipated an 
increase in technical employment in Western Europe 
whereas 16.7 per cent anticipated a decrease. China 
and India were considered the main candidates for 
expansion.5

Figure 9
R&D expenditure flows between the EU-15 and 
the US, 1997 and 2003 (billion PPP$)
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Source: DG Research
Data: OECD
Note: R&D Expenditure by affiliates of foreign parent companies.

5.  Thursby and Thursby, 2006.
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Figure 10
R&D performed abroad by majority-owned 
foreign affiliates of US parent companies, 
1994–2001 (million current $) 
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Figure 11
R&D expenditure flows between the EU-15 and 
Japan, 1997 and 2003 (million PPP$)
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Source: DG Research
Data: OECD
Note: R&D expenditure by affiliates of foreign parent companies; these figures may be 
influenced by the merger between Renault and Nissan in 1999.

1.2.3  Public R&D financing and 
expenditure

After converging in the 1990s, triadic 
Government Budget Appropriations or Outlays 
on Research and Development (GBAORD) are 
once more diverging.

Focusing now on public R&D, a useful indicator is the 
Government Budget Appropriations or Outlays on R&D 
(GBAORD). Towards the end of the 1990s, triadic GBAORD 
were converging as a share of GDP. In 2000, GBAORD 
accounted for 0.85 per cent of GDP in the US, 0.73 in 
the EU-25, and 0.66 in Japan. Since 2000, however, the 
share of GDP which GBAORD accounts for is increasing 
rapidly in the US, while in the EU it is stagnating and in 
Japan it is rising slowly. In 2005, GBAORD accounted for 
1.06 per cent of GDP in the US, 0.74 per cent in the EU-
25, and 0.71 per cent in Japan (Figure 12).

Figure 12
GBAORD (as % of GDP), 1995-2005
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The aforementioned developments have resulted 
in a large EU-US GBAORD gap. GBAORD are about 
three times higher in the EU-25 than in Japan  
(62.6 billion PPS in the EU-25 compared to  
19.0 billion PPS in Japan), while they are about  
50 per cent higher in the US (90.8 billion PPS) than 
in Europe (Figure 13).
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Figure 13
GBAORD (million PPS at 1995 prices), 1995-
2005
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Source: DG Research
Data: Eurostat

GBAORD priorities differ substantially across 
the triad.

GBAORD data can be broken down into defence 
and a series of civil socio-economic objectives. The 
main difference between the US on the one hand 
and the EU-25 and Japan on the other concerns 
the importance of the defence objective. Defence 
accounts for 56.6 per cent of GBAORD in the US, 
compared to 13.6 per cent in the EU-25, and 5.1 per 
cent in Japan. This makes the EU-25 the largest civil 
R&D financer in the world. The US allocates close 
to sixty per cent of its civil budget to health and 
environment, while in both the EU-25 and Japan, 
General University Funds constitute the main civil 
priority (Table 2).

Table 2
Distribution of GBAORD by socio-economic 
objective (%), 2005 (1)

Socio-economic objective US (3) EU-25 JP (3) CH RU NO IS

 Exploration and exploitation of the earth 0.7 1.7 1.8 0.3 1.5 2.5 :

 Infrastructure and general planning of land-use 1.5 1.8 4.2 0.6 1.4 2.4 8.4

 Control and care of the environment 0.4 2.7 0.9 0.1 1.6 2.0 0.4

 Protection and improvement of human health 22.8 7.3 3.9 1.8 2.0 7.8 7.3

 Production, distribution and rational utilisation of energy 1.1 2.8 17.1 1.0 2.0 3.4 2.2

 Agricultural production and technology 1.9 3.4 3.3 2.8 9.9 8.7 21.3

 Industrial production and technology 0.4 10.9 7.1 3.4 11.2 8.1 2.3

 Social structures and relationships 1.1 3.1 0.7 1.9 2.0 6.4 8.9

 Exploration and exploitation of space 7.9 5.0 6.7 4.0 10.1 2.0 :

 Research financed from General University Funds (GUF) : 32.0 33.5 58.9 0.0 37.5 33.1

 Non-oriented research 5.6 14.5 15.6 9.8 14.0 13.1 16.1

 Other civil research 0.0 1.4 : 14.9 0.9 : 0.0

 Defence 56.6 13.6 5.1 0.4 43.5 6.1 0.0

 Total 100 100 100 100 100 100 100

 Total appropriations (million euro) 106 025 79 425 26 840 2 189 1 881 1 813 186

Source: DG Research
Data: Eurostat
Notes: (1) RU: 2001; CH, JP: 2004; NO: 2006; DK: 2007; (2) Values in italics are estimated or 
provisional; (3) Federal or central government only.
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The Chinese government is the world’s third 
largest government financier of R&D.

Compared to the other members of the triad, 
Europe’s public sector finances a large part of GERD 
(35.74 per cent compared to 30.95 per cent in the US 
and 18.07 per cent in Japan). By 2004, the Chinese 
government had overtaken the Japanese to become 
the world’s third largest government financier of 
R&D in absolute terms (Table 3).

Table 3
GERD financed by government, 2004 (1)

Country Million current 
PPP$

Share of 
GERD (%)

US 96 730 30.95

EU-25 74 551 35.74

China 25 029 26.63

Japan 21 327 18.07

Russian Federation 9 951 60.63

South Korea 6 546 23.14

Chinese Taipei 4 952 33.92

Turkey 2 081 56.96

Switzerland 1 733 22.71

Israel 1 731 22.86

Norway 1 234 41.91

Singapore 1 036 37.88

Iceland 102 40.12

Source: DG Research
Data: OECD
Notes: (1) Israel: 2002; EU-15, EU-25, Iceland, Norway: 2003.

The higher education sector accounts for a 
large share of public R&D expenditure in 
Europe.

R&D expenditure by the higher education sector 
(HERD) accounts for a larger share of GDP in Europe 
(0.41 per cent) than in the US (0.36 per cent), but 
for a smaller share than in Japan (0.43 per cent). 
Government R&D expenditure (GOVERD) accounts for 
a smaller share of GDP in Europe (0.24 per cent) than 
in either Japan (0.30 per cent) or the US (0.33 per cent). 
While government R&D expenditure (0.29 per cent) 
accounts for a comparatively large share of GDP in 
China, the same cannot be said of its higher education 
R&D expenditure (0.13 per cent) (Figure 14).

Figure 14
Public R&D in relation to GDP, 2005 (1)
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1.3 Human resources
The EU spends far less on tertiary education 
than the US.

Human capital in science and technology can be 
created domestically, or attracted from abroad. 
For the domestic creation of such human capital, 
education – especially at the tertiary level – is key. 
Yet the EU spends far less on tertiary education than 
the US. In particular, private expenditure on tertiary 
education in the EU compares badly to that in the US 
or even Japan (Figure 15).

Figure 15
Public, international and private expenditure 
on educational institutions at tertiary level as 
a % of GDP, 2003
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Source: DG Research
Data: Eurostat 
Notes: (1) CH: Private expenditure as % of GDP is not available; (2) Expenditure on tertiary 
educational institutions from public, international and private sources of funds includes direct 
expenditure and payments to public and private tertiary educational institutions. It covers 
expenditure for educational core services, ancillary services (e.g. meals, dormitories, sports 
etc.) and R&D activities. This concept covers all expenditure within an educational institution, 
but covers neither indirect expenditure (i.e. public transfers to the private sector (e.g. public 
scholarships, public or commercial loans, tax reductions etc.)) nor expenditure on education 
outside educational institutions (purchase of books, stationery by the household). Public 
sources of funds means central, regional and local levels of government. International sources 
of funds corresponds to international agencies and other foreign sources (e.g. multi-national 
firms etc.). Private sources of funds include households and other private entities (e.g. firms, 
non-profit organisations etc.); (3) CH: 2000; JP: 2001.

India and China may lead globally in terms 
of the number of mathematics, science and 
technology (MST) graduates.

Table 4 shows that Europe produces twice as many 
MST graduates as the US, and almost four times as 
many as Japan. The reason is its population size, of 

course, but also the comparatively large share of 
young people in Europe pursuing an MST degree.

Table 4
Graduates (ISCED(1) 5 to 6) in mathematics, 
science and technology, 2004

(1 000s) (as % of all 
fields)

(per 1 000 of 
population
aged 20 to 29,
since 1993)

EU-27 819.3 23.5 12.4

EU-25 775.8 23.6 12.6

US 407.4 16.5 10.2

JP 226.5 22.8 13.4

TR 74.5 28.8 5.6

CH 13.2 21.9 14.6

NO 5.1 16.4 9

IS 0.5 16.1 10.8

Source: DG Research
Data: Eurostat
Note: (1) ISCED: International Standard Classification of Education

 
Yet it may be India and China that lead globally in 
terms of the number of MST graduates. Harmonised 
statistics are not available, but India has been 
reported to produce 2.5 million new graduates 
in science, engineering and IT every year, among 
which 350 000 are in engineering.6 Consolidating 
the figures from a number of categories of science 
and engineering graduates reported in the Chinese 
statistical yearbook results in a total far exceeding 
one million.7

The EU still leads globally in terms of the number of 
science and engineering (S&E) doctoral degrees. In 
2002, 40 776 S&E PhDs were produced by the EU, 
26 891 by the US (2003), 8 153 by China (2001),  
7 581 by Japan (2003), and 5 527 by India.8

The US leads globally in terms of the number 
of researchers.

In terms of the absolute number of researchers, 
the EU ranks second globally, behind the US, and 
is followed by China, which has already overtaken 
Japan (Figure 16).

6.  Demos, 2007.

7.  Adding up (1) graduates of post-graduate studies in science (17 540) and 
engineering (56 074); (2) graduates in science and engineering from adult 
institutions of higher education (17 618 in science and 54 314 in engineering 
from adult institutions of higher education, and 70 495 in science and 
270 520 in engineering from regular institutions of higher education; (3) 
graduates from undergraduate and junior colleges (207 490 in science 
and 812 148 in engineering), results in 1 506 199 graduates. See also 
National Science Board, 2006, Appendix Table 2-37, which reports that 
China produced 533,582 first degrees in S&E fields in 2003, the EU 506 067 
(2002), the US 415 611 (2002), and Japan 351 299 (2004).

8.  National Science Board, 2006.
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A very different picture emerges, however, when 
one standardises the number of researchers by the 
size of the labour force. Europe counts far fewer 
researchers per 1 000 labour force than either the US 
or Japan. China’s researcher intensity is much lower 
still (Figure 17).

In competitive economies like the US, Japan and 
South Korea, the great majority of researchers are 
employed in the private sector. In the EU on the other 
hand, only about half of all researchers are employed 
in the business enterprise sector (Figure 16 and 
Table 5).

 Figure 16
Total number of researchers (FTE) per world 
region, 2004, Business enterprise sector 
(lower bar) and public sector (upper bar)
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Figure 17
Number of researchers (full time equivalent) 
per 1 000 labour force, 2004 (1); In brackets: 
average annual growth rates (%), 1998-2004 (2)
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Table 5
Researchers (FTE) by institutional sector

 Total 
Researchers

2004 (1)

in % by sector, 2004 (1) Average annual growth rates of sectoral shares 
(%), 1998-2004 (2)

 Business 
enterprise Government Higher 

education 
Business 

enterprise Government Higher 
education 

 EU-25 1 217 524 49.2 13.1 36.6 1.0 -3.1 0.0

 Turkey 23 995 15.4 11.5 73.1 -1.3 1.3 0.1

 Iceland 1 987 44.2 24.1 29.0 3.1 -2.7 -2.4

 Norway 20 989 54.7 15.5 29.8 0.7 -1.7 -0.3

 Switzerland 25 384 49.8 1.7 48.5 -5.5 1.8 7.7

 Russian Federation 477 647 53.9 31.0 14.8 -0.5 0.6 0.6

 South Korea 151 254 73.6 7.9 17.5 2.6 -6.2 -5.6

 US (3) 1 334 628 80.6 3.8 14.8 0.9 -6.5 -2.1

 Japan 675 330 67.9 5.0 25.5 -1.0 1.8 3.1

 China (4) 862 108 56.2 22.3 21.6 3.3 -7.2 0.5

Source:DG Research
Data: Eurostat, OECD
Notes: (1) TR, US: 2002; NO, KR, JP, CN: 2003; (2) US: 1997-1999; JP: 1998-2001; TR: 1998-
2002; KR: 1998-2003; NO: 1999-2003; CN: 2000-2003; CH: 2000-2004; US: The % distribution 
by sector refers to 1999; (4) CN : Hong Kong is not included; (5) Values in italics are estimated 
or provisional.

Europe hosts many foreign students in tertiary 
education.

In 2004, the EU-27 hosted 1.17 million foreign 
students in tertiary education (ISCED levels 5 to 
6) (Table 6). About half (47.9 per cent) of these 
students came from within the EU-27. Other large 
suppliers were Asia (24.8 per cent), Africa (17.3 per 
cent), and the US.9 The US hosted 586 000 foreign 
students in tertiary education (2003), and Japan 
118 000 (Table 6). The great majority (62.5 per cent) 
of foreign tertiary students in the US came from Asia, 
followed by Europe (13.8 per cent), North America 
(10.2 per cent), and South America (6.1 per cent).10

The number of foreign students in science, 
mathematics and computing, engineering, 
manufacturing and construction reached 258 000 
(accounting for 6.6 per cent of the total) in Europe 
in 2004, once more many of them coming from 
within Europe (Table 6). Looking in more detail at 
the largest Member States, we find that in the UK, 
roughly one in ten undergraduate students in S&E 
in 2004 were foreign. At the graduate level, foreign 
students accounted for a much larger share of S&E 
students: between 1994 and 2004, the share of 
foreign students enrolled at the graduate level in 
S&E increased from 28.9 per cent to 41.2 per cent. 
The share of doctoral degrees in S&E awarded to 

9.  Eurostat, 2005.

10.  Eurostat, 2005.

foreign students was almost two in five (38.7 per 
cent) in 2004 (Table 7). More than half of the doctoral 
degrees awarded in engineering, and almost one 
half of those awarded in mathematics/computer 
sciences, were earned by foreign students.11

In France, over one quarter (26.6 per cent) of S&E 
doctoral enrolment was foreign in 2003, about the 
same share as seen in non-S&E fields of study (27.1 per 
cent). More than half of the foreign doctoral students in 
S&E came from Africa and one fifth from Asia.12

In Germany, 14.3 per cent of the doctoral degrees in S&E 
were earned by foreign students in 2003, compared 
with 6.4 per cent in non-S&E fields (Table 7). Within 
S&E, the highest share of doctoral degrees awarded to 
foreign students was in agricultural sciences.13

In the US, foreign students in science, mathematics 
and computing, engineering, manufacturing and 
construction numbered 217 000, and in Japan 17 000 
(Table 6). On foreign students in the US, more detail 
is provided in a separate section below. In Japan, 
the share of foreign students at the graduate level 
in S&E was low in 2004 compared with countries in 
Europe and the US. For example, foreign students 
accounted for only 3 per cent or so of undergraduate 
enrolment in S&E. At the graduate level, the 

11.  MERIT, based on National Science Foundation.

12.  MERIT, based on National Science Foundation.

13.  MERIT, based on National Science Foundation.



21

C
h

a
p

t
e

r
 

1
t

h
e

 c
h

a
n

g
in

g
 g

lo
b

a
l r

e
se

a
rc

h
 a

n
d

 te
c

h
n

o
lo

g
y 

la
n

d
sc

a
p

e

representation of foreign students in S&E was 
higher at 11.9 per cent. Two countries, China and 
South Korea, accounted for more than nine in ten of 
the foreign undergraduates in S&E. At the graduate 
level in S&E, China and South Korea accounted for 
about two thirds of the foreign student enrolment. 
According to 2005 data for Japan, more than one in 
ten of the S&E doctorates were awarded to foreign 
students, and as with Germany, the highest share 
was in the agricultural sciences.14

Of note is the fact that a much larger share of foreign 
students are enrolled in science, mathematics, etc. 
in the US (37 per cent) than in either Europe (22 per 
cent) or Japan (14 per cent) (Table 6).

Table 6
Foreign students in tertiary education (ISCED 
1997 levels 5 to 6) - total and for science, 
mathematics and computing, engineering, 
manufacturing and construction – 2004 (1)
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Thousands
as a % 
of total 
students

Thousands
as a % 
of total 
students

as a % 
of total 
foreign 
students

EU-27 1 169.141 7.6 257.502 6.6 22
US 586.316 3.5 217.223 - 37
Japan 117.903 2.9 16.98 2.1 14.4
Switzerland 35.705 18.2 10.644 21.6 29.8
Turkey 15.298 0.8 3.619 0.8 23.7
Norway 12.392 5.8 2.91 8.1 23.5
Iceland 0.489 3.3 0.08 3.4 16.4

Source: DG Research
Data: Eurostat
Note: (1) US: 2003.

Table 7
Doctoral degrees earned by foreign students, 
selected countries
 

Total Per cent earned by 
foreign students

All fields
Germany (2003) 23 043 10.0
Japan (2005) 11 352 13.0
UK (2004) 15 260 36.8
US (2003) 40 710 30.0
S&E
Germany (2003) 10 626 14.3
Japan (2005) 5 825 12.8
UK (2004) 9 150 38.7
US (2003) 26 891 36.7

Source: MERIT based on NSF and WebCASPAR

14.  MERIT, based on National Science Foundation.

Foreign researchers come to Europe.

Information on foreign researchers in the EU is 
limited. According to the OECD, highly-skilled15 
immigrants accounted for 10.6 per cent and 11.4 per 
cent of total16 highly-skilled residents in the EU-19 
and the EU-15 respectively in 2001. In Japan and the 
US, the shares were 1.1 per cent and 13.9 per cent 
respectively. In the same year, the EU-15 hosted  
28.4 per cent and the EU-19 29.6 per cent of total 
highly-skilled expatriates in the OECD area. The 
figures for Japan and the US were 1.5 per cent and 
45.2 per cent respectively.17

Eurostat reports much lower shares for non-natives 
in the total working population (4.6 per cent), in 
the total number of higher qualified people (3.7 per 
cent), and in the total number of people employed in 
S&T (4.1 per cent), about half of them coming from 
within the EU.18

The US attracts relatively large numbers of 
European S&E students and personnel.19

Bachelor/Graduate The number of S&E bachelor’s 
degrees awarded in the US to foreign students – 
defined as students on temporary visas - increased 
slowly between 1983 and 2002, from 14 100 to 
16 300. In 2002, 4 per cent of US S&E bachelor’s 
degrees were awarded to foreign students. This 
share rose to 7 per cent and 8 per cent in engineering 
and computer sciences respectively.

Over the same period, the number of S&E master’s 
degrees awarded to foreign students more than 
doubled from 12 500 to 27 600, while their share 
in the total increased by half from 19 to 28 per 
cent. In engineering and computer sciences, their 
share in the total increased to 41 and 46 per cent 
respectively. At both undergraduate and graduate 
level, decreases in (first-time) bachelor’s and 
master’s degree enrolment by foreign students have 
been reported.

Doctorate Between 1983 and 2003, the number of US 
S&E doctorates awarded to foreign students more 
than doubled from 3 500 to 8 700, and their share 
in the total increased from 18 to 32 per cent. This 
share increased to 43/44 per cent in mathematics, 
computer sciences, and agricultural sciences, and 
55 per cent in engineering.

15.  Graduates at tertiary level.

16.  Whatever the citizenship and place of birth.

17.  OECD, 2006.

18.  European Commission, 2003.

19.  This section based on National Science Board, 2006 unless otherwise 
indicated.
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Figure 18
Foreign share of US S&E degrees, by degree 
and field, 2002 or 2003 
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Source: DG Research
Data: NSF
Notes: Doctoral degree data are for 2003; other data are for 2002. Foreign includes temporary 
residents only. Natural sciences include physical, biological, agricultural, computer, earth, 
atmospheric, and ocean sciences and mathematics.

Foreign S&E doctorate recipients in the US come 
overwhelmingly from Asia. Of the 176 000 foreign 
S&E doctorate recipients in the US between 1983 
and 2003, 20.1 per cent came from China, 11.2 per 
cent from Taiwan, 10.0 per cent from India, and 9.7 
per cent from South Korea, yet just 1.8 per cent from 
Japan. Europe as a whole accounted for 13.1 per cent 
of foreign S&E doctorate recipients in the US, and 
Western Europe for 8.8 per cent. The most common 
Western European home countries were Germany 
(196 recipients in 2003), the UK (116), Italy (114), 
France (89) and Greece (86).

Postdoctoral/Employment In the period 2000-2003, 
74.3 per cent of European S&E doctorate recipients 
in the US planned to stay, and 55.0 per cent had 
firm plans to stay (i.e. had accepted an offer of 
employment or postdoctoral work).

In 2003, 15.2 per cent of people with an S&E 
bachelor’s degree working in the US (regardless of 
the occupation) were foreign born. This share rose 
to 27.2 per cent in the case of S&E master’s degrees, 
and 34.6 per cent in the case of S&E doctoral 
degrees. Together, the main EU home countries 
accounted for 11.5 per cent of the 3.1 million foreign-
born S&E degree holders in the US: this figure was 

10.1 per cent at bachelor’s level, 10.9 per cent at 
master’s level and 15.8 per cent at PhD level.

On the other hand, 16.3 per cent of people with a 
bachelor’s degree working in an S&E occupation 
were foreign born. This share rose to 29.0 per cent 
in the case of master’s degrees, and 35.6 per cent 
in the case of doctoral degrees. Europe accounts 
for a decreasing share of a growing total. In 2004,  
25 per cent of the nearly 400 000 foreign S&E 
workers in the US came from the EU-25, compared 
to 29 per cent of the roughly 300 000 foreign S&E 
workers in the US in 1998.20

20.  MERIT, based on USCIS data.
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1.4 Performance
The US leads global university rankings.

In recent years, a number of global university rankings 
have been compiled, for instance, the academic 
ranking of world universities compiled by the 
Institute of Higher Education of Shanghai Jiao Tong 
University, the world university rankings compiled 

by the Times Higher Education Supplement, and 
the list of the top 100 global universities compiled 
by Newsweek. Each ranking is based on a different 
methodology, but in all three rankings, the top 10 
is heavily dominated by the US, which accounts 
for seven (Times Higher Education Supplement) or 
eight (other two rankings) of the ten top spots. The 
remaining two or three spots are occupied by UK 
universities (Cambridge, Oxford, Imperial College 
London) (Table 8).

Looking at the regional distribution of top world 
universities, Europe gradually catches up with the 
US as the sample gets larger, and even overtakes 
the Americas in the Top 500. This points to the 
good average level of European universities. Asia’s 
performance is much weaker (Table 9). 

Table 9
Regional distribution of top world universities 
in the Shanghai ranking, 2006
 

Americas Europe Asia-Pacific Africa

Top 10 8 2 0 0

Top 50 39 9 2 0

Top 100 57 35 8 0

Top 500 198 205 93 4

Source: DG Research
Data: ed.sjtu.cn/ranking 2006

Currently, the top universities in the Asia-Pacific 
region are mainly Japanese and Australian 
(Table 10).

Table 10
Asia-Pacific universities among the top 100 
world universities in the Shanghai ranking, 
2006
 
World Rank Institution Country

20 Tokyo U. Japan

22 Kyoto U. Japan

56 Australian Natl U. Australia

62 Osaka U. Japan

73 Tohoku U. Japan

78 Hebrew U. Jerusalem Israel

82 U. Melbourne Australia

93 Tokyo Inst Tech Japan

Source: DG Research
Data: ed.sjtu.cn/ranking 2006

Table 8
Top 10 universities in the world according to three international rankings, 2006

Ranking Shanghai Ranking Times Higher Education Supplement Newsweek
1 Harvard U. Harvard U. Harvard U.
2 U. Cambridge U. Cambridge Stanford U.
3 Stanford U. U. Oxford Yale U.
4 U. of California, Berkeley Massachusetts Inst Tech California Inst Tech
5 Massachusetts Inst Tech Yale U. U. of California, Berkeley
6 California Inst Tech Stanford U. U. Cambridge
7 Columbia U. California Inst Tech Massachusetts Inst Tech
8 Princeton U. U. of California, Berkeley U. Oxford
9 U. Chicago Imperial College London U. of California, San Francisco
10 U. Oxford Princeton U. Columbia U.

Source: DG Research
Data: ed.sjtu.cn/ranking 2006; www.thes.co.uk; www.msnbc.msn.com/id/14321230/site/newsweek
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The EU is the world’s largest producer of 
scientific publications.

Together the EU and the US produce more than two 
thirds of world scientific publications. In 1996, Europe 
overtook the US as the world’s leading producer 
and it has maintained that position ever since. The 
EU and US shares of global scientific production 
are decreasing, however, and so is Japan’s, mainly 
because of the rapidly increasing shares of (mainly 
Asian) emerging economies like China (which 
overtook Canada between 2000 and 2004), South 
Korea, India, Brazil and Taiwan (Figure 19).

Figure 19
World shares of scientific publications (%) (1)
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Source: DG Research
Data: Thomson Scientific / CWTS, Leiden University
Notes: (1) Full counting method was used at country level. At the aggregate level, double 
countings were avoided; (2) CN: Hong Kong is included in the data for 2000.

On a per capita basis, the picture is rather different. 
Though some EU Member States perform well, the EU-
25 as a whole substantially lags behind the US, and 
is followed rather closely by Taiwan, Japan and South 
Korea. The Brazilian, Chinese and Indian publication 
intensities are as yet rather low (Figure 20).

Figure 20
Number of scientific publications per million 
population, 2004 (1)
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Source: DG Research

Data: Thomson Scientific / CWTS, Leiden University, Eurostat, OECD
Notes: (1) Full counting method was used at country level. At the aggregate level, double 
countings were avoided.

Europe lags behind in terms of top-level 
publications and publications in key fields.

The US maintains a clear lead over the EU-25 in terms 
of the most cited scientific publications. Its share of 
the most cited ten per cent of scientific publications 
is 1.6 times that of all scientific publications, while 
the share of the EU-25 in the ten per cent most cited 
scientific publications is only about as large as that 
in all scientific publications. Japan and the (mainly 
Asian) emerging economies lose some of their 
dominance, and sometimes substantially so, when it 
comes to the most cited publications (Figure 21).
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Figure 21
Contribution to the 10% most cited scientific 
publications, 2001-2004 – major world regions (1)
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Source: DG Research
Data: Thomson Scientific / CWTS, Leiden University
Note: (1) The ‘contribution to the 10% most cited scientific publications’ indicator is the ratio 
of the share in the total number of the 10% most frequently cited scientific publications 
worldwide to the share in the total number of scientific publications worldwide. The numerator 
is calculated from the total number of citations per publication for the publications published 
in 2001 and cited between 2001 and 2004. A ratio above 1.0 means that the country contributes 
more to highly-cited, high-impact publications than would be expected from it’s share in total 
scientific publications worldwide.

International co-publications account for a 
growing share of EU Member States’ scientific 
publications.

International scientific collaboration and co-publishing 
provides individual researchers with access to funding; 
access to equipment/facilities; access to information, 
knowledge and expertise; quicker progress; enhanced 
productivity; reduced isolation; association with the 
scientific elite; enhanced visibility; and professional 
advancement. International scientific collaboration 
and co-publishing is facilitated by ‘big science’, or 
the availability of large-scale funding to support large 
research teams; international science programs, such 
as the Framework Programme; easier and cheaper 
communication; and the increasing mobility of 
scientists.21

The share of international co-publications is 
increasing in almost all the EU-25 Member States. 
Yet the degree of international co-publishing differs 
substantially by EU-25 Member State, and the share 
of international co-publications is increasing more 

21.  Glänzel and Schubert, 2004; Luukkonen et al., 1992.

rapidly in some EU-25 Member States than in others 
(Table 11).

Table 11
International co-publication share (%) of total 
publications

Country 2001 2003 % change 2001-
2003

Germany 19.0 21.0 +11
France 21.1 23.2 +10
United Kingdom 16.9 18.9 +12
Italy 21.9 22.7 +4
Spain 20.4 21.8 +7
Netherlands 27.8 29.9 +7
Greece 25.4 24.4 -4
Belgium 35.3 37.1 +5
Portugal 36.8 36.5 -1
Sweden 26.5 28.7 +8
Austria 32.0 34.2 +7
Denmark 31.1 32.3 +4
Finland 27.2 28.7 +5
Ireland 30.0 32.3 +8
Luxembourg 61.5 67.1 ns
Poland 25.4 25.2 -1
Czech Republic 33.5 33.9 +1
Hungary 33.6 34.7 +3
Slovakia 37.2 41.0 +10
Lithuania 43.3 38.3 -12
Latvia 43.9 46.4 +6
Slovenia 25.0 26.3 +5
Estonia 43.8 43.6 0
Cyprus 53.3 48.9 ns
Malta 30.3 32.4 ns

Source: DG Research
Data: OST, 2006

Most international co-publications of the  
EU-25 Member States are intra-European.

Most international co-publications of the EU-25 
Member States are intra-European.22 The collaboration 
between the EU as a whole and the rest of the 
world (discounting intra-European collaboration) is 
increasing, but of the same order as that between the 
US and the rest of the world (Table 12).

Table 12
Evolution of the share of internationally 
co-authored papers of the Tetrad and four 
dynamic countries 

Country 1991 1998 2005
EU-15 13.5% 21.5% 27.7%
US 12.1% 20.7% 26.8%
Japan 9.8% 16.6% 22.4%
China 24.5% 26.2% 21.9%
South Korea 28.3% 24.4% 25.7%
Chinese Taipei 16.5% 16.3% 19.1%
Brazil 29.0% 35.0% 30.7%
Turkey 20.7% 18.1% 16.0%

Source: DG Research
Data: Glänzel et al., Triad or Tetrad

22.  OST, 2006.
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The most important foreign partner for Europe as a 
whole in the rest of the world is the US, followed by 
Japan (Table 13).

The collaboration between the EU as a whole and 
the rest of the world (discounting intra-European 
collaboration) is increasing in all scientific disciplines. 
Yet the degree of international co-publishing differs by 
scientific discipline/subject (e.g. most collaboration 
in earth and space science, physics, etc.). And the 
share of international co-publications is increasing 
more rapidly for some scientific disciplines/subjects 
than for others (Table 14).

Table 14
International co-publication share (%) of total 
publications (2003)

Discipline EU-25 US Japan
Fundamental Biology 24.1 24.5 22.0
Medical Research 16.1 18.8 14.8
Applied Biology-Ecology 22.9 22.6 18.6
Chemistry 21.5 23.9 15.7
Physics 33.3 36.6 24.1
Astro-sciences and Earth 
Sciences

33.6 34.3 39.2

Engineering 20.8 23.9 17.9
Mathematics 27.0 34.4 25.1
Total 22.9 24.4 19.3

Source: DG Research - Data: OST, 2006

The EU, the US and Japan account for the 
majority of the most important (triadic) patents.

Europe, the US and Japan are the most important 
producer of so-called triadic patents. These relate 
to those inventions for which patent protection is 
sought simultaneously at the three main patent 
offices of the triad.23

23.  The European Patent Office, the US Patent and Trademark Office and the 
Japanese Patent Office. Because it is expensive to apply for patents in 
several offices, such patents generally relate to inventions which promise a 
high economic return.

Table 15
Triadic patents for selected economies (by 
priority year and residence of inventor)

1990 1995 2000 2003
US 11 060 11 990 17 554 19 222
EU-27 9 901 11 320 16 044 15 992
Japan 9 903 9 370 12 954 13 564
Germany 4 094 4 727 7 144 7 111
France 1 899 1 877 2 372 2 356
United Kingdom 1 443 1 493 2 088 2 024
Netherlands 580 709 883 1 019
South Korea 67 324 579 747
China 12 19 87 177
Chinese Taipei 10 23 77 108
India 12 12 58 87
Singapore 4 24 78 82
Russian Federation 21 51 65 56
Hong Kong, China 11 20 33 40
South Africa 14 24 37 38
Brazil 11 13 27 35

Data: OECD

However, a number of emerging economies, mainly 
in Asia, have seen rapid growth in such patent 
applications, most notably China whose triadic 
patents rose by nine-fold between 1995 and 2003 
(Table 15). Indeed, China has now joined the top 
ten countries filing international patents according 
to the World Intellectual Property Organization 
(WIPO), with its filings for 2005 having increased by 
47 per cent compared to 2004.24 South Korea, India 
and Singapore have also expanded their patenting 
activities very significantly since the early 1990s.

24.  PCT international applications – see http://www.wipo.int/ipstats/en/
statistics/patents/.

Table 13
Share (%) of international co-publications (2003)
 
With \ Of EU-25 US Japan China India South 

Korea
Russia Israel South 

Africa
Brazil

EU-25 - 52.4 33.8 31.9 43.9 18.7 66.9 45.4 57.1 49.7
US 44.7 - 40.2 35.3 34.3 53.7 24.4 51.6 31.5 37.5
Japan 7.1 9.9 - 16.8 11.4 22.3 8.2 4.4 2.9 3.8
China 4.2 5.4 10.6 - 5.1 8.2 2.7 2.2 1.8 2.2
India 2.1 2.0 2.7 1.9 - 3.1 1.2 1.0 2.0 1.7
South Korea 1.2 3.9 6.7 3.9 4.0 - 2.8 1.1 0.7 1.0
Russia 8.4 3.6 4.9 2.6 3.0 5.6 - 4.9 1.9 3.7
Israel 2.5 3.3 1.2 0.9 1.2 0.9 2.1 - 2.2 1.3
South Africa 1.2 0.8 0.3 0.3 0.9 0.2 0.3 0.8 - 0.7
Brazil 2.9 2.5 1.1 1.0 2.0 0.9 1.7 1.3 1.8 -

Source: DG Research
Data: OST, 2006
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Europe lags behind the US and Japan in terms 
of patent intensity.

Of course it is important to relate the volume of 
patenting to the size of the country. In terms of 
triadic patents per capita, Europe lags behind the 
US and Japan, with 42 triadic patents per million 
population in 2003, compared to 66 for the US and 
106 for Japan (Figure 22).

Figure 22
Triadic patents per million population (by 
priority year and residence of inventor)
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The US patents more than Europe in high-tech 
areas.

While overall EU inventors apply for more patents 
at the European Patent Office than their US 
counterparts, they are less prolific when it comes to 
patenting in high-tech areas. The EU’s share of total 
EPO patents stood at 38 per cent in 2003, compared 
with 30 per cent for the US, however, its share of 
high-tech patents was only 29 per cent against 37 
per cent for the US (Table 16). Analysing these data 
in more detail (Table 17) confirms that the US is 
ahead of the EU in four out of six high-tech areas: (1) 
computers and automated business equipment, (2) 
micro-organisms and genetic engineering, (3) lasers, 
and (4) semi-conductors. On the other hand, the EU 
leads in aviation and in communication technology.

Once again, the emergence of the Asian economies 
(such as China, India, South Korea, Singapore) is 
evident in various fields of patenting, as well as 
other new players such as Brazil, South Africa and 
the Russian Federation. While these economies still 
have rather modest numbers of patents in absolute 
terms, their patent applications have grown at a very 
rapid rate.

Table 16
Patent applications at the European Patent Office 

Total patent applications to the EPO by priority year High tech patents
1995 2003 1995 share 2003 share 1995 2003 1995 share 2003 share

Total World 83 817 163 011 100.0% 100.0% Total World 14 826 37 644 100.0% 100.0%
EU-27 35 335 62 250 42.2% 38.2% US 6 453 13 845 43.5% 36.8%
US 28 293 48 786 33.8% 29.9% EU-27 4 405 10 840 29.7% 28.8%
Japan 13 301 27 987 15.9% 17.2% Japan 3 055 6 834 20.6% 18.2%
South Korea 551 5 400 0.7% 3.3% South Korea 135 1 924 0.9% 5.1%
Switzerland 1 872 3 113 2.2% 1.9% Canada 263 793 1.8% 2.1%
Canada 1 217 2 736 1.5% 1.7% China (excl.HK) 12 703 0.1% 1.9%
Australia 905 1 958 1.1% 1.2% Israel 92 490 0.6% 1.3%
China (excl.HK) 120 1 898 0.1% 1.2% Australia 134 396 0.9% 1.1%
Israel 502 1 587 0.6% 1.0% Switzerland 115 331 0.8% 0.9%
India 41 1 003 0.0% 0.6% Singapore 17 196 0.1% 0.5%
Russian Federation 309 641 0.4% 0.4% India 2 164 0.0% 0.4%
Taiwan 107 572 0.1% 0.4% Taiwan 15 119 0.1% 0.3%
Norway 358 533 0.4% 0.3% Russian Federation 38 108 0.3% 0.3%
Singapore 61 416 0.1% 0.3% Norway 24 90 0.2% 0.2%
South Africa 125 415 0.1% 0.3% New Zealand 8 59 0.1% 0.2%
New Zealand 158 376 0.2% 0.2% South Africa 10 54 0.1% 0.1%
Brazil 87 348 0.1% 0.2% Brazil 6 36 0.0% 0.1%
Mexico 40 145 0.0% 0.1%

Source: DG Research
Data: Eurostat
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Table 17
Patent applications at the European Patent Office – by high technology field

Computer and automated business equipment Micro-organism and genetic engineering

1995 2003 1995 
share

2003 
share 1995 2003 1995 

share
2003 
share

Total World 4 360 12 584 100.0% 100.0% Total World 2 679 4 857 100.0% 100.0%
United States 2 191 5 479 50.3% 43.5% United States 1 331 2 060 49.7% 42.4%
EU-27 881 3 242 20.2% 25.8% EU-27 831 1 349 31.0% 27.8%
Japan 1 064 2 088 24.4% 16.6% Japan 278 704 10.4% 14.5%
S.Korea 32 395 0.7% 3.1% Canada 74 125 2.8% 2.6%
Canada 43 230 1.0% 1.8% S.Korea 10 102 0.4% 2.1%
Australia 34 189 0.8% 1.5% Australia 63 99 2.3% 2.0%
Israel 31 179 0.7% 1.4% China (excl.HK) 3 89 0.1% 1.8%
China (excl.HK) 5 131 0.1% 1.0% Israel 15 70 0.6% 1.4%
Switzerland 26 104 0.6% 0.8% Switzerland 38 60 1.4% 1.2%
India 1 84 0.0% 0.7% India 2 40 0.1% 0.8%

Aviation Communication technology

1995 2003 1995 
share

2003 
share 1995 2003 1995 

share
2003 
share

Total World 218 475 100.0% 100.0% Total World 5 525 14 991 100.0% 100.0%
EU-27 77 256 35.3% 54.0% EU-27 2 048 4 932 37.1% 32.9%
United States 106 153 48.4% 32.3% United States 2 047 4 475 37.1% 29.8%
Japan 8 18 3.7% 3.8% Japan 1 081 2 583 19.6% 17.2%
Canada 10 11 4.4% 2.3% S.Korea 79 1 203 1.4% 8.0%
Russian Federation 5 10 2.3% 2.1% China (excl.HK) 3 449 0.0% 3.0%
Switzerland 2 7 0.9% 1.4% Canada 122 395 2.2% 2.6%
Israel : 6 : 1.3% Israel 40 205 0.7% 1.4%
China (excl.HK) 1 5 0.5% 1.1% Switzerland 34 128 0.6% 0.9%
S.Korea : 2 : 0.4% Australia 29 86 0.5% 0.6%
Norway 3 1 1.4% 0.2% Singapore 8 71 0.1% 0.5%

Semiconductors Laser

1995 2003 1995 
share

2003 
share 1995 2003 1995 

share
2003 
share

Total World 1 764 4 315 100.0% 100.0% Total World 280 422 100.0% 100.0%
United States 690 1 520 39.1% 35.2% United States 88 158 31.3% 37.4%
Japan 559 1 351 31.7% 31.3% EU-27 117 118 41.7% 27.9%
EU-27 451 943 25.6% 21.9% Japan 65 90 23.3% 21.4%
S.Korea 12 207 0.7% 4.8% S.Korea 1 15 0.4% 3.6%
China (excl.HK) : 28 : 0.6% Switzerland 4 9 1.4% 2.2%
Singapore 3 27 0.2% 0.6% Israel 1 8 0.4% 1.9%
Taiwan 2 25 0.1% 0.6% Canada 3 8 1.1% 1.9%
Canada 12 24 0.7% 0.5% Australia 1 4 0.4% 0.9%
Switzerland 11 23 0.6% 0.5% Russian Federation 0 2 0.1% 0.6%
Israel 5 21 0.3% 0.5% Singapore : 1 : 0.2%
Source: DG Research
Data: Eurostat

Europe’s share of trade in high-tech products 
is stable, while China’s market share has 
grown significantly.

The EU’s share of the global high-tech market 
has remained more or less stable since 1999, 
hovering at around 17 per cent (Figure 23, Table 
18). The prominent trend of the last few years has 
been the rapid emergence of China, not just as 
a trading nation, but also as a major exporter of 
high technology goods. China’s share of high-tech 
exports rose from 3 per cent in 1999 to 15 per cent 
in 2005, overtaking Japan whose share fell to 9 per 
cent in 2005. Chinese high-tech exports have grown 
by nearly 30 per cent annually since 1999. Over the 

same period, the US has seen its international sales 
of high-tech products fall significantly, from 26 per 
cent to 19 per cent. However, South Korea continues 
to be one of the most important exporters of 
technology products, with an ever-rising share of the 
global market. India and Brazil have also registered 
increases in their high-tech trade, although their 
share of world exports is still very small.
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Figure 23
Export of High-Tech Products: World market 
share 1999-2005
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Source: DG Research, JRC-Ispra
Data: Eurostat (Comext), UN (Comtrade)

Table 18
World market shares (%) – Export of High-
Tech Products (Selected economies)

1999 2005 Av. annual growth
in share 1999-2005 (%)

US 26.4 19.3 -5.1
EU-25 17.1 17.2 0.2
China 3.4 15.0 28.1
Japan 12.0 8.7 -5.1
S.Korea 4.7 5.8 3.5
Brazil 0.4 0.6 6.1
India 0.2 0.3 7.5
Russia (2004) 0.3 0.3 -4.1

Source: DG Research, JRC-Ispra
Data: Eurostat (Comext), UN (Comtrade) 

China is now the top exporter of computers, 
and second to the US in electronics and 
telecoms.

Looking in more detail, one sees that the growth in 
Chinese exports of high-tech has been particularly 
notable in two key areas: computers, where it is now 
the world’s number one exporter, and electronics 
and telecoms, where it is now second only to the 
US (Figures 24 and 25, Tables 19 and 20). In the 
latter area, South Korea is still a significant exporter, 
with nearly 5 per cent of the global market in 2005. 
Europe’s share of these two markets has remained 
fairly stable, but still significantly below the US 
and China, but the shares of Japan and the US have 
declined markedly since 1999.

Figure 24
World market shares – Export of Computers 
and Office Machinery
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Table 19
World market shares (%) – Export of 
Computers and Office Machinery
(Selected economies) 

  
1999 2005 Av. annual growth

in share 1999-2005 (%)
China 4.9 28.3 33.8
US 18.9 14.6 -4.1
EU-25 8.2 8.3 0.3
Japan 11.9 6.0 -10.7
S.Korea 4.3 4.7 1.5
Brazil 0.1 0.1 -5.5
India 0.0 0.1 11.3
Russia (2004) 0.0 0.0 -8.7

Source: DG Research, JRC-Ispra
Data: Eurostat (Comext), UN (Comtrade)

% %
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Figure 25
World market shares – Export of Electronics 
and Telecoms
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Table 20
World market shares (%) – Export of 
Electronics and Telecomms
(Selected economies)

1999 2005 Av. annual 
growth

in share 1999-
2005 (%)

US 23.4 14.7 -7.4
China 2.9 12.9 28.5
EU-25 11.5 12.1 0.9
Japan 13.3 9.6 -5.4
S.Korea 7.0 7.7 1.6
Brazil 0.1 0.4 24.3
India 0.1 0.1 1.4
Russia (2004) 0.1 0.1 -5.7

Source: DG Research, JRC-Ispra
Data: Eurostat (Comext), UN (Comtrade)

However, when it comes to exports of pharma-
ceuticals (Figure 26, Table 21), the EU ranks number 
one with a market share of 46 per cent in 2005, 
which is double that of the US. This is a sector still 
dominated by the traditional players (notably the 
EU, the US and Switzerland). Other countries have 
much lower shares of the global market, but some 
emerging countries such as China and India are 
gradually expanding their export sales.

Figure 26
World market shares – Export of 
Pharmaceuticals
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Source: DG Research, JRC-Ispra
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Table 21
World market shares (%) – Export of 
Pharmaceuticals
(Selected economies)

1999 2005 Av. annual 
growth

in share 1999-
2005 (%)

EU-25 38.6 45.6 2.8
US 20.2 22.8 2.1
China 3.1 3.6 2.1
Japan 4.0 2.3 -9.2
India 1.5 1.9 4.0
S.Korea 0.8 0.5 -8.1
Brazil 0.4 0.2 -9.4
Russia (2004) 0.2 0.2 0.7

Source: DG Research, JRC-Ispra
Data: Eurostat (Comext), UN (Comtrade)

%%
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1.5 Conclusions
The emergence of important non-triadic players in 
the global R&D landscape is undeniable. The so-
called BRIC economies, in particular China, and a 
group of other, mainly Asian emerging economies 
spend more and more on research, create and 
host increasing numbers of human resources for 
science and technology, and perform better and 
better in both scientific and technological terms. In 
terms of some S&T indicators, these new players 
already claim the top spot. For instance, the Chinese 
government is already the world’s third largest 
government financier of R&D, and China is already 
the world’s largest producer of MST graduates and 
the world’s largest exporter of computers and office 
machinery.

As yet, that does not undermine the combined 
position of the triad (Europe, the US, Japan), or of 
the industrialised world for that matter. The triad is 
still where the most by far is spent on R&D, where 
the most human capital is created, the greatest 
number of scientific publications are produced, 
patents applied for, etc.

Yet the emergence of new players in the global R&D 
landscape has profound implications for Europe. In 
those few areas where Europe was in the lead, it has 
either already lost its top position (e.g. production 
of MST graduates) or seen its lead decrease rapidly 
(e.g. share of world publications). In those numerous 
areas where Europe was already lagging behind the 
other members of the triad, it is now in danger of 
being overtaken by the new players too.
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2.1 Introduction
Chapter 1 presented a general overview of the 
changing landscape of science and technology. This 
chapter will take a closer look at the strengths and 
evolutions of key future social demands on science 
and technology (S&T) around the world. Emerging 
demands are identified on the basis of major and 
global societal challenges up to 2020.

A new and essential element of global knowledge 
and information flows is the emergence of a more 
articulated social consciousness about global 
challenges. For European citizens and policymakers, 
technologies are supposed to provide a response, or 
at least an initial contribution, to future challenges 
facing Europe and the world.1 At the same time, 
changing demand and emerging global markets are 
often highlighted in studies of key technologies.2 
After extensive Foresight exercises at the national 
and transnational level, three major areas up to 
2020 have been identified - areas in which S&T are 
called for. These are: employment in the context 
of globalisation, universal public health, and 
sustainable development and the environment. 
Several technology areas have the potential to 
respond to this demand. This chapter presents S&T 
investments and trends in some of these areas in 
Europe and in other research-intensive countries, 
thus giving some indications about Europe’s future 
potential in the global S&T landscape.

1.  Eurobarometer, ‘Social values, science and technology’, June 2005, (http://
ec.europa.eu/public_opinion/archives/ebs/ebs_225_report_en.pdf ), 
SOCINTEC (2005), study financed by the European Commission.

2.  Targeted initiatives in some of these areas were called for by the high-level 
Aho Group report. Indeed this independent expert group on R&D identified 
the following as possible lead markets: the health sector (in particular 
the use of ICT in health service delivery), pharmaceuticals, transport, the 
environment and digital content.(see Independent Expert Group on R&D 
and Innovation chaired by Mr Esko Aho, ‘Creating an Innovative Europe’, 
January 2006, http://europa.eu.int/invest-in-research/).

2C h a p t e r  2

prospects for global demand for 
science and technology – european 

and world capacities in key technology areas



34

Europe in the global research landscape

2.2  Future societal 
demand for science 
and technologies

Foresight in Europe and in other world regions 
point to key challenges for science and 
technologies.

An S&T Foresight knowledge-sharing platform 
was established in Europe under the Sixth 
Framework Programme (FP6) of European research. 
The objective of this platform is to conduct and 
disseminate forward-looking activities, comprising 
studies, expert groups and monitoring.3 The 
Foresight platform created a Europe-wide network 
that maps recent Foresight studies in and outside 
Europe. Some 1 400 such initiatives have been 
identified to date. Thirteen European countries have 
initiated one or several national Foresights. Outside 
Europe, the United States (US), Japan, South Korea, 
Australia, Brazil and other countries have done 
similar activities. In addition, Foresight studies are 
carried out by many regions in Europe, as well as by 
private firms and non-governmental organisations 
(NGOs). An analysis of over 800 of these Foresight 
exercises reveals key questions for S&T in the period 
up to 2020. Three broad areas of future concern can 
be identified for Europe and the world:4

Employment in the context of globalisation;• 

Public health care;• 

Climate change, environmental degradation and • 
sustainable development.

When analysed in terms of the most frequent 
Foresight themes, it becomes clear that different 
world regions have varying concerns about 
their future. Nevertheless, there is also certain 
homogeneity around the world with regards to 
future perspectives.

3.  http://cordis.europa.eu.int/foresight/.

4.  EFMN Annual Report 2006.

Figure 27
Most frequent themes in Foresight exercises 
in several world regions
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.

The radar chart (Figure 27) above shows that 
North America (based mainly on Foresight studies 
from the US, but also from Canada) is focused on 
manufacturing, information and communications 
technologies (ICT) and energy-related themes. Asia 
(Japan, China, and South-east Asian countries) 
likewise emphasises manufacturing and energy, but 
also agriculture/food, environmental themes and 
transport.6 Africa has a clear concern for agriculture/
food, health-related themes and societal aspects. 
Australia and Europe have both conducted Foresight 
studies on the environment and energy, but while 
Australia is also concerned about transport issues, 
Europe is more interested in societal challenges, 
agriculture/food and ICT. A closer historical overview 
of future concerns in Europe confirms this, while also 
showing some interesting variations:

5.  The chart is based on an analysis of 641 Foresight exercises in Europe, 
112 from North America, 46 from Latin America, 23 from Australia, 16 from 
Asia and 14 from Africa. This means that the picture for Europe and North 
America is relatively accurate, while the analysis of other regions might 
contain deviances due to the limited sample.

6.  These concerns are also reflected in the national science programmes. For 
instance, the Chinese five-year S&T programme (2006-2010) highlights six 
priority areas for international cooperation: clean energy development, 
environmental protection, HIV/AIDS treatment, responses to newly 
occurred infectious diseases and chronic diseases, nanoscience and 
aeronautic technology.(EC Delegation to China, ‘China Report on Science 
and Technology’, 2006).
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Figure 28 illustrates the growing concern in Europe 
for environmental technologies, energy and ICT. 
There has also been growing interest in the future 
of health S&T. Agriculture/food and manufacturing 
have also been subject to many Foresight exercises.

Key technologies may contribute to 
employment, public health and sustainable 
development.

The main focuses of the abovementioned Foresight 
exercises give a clue as to the future S&T demand. 
In fact, most scientific efforts and technological 
developments can respond to demands arising from 
global challenges. The concept of a key technology 
is therefore defined according to its relevance to and 
impact on key future societal challenges. A technology 
is key because it holds a potential response to the 
major concerns of citizens in Europe7 and beyond. This 
conceptualisation is slightly different from the more 
frequent use of the term ‘key technology’, or from 
other classifications of technologies.8 Technologies 
are not perceived, in this case, as an objective per se, 

7.  The three clusters of science and technologies are also explicitly or 
implicitly referred to in the informal meeting of Heads of State and 
Government at Hampton Court, October 2005.(cf. EC COM 2005 645 final).

8.  Classifications of technologies are often based on the role of any given 
technology in the production process or its impact on other technologies. 
Technologies can thus be classified in terms of discontinuous technologies, 
disruptive technologies, emerging technologies, core technologies, 
bottleneck technologies, pacemaker technologies, critical technologies 
or complementary technologies. These different categories are partly 
overlapping. A bottleneck technology can be, for instance, both an 
emerging technology and a disruptive technology at the same time.
(Boutellier/Löffler, 2006).

neither are they defined on the basis of their effect on 
other technologies.

Those technologies that might contribute to a 
longer and healthier life or sustainable development 
include: technologies which generate sustainable 
and renewable energy; specific applications of 
enabling technologies such as bio-, nano- and ICT; 
sector-linked environmental technologies; ‘red’ 
biotechnologies; converging generic technologies 
for health; technologies for medical devices; and 
food producing technologies. On the other hand, 
those technologies that may have a major impact 
on employment include: information technologies; 
communication technologies; some converging 
technologies; manufacturing technologies; tech-
nology services; and an optimal exploitation of 
mature technologies.

However a key technology may not respond to major 
challenges in Europe and the world. There may for 
instance be a mismatch between the potential of 
technologies to address societal demands and the 
actual outcomes. In terms of demand satisfaction, 
there might also be a mismatch between the potential 
and actual impact of a developed technology, as a 
result of inadequate access. Broadly speaking, there 
are two major dimensions to this issue: the focus 
of research investments on emerging technologies, 
and the application and innovation potential of 
mature technologies. Both of these dimensions are 
influenced by the changing global conditions for 
S&T production.

Figure 28
Historical variations in Foresight thematic focus in Europe – 1985-2006
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2.2.1 Employment

Employment is a major concern for European 
citizens and a policy priority in the European 
Union’s (EU’s) Lisbon agenda. Employment is also 
a major concern for countries outside Europe9, 
especially those that do not have the S&T capacity 
and innovation infrastructure required to reap the 
benefits of economic globalisation. Technologies 
and research are often referred to in the context 
of industrial and service sector competitiveness. 
Intensified globalisation and the internationalisation 
of research are often associated with risks of 
outsourcing abroad or job loss.10 In the short term, 
these concerns seem to be exaggerated.11 However, 
from a long term perspective, some analysts point to 
a systemic shift of the focus of the world’s economy 
and technology towards Asia, as a result of the size 
of China and India.12

European industry is competitive mainly in 
medium-technology production sectors.

Europe is specialised in traditional industries 
and special-supplier industries, while it is under-
specialised in science-based industries.13 Europe’s 
current strength in technology-intensive production 
sectors lies mainly in established industrial sectors 
such as the automobile, chemical and telecom 
industries.14 Europe has a comparative advantage 
in medium-technology goods rather than in high-
technology goods.15 That said, Europe is ahead of 
Japan and only slightly behind the US in terms of 
high-tech manufacturing exports (in 2003, the export 
share for Europe was 16.7 per cent, compared to  
10.6 per cent for Japan and 19.5 per cent for the US).16

9.  As an example, employment, human capital development and an equitable 
and participative society is at the heart of the Indian vision for 2020. 
(Planning Commission Government of India, chairman S.P. Gupta, Report of 
the Committee on ‘India Vision 2020’, New Delhi December 2002).

10.  This issue has recently been addressed in a forward-looking report from 
the European Commission, BEPA, 2005i. The concept of risk is an intrinsic 
part of modern society. Individuals are faced with ubiquitous risks related 
to an anticipated future, among them the risk of losing their job from one 
day to the next, or global risks such as an economic crisis or an ecological 
catastrophe.(U. Beck, 2001).

11.  In 2005, the US Bureau of Labour identified 884 000 jobs lost in the 
country, but only 12 030 of these jobs went overseas (two-thirds of them to 
China and Mexico). In the United Kingdom 390 000 jobs were lost between 
April 2003 and June 2006, but outsourcing abroad was only responsible for 
19 000 of these job losses.(W. Hutton, ‘Low wage competition isn’t to blame 
for western job losses and inequality’, The Guardian, January 9 2007.

12.  Historically, India’s GDP was greater than the aggregate European GDP until 
the 18th century and China had the highest share of global GDP until the 
middle of the 19th century.(Maddison, Angus, The World Economy Historical 
Statistics.) See also P-N. Giraud, 2006, ‘Comment la globalisation façonne 
le monde’, Politique étrangère, 4:2006.

13.  European Commission, Key figures 2005e.

14.  R&D Magazine, ‘Global R&D. Changes in the R&D community report’, 
September 2005, p.4.

15.  European Commission, T. Belessiotis/ M. Levin/ R. Veugelers, « EU 
Competitiveness and industrial location », October 2005:20.

16.  European Commission, Key figures 2005e:67.

Manufacturing in Europe is heading towards 
an uncertain future.

Manufacturing contributes to almost 20 per cent of 
European gross value-added and employs around 
18 per cent of the European workforce. Some of the 
major manufacturing sectors in Europe are motor 
vehicles, machinery and aerospace. Manufacturing 
is traditionally closely linked to services, such 
as transportation, financial services, legal, and 
accounting services. In Europe, manufacturing 
provides 40 million direct jobs and 80 million jobs 
through related services.17

However, Europe’s growth and productivity in 
manufacturing has declined. With emerging 
economies and accelerated globalisation, the 
competitive environment for manufacturing 
enterprises in the future will be significantly different 
to that of today. Mass-consumption products and 
less-skilled production will be more and more 
difficult to maintain in Europe on a competitive 
basis. European manufacturing will in the future 
require significally enhanced capabilities.18 
According to the MANUFUTURE study, the challenge 
is to transform European manufacturing from a 
resource-intensive to a knowledge-intensive sector. 
Manufacturing needs to be more closely linked with 
new services. It must be an integrated system that 
encompasses the creation, production, distribution 
and end-of-life treatment of goods and services, all 
within in a customer-driven innovation system. The 
shift is towards a long-term, strategic relationship 
with customers to provide a tailor-made and 
comprehensive package of manufactured products 
and services.19 The Foresight project FutMan 
specifies that manufacturing will need to anticipate 
new markets and societal needs, such as safety and 
security, health care and health technology, energy 
supply and transportation.20

A historical perspective on global manufacturing 
output shows that Western economies have held 
a leading position over the last two centuries 
(Figure 29). However in the last thirty years this 
has changed. While Europe and North America still 
maintain a dominant position, the main global trend 
is now the rise of emerging economies and a falling 
market share for Western manufacturing:

17.  J. Sá da Costa, ‘Manufacturing’, a background paper for the European 
Commission’s High Level Group on Key Technologies for Europe, July 2005.

18.  Ibid.

19.  MANUFUTURE - A vision for 2020 – Report of the High-Level Group – 
November 2004, ISBN 92-894-8322-9.

20.  The Future of Manufacturing in Europe 2015-2020 – The Challenge for 
Sustainability, March 2003, EUR 20705 EN.
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Figure 29
The contribution to global output shares of 
world manufacturing output by country or 
region, 1750 to 2000
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Industrialised countries still account for over two-
thirds of world manufactured exports, but at current 
growth rates emerging economies should achieve 
the same level of manufactured exports as the triad 
in less than two decades.

Integrated manufacturing and services need to 
anticipate new markets and societal needs.

Employment is anchored both in industrial 
production and services. Two-thirds of employment 
in Europe is based in the service sector. The first 
focus is on technologies that are most directly 
related to the industrial production process, in 
particular manufacturing process technologies, 
electronics, mechatronics, modelling and simulation, 
new energy technologies, nanotechnologies and 
advanced materials, as well as the convergence 
of generic technologies and their integration into 
industrial applications (nano, bio, info, cognitive and 
their engineering requirements). The second focus is 
more open – research and technologies related to the 
service sector. Services are becoming increasingly 
tradable and form part of the international system 
of production. At the same time, knowledge-based 
services are becoming closely linked to products 
derived from certain key technologies like ICT and 
sustainable development technologies.

Environmental technologies create 
employment in Europe.

S&T can respond to several societal demands at 
the same time. Environmental technologies can, 
for instance, address both sustainable global 
development and generate employment in Europe. 
European industries based on environmental 
technologies already account for one-third of the 
global market and employ over 2 million people. 
This sector has benefited from a five per cent annual 
growth rate since the mid-1990s. In 2005, exports 
grew by around eight per cent.21 One segment is the 
renewable energy market, which generates an annual 
turnover of €15 billion in Europe (equivalent to half of 
the world market) and employs 300 000 people.22

An important and potential European strength in 
environmental technologies is knowledge-intensive 
services. Europe (in particular Denmark, Sweden, 
Germany, the Netherlands, Italy and Spain) is at 
the forefront in developing green products that are 
embedded in green services. This green design is 
based on environmentally-friendly materials and 
processes.23

One illustration of the potential of environmental 
technologies for employment is photovoltaic 
energy generation. In the last five years, the global 
solar energy market has increased with a 30 per 
cent annual average growth rate. This market is 
expected to increase from €7 billion in 2004 to 
€24.5 billion in 2010.24 This is a research field led 
by Japan25 but where Europe, and some Member 
States in particular, is following closely. Europe 
has a good scientific base and a growing market 
for photovoltaic energy research and products. EU 
standards and certification are being prepared and 
some EU Member States have put in place market-
pull initiatives.26

21.  Expert group on R&D following up the Hampton Court Summit, 2006, page 13.

22.  European Commission, Green paper, ‘A European Strategy for Sustainable, 
Competitive and Secure Energy’, SEC (2006g) 317, March 2006, page 11.

23.  Matthias Weber, EC high level group on Key Technologies, ‘Environmental 
Technologies’, July 2005:32.

24.  European Commission, study ‘Strengths, Weaknesses, Opportunities and 
Threats in Energy research’, 2005 r:23.

25.  Japan and the Pacific region are expected to experience the most significant 
progress in solar photovoltaic technology up to 2030.(EC, 2003, page 59).

26.  B. Holst Jorgensen, Key technology experts group to the European 
Commission, report ‘Key Technologies for Europe. Energy’, 2005:48.
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Health technologies represent a growing 
market with a positive impact on employment.

Health technologies also show some potential for 
the European economy and employment. These 
technologies are even now expected to have a 
considerable effect on both economic and societal 
innovation. For instance, the worldwide market for 
pharmaceutical products (of which more than 40 
per cent is generated from biotechnology)27 saw a 
growth rate of seven per cent in 2004. The market 
for medical devices is expected to grow in value by 
about nine per cent annually. This rise will be much 
higher if the convergence of nanotechnologies 
to nano-medicine is fully developed. 28 In 2003, 
Europe counted 1 878 biotechnology firms (mainly 
small and medium-sized) which employed  
87 182 employees. In 2002 European-based 
biotechnology firms generated total revenues of 
$13.7 billion.29

In fact, social demand on an efficient health care 
system is a major motor of wealth creation, even 
more so when exploiting converging technologies. 
This is particularly true for Europe.30 Public health is 
essential to European competitiveness. The EU loses 
an estimated 500 million work days per year due to 
health problems and accidents. The convergence 
of nanotechnologies, biotechnology, information 
technology and cognitive science is expected to 
create huge application opportunities in the health 
sector. 31

Information and Communication Technologies 
generate direct and indirect employment.

ICT plays a dominant role in many other technology 
clusters and is an important enabler of technology 
convergence.32 Today, ICT has become the technology 
behind one of the most important sectors in the European 
economy, employing more than 2 million people.33 
Furthermore, ICT is embedded in many production 
clusters: for example, 90 per cent of all innovations in 
the automobile industry are driven by ICT.34 

27.  An extensive historical overview of the relevance of biotechnology for 
innovativeness in the pharmaceutical industry 1990-1998 is provided in 
the European Commission report: ‘Third European Report on Science and 
Technology Indicators’ (2003a).

28.  European Technology platform, Vision paper on Nanomedicine, 2005, p.13.

29.  V. Chiesa and D. Chiaroni, ‘Industrial clusters in biotechnologies. Driving 
forces, development processes and management practices’, Imperial 
College Press, Milano, 2005 p.45-46). See also European Association for 
Bioindustries, ‘Biotechnology in Europe: 2005 comparative study’, 2005.

30.  A. Nordmann, 2004, page 29.

31.  A. Braun, Key technologies Health, 2005, page 15-21.

32.  Bibel, 2005:3, 29-30.

33.  Bibel, 2005:3.

34.  Computer Zeitung N° 9, 28.02.05:2. This is confirmed by information 
from individual car producers.(cf. p:news, Volkswagen AG, 2006:1, 
January:February).

The two fields of technologies – information 
technologies and communication technologies – 
are sometimes differentiated. However, today these 
two technological clusters have to a large extent 
converged. And the process of convergence goes 
on, exploring the interfaces with nanotechnologies, 
biotechnologies, cognitive sciences and, alter-
natively, technologies for cultural production.

Nanotechnologies have a large potential for 
employment through expanding markets.

Another emerging technology which is 
less cited in concrete employment terms is 
nanotechnologies. There are expectations that 
nanotechnologies and materials will trigger 
off a kind of 21st century industrial revolution, 
bringing important breakthroughs in fields as 
diverse as materials, electronics, mechanics, 
biotechnology, pharmaceutical development, and 
medical treatment. The nanotechnologies market 
and investments are expanding substantially. 
Global investments in nanoscale-research have 
grown from around €1 billion per year in 2000 
to an estimated €10 billion in 2006. The use of 
nanotechnologies is accelerating and in 2000 the US 
National Science Foundation predicted that, across 
the globe, one trillion dollars-worth of products 
would be affected by nanotechnology in 2015.  
A three-phase model of expansion was presented by 
Lux Research in 2004, whereby nanotechnologies 
research up to 2009 would create breakthrough 
nanotechnology innovations, and from 2010 onwards 
nanotechnologies would become commonplace in 
manufactured goods with healthcare and life sciences 
applications. According to this research institution, 
nanotechnology will represent 15 per cent of the 
global manufacturing output by 2014, generating 
10 million manufacturing jobs. The National Science 
Foundation presents a lower forecast: around  
2 million nanotechnology workers may be required 
worldwide by 2015.35 In any case, it is clear that 
nanotechnologies have important implications 
for most, if not all, industrial sectors. An EC policy 
document36 highlights medicine, information, 
energy, materials, manufacturing, instrumentation, 
food, water, the environment and security as key 
clusters. Nanotechnologies do have a large potential 

35.  A. Hullmann, European Commisson, DG Research, unit Nano S&T – 
‘Convergent Science and Technologies’, November 2006, http://cordis.
europa.eu/nanotechnology.

36.  EC ‘Towards a European Strategy for Nanotechnology’, 2005m.
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when converged37 with other technologies such as 
ICT, cogno- or biotechnologies.38

The direct evolution of macroeconomic variables 
linked to employment sectors is only a small part of 
the total picture. Many forces work simultaneously 
to shape the future societal demand on S&T. One 
of the most predictable of these future trends is the 
demographic evolution, which will affect societal 
demand in many ways.

2.2.2 Public health

The population over 60 years old will become 
more numerous in the developed countries.

The renewed focus on the structure of the 
employment market and on public health stems 
from public awareness about the ageing population 
in developed countries on the one hand, and the 
growth of communicable diseases aggravating the 
health crisis in many developing countries on the 
other.

Ageing is mainly a challenge for the affluent countries 
of the world: Europe and Japan in particular, but also 
the US and, to a certain degree, China.

China is a special case where the transition to an 
ageing population - nearly 400 million Chinese will 
be over 65 by 2020 – will be particularly abrupt 
and the emergence of a serious gender imbalance 

37.  A. Nordmann, Final report from High Level Expert Group on Foresighting 
the New technology Wave, ‘Converging Technologies. Shaping the Future of 
European Societies’, 2004, page 19. See also Bibel, 2005, page 37. In 2004, 
the OECD published a report indicating that many countries have developed 
definitions of nanotechnology as a field of science and technology, 
explicitly recognising nanotechnology as a multi- or interdisciplinary 
field that draws upon work in the physical sciences, health -sciences and 
engineering (OECD: ‘2004 Results of OECD mini-survey on nanotechnology 
R&D programmes’, DSTI/STI/TIP (2004c)9).

38.  EC expert group on key technologies, report on ‘Nanotechnology – a Key 
Technology for the Future of Europe’, 2005n:3-4.

could have increasing political, social, and even 
geopolitical repercussions.39

In 2050, more than one-third of the European 
population will be over 60 years (see Figure 30). 
The population share of 25-65 year olds will decline, 
while the share of the European population aged 
60-79 will increase considerably.40 The dependency 
ratio in Europe will thus be the highest in the world, 
with barely more than one person in employment 
per each retired person.41 Moreover, Europe’s share 
of the world population will fall. While the world 
population is expected to exceed 9 billion by 2050, 
Europe will experience demographic stagnation and 
decline by 2030.42

The combination of an ageing population in 
developed countries with an expanding and young 
population in developing countries is likely to 
increase both the demand and supply of migrant 
workers. Migration has the potential to help alleviate 
the problem of declining workforces in Europe, and 
will probably become more important in the world 
of 2020. Recipient countries face the challenge 
of integrating new immigrants so as to minimise 
potential social and cultural conflicts.

The demand for health services and 
technologies will grow.

The ageing populations in Europe, and in large parts 
of the developed world, will create an intensified 
demand for health services and technologies. 
The health sector displays persistent growth 

39.  National Intelligence Council, 2004.

40.  According to Eurostat demographic projections the population share of 
persons aged 25-60 will decrease from 54 per cent in 2005 to 47 per cent in 
2050, while the persons aged 60-79 will increase from 18 per cent to 25 per 
cent in the same period.

41.  OECD report, ‘Live longer, Work longer’, 2006.

42.  Eurostat demographic projections, 2006; US Census Bureau, 2006.

Figure 30
Percentage of the population aged 60 and over by region, 2000-2050
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partly linked to demographic developments and 
expanding markets in the emerging economies. 
The underlying cause is the ageing population in 
developed countries and the rising middle class 
in the emerging economies. An expansion of the 
market is also expected as a result of the shift in 
healthcare treatment from cure to prevention and 
to more customised treatments made possible by 
advances in biotechnology.

The crisis of the healthcare system is getting 
worse.

Globalisation is also affecting health services, 
with significant foreign direct investments and a 
commercialisation of healthcare. This is having 
a negative impact on the performance of many 
healthcare systems, with the brain-drain of medical 
personnel from public health services and a trend 
towards a two-tier system offering high quality care 
for affluent population groups and weakened quality 
healthcare for the rest. The financial base for public 
health services in Europe is expected to decrease, 
while medicines and medical devices are becoming 
more and more costly. Globalisation is also visible 
through a growing mobility of health professionals 
and the transnational financing of health research. 
Increasing concentration can also be seen in both the 
pharmaceutical and the medical equipment sectors. 
Larger pharmaceutical firms are concentrating their 
research on a few profitable areas, in particular 
central nervous system, cardiovascular diseases, 
cancer, anxiety drugs and long term degenerative 
diseases43.

In the South, expanding communicable diseases, 
a very weak public healthcare system, a lack of 
social security and massive brain-drain of health 
workers threaten ever larger population groups. 
The fragile health situation in the South is a global 
challenge for equity and human rights. In addition, 
recent Foresight studies have shown that infectious 
diseases in plants, animals and humans will result in 
an increasing geographical extension of pathogens. 
Global problems such as climate change are major 
drivers for new devastating pathogens not known 
today.44

These societal challenges for Europe and the world 
are all related to health and the desire and right to 
a long and healthy life. Faced with these challenges, 
citizens and societies turn their hope to technologies, 

43.  European Commission, 2005b, pp. 109-113, 129-130.

44.  Brownlie, J., Peckham, C., Waage, J., Woolhouse, M., Lyall, C., Meagher, 
L., Tait, J., Baylis, M., and Nicoll, A, 2006. ‘Foresight. Infectious Diseases: 
preparing for the future. Future Threats’, Office of Science and Innovation, 
London,.

to research new emerging technologies and to 
access existing technologies. The demand for health 
technologies is increasing while investments and 
progress are being made. Several technologies exist 
or are emerging which contribute to this objective 
of public health. They offer the hope of eradicating 
hereditary diseases, enhancing biomedical products, 
conserving the quality of healthcare, contributing to 
clean technologies and generating employment in 
new bio-industries.45

A large variety of technologies contribute 
to public health, either by prevention or 
treatment.

The scientific basis for public health is broad, 
covering research fields such as: life sciences, 
genomics, biotechnology for health, chemistry, 
biology, agricultural engineering, food sciences on 
food quality and safety, biosecurity, environmental 
health, cognitive sciences, social sciences, and 
many others. These scientific fields have produced 
outcomes in the form of both mature and emerging 
technologies. There are also several specialisations 
and applications of generic technologies which 
are of relevance for public health, in particular ICT 
and nanotechnologies. In this framework, a large 
number of concrete technology fields contribute or 
have the potential to enhance a longer and more 
healthy life: pharmacogenomics, gene therapy, 
genetic diagnostics, tissue engineering, telecare, 
telemedicine and eHealth, bioinformatics, minimally 
invasive surgery, medicinal nanotechnology 
applications, regenerative medicine, artificial and 
bioartificial organs, xenotransplantation, among 
others.46

The convergence of generic technologies has a 
growing potential for public health.

One main challenge and opportunity for the future 
is multidisciplinarity in science and the convergence 
of generic technologies within the common 
objective of public health. Generic technologies are 
enabling technologies and knowledge systems that 
reinforce each other in the pursuit of a common 
goal. Nanotechnologies, biotechnologies and ICT 
are often referred to as illustrations of convergence. 
Nanotechnologies enable other technologies by 
providing a common framework for all hardware-
level engineering problems; biotechnologies enable 
other technologies by identifying chemical-physical 
processes in living systems; ICT enables other 

45.  UNESCO, 2005, http://portal.unesco.org/sc_nat/ev.php?URL_
ID=1530&URL_DO=DO_TOPIC&URL_SECTION=201.

46.  Braun, 2005. ‘Key technologies Health’,,page 15-20.



41

C
h

a
p

t
e

r
 

2
p

ro
sp

e
c

ts
 fo

r g
lo

b
a

l d
e

m
a

n
d

 fo
r s

c
ie

n
c

e
 a

n
d

 te
c

h
n

o
lo

g
y

technologies through its ability to represent physical 
states as information and model processes, etc. 47 
In fact, a recent policy document from the European 
Commission highlights medicine as a key cluster for 
nanotechnology.48 Nanotechnology is a potential 
research cluster in many social and economic 
domains, such as healthcare (including challenges 
in an ageing population and diseases in developing 
countries).49

Progress in health technologies has a far 
reaching potential for society.

For public health, progress on new drugs and 
medicines can, if well-oriented and widely 
accessible, have a huge impact on human resources 
and the fight against major communicable diseases 
that affect both emerging economies and developing 
countries. Furthermore, enabling technologies, such 
as biotechnologies50 and nanotechnologies51, are 
also highly relevant for progress in public health.

There is a recognised potential for increased 
international cooperation in this research field. 
In a symposium on ‘Building a Knowledge-based 
Bioeconomy’, organised by European and American 
researchers in 2006, several fields for collaborative 
research were identified to address common 
challenges such as healthcare systems, healthy 
life stock, documenting aquatic biodiversity, mouse 
functional genomics as well as cardio-vascular 
research.52

47.  A. Nordmann, report from High Level Expert Group, ‘Foresighting the 
New Technology Wave. Converging Technologies – Shaping the future of 
European Societies’, European Commission, 2004:16.

48.  EC ‘Towards a European Strategy for Nanotechnology’, 2005m.

49.  For example nano-based imaging and drug targeting for the early 
identification and treatment of disease, ‘smart’ cochlear and retinal 
implants, nanostructured bandages that encourage cell growth, etc.(Saxl, 
2005, page 13) A nano-roadmap project on nanotechnology applications 
up to 2015 identified eleven topics for nanotechnology applied to health 
and medical systems, tissue engineering, bio-/nano-structures, drug 
encapsulation, molecular imaging, biophotonics, biocompatible implants, 
biomimetic membranes, biomolecular sensors, biochips, lab-on-a-chip 
and functional molecules.(AIRI/Nanotec, IT, ‘NRM nanoroadmap project. 
Roadmaps at 2015 on nanotechnology application in the sectors of 
materials, health & medical systems, energy, European Commission, 2006.

50.  The University of Toronto identified 10 biotechnologies most likely 
to improve health in developing countries within the next 5-10 years: 
molecular diagnostics, recombinant vaccines, vaccine and drug delivery, 
bioremediation, sequencing pathogen genomes, female-controlled 
protection against sexually transmitted infections, bioinformatics, 
nutritionally enriched genetically modified crops, recombinant therapeutic 
proteins and combinatorial chemistry. UN Millennium project, task force on 
science, technology and innovation, 2005, page 59.

51.  Nanotechnology applications can be used for disease diagnostics, health 
monitoring or drug delivery systems, O. Saxl, 2005.

52.  EC Washington delegation, U.S. S/T/E/ highlights, Monthly account of 
selected science/technology/education developments, February 2006i: 14.

2.2.3 Sustainable development

A growing world population and economy 
pose a challenge for sustainable development.

In overall terms, the trend is not only towards an 
ageing but also an increasing population. The world’s 
population is growing and is expected to reach over 
9 billion by 2050 (Figure 31). However, this growth 
will not be equally spread across the world. Almost 
all population growth will occur in developing 
nations that until recently have been positioned on 
the fringes of the global economy.

Figure 31
World population prospects
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Source: United Nations, World Population Prospects: The 2006 Revision.

The fast-growing world economy and population 
raise important questions about sustainability 
in terms of food, fresh water, energy and the 
environment. Poor communities struggle with 
food security and diseases, while the whole planet 
faces major environmental strains, such as rapidly 
accelerating climate change.

It is commonly assumed that the world economy 
will continue to grow, although a possible crisis and 
historical break can never be excluded. By 2020 the 
world economy is projected to have increased by 
about 80 per cent compared to 2000.53 Population 
growth combined with the expanding world economy 
and consumption will aggravate environmental 
degradation. The consequences of greenhouse 
gases have been long known. In fact, eleven of 
the last twelve years (1995-2006) rank among the 
warmest years for the global surface temperature 
since records began in 1850.54 By 2035 the level 

53.  National Intelligence Council, 2004.

54.  Intergovernmental Panel on Climate Change, ‘Climate change 2007: The 
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of carbon dioxide (CO
2
) could reach 550 parts per 

million (ppm), which means a rise in the average 
global temperature of 2-3°C. The consequences may 
be hundreds of millions of additional people at risk 
from hunger, more than a billion people suffering 
water shortages by 2060, a possible collapse of 
the Amazon rainforest, the extinction of 20-50 per 
cent of species, the melting of the Greenland ice 
sheet, hundreds of millions more people affected by 
flooding each year, heatwaves in Europe and a 5-11 
per cent reduction in global per capita consumption. 
To avoid further warming, annual emissions need to 
be cut by 80 per cent; and to stabilise the warming 
at 2°C, global CO

2
 emissions would need to be  

25 per cent below current levels by 2050.55

An expanding global economy will also increase 
demand for raw materials. Rising demand for energy, 
food, and raw materials from China and India is 
already having ripple effects worldwide. Meanwhile, 
record consumption levels in the US and Europe 
add to global pressures. If current trends persist the 
world’s energy needs will rise by about 50 per cent 
in the next two decades compared to a 34 per cent 
expansion from 1980-2000. Over 60 per cent of that 
increase would be in the form of oil and natural gas. 
Two-thirds of the new demand would come from the 
developing world, especially China and India. The 
share of Middle East and North Africa in global oil 
and gas output would grow substantially56.

However, the problem of global depletion of natural 
energy sources is in part a false problem. In fact, 
the planet will most probably experience a major 
ecological catastrophe before we reach a depletion 
of the available resources of fossil fuel. The stocks 
of hydrocarbons that are profitable to extract are 
sufficient to take the world to greenhouse gas 
levels well beyond 750ppm CO

2
, which would 

mean unpredictable and extremely dangerous 
consequences for our planet.57 The challenge, 
therefore, is rather in terms of the stability, autonomy 
and security of supply. The growing dependence of 
high energy-consuming regions on imports from a 
small number of countries exacerbates concerns 
about the security of energy supply58. Europe’s 
energy needs are unlikely to grow to the same 
extent as those of the emerging economies, in 
part because of Europe’s lower expected economic 
growth trajectory and more efficient use of energy. 
The share of foreign sources in the EU’s energy 

Physical Science Basis’, WMO/UNEP, 2007.

55.  Stern review: The Economics of Climate Change, 2006.

56.  IEA, 2005.

57.  Stern review: The Economics of Climate Change, 2006.

58.  IEA, 2005.

supply is expected to increase from about half in 
2000 to two thirds by 2020.59

Climate change is a global challenge in both cause 
and effect. Europe is the third largest emitter of 
greenhouse gases, including CO

2
, in absolute terms 

after the US and China. Moreover, most future 
emission growth is expected to come from emerging 
economies.60 Since 1990, India has increased its 
emissions by 88 per cent and China by 67 per cent 
(compared to a six per cent increase in Europe). 
Both China and India face severe environmental 
problems: 70 per cent of China’s rivers and lakes are 
polluted and 400 out of 668 big cities suffer from 
water shortages.61 Of the world’s 20 most polluted 
cities, 16 can be found in China.62

However, the per capita resource consumption and 
pollution of countries in the industrialised world 
– including the US, the EU and Japan – is much 
higher than in China and India. As Table 22 shows, 
the average person has an ecological footprint63 of 
1.6 global hectares in China and 0.8 global hectares 
in India. In contrast, the average person in the US 
has an ecological footprint of 9.7 hectares, and that 
footprint grew by 21 per cent between 1992 and 
2002. U.S. per capita CO

2
 emissions are six times 

the Chinese level and 20 times the Indian level. If 
China and India were to consume resources and 
produce pollution at the current U.S. rate, it would 
require two planet Earths just to sustain their two 
economies64.

59.  European Commission, 2005b.

60.  IEA, 2005.

61.  FDI Magazine 12.12 2005.

62.  Worldwatch Institute, 2006.

63.  The ecological footprint approximates the amount of arable and 
agriculturally or ecologically productive land area it takes to sustain one 
human or group of humans, based on the use of energy, food, water, 
building material and other consumables.

64.  Worldwatch Institute, 2006, p.17.
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Climate change and other environmental threats 
are today recognised by all governments, but the 
strengths of their reactions vary. Europe is a firm 
promoter and defender of major international 
agreements, such as those made at the Rio de 
Janeiro, Kyoto, Johannesburg, Montreal and Nairobi 
conferences.

In this framework, many policy instruments are 
to be activated, with S&T among them. Citizens in 
Europe are today looking at existing and emerging 
technologies with a hope for solutions, in particular 
renewable energy sources.65 The orientation of 
research funding is crucial, as is the effective 
application and accessible delivery of products 
based on sustainable development technologies. 
All key technologies, such as biotechnologies, 
nanotechnologies, new materials, ICTs, energy 
technologies, environmental technologies, or 
converging technologies have the potential to 
respond to this demand. An effective response 
must also make use of the social sciences and their 
research into human and social behaviour.

Technologies may contribute to sustainable 
development.

Sustainable development technologies cover 
technologies for renewable energy, some fields of 
generic technologies and sector-specific technologies 
that focus on cleaner production processes. Indeed 
sustainable development technologies cover a broad 
spectrum of technological development. In the past, 
environmental technologies were mainly associated 
with individual sectors (like energy, transport and 
agro-regional systems), but increasingly emerging 
generic technologies are being recognised as crucial 
(such as biotechnologies, nanotechnologies,66 

65.  Eurobarometer, 2007 (http://ec.europa.eu/public_opinion/archives/ebs/
ebs_262_en.pdf.

66.  For instance, nanotechnology is a key research cluster highly relevant 
for many societal and economical domains, such as energy (in reducing 
the demand for hydrocarbon-based non-renewable energy), water (water 
quality), environment (environmental monitoring), waste (waste reduction), 
food packaging, animal welfare, agriculture (monitoring soil health), etc.

materials, ICT, etc.) In addition, cross-cutting 
developments like new environmentally-oriented 
products and services, as well as environmental and 
resource management, are likely to grow further in 
importance67.

Progress in environmental technologies comprises 
both the pace of technology improvements and 
the diffusion and adoption of new technologies 
(i.e. innovation). Both technologies for production 
(e.g. energy and transport) and technologies for an 
efficient use of resources (such as water, energy and 
land) are considered to have close links and direct 
effects on climate change and the quality of water, 
air and soil.68

67.  K.M. Weber, report for the European Commission’s High Level Group on Key 
Technologies, ‘Environmental technologies’, July 2005:3-4, 23.

68.  EEA European Environmental Outlook report, 4/2005:14-16.

Country or Region Total Footprint Footprint per Person Foorprint as Share of 
Country’sBio-capacity

Footprint as Share of 
Global Capacity

Growth in Footprint 
1992-2002

(mio global hectares)(1) (global hectares)(1) (per cent) (per cent) (per cent)
China 2.049 1.6 201 18 24
India 784 0.8 210 7 17
Europe 2.164 4.7 207 19 14
Japan 544 4.8 569 5 6
United States 2.810 9.7 205 25 21

Table 22
Ecological Footprints of China, India, Europe, Japan and the US, 2002

(1) Global hectares are the area of biologically productive space (land or water with significant photosynthetic activity and biomass accumuluation) with world-average
Source: Worldwatch Institute 2006.
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2.3  European and world 
capacities in key 
technology areas

The prospective analysis on global challenges calls 
on science and technologies in the context of an 
emerging demand on research. This triggers R&D 
investments in view of new market opportunities 
and in response to a societal demand. This 
subchapter will analyse the relevant supply of S&T 
in some key technology areas, focusing on European 
and world capacities. Which countries are in the 
global competition concerning technologies with a 
potential to address this emerging societal demand? 
Which countries invest and have S&T strengths 
in which key technology areas? The subchapter 
will also analyse which countries fall outside the 
global knowledge production, the excluded from 
the benefits of globalisation? What is the position of 
Europe in this context? 

2.3.1 Nanotechnologies

Policies and funding in R&D.

The global race in nanotechnologies has started.

There has been an important increase in public 
R&D investments in nanotechnology from under 
€500 million in 1997 to €3.85 billion in 2004. Since 
2000 almost all major technology nations, and in 
particular the triad, have increased their funding of 
nanotechnologies. 69 In 2001, the US launched the 
National Nanotechnology Initiative, which triggered 
a global race between the leading world economies 
in nanotechnology research programmes. The EU 
has also developed focused policy and funding 
for nanotechnologies, with the rationale of 
combining support to commercially viable products 
with ethical principles to ensure the safe and 
responsible development of nanotechnologies. 
Nanotechnologies are considered important both 
for the expanding economy and for their potential to 
address societal challenges.70

As shown in Figure 32, concerning public funding 
for nanotechnologies, Europe and the US invest 
similar amounts, which represent considerably 

69.  European Commission, DG RTD/G4, ‘Sole figures about nanotechnology 
R&D in Europe and beyond’, http://cordis.europa.eu.int/nanotechnology.

70.  See European Commission, ‘Communication from the Commission. Towards 
a European strategy for nanotechnology’, COM (2004) 338 final; European 
Commission, ‘Nanosciences and nanotechnologies. An action plan for 
Europe 2005-2009’, COM (2005) 243 final.

higher investments than Japan or other relevant 
countries, such as China, South Korea, India or 
Russia. However, the US and Japan count on much 
higher private investments in nanotechnologies than 
European industry.

Figure 32
Sources of nanotechnology funding in Europe, 
the US, Japan and other countries
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Source: A. Hullman (2006), figures of European Commission, DG RTD, 2005

Broken down by country (Table 23), the public 
funding of nanotechnologies is highest in the US 
and Japan, followed by Germany, France, South 
Korea, the UK, China and Taiwan. It is noteworthy 
that the public funding of nanotechnologies by the 
European Commission is higher than in Germany, 
the top spender in Europe.

Table 23
Public funding (€million) for nanotechnology 
R&D in 2004
US 1 243 
Japan   750
European Commission   370
Germany   293
France   224
South Korea   173
UK   133
China    83
Taiwan    76

Source: European Commission, DG RTD, 2005
71

However, when private funding is taken into 
consideration as well, it is the US which has 
the highest total funding for nanotechnologies, 
followed by Japan. In 2004, private investments in 
nanotechnologies amounted to €1.7 billion; this 
figure was €1.5 billion in Japan and just €580 million 
in the EU-25.72

71.  A. Hullmann, European Commission, DG Research, unit Nano S&T – 
‘Convergent Science and Technologies’, November 2006, http://cordis.
europa.eu/nanotechnology.

72.  Idem.
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R&D capacities and publications.

Europe has a competitive research base in 
nanotechnologies.

Europe has a relatively strong scientific capacity in 
certain areas of nanotechnology research, such as 
nanomaterials, nano-electronics or medical nano-
biotechnology, nano-based sensors, photovoltaics, 
nanomedicine (in-vitro and in-vivo diagnostics), 
regenerative medicine, nanotoxicology and targeted 
drug delivery.74 Europe also has a leading role 
along with the US in the convergence of computer 
technology with quantum mechanics, as shown in 
the research on quantum computing and quantum 
information processing and communication.75 The 
European research base is also strong in nanoporous 
material, nanoparticles, dendrimers and thin film 
coatings.76

In the field of nanotechnologies, Europe as a 
whole has a slightly stronger research base than 
the US. Europe counts on a tradition of strong 

73.   Graph presented in A. Hullmann, European Commission, DG Research, 
unit Nano S&T – ‘Convergent Science and Technologies’, November 2006, 
http://cordis.europa.eu/nanotechnology.

74.  O. Saxl, 2005:16.

75.  Bibel, 2005:42.

76.  AIRI/Nanotec IT, 2006.

specialisation of scientists, emerging networks 
of excellence and well developed technology 
transfer modes.77 In general, European research is 
considered strong in natural sciences (and derived 
industry78) which underlies the convergence of IST 
with nanotechnologies. However, when considering 
this on a country-by-country basis, the US is top, 
followed by Japan and Germany (Figure 33).

Europe’s global share of publications in nano-
technologies is decreasing.

The European world share of publications on 
nanotechnology has been around 7 per cent higher 
than that of the US since 2002. Together, the EU 
and the US account for more than half of the world 
publications in nanoscience and nanotechnology.79 
Europe is also considered second in the world in 
new materials technologies, after the US but before 
Japan. However, since 2002 Europe’s leading position in 
nanotechnology publications is weakening in relation 
to the US and the emerging China (Figure 34).

77.  M. Weber, 2005:27; FutMan, The future of Manufacturing 2015-2020. The 
challenge for sustainable development, final report, Dublin, IPC, 2003.

78.  For instance the powerful chemical industry in Europe, providing a strong 
basis for polymer technology (Bibel, 2005:45).

79.  These numbers are mainly based on the Science Citation Index, as analysed 
by P.Zhou, L.Leydesdorff, Research Policy 35 (2006) 83-104.

Figure 33
Nanotechnology institutions by country
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Figure 34
Percentage share of publications in Nanotechnology, 1994-2004

Source: P. Zhou, L. Leydesdorff / Research Policy 35 (2006) 83–104 (data from Web-of-Science, January 2005)

The number of publications is an indicator of 
research capacity, but it is equally important to 
consider the quality of a publication and its scientific 
impact. When considering the average citation index 
per publication in nanotechnology, Switzerland and 
The Netherlands are top, closely followed by the US, 
Canada, Belgium and Ireland. The EU-25 is below 
the US but above Japan and other countries outside 
Europe.80

Patents.

Europe is losing ground in nanotechnology 
outcomes.

The US is the most active world region for registering 
patents in nanotechnology. However, a significant 
number of inventors registered with US companies 
had their R&D location in an Asian country, e.g. an 
Asian research centre owned by a US company. In a 
ten-year period, it is clear that Europe is losing its 
competitive position compared to the US and Japan, 
as shown in Figure 35.

80.  Figures cover the period 1991-2000 for the top 25 cited countries. Source: 
Thomson ISI database, 2001. http://www.esi-topics.com/nano/nations/
d1a.html

Figure 35
Nanotech patents by region of applicant
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When considering specific subfields of nano-
technology and comparing the evolution of patents 
from 1995-2005, the EPO data shows that Japan, 
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Figure 36
Nanotechnology Funding

Source: Ottilia Saxl, 2005
81

Emerging countries outside the triad.

The largest increases in nanotechnology invest-
ments are made outside the triad.

In general terms, China and India are not only 
catching up in terms of integrating technologies 
in production and markets, these countries are 
also expected to become technological leaders in 
some key technologies.82 When considering recent 
investments in nanotechnology R&D (Figure 36), 
it is clear that the largest change has occurred in 
countries outside the triad, which have substantially 
increased their funding.

In fact, some of the countries outside the triad are 
developing scientific capabilities for research and 
development of key technologies. This is the case in 
nanotechnologies (Table 24).

81.   Graph presented in A. Hullmann, European Commission, DG Research, 
unit Nano S&T – ‘Convergent Science and Technologies’, November 2006, 
http://cordis.europa.eu/nanotechnology.

82.  NIC, 2004:11.
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China started to invest in nanoscience earlier than 
India (in 2002 China allocated $200 million to 
nanoscience compared to $4 million in India). As 
seen in the graphs above, the expansion of China 
in the field of nanotechnologies is visible in its 
rapidly increasing share of total world publications 
in nanotechnologies. Chinese publications are 
also increasingly cited, in particular in the field of 
nanomaterials and materials  science.84 In 2006 
the Thomson Scientific Science Watch ranked the 
Chinese Academy of Sciences (CAS) as the world’s 
most published and most cited institution in the 
sector of material science.

In 2006 India launched the national nanotech plan, 
investing $200 million over the next five years for 
research into nanotube solar power cells, diagnostic 
kits and drug delivery.85 South Korea and Taiwan are 
also important emerging actors in nanotechnologies, 
in terms of R&D funding, publications and patents.

83.  UN Millennium project, task force on science, technology and innovation, 
2005.

84.  This data is taken from the ISI Essential Science Indicators, referred to by 
Delegation of the European Commission to China and Mongolia, ‘China 
Report on Science and technology’, 2007.

85.  K. Bound, ‘India: the uneven innovator’, Demos 2007.

Russia is another important emerging country 
in nanotechnologies. Russia has an advanced 
capacity in producing nano-instruments (in 
particular the scanning-probe microscopes) and 
tools enabling scientists to handle nano-objects. 
The Russian Academy of Sciences and Russian 
scientists develop conductors and metal nanotubes, 
nanospirals, nanocapsules and quantum dots, 
and perform research on mono-atom films of 
gallium arsenide. Russia builds on its scientific 
strengths in fundamental sciences to develop its 
nanotechnologies and knowledge in nanomaterial. 
Nanotechnology also benefits from political support 
in Russia. The government opened a new research 
programme investing $400 million in nanotechnology 
development in 2007.86

86.  EE Times, July 2006 (http://www.eetimes.com/news); Foresight 
Nanotech Institute, April 2006 (http://www.foresight.org/nanodot/); 
Seattle Post-Intelligencer, June 2006 (www://prnewswire.com/cgi-
bin/); Jayne Fried, U.S., ‘Russian Nanotechnology finally come in from 
the cold’, Small Times, Media, 2006; Olga Ruban, ‘Russia will join the 
global nanotechnology boom’, in Gateway to Russia, 2003; M.C. Roco, 
‘Government Nanotechnology Funding: An International Outlook’, National 
Science Foundation, June 2003; Ibid: ‘Funding of nanotechnology in Russia’, 
U.S. National Science Foundation, September 1999.

Table 24
Nanotechnology specialisation in countries outside the triad
Nanotechnology Status Country Nanotechnology Activity Example

Front Runner
China
South Korea
India

•  National nanotechnology government funding 
program

•  Nanotechnology-related patents
•  Commercial products on the market or in 

development

China
•  National Centre for Nanoscience and 

Nanotechnology
•  Clinical trials of nanotechnology bone scaffold
South Korea
•  Nanotechnology Development Program
•  World’s first carbon nanotube field emission display
India
•  Nanomaterials Science and Technology Initiative 

(NSTI)
•  Commercialisation of nanoparticle drug delivery

Middle Ground

Thailand
Philippines
South Africa
Brazil
Chile

•  Development of national nanotechnology 
government funding program

•  Some government support (e.g., research grants)
•  Limited industry involvement
•  Numerous research institutions

Thailand
•  Centre of Nanoscience and Nanotechnology, 

Mahidol University
Philippines
•  University of the Philippines/Intel Technology 

Philippines optoelectronics project
South Africa
•  South African Nanotechnology Initiative (SANi)
Brazil
•  Institute of Nanoscience, Federal University of 

Minas Gerais
Chile
•  Nanotechnology Group, Pontificia Universidad 

Católica de Chile

Up and Comer
Argentina
Mexico

•  Organised government funding not yet established
•  Industry not yet involved
•  Research groups funded through various science 

and technology institutions

Argentina
•  Nanoscience research group, Centro Atómico 

Bariloche and Instituto Balseiro
Mexico
•  Department of Advanced Materials, Instituto 

Potosino de Investigación Científica y Tecnológica

Source: United Nations83
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2.3.2  Information and Communication 
Technologies

Funding in R&D.

European firms invest less in IST than the US, Japan 
and South Korea.

In 87overall terms, Europe invests less in R&D for IST 
than its main competitors, in particular the US, Japan 
and, on a smaller scale, South Korea (see Figure 37). 
In 2003, the EU spent around 0.3 per cent of GDP on 
IST R&D, compared to 0.55 per cent in the US, 0.75 
per cent in Japan and 1.35 per cent in South Korea. 
However, some EU Member States with large IST 
industries do invest similar or larger R&D funds in 
IST per capita than the US and Japan.

In Europe, public funding represented a larger 
part of the R&D investments in IST. The public 
sector accounted for around 18 per cent of IST R&D 
investments in the EU, compared to less than 10 
per cent in Japan and South Korea. In fact, when 

87.  ‘Shaping Europe’s future through IST’, Report from the Information Society 
Technologies Advisory Group (ISTAG), http://www.cordis.lu/ist/istag.htm.

considering R&D investments in manufacturing IST, 
it is the US that represents the dominant position 
world-wide, with almost 50 per cent of world 
investments (Figure 38).

Figure 38
OECD-wide information and communications 
technologies manufacturing R&D, by selected 
country: 2002

OECD = Organisation for Economic Co-operation
and Development
Note: Figure based on only 19 OECD countries
Data for Germany are for 2001.
Source: OECD, ANBERD database, 
http://www1.oecd.org/dsti/sti/stat-ana/stats/eas_anb.htm 
Science and Engineering Indicators 2006
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Figure 37
IST R&D Expenditure as a proportion of GDP
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87

 Other  ....................................... 6%

 US  ......................................... 49%

 Japan  .................................... 22%

 South Korea  ............................ 7%

 Germany  ................................. 6%

 France  ..................................... 4%

 Canada  .................................... 2%

 Sweden  ................................... 2%

 United Kingdom  ....................... 2%
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The high R&D investments in IST in the US, Japan 
and South Korea, but also in some of the EU Member 
States, are producing results in terms of R&D 
capacities and outcomes in the field of IST.

R&D capacities and publications.

Europe is behind the US and Japan in Information 
Technologies.

In the cluster of Information Technologies (IT), 
Europe is lagging behind the US and Japan according 
to most indicators, including the number of patents, 
the spending levels in R&D and in education, the 
number of researchers, the percentage of corporate 
research, etc.88 Another indicator is the prizes 
awarded to IT researchers and pioneers (Kyoto prize, 
Turing awards, etc.) where Europe is almost absent.89 
The clusters of computer architecture, hardware, 
multi-processor systems and physical computer 
technology (such as CMOSs90) are dominated by 
the US and in some clusters Japan (optical discs, 
cell processors, etc.).91 The US is also scientifically 
ahead of Europe in the clusters of digital networks 
and information economies.92

Europe is competitive in Communication Techno-
logies.

Europe was catching up in the area of IST in the 
1990s. This was partly linked to its traditional 
strength in communication technologies, which 
expanded in this period.93 In fact, national strengths 
and weaknesses in IST seem to change only slowly.94 
Public Research Organisations for IST in Europe95 
mainly give priority to generic technologies, like 
processing technologies, microprocessor research, 
optical networks, or various communication 
technologies. Less research is devoted to near-
consumer clusters like mobile phones, PDAs 
and PCs, digital video recorders and positioning 
techniques like tagging, GPS or Galileo.96

88.  According to the European Innovation Scoreboard (EIS) annual monitoring, 
the EU lags behind the US in seven out of ten indicators (EC 2004). See also 
Bibel, 2005:2.

89.  Bibel, 2005:10.

90.  Complementary Metal Oxide Semiconductor.

91.  Bibel, 2005:37-40.

92.  Kavassalis, 2005:49.

93.  Compañó/Pascu, 2005:39.

94.  Compañó/Pascu/Burgelman, JRC-IPTS, FISTERA, 2005:17.

95.  This analysis is based on trends in CEA-LETI (France), NMRC (now 
called Tyndall National Institute, Ireland), TNO (The Netherlands), IMEC 
(Belgium), INRIA (France), FORTH-ICS (Greece), Fraunhofer IuK Alliance and 
Microelectronics Alliance (Germany), VTT Information Technology and VTT 
Electronics (Finland).(cf. Compañó/Pascu, 2005:40).

96.  Compañó/Pascu/Burgelman, JRC-IPTS, FISTERA, 2005:18.

In fact, in the extensive and expanding field 
of communication technologies, Europe has 
historically held a competitive position.97 Europe 
has always had an internationally strong position 
in generic communication technologies, which it 
has defended (or even expanded in the cluster of 
mobile communication) in spite of the intensified 
competence in the triad and the emergence of 
Taiwan or South Korea. The EU-based research and 
production is also ahead in wired communication, 
telephonic communication, positioning and wireless 
communication.98

The US has a slight lead in converging techno-
logies.

The areas of convergence of IST with biotechnologies 
or nanotechnologies are expanding in terms of 
number of scientific publications. The number of 
scientific publications in Europe and the US is at 
more or less the same level (around 270 publications 
in 2003 in biotech-IST and around 50 publications 
each in the area of converging nanotechnologies 
with IST). Concerning Centres of Excellence in these 
fields, the US has a clear leading position; it has over 
20 Centres of Excellence in biotech-IST compared 
with less than 10 in the EU-25, and more than four 
times as many nano-IST Centres of Excellence than 
the EU-25.99

One of the largest emerging research fields for IST 
is the convergence of IST with cognitive science.100 
The number of scientific publications in this 
research field exceeded 4 000 in 2003.101 Research 
is exploring Artificial Intelligence (A.I.) and the 
coupling of the real with the virtual. The Ambient 
Intelligence (AmI) vision is to explore the interaction 
of computer-based systems with humans.102 
Other fields of research in IST are the automation 
of programming, the development of humanoid 
robots, and the exploration of Integrated Hybrid 
Public Transportation Systems and of a Semantic 
Law Support system. Research into simulation and 
modelling are central pillars in virtual or augmented 
reality.103

97.  Kavassalis, 2005:5.

98.  Compañó/Pascu, 2004:38.

99.  TNO, 2005:114-119, 128-129.

100.  Several national Foresight programmes have highlighted the convergence 
of IST with cognitive sciences. In Europe, this has been explored by the 
UK Foresight on Cognitive Systems and the German Futur project on 
‘Understanding Thought Processes’. Similar interest are noted in the US 
(NSF and DARPA) and in Japan.(TNO, 2005:69-70).

101.  TNO, 2005:114.

102.  One line of research is to integrate more user-centred disciplines, such as 
design, media arts and architecture, in the IST development (Denzinger, 
2005:244).

103.  Bibel, 2005, 2, 18-26.
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Europe has a good research capacity in converging 
IST with cognitive sciences.

In the period 1998-2003, Europe expanded its 
advantage over the US in the number of scientific 
publications on cognitive sciences and IST. In 2003 
researchers in the EU published 1 652 publications 
in this field while researchers in the US were authors 
of 1 290 publications. The rise of publications in 
Europe, the US and Japan for the period 1998-
2003 was 76 per cent, 34 per cent and 48 per cent 
respectively. However, the US is in the lead in terms 
of Centres of Excellence in this field of convergence, 
counting 55 Centres of Excellence compared to 25 in 
Europe and 5 in Japan.105

104.  Logotech, Industrial specialisation in Europe, study financed by European 
Commission, 2005.

105.  TNO, 2005:116-119, 127-131.

Patents.

The US and Japan have a technology leadership in 
IST patents, but Europe has been catching up.

The data on patent applications illustrate a 
technological leadership of the US. The large area of 
IST is expanding106 and more than 40 per cent of all 
IST-related patents that come out each year belong 
to enterprises or universities from the US.107 This is 
a position the US has held for the last ten years, as 
illustrated in Table 25 below.

106.  IST is increasing its share of the total technology portfolio world-wide 
and in Europe. This specialisation is measured with data on triadic 
patent families. In fact, IST technologies have got a higher share in the 
technological output of nearly all countries. In 1984, the IST patents world-
wide corresponded to 15 per cent of all the triadic patents, while in 1999 
this share had increased to 22 per cent (Dachs/Weber/Zahradnik, 2005).

107.  Dachs/Weber/Zahradnik, 2005:48-49.

Box 1 
Information Communication Technologies in European countries

The EU Member States with the strongest industrial and research capacity in IST are Germany, the UK, 
Sweden and Finland. However, the progress in the 1990s was mainly made in small- and medium-sized 
Member States. In Europe it is principally the Nordic countries, The Netherlands, Belgium, Ireland and 
Austria that have made progress, while research capacity and patent applications in IST have stagnated or 
even declined in France, the UK and the Mediterranean countries (Italy, Spain, Portugal and Greece). The 
New Member States have attracted a considerable inflow of multinational companies (MNCs) investing in 
R&D for Information and Communication Technologies.104

Strength in IST among EU Member States

 
Key players

Relevant for Europe’s performance
Relatively relevant for Europe’s’ 

performance
Strong National Innovation systems

Technological capabilities

Source: Logotech (2005)
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 Relevant for Europe’s performance

 Relatively relevant for Europe’s’ performance

  Strong National Innovation systems

 Technological capabilities



52

Europe in the global research landscape

As for the overall number of triadic patents, Japan 
registers more IST patents than Europe, although 
Europe has increased its number of patents in 
relative terms in the 1990s.108 In fact, Europe is 
improving its position in a number of technologies 
where it previously was weak, such as storage, 
visualisation and processing. Europe increased its 
share of all patent applications from 10 per cent in 
1990 to 21 per cent in 1999, at the cost of Japan and 
the US.109

Considering the performance in patents110 on IST-
cognitive science convergence, the US holds the 
world-wide lead, followed by the EU-25. Japan 
has a lower number but is expanding rapidly and 
constantly threatening the European position.111

Europe counts on leading IST capacities but lacks a 
broad industry base.

The IST industry in Europe is highly concentrated. 
The leading IST companies in Europe hold most of 
the IST patents in Europe. These large firms have 
high R&D spending in their industries. However, if 
we regard the ranking 10-100 among the IST firms 
world-wide, European-based companies are clearly 
under-represented.112 A limited number of large 
European-based firms hold a strong position world-
wide in some fields of IST, especially within the 
software and communication technologies, such 
as the mobile phones, mobile/wireless processing 
technology, integrated business platforms, 
microsystems, applications software, IST services 

108.  Ibid:48-49.

109.  Ibid:48-49.

110.  According to the patent applications filed through the World Intellectual 
Property Organisation (WO-documents) and through the European Patent 
Organisation (EPO-database).

111.  TNO, 2005:116-119, 127-131.

112.  Compañó/Pascu/Burgelman, JRC-IPTS, FISTERA, 2005.

and grid technology.113 According to the 2004 OECD 
Information Technology Outlook, six European-
based firms appear in the top 10 telecommunications 
services firms, three in the top 10 communications 
equipment and system firms and two in the top 10 of 
the related cluster of electronics and components.114

European-based firms have had the leading 
position in the second- and third-generation mobile 
communication technologies. Even though they 
have lost part of their competitive advantage in 
telecommunications after the integration of Internet, 
they maintain leadership in a number of critical 
communication technologies, such as 3G, antenna, 
mobile phones and information appliances, digital 
cellular base stations, digital signal processing 
and mobile processing, grid networking, Power 
Line based transmission, radio connectivity, Wi-
Fi technologies and software radio.115 For mobile 
telecommunications, it is the third-generation (3G) 
or even fourth-generation communication systems, 
which enable a true integration of mobile and fixed 
internet.116 Another important development is the 
shift to IP-based networks which will allow the 
integration and convergence of services. In view of 
these new technologies, Europe has a competitive 
position, closely following the lead of the US (in 
Wireless Local Cluster Networks) or Japan (in 3G 
systems). However, the leadership of Europe is 
under threat as the systems change generations.117

113.  R. Compañó/C. Pascu/ J.C. Burgelman (eds). Key factors driving the future 
information society in the European Research Cluster. Synthesis report on 
the FISTERA Thematic Network study, European Commission, 2004:68; see 
also Bibel, 2005:45.

114.  Kavassalis, 2005:6.

115.  Kavassalis, 2005:6, 49.

116.  Edquist, 2004.

117.  EMCC, 2005, and Logotech, 2005.

Table 25 
Number of patent applications to the EPO and USPTO in IST, 1995 and 2003, main countries

EPO US PTO
1995 2003 1995 2003

EU-25 6 861 046 1 415 464 EU-25 5 246 8 183
US 7 316 289 1 156 136 US 23 967 36 527
Japan 5 271 329 9 157 015 Japan 14 417 18 252
South Korea 2 082 833 1 892 827 South Korea 2 189 2 569
Switzerland 2 636 028 5 904 526 Canada 639 1 171
Canada 2 455 599 6 926 133 Israel 281 631
Israel 1 361 429 3 802 195 Australia 151 430
Australia 1 220 024 2 899 627 China 12 76
China 43 429 3 821 357 Singapore 58 282
Singapore 169 167 1 417 861 Switzerland 175 294 

Source: OECD, Main Science and Technology Indicators, May 2006
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A shift may come from ‘low layer’ technologies to 
applications, services and digital networks, where 
Europe has a rather weak position. This is the case 
for IST, where more intensive competition is foreseen 
inside the triad but also from South Korea, India and 
China – especially for equipment manufacturers.118

Emerging countries outside the triad.

The triad is challenged in IST research by China, 
India and South Korea.

Today the leading research institutions in China and 
India already compete well with their counterparts 
in the US, Japan and Europe in the field of computer 
science and technology.119 Asian countries, 
particularly South Korea and China, are making 
substantial efforts in the field of IST in view of 
technologies ‘beyond the third-generation’. They 
go beyond product upgrades to also develop long-
term R&D and large-scale approaches to system 
research and development of innovative network 
technologies.120 China and South-East Asian 
countries see an opportunity to leapfrog Europe’s 
lead in communication technologies by investing 
directly in the fourth-generation technologies.121 
The convergence of computing with telecoms and 
of pocket PCs and other consumer electronics with 
mobile handsets seriously threatens the dominant 
position of Europe in mobile industry. China is also 
challenging Europe in mobile telecoms equipment, 
especially for the most standardised and low-end 
products. In the years to come, it could be a serious 
player for the up-market products as well.

However, the IST sector in China is very reliant on 
foreign-owned companies.122 The international 
competitiveness of Chinese companies remains 
rather weak. By the end of 2005, only 0.03 per 
cent of Chinese enterprises owned core Intellectual 
Property Rights (IPR) on technologies. The 100 most 
advanced Chinese enterprises in the electronics 
sector have a profit ratio of only 1.8 per cent, which 
is ten times less than American companies in the 
sector.123 In the field of telecommunications, Chinese 
telecom service products and telecom equipment 
companies (Huawei and ZTE) allocate 10 per cent 
of their revenues to R&D, compared to Ericsson 

118.  Kavassalis, 2005:24.

119.  Bibel, 2005:9.

120.  Kavassalis, 2005:50,

121.  Blackman, 2005:235.

122.  In 2003, 80 per cent of China’s high-tech exports were due to foreign 
companies.(European Delegation, ‘China Report on Science and 
Technology’, 2006).

123.  Chinese Academy of Engineering (CAE), in ‘Getting the market to play a 
guiding role and cultivating innovation capacity’, Newsletter n° 69, March 
2006.

and Nokia who allocate 16 per cent and 13 per cent 
respectively of their net sales on R&D.124

By the late 1990s, Indian IST firms provided highly 
competitive services in software engineering, 
data transcription, computer graphics, back-office 
processing, computer-aided design, etc. Over time, 
these services became increasingly sophisticated 
and focused on business process outsourcing 
and IST components and innovations for other 
sectors, such as the automobile sector.125 The 
abundance of skilled personnel has made India a 
target destination for multinationals to back-end 
their operations126. Outsourcing models for R&D 
in India vary, from captive to third party to contract 
assignments. The pioneers of the R&D outsourcing 
phenomenon were from the information technology 
vertical. R&D centres in the telecoms sector came 
next; automobiles and pharmaceuticals are the 
emerging verticals.

India, Brazil and Russia have expanded to become 
global players in software services.

In the field of IST outsourcing, Brazil is also a 
relevant player, although the country does not yet 
constitute a major global player. The fast-paced 
expansion in software services was due to the 
fairly low-cost and high-quality of the software 
produced by Brazilian programmers for enterprises 
located primarily in North and South America. 
There is still considerable growth potential in the 
field of offshore software services for Brazil’s large 
domestic IT market, particularly when considering 
Brazil’s telecommunications market. This market 
is the largest in Latin America and has experienced 
tremendous growth since 2002.127

The Brazilian IT industry, however, is still confronted 
with many hurdles that could derail its expansion 
trajectory. In particular, the notorious lack of 
proficiency in English of Brazilian programmers is 

124.  Schwaag Serger, Sylvia, ‘China: From Shop Floor to Knowledge Factory?’, in 
The Internationalisation of R&D, Stockholm 2006.

125.  J.Sachs, 2005:179, 182.

126.  About 100 000 engineers graduate in India every year. And although 
many of these engineers are employed by call centres for troubleshooting 
and providing technical support, as their salaries are dramatically lower 
compared to the pay scales, for example, in the US (the average monthly 
salary in India is $400-700 compared to $2 700-2 800 in the US), a 
considerable number are still employed by R&D facilities.

127.  In the period from 2000 to 2005, internet usage in Brazil increased by 258.9 
per cent, equivalent to roughly 18 million users. Yet, internet penetration 
amongst the Brazilian population reached a mere 9.9 per cent in 2005. The 
average Internet penetration rate among the population of Latin America is 
10.1per cent, with countries such as Uruguay and Chile achieving Internet 
penetration rates of 34.5 per cent and 25.8 per cent respectively (Internet 
World Stats, 2005). In comparison, in the same period, Internet usage 
within the EU increased by a comparatively low 131.6 per cent, equivalent 
to approximately 216 million users. Yet, internet penetration rates in the EU 
reached 49.9 per cent in 2005 (Internet World Stats, 2005).



54

Europe in the global research landscape

said to continuously confine the rate of expansion. 
Moreover, unlike the Indian IT industry, Brazilian 
firms have also not succeeded in creating 
relationships with US firms. Other problems related 
to the industry arise from the generally small 
size of Brazilian IT ventures and a lack of industry 
standards. Although Brazil has a large internal IT 
sector, with hundreds of software firms, there are 
no large Brazilian software services firms which 
can compete on a global scale against the immense 
Indian software services industry.

Russia has suffered from decreasing R&D funding. In 
2005, Russia’s investments in research only represented 
40 per cent of the funding levels of 1990s. 128 Traditionally, 
Russia has confirmed strengths in IST application 
development. In the last years, Russia has become a 
major country destination for outsourcing IST software 
developments. Russia’s IT software sector has had an 
annual growth of about 80 per cent and the offshore 
outsourcing by Western European countries is growing 
by about 40 per cent annually. This evolution started with 
the outsourcing of major IT companies from the Nordic 
countries and from Germany. Later, companies from the 
US, Japan and other major countries also outsourced IST 
research and services to Russia. Russia is considered to 
have a wealth of scientific, technical and programming 
skills at relatively low prices. This is backed up by its 
world-class educational institutions. The country strives 
to compete with India as the world leader in this sector. 
The industrial capacity of Russia is expanding with larger 
firms and many SMEs and start-ups. Russian firms are 
considered world-class in optimal character-recognition 
and in the anti-virus software market. Finally, Russia also 
has a growing market for IST products, with 20 million 
internet users, expanding online television provision 
and the modernisation of enterprises.129

2.3.3  Biotechnology and health 
technologies

Funding in R&D.

Life sciences are priority for R&D in Europe.

Many EU Member States attribute high importance 
to R&D in life sciences. At the same time, life 

128.  M. Khan and Hélene Dernis, ‘Global overview of innovative activities from 
the patent indicators perspective’, STI Working paper 2006/3, OECD, 
May 2006; A. Watkins, ‘From knowledge to wealth: transforming Russian 
science and technology for a modern knowledge economy, World Bank, 
2003; European Commission Delegation to Russia, Science and technology 
newsletter, May 2005.

129.  M. Khan and Hélene Denis, ‘Global overview of innovative activities from 
the patent indicators perspective’, STI working paper 2006/3, OECD, May 
2006; Kirill Vronsky, ‘Annual Wrap-up: The analytical view on IT export from 
Russia’, July 2006; Viktoria Krasilshova, ‘Russian IT Export: A view on the 
annual progress’, July 2006, (http://www.reksoft.com/blogs/russian-ict); 
Christopher Kenneth, ‘Russia to go the Indian outsourcing route?’, The 
Russia Journal, July 2003.

sciences and red biotechnologies are to respond to 
global needs, such as public health, ageing, food and 
environment. Some Member States give particular 
attention to R&D investment in certain common 
diseases in their countries (cancer, cardiovascular 
diseases, etc.) while other Member States express 
a more general interest in using research results to 
improve the overall quality and efficiency of health 
services and avoid future financial bottlenecks in 
their public health systems. In Europe, Germany, 
the UK and France provide the largest public 
funding for biotechnology and life sciences.130 
However, biotechnology and health research is also 
a R&D priority in other EU Member States, such as 
Denmark, Sweden and Belgium, among others.131 
In addition to the national R&D funding, the EC’s 
Seventh Framework Programme for research has 
allocated €6 billion to health research in the period 
2007-2013.

The US invests most in health-related R&D.

However, it is the US that dedicates the largest 
amount of public funding to health-related R&D, 
well above even the EU-25 (Figure 39). Indeed, the 
US may play a leading role in the new paradigm for 
the health sector, both because of its policies and 
investments in biotechnology132 and because of 
larger investments in IST for medical equipment.133

The US spends more public resources on research in 
life sciences than Europe, both as a share of GDP and 
per capita. In fact, between 2000 and 2005, the US 
increased its spending in life sciences from around 
$18 billion to almost $30 billion. In 2005, federal 
R&D spending on the area of ‘health’ amounted to 
22.8 per cent of total US federal R&D spending. 134

Three factors can explain the important public policy 
support to life sciences in the US. The first one is 
social. This sector is at the front-line of solving the 
challenges of an elderly population, with its specific 
health problems, and of particular diseases such as 
AIDS, cancer, diabetes, etc. This research cluster is 
very attractive in the US. Apart from public support, 
many public or private foundations contribute to it. 
The second factor is economic. The pharmaceutical 

130.  Saviotti, 2005:6, 27.

131.  European Commission, ‘European report on science & technology indicators 
2003’, figure 6.3.3.

132.  Nightingale, 2003.

133.  European Commission, 2004g; see also Chiesa/Chiaroni, 2005:45-46.

134.  The main priority clusters in health R&D in 2005 were functional 
implications of gene expression, interdisciplinary approach to complex 
systems, environmental management, neural basis of behaviour and 
obesity research (European Commission, EC Delegation in New York, Data 
on science, technology and higher education in the US, 2006h; European 
Commission, study by CM International 2005l:29).
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sector in the US accounts for half of global sales 
in the field. This fact in itself can be sufficient 
to explain the support to life sciences. But life 
sciences can also be applied in other sectors, 
such as agriculture. This sector is strategic for the 
US as the country is the largest agriculture and 
food-exporting country in the world. A third factor 
behind the public policy support to life sciences is 
homeland security and research on bioterrorism 
protection. This is more important in the US than in 
other geographic clusters. 136

Life sciences is one of four priority areas for 
Japanese R&D investments.

As with the other countries of the triad, Japan 
will invest in life sciences and technologies as 
one of four priority sectors for the period 2006-
2010. A special emphasis will be made on societal 
challenges, such as ageing.137 Because of the 
rapid advances of research in the field of life 
sciences, the Japanese basic plan for science and 
technology (2001-2005) lists the strategic clusters 
on which Japanese research must focus its efforts: 
proteomics, elucidating the three-dimensional 
structure of proteins and drug-acting genes and 
genome science; cellular biology; clinical medicine 
and medical technology; food S&T; brain science; 
and bioinformatics. Life sciences are expected to 
contribute to rapid progress in medical science. 
Since 1981, cancer has been a leading cause of 
death in Japan, and its incidence is predicted to rise 
with the ageing population. The ageing population 

135.  Government budget appropriations or outlays for R&D.

136.  European Commission, study by CM International 2005l:43.

137.  Hitachi Research Institute, 2006.

also implies serious concerns about neurological 
disorders and psychiatric diseases – like senile 
dementia. Therefore, biotechnology for health, 
which contributes to prevent and treat diseases, is 
considered central for Japanese society. 138

Food S&T is also a key topic in the Japanese context, 
contributing to food security, promoting a healthy 
diet and securing sustainable food production. On 
the one hand, the public has an extreme sensitivity 
about food security which has increased against 
the background of health problems such as bovine 
spongiform encephalopathy or avian influenza. 
Since it contributes to secure food, technology 
plays an important role in food concerns. On the 
other hand, because of its lack of resources, Japan 
is highly interested in agricultural biotechnological 
issues.

138.  Government of Japan, 2001-2005 Basic plan for Science and Technologies.

Figure 39 
Health-related R&D in relation to GDP in government budgets (2004)135
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R&D capacities and publications.

The US is leading in life sciences, but some EU 
Member States are highly competitive.

Life sciences emerged from the cross fertilisation 
of several scientific disciplines, in particular clinical 
medicine, basic life science, biomedical science and 
biological science. In addition to this, life sciences 
receive input from physics, chemistry, engineering 
and mathematical sciences. Europe benefits from 
a broad scientific and research competence. Even 
though the US is considered the ‘first mover’ in this 
cluster (particularly strong in molecular biology), 
already in the 1990s Europe as a whole produced 
the largest number of publications in life sciences in 
the world. The leading European countries were the 

139.  Saviotti, 2005:6, 27.

UK141, Germany and France and, at a slightly lower 
level, Italy, The Netherlands, Spain and Sweden. 
However, the citation impact index was higher in 
the US than in Europe.142 The distribution of recent 
Nobel prizes in life sciences also indicates US 
superiority.143

In fact, the European research system is more 
heterogeneous than the US. Some countries in Europe, 

140.  European Commission, study by Logotech, 2005:117-118.

141.  The UK was together with the US a ‘first mover’ in the scientific advances 
towards modern biotechnology. It was Watson and Crick in 1953 at 
Cambridge University that first described the DNA structure, and in 1977 the 
British Sanger Centre developed techniques for DNA sequencing. Today, the 
UK has one of the best research environments in Europe for life sciences, 
the second highest R&D funding in this field and the strongest financial 
market.(P. Saviotti, ‘Biotechnology’, a report for the key technologies 
expert group appointed by the European Commission 2005).

142.  European Commission, ‘Third European report on science & technology 
indicators’, 2003.

143.  P. Saviotti, 2005).

Box 2
Life sciences and biotechnology in Europe

The health sector is the main application cluster (pharmaceutical products and medical equipment) for 
biotechnology in Europe. In absolute terms, the UK and Germany are leading countries in Europe. The UK 
was an early starter in biotechnology and still has the largest number of biotechnology firms in Europe 
(about 400 in 2003, employing 18 700 people). The UK also has the largest number of public biotech 
companies (43), the strongest financial market, a good research environment, top-publishing universities 
and the second highest R&D funding for this cluster. Germany started later in biotechnology than the UK, 
but now has the most biotechnology firms in Europe. However, the size of the firms in Germany is smaller 
than in the UK. France invests large amounts in R&D for biotechnology and has managed to create many 
SMEs and technology clusters with incubator facilities for biotechnology.139 Technological and scientific 
specialisation in biotechnology and life sciences can also be found in the Nordic countries, Belgium and 
The Netherlands.140

Biotechnology clusters in Europe

 
Source: EuropaBio, 2005
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such as Denmark, Sweden, Finland as well as the UK, 
Germany, Belgium and The Netherlands, have been 
identified as very high performing in terms of policies 
for life sciences and biotechnology. However, other 
countries in Europe are weaker in terms of funding, 
human resources and policy instruments to support 
commercialisation and protect intellectual property.144

Europe has acknowledged strengths in medical 
devices and in drug delivery research.145 Europe is 
also considered to have a good scientific competence 
in applying nanotechnology research to health and 
medical systems. Experts in these fields consider 
science in Europe to be good or even excellent in 
the areas of drug encapsulation, molecular imaging/
biophotonics/medical imaging, biochips and 
biomolecular sensors.146

Patents.

In terms of patents, the US has the strongest world 
position in biotechnologies (see Table 26). US firms 
are top for patent applications, even in Europe. 
Concerning patents registered in the US, the data 
show a strong position for Japan and Canada. South 
Korea is clearly the leading Asian country.

Table 26
Number of patent applications to the EPO and 
USPTO in the area of Biotechnology, 1995 and 
2003, main countries

EPO
 

US PTO

1995 2003 1995 2003
 Country                                             
 US 1 727 2 071  US 3 651 3 814
 EU-25  1 035 1 866  EU-25 986 859
 Japan 367 737  Japan 434 464
 Canada 80 132  Canada 161 193
 Switzerland 50 101  Australia 77 41
 Australia 74 107  Israel 40 62
 Israel 37 83  Korea 26 64
 South Korea 12 70  China 3 17
 China 2 43  Switzerland 43 43

Source: OECD, Main Science and Technology Indicators (2006)

Emerging countries outside the triad.

China increases its investments in life sciences 
responding to domestic needs.

In China, research and development in life sciences, 
biotechnology and converging generic technologies 
for health are high on the political agenda. Health 

144.  P. Saviotti, Key technology expert group for the EC, report on Biotechnology, 
July 2005.

145.  European Technology platform, Vision paper on Nanomedicine, 2005, p.14.

146.  AIRI/Nanotec IT, 2006

technologies are conceived both as an instrument for 
industrial and rural development and as a strategic 
research cluster. With a population of 1.3 billion and 
rising living standards, China anticipates a strongly 
increasing demand for grain, particularly feed grain 
and oil seed. The increased demand for labour in 
industry and in the service sector will bring about 
structural changes in agriculture. Technological 
developments are expected to ensure self-sufficiency 
in food supply to the population, despite a relatively 
limited area of fertile land.147

The new Science and Technology plan for China, 
presented in 2006, sets out an increase in the total 
public R&D budget from $30 billion in 2005 to  
$113 billion in 2020. Two of the four major basic 
research programmes announced are related to 
health technologies: protein science and reproductive 
science. Drug development is another major planned 
cluster of expansion.148 In 2003, R&D investments 
in biotechnology for pharmaceuticals amounted to  
12.5 per cent of the total R&D in China.149

Biotechnology efforts in India have responded to 
national needs.

The Tenth Indian Five Year Plan (2002-2007) assigns 
a top priority to medical biotechnology as well as 
developing transgenic crops for cotton. Bioenergy 
is given increased importance given that petroleum 
products constitute more than 30 per cent of India’s 
import expenditure.150 Biotechnology has received 
high political interest in India, in particular given the 
importance of agriculture to the country. The budget 
of the Department of Biotechnology increased 
from $96 million in 1988 to $358 million in 2005. 
In addition, R&D in life sciences and biotechnology 
received public funding from six other major 
research councils and commissions. The total public 
R&D budget in India for the period 2002-2007 was 
$2.5 billion, and out of this funding $1.2 billion was 
dedicated to biotechnology.151

Today India has a large number of universities 
and research institutions specialised or providing 
degrees in biotechnology. Full-fledged departments 
of biotechnologies are being set up. In addition to 

147.  Van Tongeren & Huang, 2004; in European Commission, ‘Scenar 2020’, 
2005:54.

148.  Hao Xin and Gong Yidong, Science, volume 311, n° 5767, March 2006; 
Science and Development Network, news, 1 March 2006.

149.  Chen, Shin-Horng, 2004.

150.  S. Chaturvedi, ‘Dynamics of Biotechnology Research and Industry in India: 
Statistics, Perspectives and Key Policy Issues’, OECD Science, Technology 
and Industry Working Papers, 2005/6.

151.  S. Chaturvedi, ‘Dynamics of Biotechnology Research and Industry in India: 
Statistics, Perspectives and Key Policy Issues’, OECD Science, Technology 
and Industry Working Papers, 2005e/6.
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this, India has almost 58 bioinformatics centres 
forming a strong scientific information network and 
database in the country. In the academic year 2003-
2004, 58 higher education institutions delivered 
degrees in life sciences or biotechnologies. The 
national Department of Biotechnology provides 
post-graduate courses to over 700 students per 
year. At the secondary school level, a separate 
module on biotechnology is now integrated with 
the school curriculum.152 A considerable number of 
biotechnology patents have been filed in India in 
the last ten years. From 1995 to 2003, a total of 2 
378 patent applications were registered from India, 
according to estimations by the Indian Technological 
Information Forecasting and Assessment Council. 
This has been an incremental trend from 170 patent 
applications in 1995 to almost 400 in 2002. The most 
frequent research clusters for patents have been 
proteins and enzymes (30 per cent of all patents) 
and bacteria (10 per cent). 153

India has made impressive economic and 
technological progress and is foreseen to become a 
major developed country by 2020. Today however, 72 
per cent of its population is rural with an average per 
capita income of less than $1.5 day. The contribution 
of agriculture to the national economy has decreased 
from 55 per cent in 1947 to 20 per cent in 2006. For 
the government of India, agriculture, horticulture 
and livestock will play a dominant role in the future 
economy of the country. The scientific challenge for 
Indian scientists is to adapt existing technologies to 
‘integrated rural development’. A first step for Indian 
scientists is to develop appropriate and affordable 
technologies for energy and water and efficient 
labour-intensive technologies in the farm and 
non-farm sectors. The Indian government will also 
encourage research in solar energy and biomass.154

Brazil positions itself globally in genomics and 
gene sequencing.

Brazil intends to pursue long-term goal-oriented 
scientific and technological policies. Therefore, 
in 2004, Brazil decided to focus its technological 
development on the chemical and pharmaceutical 
industries, taking advantage of the country’s 
biodiversity in terms of resources.155 Government 
funds in Brazil have often been dedicated to 
analysis equipment which is indispensable for 

152.  S. Chaturvedi, ‘Dynamics of Biotechnology Research and Industry in India, 
OECD science, technology and industry working papers 2005/2006.

153.  S. Chaturvedi, ‘Dynamics of Biotechnology Research and Industry in India, 
OECD science, technology and industry working papers 2005/2006.

154.  EC Delegation in India, India Science and Technology News, 15 February 
2006k.

155.  UNESCO, 2005:104.

sequencing. The country also utilises its competitive 
advantage in the field of plant and fauna biodiversity 
relatively effectively and has established innovative 
financing mechanisms to fund biotechnology 
research.156 Brazil is another competitive force in 
biotechnological research157. Although their ratio of 
biotechnology patents to all European Patent Office 
(EPO) patents is one of the lowest in the world,158 
Brazil is positioning itself at the cutting edge of 
genomics and gene sequencing in Latin America’ 
biotech-hubs. Brazil has created its status within the 
global biotechnology community by embracing the 
science of genomics as well as the related discipline 
of sequencing at an early stage. 159

South Africa builds up R&D capacity in biotech-
nology for public health.

Advances and investments in health-related 
technologies can also be found in Canada, Australia 
and South Africa, among other countries.160 These 
policy efforts go hand in hand with accumulation 
of scientific and technological capacity. South 
Africa is a potential player in biotechnology. It has 
world-class researchers and research institutions in 
biotechnology, a lengthy tradition of first-generation 
biotech, an unrivalled biodiversity and biological 
research base (including a large human genetic 
diversity pool and number of clinical samples for 
major infectious diseases), centuries-old indigenous 
medical knowledge and a relatively low-cost base 
for research.161 One of the areas that has shown 
significant progress is South Africa’s medical 
biotechnology sector. In particular with regard to 
virology, South African researchers are publishing 
frequently, including on HIV/AIDS related subjects. 
This is largely due to a number of factors: the focus 
of the South African government policy on public 
health needs (in particular the establishment 
of the South African Aids Vaccine Initiative); 
exploiting indigenous knowledge and science-
based innovations (South Africa has over 10 per 
cent of all known species of plants on its territory 
and can draw upon a rich biodiversity); and a local 

156.  The Sao Paulo State Research Foundation (FAPESP) enabled the country 
to develop the Belo Horizonte complex, which is home to the largest 
concentration of biotechnology ventures in Latin America.

157.  Nature Biotechnology, 2004.

158.  OECD, 2004d.

159.  These biotechnological research institutions include the FAPESP funded 
Organization for Nucleotide Sequencing and Analysis (ONSANET), which 
represents a virtual genomics institute, and the Center for Structural 
Molecular Biotechnology at the University of Sao Paulo, which conducts 
basic and applied research concerned with vaccines, pesticides, herbicides 
and protein engineering.

160.  Also Canada, Australia and Israel are increasingly competitive in 
biotechnology (P.P. Saviotti, Key technology expert group for the EC, report 
on Biotechnology, July 2005).

161.  Ernst & Young 2004, Biotech in South Africa.
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R&D infrastructure developed for self-reliance.162 
South Africa is also promoting the development of 
a vaccine against HIV subtype C, the strain which is 
most prevalent in the country. It is the only country 
in the world involved in a trial on that vaccine.

2.3.4  Environment and energy 
technologies for sustainable  
development

Funding in R&D.

Europe is taking a world lead in linking energy with 
sustainable development.

In Europe, efforts are made to link energy with 
sustainable development. At EU level, several 
policies are seeking synergies and coherence in 
this direction.163 Regarding the problem of climate 
change, Europe has set the target of a maximum 
temperature rise of 2°C compared to pre-industrial 
levels. To achieve this, the EU Environmental 
Council of March 2005 set the target of a 15-30 per 
cent reduction in greenhouse gas emissions below 
the 1990 level by 2020. Consequently, solid fuel 
consumption needs to fall drastically and renewable 
energy to increase as a primary energy source.164

In relative terms, Europe is investing large amounts 
of funding in technologies related to sustainable 
development, as shown in Figure 40. The relative 
budgetary importance of the technologies related 
to sustainable development corresponds to Europe’s 
attempt to maintain its international influence in 
this field and to ensure a world leadership as far as 
related technologies are concerned.

Among the triad countries, Europe dedicates the 
highest proportion of its public energy R&D on 
renewable energy.165 The EU-15 spent 15 per cent 
more on renewable energy than the US and more 

162.  According to Thorsteindóttir et al. (2004) ‘Promoting biotechnology 
innovation in developing countries’, published in Nature Biotechnology, vol. 
22, December 2004.

163.  cf. European Commission, ‘Proposal for a decision of the European 
Parliament and of the Council concerning the Seventh Framework 
Programme of the European Community research, technological 
development and demonstration activities (2007 to 2013), COM (2005) 
119 final; European Commission, ‘Green paper. A European Strategy for 
Sustainable, Competitive and Secure Energy’, COM (2006) 105 final; 
European Commission, ‘2005 Environment Policy Review’, COM (2006) 70 
final; European Commission, ‘External Action: Thematic Programme For 
Environment and Sustainable Management of Natural Resources including 
Energy’, COM (2006) final; European Commission, ‘Thematic Strategy on 
the sustainable use of natural resources’, COM (2005) 670 final; European 
Commission, ‘The support of electricity from renewable energy sources’, 
COM (2005) 627 final; European Commission, ‘An EU Strategy for Biofuels’, 
COM (2006) 34 final; and European Commission, ‘Biomass action plan’, 
COM (2005) 628 final.

164.  European Environmental Agency, ‘EEA Report n° 1/2005, ‘Climate change 
and European low-carbon energy system’, 2005.

165.  Key technologies expert group, Energy, 2005.

than twice as much as Japan. In the overall public 
budget for energy R&D, the US and Japan spend 
1.6 and 2 times as much as the EU-15.166 However, 
compared to the US, Europe invests less in bio-
energy and its research R&D priorities are more 
fragmented.

Figure 40
Public R&D Investments in Sustainable 
Development Technologies

12 000

10 000

8 000

6 000

4 000

2 000

0

 Japan US EU-25 + 
PCRD

Source: CM International (2005)

166.  International Energy Agency R&D statistical website, 2006, www.iea.org/
rtd/eng.
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The US pursues a policy for national energy 
security.

For the 2007 R&D budget, the US federal government 
has proposed an increase of its R&D spending on 
energy of 8.1 per cent, from $1.4 to $1.5 billion. This 
is part of the ‘American Energy Initiative’. However, 
considering the entire US R&D budget for 2007 
($137 billion), in 2006 energy received only 1 per 
cent, while 58 per cent was allocated for defence 
R&D and 22 per cent to health. The reason for the 
increasing energy investment is that the US is 
pursuing alternatives to imported energy sources 
(principally oil in view of replacing more than 75 per 
cent of oil imports from the Middle East by 2025). 
This is to be achieved through the application of new 
technologies, including the production of ethanol 
from biomass. The increased research funding is 
oriented towards nuclear energy research (40 per 
cent increase)167, hydrogen, fuel cells, coal and some 
renewable energy (in particular solar energy R&D, 
which would double). At the same time, R&D in other 
renewable energy technologies would no longer 
receive funding, and environment R&D (both the 
Environmental Protection Agency and the Climate 
Change Science Program) will receive less funding in 
real terms.168

Sustainable development in the US should be 
understood as covering three main topics: climate 
change, natural resources and specific energy 
issues. In reality, these three topics are linked 
as they respond to the objective of: ‘achieving 
sustained economic growth while ensuring national 
energy security and a healthy environment’169.

Most of the research undertaken in this field 
belongs to the National Climate Change Technology 
Initiative.170 The main issues targeted are climate 
and global earth observation, water purification, and 
above all, hydrogen R&D through the President’s 
Hydrogen Fuel Initiative, which aims ‘to accelerate 
the worldwide availability and affordability of 
hydrogen-powered fuel cell vehicles’171. The US 
opts for investing R&D resources in new emerging 
technologies (to be mature 2020 – 2050 and beyond) 
in view of long term sustainable development. In the 

167.  The US had decreased its relative spending on nuclear energy research 
throughout the last decade, spending only 11 per cent on nuclear energy. 
The US spends almost four times as much on conservation as the EU-15 and 
five times as much as Japan.

168.  EC Washington delegation, U.S. S/T/E/ highlights, Monthly account of 
selected science/technology/education developments, February 2006i.

169.  ‘2006 budget priority memo’ OSTP, www.ostp.gov/htm/m04-23.pdf.

170.  See: http://www.climatescience.gov/about/nccti.htm.

171.  R&D Chapter 2006 – US federal Budget 2006 – www.ostp.gov/htm/
budget/2006/FY06RDChapterFinal.pdf; European Commission, study by 
CM International, 2005l:44.

US, photovoltaic (PV) research and development is 
funded under the ‘National Photovoltaic Program’ 
with the objective of improving cost-effectiveness of 
the US PV industry. However, there is no real market 
deployment policy at federal level. 172

Sustainable development technologies in Japan 
respond to country’s vulnerability.

While the US and the EU-15 have scaled down 
government investments in energy R&D, Japan 
tripled funding for energy R&D in the late 1970s 
and has kept on investing steadily since then. In 
order to avoid future insecurity in energy supply, 
Japan seeks to establish a safe and stable demand 
structure while reducing its reliance on fossil fuels. 
In particular, the field of nuclear power is expected 
to play a central role against global warming.

Japan, being a country with limited land and natural 
resources and exposed to natural hazards, is highly 
aware of environmental issues. Global warming, 
depletion of the ozone layer, abnormal weather 
and other phenomena are considered to have a 
significant impact on Japan’s social health and 
also on its economic development. In the Japanese 
context, economic issues play an equally dominant 
role motivating public R&D support policies in 
virtually the entire range of high-priority technology 
fields. Moreover, the awareness of the country’s 
specific conditions (such as the social consequences 
of prevailing demographic trends and the country’s 
geographic situation) leads to additional socio-
environmental rationales which, although sometimes 
highly important, are generally inherently biased.173

R&D capacities and publications.

Europe has the broadest research capacity in the 
world for sustainable development technologies.

Overall, Europe has embraced the development of 
environmentally-friendly technologies perhaps faster 
than most of its industrial neighbours. One reason is 
that Europe is strong in basic science and technology 
areas relevant to key energy technologies.174 Europe 
has an advanced research capacity in generic key 
technologies applicable to the environment, such as 
nanoscience and nanotechnologies.175 In comparison 
with other world regions, European nanoscience is 
considered at an advanced level, with the exception 

172.  European Commission, report by the Photovoltaic Technology Research 
Advisory Council, ‘A Vision for Photovoltaic Technology’, 2005t:17-18.

173.  European Commission, study by CM International, 2005l:5.

174.  Holst Jorgensen, 2005:52.

175.  K.M. Weber, report for the European Commission’s High Level Group on Key 
Technologies, ‘Environmental technologies’, July 2005:44-49.
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of thermoelectricity.176 The use of nanotechnologies 
in managing water resources for potable water177, 
for environmental monitoring178 and for waste 
management179 illustrates this point well.180 Europe, 
headed by the Nordic countries, is also leading in 
scientific and technological capacities for biomass. 
An IIASA scenario predicts that biomass will 
account for a rapidly growing share of total energy 
production during the 21st century. Firms in the 
Nordic countries are also leading producers and 
exporters of equipment and services for bioelectricity 
generation.181

Europe has a broad capacity in fundamental science 
and technology which is relevant to key energy and 
environmental technologies. The European scientific 
base is strong in chemistry, material science, energy 
systems, renewables, fuel cells, nuclear fission 
and fusion. However, a general problem resides 
in an insufficient technology transfer of science to 
industry.182

The development and use of key technologies will 
have a major role to play in the tense dynamics of 
exploiting sustainable development technologies. 
A key technological challenge for a sustainable 
development is to reduce the demand for 
hydrocarbon-based non-renewable energy183. New 
techniques for renewable energy generation, energy 
conservation and storage are critical clusters of 
research and development.184 Likewise, in related 
nanotechnologies185 Europe holds a good position 
world-wide.186

176.  AIRI/Nanotec IT, 2006.

177.  Examples of related nanotechnologies are: Self-calibrating nanosensors; 
point-of-sample, high-speed analytical techniques for measuring 
water quality; nano-based filtration and purification techniques, 
using membranes systems. Stay-clean clothes / less water intensive 
manufacturing / food production.

178.  Self-calibrating, cheap, fast air and water pollution sensors that can detect 
a wide variety of organic and inorganic chemical species. Novel catalysts for 
extracting harmful exhaust chemicals from cars, aircraft and power stations.

179.  Recyclable, minimalist ‘smart’ packaging that uses less resources but offers 
more attributes; able to monitor and identify contents, provide data on 
energy to produce and transport, and signals its location at any time.

180.  Ottilia Saxl, EC expert group report on key technologies, ‘Nanotechnology – 
a Key Technology for the Future of Europe’, July 2005, p.12-13, 17.

181.  B. Holst Jorgensen, Key technology experts group to the European 
Commission, report ‘Key Technologies for Europe. Energy’, 2005:46.

182.  B. Holst Jorgensen, Key technology experts group to the European 
Commission, report ‘Key Technologies for Europe. Energy’, 2005:50-52.

183.  According to Nobel Laureate Richard Smalley6, ‘Developing new sources of 
sustainable energy is the single most important problem facing humanity 
today’.

184.  Japan and the Pacific region are expected to experience the most significant 
evolution of solar photovoltaic technology up to 2030 (EC, 2003, page 59).

185.  Examples of relevant nanotechnologies are: Bio-inspired, lightweight, 
efficient solar power collectors; flexible, lightweight, interactive displays 
for virtual meetings, conferences and even holidays / virtual newspapers; 
nanocomposites for energy efficient vehicles / engines; fuel cells; energy 
efficient, resource-saving building materials / lighting / glazing; ‘clever’, 
lightweight packaging; nano-enabled, local manufacturing (bottom-up 
manufacturing at point-of-use).

186.  Ottilia Saxl, EC expert group report on key technologies, ‘Nanotechnology – 
a Key Technology for the Future of Europe’, July 2005:17.

Europe has achieved an advanced scientific capacity 
in R&D for photovoltaic technologies in the last five 
years and is together with Japan the major global 
player. However, Europe suffers from a fragmentation 
between the national R&D programmes, which puts 
Europe at a disadvantage compared to larger nations 
such as the US and Japan. It is mainly Germany that 
invests in photovoltaic technologies, principally 
in the form of market stimulation measures.187 
Europe is lagging behind the US and Japan in clean 
fossil-energy technologies, both in research and in 
commercially available absorption technologies.188

Patents.

Japan produces more patents than Europe in energy 
technologies.

The US and Japan have strengths in technologies 
for CO2 capture processes. The US benefits from 
robust scientific capabilities in the development of 
membrane technologies. Japan and the US are also 
investing substantial public R&D funding into fuel 
cell and hydrogen technologies.189

Japan is the leading country for patents in hydrogen 
(30 per cent of all patents since 1996), closely 
followed by the US (29 per cent) and Germany  
(22 per cent). Japan is also leading in fuel cell patents 
(33 per cent), followed by the US (30 per cent) and 
the EU-15 (30 per cent). The most intensive patent 
activities in fuel cell technology take place in the 
automobile industry.190

Another emerging technology for energy is 
photovoltaic energy generation. In the last five 
years, the global solar energy market has increased 
at an average annual growth rate of 30 per cent 
annual average growth rate. This market is expected 
to increase from €7 billion in 2004 to €24.5 billion in 

187.  In 2003 public budgets, Germany invested $757.1 million in market 
stimulation and $33.6 in R&D for photovoltaic technologies; the 
corresponding numbers for the US were $273.7 and $65.7 respectively.
(Holst Jorgensen, 2005:35; using source of IEA study of September 
2004) See also European Commission, study ‘Strengths, Weaknesses, 
Opportunities and Threats in Energy research’, 2005r: 15, 23.) Besides 
Germany, The Netherlands, Spain and Austria have also developed a 
long-term policy for the market development of photovoltaic solar energy 
(European Commission, ‘The support of electricity from renewable energy 
sources’, COM (2005) 627 final.

188.  B. Holst Jorgensen, report on ‘Key technologies for Europe, Energy’, August 
2005: 30-33, 38-40.

189.  Japan and the US both invested around €250 million in 2003 on fuel cell 
R&D. For the budget year 2007, the US federal government has proposed 
$288 million in the hydrogen fuel initiative to develop technologies for 
hydrogen-powered cars. In 2003 Europe spent only €60 million on R&D for 
fuel cells (EC, 2005p, page 51, 61); (EC del, 2006, page 10).

190.  Toyota started R&D for fuel cell vehicles in 1992. Honda and Nissan 
also carry out important R&D in this field (European Commission, study 
‘Strengths, Weaknesses, Opportunities and Threats in Energy research’, 
2005, page 63).
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2010.194 This is a research field led by Japan195 but 
where Europe, particularly in some Member States, 
is closely following.

191.  European Commission, study Strengths, Weaknesses, Opportunities and 
Threats in Energy research, 2005: 12, 27.

192.  European Commission, report by the Photovoltaic Technology Research 
Advisory Council, ‘A Vision for Photovoltaic Technology’, 2005:17-18.

193.   In 2003 public budgets, Germany invested $757.1 million in market 
stimulation and $33.6 in R&D for photovoltaic technologies; the 
corresponding numbers for the US were $273.7 and $65.7 respectively.
(Holst Jorgensen, 2005:35; using source of IEA study of September 
2004) See also European Commission, study ‘Strengths, Weaknesses, 
Opportunities and Threats in Energy research’, 2005: 15, 23.

194.  European Commission, study « Strengths, Weaknesses, Opportunities and 
Threats in Energy research, 2005:23.

195.  Japan and the Pacific region are expected to experience the most significant 
evolution of solar photovoltaic technology up to 2030 (EC, 2003, page 59).

Emerging countries outside the triad.

China and India are determined to become global 
players in sustainable development technologies.

Concerns are rising in China on the environmental 
costs of the rapid economic growth.196 A goal 
has been set up to bring the share of renewable 
energies in total energy consumption up to 10 
per cent of the national total by 2010 and 16 per 
cent by 2020. A target has also been set to reduce 
China’s energy consumption by 20 per cent per 

196.  Energy and environment were among the top issues of concern at the 2007 
Annual Session of China’s Tenth National People’s Congress and China’s 
People’s Political Consultative Conference, in March 2007 (EC Delegation to 
China, S&T monthly newsletter China, March 2007).

Box 3
Photovoltaic technology – an example of a key emerging technology for sustainable 
development.
Japan invests significantly more public funds for photovoltaic development (PV) than the EU or the US 
(International Environment Agency, IEA, annual reports 2002 & 2003). In addition to the funds for R&D 
is the funding of feed-in support programmes, which are substantial in Japan (in Europe these funds are 
very important in Germany). However, the public support programmes to this research field are better 
coordinated in the US and Japan than in the EU.
Public expenditure on PV research and market deployment in 2002

($million) R&D Demonstration Deployment Total

Japan 59 36 185 280

Europe 58 11 62 131

US 35 0 80 115

ROW* 20 9 13 42

Over the last ten years the Japanese government has implemented a coherent long-term policy for 
photovoltaic development including R&D, demonstration tests, market deployment and promotion. This 
comprehensive and continuous policy covers legislation, innovation and standardisation. The objective of 
Japanese R&D is to break even in the price of PV compared to electricity. For households this objective 
would be achieved by 2010 (with a price of 0.17 €/kWh) and for business the objective would be reached 
by 2020 (at a price of 0.10 €/kWh). Japan supports the supply of photovoltaic technology by funding R&D 
while at the same time encouraging demand by subsidising market prices. Thereby, Japan has now entered 
a phase of cost reduction through mass production.191

In the US, research in PV is funded under the ‘National Photovoltaic Program’ with the objective of 
improving the cost-effectiveness of the US PV industry. However, there is no real market deployment policy 
at federal level. Although China still has a relatively low installed capacity of PV (50 MW in 2003 compared 
to 700 MW in Japan), PV seems to be part of the government drive for renewable energy sources. China 
has announced its objective of generating 10 per cent of its electricity from renewable energy sources by 
2010.192 In Europe, it is mainly Germany that invests in photovoltaic technologies, principally in the form of 
market stimulation measures.193

*ROW = rest of countries in the world
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percentage point of GDP by 2010. However, this 
target was missed in 2006, since the Chinese energy 
consumption actually increased in this year.197 In 
the new Chinese national medium- and long-term 
science and technology development plan (2006-
2020) China will, as the world second largest 
public R&D investor,198 prioritise technological 
development in energy, water resources and 
environmental protection.199 The ‘key technologies’ 
in the national R&D programme include technology 
related to in urban environmental protection, water 
resource use, clean energy and regional ecological 
development.200 Renewable energy resources are 
already being exploited economically in China, in 
urban areas and in rural electrification programmes. 
Today, wind power has the largest potential, but 
the use of photovoltaic energy is also considered to 
have great potential, with increasing R&D efforts.201 
However, according to the Chinese government the 
Chinese biomass ethanol sector is lagging behind 
that of Brazil and the US.202

India is also building one of the world’s largest 
programmes for renewable energy. The Indian 
research covers biogas, biomass, solar energy, 
wind energy, small hydropower and other emerging 
technologies. India has shifted the focus of its 
non-conventional energy R&D from a direct use 
for domestic needs in the 1990s, to an increasing 
focus on the export and commercialisation of its 
renewable energy products to the expanding world 
market. Indian products in, for instance, solar 
thermal technologies, solar thermal collectors, solar 
cookers, etc. are highly competitive world-wide in 
terms of price and quality.203

Brazil positions itself in biofuels technologies for 
transport.

Brazil is committed to developing and applying 
technologies for renewable energy and energy 
efficiency. Renewable energies already accounted for 
43 per cent of the country’s energy matrix in 2004.  
A biodiesel programme has been developed targeting 
2 per cent of all diesel by 2008, increasing to 5 per 
cent by 2013. An ethanol programme is promoting 

197.  People’s Daily Online, Stephen Roach, chief economist of Morgan Stanley, 
2006.

198.  See OECD Science, Technology and Industry (STI) Outlook, December 2006.

199.  Speech by Vice Minister Wu Zhongze, Ministry of Science and Technology 
of China, at Opening Ceremony of China-EU Science and Technology year, 
October 2006.

200.  Ministry of Science and Technology of the People’s Republic of China, 
http://www.most.gov.cn/programmes1/200610/,

201.  IEA, ‘China’s world-wide quest for energy security’, 2006.

202.  EC Delegation to China, S&T monthly newsletter China, March 2007.

203.  Indian Ministry of Non-conventional Energy Sources, http://mnes.nic.in/.

flex fuel and exports of 6 billion litres per year.204 
Brazil has been at the forefront in applying biofuel 
technologies to the car production and market. In 
2003, flex-fuel cars (able to use both gasoline and 
ethanol) were put on the Brazilian market. One year 
later, the flex-fuel cars represented nearly 20 per 
cent of the new car sales in Brazil. A preferential tax 
system backed up the market introduction of this 
new engine technology.205

In all of the key technology areas analysed in 
the previous sections, Europe has a relatively 
strong position, but so have an ever larger number 
of countries outside Europe. However, there 
are countries that are falling out of this global 
competition, countries that risk being excluded from 
the future global knowledge production.

2.3.5  Countries falling outside the 
globalisation of knowledge

Poor countries lack innovation capabilities to 
benefit from globalisation of R&D.

While more and more countries are accumulating 
capacities and investments in science and 
technology, the world is increasingly unequal. The 
benefits of globalisation will accrue to countries 
and regions that are able to access and adapt 
new technologies while other countries will be 
increasingly marginalised and excluded from the 
benefits offered by the internationalisation of R&D.206 
In spite of all technological progress, the differences 
in wealth, living standards and even life expectancy 
between the developed countries and the least 
developed countries have never been so large. More 
than one billion people are caught in a ‘poverty trap’. 
They are simply too poor to stay alive.207 Particularly 
since the 1980s, we are witnessing a convergence of 
income and GDP per capita among the industrialised 
economies, and further divergence between them 
and the lower-income economies, as shown in 
Table 27.208

204.  These data were presented by the Brazil Minister of Energy and Mines, 
Dilma Rousseff, and presented in the report of the Renewable Energy and 
Energy Efficiency Financing and Policy Network (FPN), ‘Report on Financing 
and Policy Network Scoping Study and Forum’, 2005:22.

205.  United Nations Millennium project, task force on science, technology and 
innovation, 2005:82.

206.   Innovation capabilities are increasing in South East and East Asia, while 
they remain at the lowest level in the world in Sub-Saharan Africa. UNCTAD, 
2005.

207.  While global wealth is increasing, 1.1 billion people live on less than $1 per 
day. Every year more countries in Sub Saharan Africa and in other world 
regions fall into this poverty trap (UN Millennium project (http://www.
unmillenniumproject.org/reports/index_overview.htm); World Bank data, 
2005.

208.  UNIDO, 2005, p.5.
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Table 27
Growth rate of GDP/capita

1960-
1970

1970-
1980

1980-
1990

1990-
2000

2000-
2005

World 3.25 1.83 1.38 1.41 1.53
OECD 4.11 2.60 2.39 1.88 1.45
China 1.49 4.31 7.71 9.26 8.77
India 1.69 0.68 3.58 3.62 5.25
East Asia (excluded China) 2.87 4.51 3.47 3.18 3.60
North Africa n.a. n.a. 0.14 1.88 2.15
Latin America & Caribbean 2.54 3.15 -0.89 1.68 0.94
Sub-Saharan Africa 2.31 0.76 -1.04 -0.32 1.96

Source: G. A. Cornia, 2007; based on data from OECD

The catching up of emerging economies has 
not involved a direct adoption or imitation of 
industrial technologies from the developed 
countries. Technologies have to be adapted to the 
specific national context, which demand domestic 
capabilities for research and knowledge in science 
and technology.209

In the least developed countries, the local economy 
is largely based on low-technology firms.210 The result 
is that internationally well-recognised scientific 
research has little impact on economic and industrial 
development for the least developed countries.211 
Large differences exist between countries’ capabilities 
to innovate and to benefit from the internationalisation 
of R&D. The United Nations Conference on Trade and 
Development (UNCTAD) Innovation Capability Index 
(Figure 41) measures national innovation capabilities. 
It shows that innovative capabilities outside Europe 
are highly skewed, with South-East and East Asia at 
the high end of the spectrum, and Sub-Saharan Africa 
at the low end 212.

209.  UNIDO, ‘Industrial Development Report’, 2005:3.

210.  UNESCO, 2005:110.

211.  UNESCO World report, ‘Towards Knowledge societies’, 2005:104.

212.  Although the differences are quite remarkable, it should be noted that the 
index can be misleading where minimum critical mass considerations apply. 
Since the index is the technological effort and skill formation deflated by 
the size of the economy, it skews the results against countries with a large 
pool of employable skilled manpower with diverse skills, even with low 
rates of skill creation at the national level.

Figure 41
Innovation Capability Index (UNCTAD)
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In Sub-Saharan Africa, human resources in science 
and technology are weak and suffering from brain-
drain. General concerns in the human resources 
area include poor pay and conditions, resulting in 
a serious brain-drain problem within the sector to 
other non-science sectors and abroad to developed 
countries. Research infrastructure is often in a poor 
state. National systems of innovation are generally 
not well-positioned to take up new technological 
opportunities, often reflecting poor management 
structures and basic infrastructure. S&T capacities 
are weak in terms of human and financial resources 
and often suffer from poor programming and poor 
working conditions for researchers. Capacities 
are non-existent in new technologies such as 
nanotechnology. The majority of institutes and 
research centres are focused in areas of applied 
research related to basic needs, such as forestry 
and agriculture. Universities are poorly equipped 
and still too theoretical in their teaching methods 
and approaches. Contributing factors are the weak 
links between industry, universities and other 
public Research, Technological Development and 
Innovation (RTDI) institutions, and poor RTDI quality 
standards and regulatory mechanisms.213

213.  ‘Scenarios for future scientific and technological developments in 
developing countries 2005-2015’, a study financed by European 
Commission, March 2006.
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The challenge is to generate local knowledge 
to explore existing technologies.

The innovation capability of a country reflects both 
its attractiveness as a host country for R&D, and 
its ability to benefit from such R&D. The quality of 
R&D, and the resulting externalities for local firms 
and institutions in terms of absorption and learning, 
depends on the host country’s local capabilities. The 
outcome is affected by the institutional framework 
and government policies of the host country.214

Empirical evidence suggests that countries wishing 
to strengthen their competitive position and catch 
up have to steadily invest in knowledge generation, 
and have this supported by an enabling environment 
such as a well-functioning financial system and 
effective governance capabilities. The trend towards 
increasing codification of knowledge does not lessen 
the need to develop domestic capabilities in order to 
access and use it.215

A large part of development performance in 
the emerging economies has been based on 
using existing technologies, especially platform 
technologies that have broad applications in the 
economy. Developments and products achieved 
in IST, biotechnology, nanotechnology and new 
materials have strong implications for long-term 
economic transformation. This is backed up by 
an increasing amount of knowledge available 
globally.216 The challenge is to access this knowledge 
and to codify it.217 A country needs a certain level 
of scientific and technological capability to adapt 
and fully use existing technologies. Technologies 
form part of a knowledge system. Accumulated 
investments in education and learning are essential, 
in particular for least developed countries to benefit 
from technologies and utilise them.218 Technologies 
are also transferred through joint projects and 
technological cooperation.219

214.  UNCTAD, 2005.

215.  UNIDO, 2005, p.3.

216.  The amount of knowledge available globally on different media has been 
increasing by 30 per cent each year.(UNIDO, 2005, page 7),

217.  UNIDO, 2005:7.

218.  Since the 19th century, economic and industrial developments using 
technology has been associated with the advancement of the local 
knowledge system, and in particular access to education. This is the basis 
for enhanced local demand for technological skills and capabilities (UNIDO, 
2005, page 6).

219.  United Nations Millennium project, task force on science, technology 
and innovation, 2005:2, 30-33; UNESCO, 2003 http://portal.unesco.
org/sc_nat/ev.php?URL_ID=4763&URL_DO=DO_TOPIC&URL_
SECTION=201&reload=1141920037.

The digital divide accentuates exclusion from 
a web-based globalisation.

While IST expands in China, India, Brazil and other 
emerging economies, the digital divide excludes 
many populations both within the developing 
countries and in the least developed countries. While 
the total population in the OECD countries amounts 
to less than 20 per cent of the world population, 
more than 80 per cent of IST broadband and almost 
70 per cent of Internet subscribers in the world live 
in these OECD countries (Figure 42).220

One illustration is the area of Communication 
Technologies (CT), which comprise technologies 
that can be used to foster and share knowledge, to 
facilitate knowledge networking and to reorganise 
production and services.221 In CT infrastructure such 
as the access to and use of new communication 
technologies, Sub-Saharan Africa and South Asia 
are clearly falling behind the rest of the world.

Already existing CT products, such as the World 
Wide Web, are too expensive for millions of people in 
developing countries, partly because of the costs of 
the computer capacity needed for a standard entry 
point to the Web.

The global divide in public health research is 
based on a market failure.

In the R&D area of public health, the global divide is 
also dramatically apparent, linked partly to a market 
failure. While people in high-income countries have 
benefited greatly from progress in technologies 
driven by life sciences, this has not been the case for 
most part of the world’s population. An international 
report on global health research reports that out of 
the $73 billion invested annually in global health 
research (public and private), less than 10 per 
cent is oriented to research into health problems 
that account for 90 per cent of the global disease 
burden. This ‘10/90 gap’ is not only the result of 
an increasingly market driven health research, but 
also of choices in public RTDI funding. At the end of 
the 1990s, more than 50 per cent of the total global 
funding for health research was provided from public 
sources (the pharmaceutical industry accounted for 
42 per cent and private, non-profit and university 
funds for the rest). Research intensity is relatively 
high for diseases that hit both developed and 
developing countries, but very limited for diseases 

220.  ‘OECD Communications Outlook, Information and Communications 
Technologies’, OECD, 2005d:299.

221.  United Nations Millennium project, task force on science, technology and 
innovation, 2005, page 22-23, 47-48, 61, 71.
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that occur exclusively in low- and middle-income 
countries. The incomes of poor people are too low 
to present a market for the private sector. At the 
same time, the direct transferability of research 
findings from high-income to low-income countries 
is limited. Public purposive efforts, investments and 

further research are needed to optimise the impact 
and societal benefit of technologies.223

222.  Chart elaborated by P. Guislain, C. Zhen-Wei Qiang, B. Lanvin, M. Minges 
and E. Swanson on the basis of World Bank 20004 data, in World Bank 2006 
report on Information and Communications for development, Global trends 
and Policies, 2006, page 6.

223.  Global Forum for Health Research, The 10/90 report on health research 
2003-2004, Geneva 2004.

Figure 42 
Telephone and Internet Access by Region, 2000 and 2004 (per 1 000 people)
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2.4  Conclusions: the 
new role of European 
public authorities in 
global knowledge 
production

In the new global landscape of knowledge production, 
future societal challenges generate an emerging 
global demand for science and technology. Prospects 
in the manufacturing sector and the new global 
competition, world population growth, age structure 
and spread of infectious diseases, the increasing 
global divide with large populations falling outside 
the international economy, and the unsustainable 
demand on energy and natural resources, constitute 
great challenges for science and technology. Part of 
these societal challenges will trigger new demands 
on research, technologies and knowledge-intensive 
products. Another large part of these societal 
challenges will not be addressed by market forces 
alone. In both cases, strong and proactive actions by 
the public authorities are required.

This chapter has presented an overview of the supply of 
science and technology in key technology areas, which 
all promise potential responses to the societal challenges 
and to an emerging and future global demand. The 
analysis has shown that Europe holds a strong position 
in terms of investment, R&D capacity and S&T outcomes 
in all key technology areas as well as in fields where 
they converge. However, it is also clear that many other 
research-intensive countries – both in the triad and, 
increasingly, outside it - have comparative strengths over 
Europe in key S&T areas. The future competitive position 
of Europe is linked to anticipating the demand rising 
from the emerging societal challenges. At the same 
time, Europe will have to further develop its capacity 
to access, adapt and transform knowledge produced 
elsewhere, as key S&T outcomes for future markets will 
increasingly be performed outside Europe. This calls for 
a new role for public research authorities, optimising 
synergies between supply and demand policies.

The future global demand on science and technology 
will not only trigger world-wide competition, but also 
new constellations of reinforced international co-
operation in this field. Future demand will be based 
on global challenges, which go beyond any specific 
country. Moreover, there is growing evidence of market 
failures, be it for sustainable development, public health 
or global inclusion. Comprehensive global cooperation 

is needed, combining joint science and technology 
efforts with Europe’s recognised role as a responsible 
world actor.

In other words, the new global landscape of 
knowledge production and societal demands on 
science and technology form a new context that will 
influence the role of public authorities, and Europe in 
particular. The outcomes of this process are still open. 
One of the main drivers of the globalisation process 
is multinational enterprises, which structure sales, 
production, and R&D efforts in transnational and 
dynamic contexts.224 The role and relative influence 
of public authorities is changing. Since the 1980s and 
1990s, the share of public R&D financing in the total 
Gross Expenditure on Research and Development 
(GERD) has diminished, although it has remained 
constant the last seven years, as shown in Figure 43.

Figure 43 
Government share of total GERD
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Furthermore, the government’s role in the national 
innovation systems changed. A new science and 
technology policy has emerged. The governments are 
redefining the objectives of science and technology 
policies, centring on the pairing of society and 
innovation.225 In addition to actions stimulating the 
supply of science and technology, public authorities are 
expanding actions related to demand-side measures.226 
In conclusion, the future global demand on science and 
technology, combined with the diminishing relative 
weight of Europe in global knowledge production, will 
interact with a new role of the government, which is at 
the same time more limited and more comprehensive.

224.  See Chapter 3 in the present report.

225.  Caracostas/Muldur, 2001.

226.  Romanainen, 2007.



68



69

3.1 Introduction
Today’s increasingly global economy has led to the 
internationalisation of research and development 
(R&D). The 1980s saw a boost in international R&D 
cooperation and large multinational enterpri-
ses (MNEs) progressively started to spread R&D 
activities outside their home countries. Cross-border 
flows of R&D, which had mainly been confined to 
the United States (US), Japan and Europe, seem to 
be changing in favour of emerging economies, such 
as China, India and Brazil.

The role of MNEs in the internationalisation of R&D 
is the focus of this chapter. In this introduction, 
the structure of the chapter is explained and a 
clarification is given of the meaning of ‘MNE’ 
and ‘internationalisation’. Before doing so, it is 
important to note that the internationalisation of 
business R&D should not be seen independently 
from the fact that the innovation process itself 
is changing. It has become more expensive, 
more complex and interdisciplinary and as such 
requires more collaboration between scientists, 
engineers and end-users as well as between 
design, manufacturing, supply and marketing. 
Reduced geographical barriers together with the 
development of communication technologies and 
the creation of knowledge in centres of excellence 
all around the world speed up the process and 
make it more global. This increasingly turns MNEs 
into integrators of globally distributed R&D, forcing 
them to manage their global innovation networks 
resourcefully with the right balance between local 
in-house R&D, external R&D, and R&D performed at 
foreign affiliates or by foreign partners.1

Many definitions exist for ‘internationalisation’ and 
‘multinational firms’ and it should be noted that 
these are not always used consistently throughout 
the empirical and theoretical literature. Starting from 

1.  Karlsson, 2006.

a broad sense, ‘internationalisation of enterprises’ 
refers to the group of coordinated actions that 
an enterprise may undertake to penetrate other 
markets, or to benefit from resources originating in 
other markets. A ‘multinational enterprise’ can be 
defined as an (usually very large) enterprise whose 
business activities and value chain span multiple 
nations with offices, factories, branch plants and 
innovation activities in different countries.

It is worth bearing in mind, and this is the starting 
point for Section 3.2, that MNEs not only account for 
half of global R&D expenditures, but in qualitative 
terms they are important for the overall innovation 
process. An important contribution to R&D’s 
internationalisation is foreign direct investment (FDI) 
in R&D – which can also be seen as decentralisation 
outside the home country as MNEs seek the best 
location to perform R&D.

FDI in R&D may consist of the setting-up of R&D 
units outside the home country (and in a minor 
number of cases even the relocalisation), be it by 
means of implementation or acquisition. Although 
this phenomenon is not new, the pace at which it 
currently occurs, and its spread to – a limited number 
of – emerging economies, has not been witnessed 
before. This will be the focus of Section 3.3.

Besides FDI in R&D, MNEs also contribute to 
the internationalisation of research by means 
of international science and technology (S&T) 
cooperation. The higher reliance on external 
(foreign) technology sources can be seen as part of 
a fundamental shift that is taking place in terms of 
how – until now especially – multinational companies 
generate new ideas and bring them onto the market. 
This shift is emphasised by the new model of ‘open 
innovation’. This forms the subject of Section 3.4.

Section 3.5 goes deeper into the motives for 
multinational firms to set up FDI in R&D. Both 
market and technology perspectives are shown to 
be important motives for the MNE to decide where 

3C h a p t e r  3

Multinational firms and the 
internationalisation of research
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to locate R&D. The main question regarding the 
consequences of the internationalisation of R&D by 
MNEs, for both the host and home countries, is the 
subject of Section 3.6. The factual data presented 
in sections 3.2 to 3.4, combined with the insights 
of sections 3.5 and 3.6, are built upon to come to a 
conclusion as seen from a European perspective in 
Section 3.7.

Before dealing with each of the abovementioned 
topics, three important remarks are necessary to 
better frame the evidence presented in this chapter. 
Firstly, the internationalisation of R&D in many cases 
can not be seen independently from broader strategic 
decisions on production, marketing, mergers and 
acquisitions, resulting in a redistribution of R&D 
capabilities. These broader activities are not taken 
into account in this chapter.

The role of MNEs in the international exploitation 
of research and technology is a second important 
way in which MNEs contribute to the process of 
internationalisation. Although little statistical 
evidence is available on the de-linking between 
the place of commercialisation and the place of 
generation of research, its importance cannot 
be overestimated and raises issues related to 
knowledge protection and transfer. Some partial and 
indirect evidence in terms of exports of high-tech 
products was presented on this in Chapter 1 and the 
topic will be dealt with in an ad-hoc way throughout 
this chapter.

Thirdly, it should be noted that the internationalisation 
of R&D by MNEs is not a new phenomenon. 
However, the pace of the process, the spreading to 
an increasing number of countries and the focus on 
some technology domains are characterising the 
current evolution. Due to time-lags between the 
occurrence of the phenomena and the collection of 
statistical evidence, data – not at least on the effects 
for R&D, innovation, and broader economic and 
social welfare in developed economies like Europe - 
remain scarce and in many cases lack international 
comparability. These shortcomings should be kept 
in mind when reading this chapter.

3.2  Some facts on R&D 
by MNEs

Multinational firms account for close to half of 
the world’s R&D and are mainly located in the 
developed world.

MNEs play a major role in global R&D. A conservative 
estimate puts their number at 70 000 in the world. 
Their presence is not only felt through activities in 
their home countries but also increasingly abroad. 
The 700 firms with the largest R&D expenditure – of 
which around 98 per cent are MNEs – accounted for 
close to half of the world’s total R&D expenditure and 
more than two-thirds of the world’s business R&D.2 
In fact, some MNEs spend more on R&D than many 
countries. For instance, the top 15 have budgets 
equivalent to the overall R&D spending in countries 
like Belgium, Argentina, Finland, Denmark, Israel, 
Brazil, India, Mexico and Singapore (Figure 44).

Over 80 per cent of these firms originate from only 
five countries: the US, Japan, Germany, the UK and 
France. Their individual investment in R&D exceeds 
€35 million. Only 1 per cent of these ‘top’ firms are 
based in developing countries (Table 28). Almost all 
of those which have moved up in the rankings since 
the late 1990s are firms originating in Asia (notably 
from South Korea and Taiwan), two are from Latin 
America (Brazil) and only one is from Africa (South 
Africa). 3 Compared with the year 2003, the growth of 
the top MNEs’ expenditure on R&D was far larger in 
the rest of the world (+17 per cent) than in the Triad 
(increase around 4 per cent).

2.  UNCTAD, 2005, p.119.

3.  European Commission, 2005; UNCTAD, 2005.
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Figure 44 
R&D expenditure by world top 15 R&D spending MNEs and selected economies, 2004 (€billion)

Belgium

Argentina

Daimler Chrysler (Germany)

Pfizer (US)

Finland

Denmark

Israel

Ford Motor (US)

Toyota Motor (Japan)

Siemens (Germany)

Brazil

General Motors

Microsoft (US)

Matsushita Electric (Japan)

IBM (US)

Volkswagen (Germany)

GlaxoSmith Kline (UK)

Sanofi-Aventis (France)

India

Norway

Nokia (Finland)

Johnson&Johnson (US)

Sony (Japan)

Intel (US)

Samsung Electronics (South Korea)

Honda Motor (Japan)

Roche (Switzerland)

Novartis (Switzerland)

Mexico

Singapore

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Source: European Commission (2006a), OECD (2005), UNCTAD (2005), EUROSTAT (2006)

Note: data for Israel and Brazil are for 2002; data for Belgium, Finland and Denmark are for 2003.
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Table 28 
Number of top 942 R&D spending companies by main world region of R&D investment, 2004

 
 
 
 

Number of
companies

R&D investment
(€billion)

R&D investment
per company (€million)

US 398 117.4 295

Europe 242 95.9 396

Japan 198 68.3 345

Rest of the world 104 27.2 261

Of which Switzerland 28 11.7 418

 Taiwan 20 1.8 92

 Canada 14 2.4 174

 South Korea 11 7.5 678

 Israel 5 0.4 85

 Bermuda 4 1.0 253

 Norway 4 0.3 77

 China 3 0.6 197

 Hong Kong 2 0.1 51

 Russia 2 0.1 58

 Singapore 2 0.1 69

 Brazil 2 0.3 153

 Australia 1 0.3 266

 Malaysia 1 0.1 105

 Croatia 1 0.1 95

 Liechtenstein 1 0.1 90

 South Africa 1 0.1 52

 Cayman Islands 1 0.0 45

 India 1 0.1 69

Source: European Commission (2005j)    

Moreover, the activities of the top R&D spending 
multinational firms are very much concentrated 
in a few industries: IT hardware (21.7 per cent); 
automotive industry (18.0 per cent); pharmaceuticals 
and biotechnology (17.5 per cent) and the electronic 
and electrical industry (10.4 per cent), all together 
account for over two-thirds of R&D within the 
top 700 R&D spending firms.4 The industry 
composition of the top R&D spending firms varies 
considerably by region. The European Union (EU), 
the US and Switzerland show a specialisation in 
pharmaceuticals & biotechnology. The same applies 
to automobiles & parts for the EU and Japan. R&D 
data for companies from the US, Taiwan and South 
Korea suggest a specialisation in IT hardware. Asian 
companies (Japan, South Korea and Taiwan) are 
strong in electronics and electrical equipment. In 
software & computer services, US companies are 
responsible for more the 85 per cent of global R&D 

4.  UNCTAD, 2005, p. 121.

spending by the top R&D investing (multinational) 
enterprises.5

But not only in quantitative terms are MNEs 
important. The qualitative importance of MNEs 
in the overall innovation process lies in complex 
and radical innovations, the high availability of 
resources, production and commercialisation of 
new products or services, good market access and 
distribution networks.

5.  European Commission, 2005, p. 9.
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3.3 FDI in R&D
MNEs restructure their R&D operations forcing 
these to become increasingly global.

During the last decade a tendency emerged in MNEs 
to make changes in the way their international R&D 
operations were structured.6 The ‘centre of excellence 
structure’ in which one lab is assigned a global mandate 
in a certain ‘technology-product-process’ area, in order 
to increase the R&D efficiency by concentrating the 
necessary resources in one location, is under pressure 
because it becomes increasingly difficult to centralise 
all knowledge in one place. Similarly, increased research 
costs and management problems have raised doubts 
about the ‘network structure’ (referring to a network 
of labs dispersed throughout different countries and 
working in the same field). In this structure, each lab is 
free to undertake its own R&D initiative and to allocate 
resources to locally developed projects.

Therefore, two more likely ways to structure 
international R&D have emerged. Firstly, in the 
‘supported specialisation structure’, resources are 
concentrated in one location and a number of small 
units are dispersed worldwide; to supply the market 
and technical information to the global centre. Thereby 
harvesting the benefits of specialisation without missing 
innovation opportunities. Secondly, in the ‘specialised 
contributors’ structure, each unit is specialised in one, or 
a few, disciplines and contributes to developing a piece 
of the R&D work, of which the overall management and 
control is in charge of an integrator R&D centre.

This approach combines the benefits of the 
specialisation with the superior creativity and 
innovation potential of the network structure. This 
system of organising business research in large 
technology-intensive MNEs has led to the setup 
of foreign affiliates in those parts of the world 
possessing comparative advantages.

MNEs increasingly set up R&D activities 
outside the home country, especially in favour 
of the newly emerging economies.

Over the period 1993-2002, the R&D expenditures 
of foreign affiliates worldwide increased from 10 per 
cent to 16 per cent of global business R&D. However 
the increase in business R&D in the developed host 
countries was only relatively modest, whereas 
the developing countries augmented their share 
of foreign affiliates from 2 per cent in 1996, to  
18 per cent in 2002. Over the period 1994-2002, 

6.  Chiesa, 2000.

US controlled R&D (calculated on the basis of 
R&D expenditures abroad by its majority-owned 
foreign affiliates) has found China, Singapore and 
South Korea to be especially attractive locations as 
‘developing Asia’ increased its share from 3.4 per 
cent to 10.0 per cent. In terms of employment, similar 
results can be noted with over 15 per cent of scientists 
and engineers employed in R&D being in developing 
countries in 1999.7

More recent data estimates show that the increased 
budget spent outside the home country is directed 
more and more towards developing countries. No less 
than half of FDI projects involving R&D worldwide 
during the period 2002-2004 are supposed to be 
undertaken in developing countries, or in South-
East Europe and the Commonwealth of Independent 
States.8

Japanese-based manufacturing companies are 
increasingly basing their foreign R&D centres in China. 
Over the period 2000-2004, there was an increase 
of over 400 per cent in China (54 bases added), 
compared to a 36 per cent increase in EU-15 (15) and 
23 per cent in North America (20). In absolute terms 
(Figure 45), China already has more bases than the 
EU-15 (in 2004: 67 and 60, respectively).9

Figure 45 
R&D bases of Japanese manufacturing 
companies, 2000 and 2004
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Despite this sharp increase, EU- and North American-
based firms still are much more inclined to generate 
technological knowledge abroad and to engage in 
international R&D activities than the Japanese ones 
(Table 29).10

7.  United States Bureau of Economic Analysis, 2005.

8.  United Nations, 2005, p. xxvi.

9.  UNCTAD, 2005, p. 131.

10.  Reger, 2002.
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Table 29 
Percentage of R&D budget spent outside the 
home country (survey among 209 MNEs)

 1995 1998 2001 2004 
(estimated)

Western Europe 25.7 30.3 33.4 43.7

Japan 4.7 7.0 10.5 14.6

North America 23.2 28.4 31.7 35.1

Source: Reger, 2002 (p. 175)

The more prominent role of China in the attraction 
of foreign R&D investment in recent years is related 
to its tripled share in worldwide R&D between 
1995 and 2003 (cf. Chapter 1). By June 2004, as 
estimated by the Chinese Ministry of Commerce, 
the accumulated R&D investment of MNEs in China 
had reached approximately €3.2 billion. By the end 
of 2004, the number of foreign-affiliate R&D centres 
had reached 700.11 In 2003, 23.7 per cent of business 
R&D in China was provided by foreign affiliates.12 
This percentage is quite high in comparison with 
the US and Japan (14.1 per cent and 3.4 per cent, 
respectively). However it is approximately the same 
for Germany (22.1 per cent in 2001) and France  
(19.4 per cent).13 Smaller open European economies 
like Belgium14, Ireland and Hungary15 - which possess 
foreign control rates near to 70 per cent - are far 
more dependent on the R&D performed in foreign 
affiliates (Figure 46).

Figure 46 
R&D in foreign affiliates in 2003
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Note (1) in South Korea and Mexico, the R&D expenditure of US-owned affiliates has been used 

11.  UNCTAD, 2005, p. 140-143.

12.  UNCTAD, 2005.

13.  It should be noted that these parts depend on the sectoral composition of 
the foreign investments (Sachwald, 2004).

14.  Teirlinck, 2005.
15.  OECD, 2005a.

as a proxy for the R&D spending of all foreign affiliates. In India, the share of foreign affiliates 
in total R&D spending has been used as a proxy for their share in business R&D spending; (2) 
GERD equals gross expenditures on R&D; BERD represents business expenditures on R&D.

Compared to China, the other rising star on 
the economic firmament, India, has so far not 
attracted much foreign R&D. The main reason for 
this seems to be a lack of adequate investments 
in hard infrastructure and a policy focused on the 
stimulation of the growth of domestic firms, rather 
than on attracting FDI. This situation is reflected in 
the Forbes list of ‘exciting new firms’ in 2003; 13 of 
these originated from India and only 1 from China. 
The big investments in soft infrastructure and tertiary 
education in India are supposed to bear fruits in the 
longer run. From this perspective, India is likely to 
attract bigger portions of R&D performed by MNEs 
in the years to come.16

A 2004 study by the Economist Intelligence Unit 
of 104 senior executives identified China, India 
and Brazil as respectively the first, third and sixth 
choice destinations for increased overseas R&D 
investment over the period 2004-2006 (Table 30). 
The emergence of Brazil among the list of top targets 
for investments can be explained by the country’s 
economic importance and the political objective of 
weaning the nation from foreign technology in an 
attempt to develop internal capabilities. However, it 
should be noted that Brazil and other regions have 
developed technological potential in different areas 
which will enable them to attract more FDI in R&D in 
the years to come (see also Chapter 2).17

Table 30 
Business R&D expenditure envisaged 
destination countries
Countries where companies will spend 
the most on R&D in the next three 
years (excluding the domestic market)

Percentage of companies
giving this answer

China 39

The US 29

India 28

UK 24

Germany 19

Brazil 11

Japan 10

France/Italy 9
Source: The Economist Intelligence Unit (2004)  
Note: The survey was conducted in 2003.

A pilot survey on business trends in R&D investment 
based on 95 companies in the top 500 EU R&D-
investing companies revealed that it can be expected 
that R&D investment will grow by about 5.8 per 

16.    European Commission, 2006f.

17.  UNCTAD, 2005; European Commission, 2006a.
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cent per annum during the period 2005-2007.18 The 
companies’ expectations of their own R&D activity 
are unambiguously positive in China and India. Many 
respondents for Germany, France, the UK, Italy or The 
Netherlands expected stagnation of R&D spending. 
Although the picture for the US is somewhat more 
positive, in some other countries some firms even 
expect a decrease in activity (Figure 47).

Figure 47 
Expected changes in R&D activity of EU-based 
MNEs at the company’s present or future 
locations for the next three years 

Number of statements
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Source: European Commission (2005, p. 10)
Note: For 75 cases of the EU 500 subset considering only countries which were mentioned at 
least three times. * Germany, France, United Kingdom, Belgium, Spain, Finland, Italy, Denmark, 
Austria, The Netherlands, Sweden.

European FDI in Russian R&D, measured by overall 
spending Russian on R&D, is not insignificant: 
calculated at average annual exchange rates, it has 
risen from €352 million in 2000 to more than €483 
million in 2005. Overall Russian domestic spending on 
R&D in 2000 was €2.1 billion and €6.4 billion in 2005. 19

The degree to which developing countries 
participate in the internationalisation 
of business research by MNEs varies 
considerably.

Despite the success of some emerging economies, 
large parts of the developing world remain de-linked 
from R&D investments by MNEs. For example, in Sub-
Saharan Africa little has been achieved in connecting 
science and technology to the economy. In general 
the private sector has not invested significant 

18.  European Commission, 2005.

19.  Russian Higher School of Economics, the Ministry of Education & Science, 
and the Federal Statistics Service European FDI in Russia.

amounts in performing its own R&D, nor in placing 
contracts with public sector research institutions or 
universities. As a result, technology generally comes 
from abroad in packaged form, excluding even the 
possibility of adaptive R&D. To some extent local 
branches of MNEs place contracts with research 
institutions and universities, but these are not large 
in relation to overall budgets and are often one-off 
investments with limited repeat possibilities.20 As 
presented in Chapter 2, this is also reflected in large 
differences in terms of innovation capability in the 
developing world.

Emerging economies not only attract more 
R&D, they also are climbing up the R&D value 
chain.

Until recently, the R&D focus in emerging economies has 
been on product and process research to tailor products 
to local markets. Apparently, R&D in developing 
markets was hardly used for basic research.21 Moreover, 
there seemed to be a tendency to concentrate research 
and disperse development.22 However, recent literature 
suggests a shift towards R&D-active subsidiaries, not 
just in incremental, adaptive innovations based on 
development activities, but also in drastic innovations, 
creating basic, generic know-how, where the subsidiary 
is as active as the headquarters in external linkages. 
Section 3.5 will highlight that this shift goes hand-in-
hand with the growing technological potential of some 
of the emerging economies (as presented in Chapter 1 
and 2).

A good example of higher added-value research 
in the developing world can be found in China’s 
decision to develop its own standard for third-
generation mobile telephony, based on its own 
technology. Another example can be found by 
looking at the list of R&D activities carried out at the 
‘Pudong’ high-tech park in Shanghai (China). Over 
90 foreign companies (joint ventures) have already 
established R&D centres in Pudong (Economic and 
Commerce Bureau of Pudong).

China’s success story in terms of attraction of foreign-
affiliate R&D centres is highly concentrated in a 
limited number of large ‘coastal’ cities or regions (of 
which Beijing and Shanghai are the most prominent) 
with strong technological bases and skilled human 
resources. Following Japan and South Korea, China is 
using its dynamic manufacturing sector as a platform 
for stronger value-creating activities through product 
adaptation and product innovation.

20.  European Commission, 2006a.

21.  The Economist Intelligence Unit, 2004.

22.  von Zedtwitz and Gassmann, 2002.
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Box 4
Foreign direct investment in high value-added R&D in emerging economies
 
‘Siemens’:

-  Between 1994 and 2004 R&D personnel increased from 41 500 to 45 000. The share of R&D personnel 
employed in developing countries (Brazil, China, India, Malaysia, Mexico and South Africa) increased 
from 2 per cent to 6 per cent in this period;

-  Since July 1998, Siemens and the Chinese Academy for Telecommunications Technology have jointly 
developed a new solution for 3G mobile networks;

-  SOMATOM Smile, the world’s most compact and cost-effective CT device, is developed and produced in 
Shanghai for the local and export markets;

-  Siemens Numerical Control Ltd performs R&D and develops numerical control systems tailored to the 
requirements of the Chinese market;

-  Beijing joined Munich and Princeton as an ‘User Interface Design Lab’;

-  Siemens is actively cooperating with 16 Chinese universities.

The main determinants for Siemens for R&D activities are markets, brains and costs. Building up R&D 
facilities is a strategic, organic, long term oriented investment. It must be seen in the context of the overall 
business conditions of countries and regions (Armin Sorg, Siemens AG, 2005).

‘IBM’:

IBM has tripled its investment in India and decided to set up an R&D centre in telecommunications. The 
motives for this are twofold. Firstly, the Indian universities deliver hundreds of thousands high-qualified, 
but cheap IT people every year. Secondly, the country is becoming far more important in terms of 
acquisition of IT-services. The companies’ turnover rose by 50 per cent per annum over the last two years, 
although this only represents about half a per cent of the company’s total turnover.23

‘AstraZeneca’:

The British firm AstraZeneca increased its investment in India for the development of new treatments 
for tuberculosis. ‘This is a very expensive process for these companies, and heavily dependent on high-
quality PhDs, which are in abundance in India’ (Iyengar, AstraZeneca, 2005).

‘Alcatel’:

‘Our goal is to develop China as an R&D centre, not just for China, but for the rest of our global business’…
‘China offers a very cost-competitive talent pool of R&D engineers, so there is ready availability’  
(Cristian Gregoire, chief technology officer of Alcatel Asia Pacific, 2005).

‘Bayer’:

At first glance, Bayer’s Shanghai R&D lab looks like an art museum. The centre, opened in November 2001 
is a showcase for the Bayer group in China. It has four labs that are testing and developing technologies. 
It has sophisticated equipment and researchers with doctoral degrees, just like Bayer’s labs in Germany, 
the US and Japan.

Bayer’s centre is the new face of foreign investment in China, high-tech and knowledge-intensive, a far cry 
from the image of China as a sweatshop of low-skilled labour and cut-price services.
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In particular, the Chinese ICT sector has seen considerable 
foreign R&D investments. Good examples of this are 
Motorola (which in early 2004 had 1 600 persons 
employed in the 19 centres of its China Research and 
Development Institute, which was established in Beijing 
in 1999) and Nokia (five R&D units in China totalling 
600 persons). But also in life sciences China may well 
represent the next opportunity. The country’s pool of 
talent in this area is considerable: it is estimated that 
close to 200 000 researchers are currently involved in 
biotech R&D work in China. Because of the low reluctance 
of public opinion against gene technologies (in contrast 
to the US and Europe) the country managed to become 
a leader in specific areas of gene therapy. Examples of 
FDI in R&D in this area are the Swiss drug-maker Roche 
which opened an R&D unit in Shanghai in 2004; and the 
Danish Novo, which established a collaboration with 60 
staff at Beijing’s Tsinghua University. Also in many other 
areas like engineering (Schindler set up R&D activities 
in Shanghai more than 15 years) and car manufacturing 
(General Motors and Volkswagen) substantive FDI in 
R&D is taking place in China.24

Concerning the other big emerging economy, India, FDI 
in R&D gives a more positive view than the relatively 
weak performance found in terms in S&T indicators in 
the previous chapter. Over 125 Fortune 500 companies 
have opted to have an R&D base in India. The reasons 
for this can be found in India’s wealth of scientific talent. 
Examples of this can be found in Indian space scientists 
designing a new satellite with unfurlable antenna for 
mobile television services; 165 institutions engaging 
in genetic engineering research; India is the only 
developing country and sixth worldwide to manufacture 
and launch its own satellites in geo-stationary orbit and 
even plans a moon mission in 2008; and it is quite active 
in stem cell research. The strength of India is that the 
cost savings are not at the expense of quality.25

MNEs with headquarters in the developing 
world are also starting to set up foreign R&D 
affiliates.

At the same time, MNEs with headquarters in the 
developing world are also starting to set up foreign 

23.  www.ibm.com/investors/events/glob06

24.  Haour, 2005.

25.  IBEF, 2006.

R&D affiliates. A study of R&D locations shows that 
for the Chinese firms alone, 37 R&D units, of which 
26 are in developed countries are located abroad  
(11 in the US and 11 in Europe). 26 In the author’s 
words, China’s R&D internationalisation has already 
reached a level comparable to some smaller but 
more advanced European countries. Indeed, firms 
from developed countries are no longer the only ones 
seeking international R&D opportunities, emerging 
countries have also stepped into this process of 
internationalising their R&D activities. Similarly, firms 
from developing countries tend to start buying-up 
western companies for reasons of intellectual property 
and for market access and penetration.

Europe seems to be in a less favourable 
position to attract business research by 
foreign affiliates.

There is little evidence on the country of origin of 
foreign affiliates performing R&D in Europe. Although it 
is estimated that over one-third of FDI in R&D in Europe 
comes from the US (equalling €11 837 million), most 
of it is provided by intra-European investment flows. 
Unfortunately, the latter cannot be quantified in more 
detail with the available statistics. 27

The share of foreign affiliates in total R&D expenditure 
has risen in the EU, as well as in the US and Japan. Over 
the period 1997-2002, though, R&D expenditure by EU 
companies in the US increased, in real terms, much 
faster than R&D expenditure by US-based firms in the 
EU (Table 31). This resulted in a changing R&D gap 
between Europe and the US. In 2001, this gap equalled 
over €6 billion. For the year 2002, a preliminary estimate 
of the American National Science Foundation calculated 
the gap between R&D performed by US affiliates of 
European based companies and R&D performed by 
European affiliates of US-based companies at €868 
billion (current prices for the year 2002). It should be 
noted that this figure is for Europe-33 and as such is 
not comparable with the figure for the EU-15 for 2001. 
Also, a gap exists between Europe and Japan. In 2001, 
this gap was over €1.5 billion. 28

26.  von Zedtwitz, 2005.

27.  based on OECD (2005) and NSF (2006).

28.  NSF, 2006, p. 4-59.

‘Microsoft’:

In January 2005 Microsoft’s opened a software lab in Bangalore, India. The lab represents the company’s 
gambit to tap into India’s rich university research community and considerable software engineering 
talent located in the region that is often called ‘India’s Silicon Valley’.
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Table 31 
R&D performed by US affiliates of foreign 
companies in the US by investing region 
and by foreign affiliates of US MNEs by 
host region: 2002 or latest year (€billions 
calculated at conversion rate EURO/USD in 
2002)

Region R&D expenditure 
by US affiliates of 
foreign companies in 
the US

R&D performed by 
foreign affiliates of 
US multinational 
corporations

Canada 1.68 2.49

Europe 22.01 13.33

Asia/Pacific 3.46 4.12

Latin America/other 
Western Hemispere

1.10 0.72

Middle East 0.19 0.94

Africa 0.04 0.03

Source: NSF, 2006

These gaps should not necessarily be considered 
as negative for Europe. EU companies might benefit 
from this ‘technology-sourcing’ through knowledge 
spillovers to the parent company, resulting in 
increased marginal productivity at company level 
in the region of origin. However, such a net outflow 
also reflects the relatively stronger attraction of the 
US research and innovation system(s) compared to 
the EU one(s). The reasons for this will be further 
dealt with in Section 3.5.

From 1994 to 2002, more than 85 per cent of 
the combined global R&D expenditures by US 
MNEs were performed at home. However, R&D 
expenditures by foreign affiliates grew at a faster 
rate (average annual rate of 7.5 per cent) over this 
period than did R&D expenditures by their US parent 
companies at home (5.3 per cent). Consequently, the 
share of foreign affiliates’ R&D expenditures within 
the global MNE increased from 11.5 per cent in 1994 
to 13.3 per cent in 2002 (NSF, 2006).

Although US MNEs continued to expand R&D 
activity overseas (€20 billion in 2002, up 5.6 per 
cent from 2001, adjusting for inflation), the level 
of R&D expenditures by foreign MNEs in the US 
has been even larger in recent years. In 2002, R&D 
expenditures by affiliates of foreign MNEs in the 
US reached €25.9 billion, up 2.3 per cent from 2001 
after adjusting for inflation.29 By comparison, total 
US industrial R&D performance declined by 5.6 per 
cent (after adjusting for inflation) over the same 

29.  NSF, 2006, p.6.

period. In 1994, major developed economies or 
regions (Canada, Europe, and Japan) accounted for 
90 per cent of US overseas R&D expenditure by US 
MNEs. This share decreased to 80 per cent by 2001. 
The change reflects modest expenditure growth in 
European locations, compared with larger increases 
in Asia (outside Japan) and in Israel.

Concerning the geographical spread of R&D by 
foreign affiliates of US companies (Table 32), it can 
be noted that over the period 1992-2004 Europe’s 
share in the foreign R&D expenditure of American 
enterprises decreased from 73 per cent in 1994 
to 61.2 per cent in 2004. Pacific Asia’s (excluding 
Japan) share more than doubled over this period 
and amounted to 11.2 per cent in 2004. Based on 
recent figures from the American National Science 
Foundation, Europe’s share would decline to about 
60 per cent of total FDI in R&D by US-based MNEs 
in a more recent period. 30 Additionally, US R&D 
investment has been growing at a much greater rate 
in areas outside the EU – about 8 per cent per year 
in the EU and 25 per cent per year in China.31 Over 
the period 1994-2002, the UK became the premier 
destination for US-controlled R&D investments. At 
the same time, the emerging economies of Israel, 
China and Singapore substantially increased their 
share (Figure 48).

FDI in R&D is influenced by sector differences 
as well as differences according to the region 
of origin of MNEs.

In 2001, in terms of R&D under foreign control, 
the pharmaceutical industry turned out to be the 
most internationalised (around 45 per cent of 
business research in this sector is under foreign 
control), followed by motor vehicles (23 per cent), 
chemicals (excl. pharmaceuticals) (16 per cent) and 
manufacturing ICT (10 per cent).32

R&D expenditures by foreign affiliates in the US 
were mainly targeted at high-technology areas, 
with automobiles (26 per cent), pharmaceuticals 
(19 per cent) and communication equipment  
(16 per cent) accounting for more than 60 per cent 
in 2000.33,34 In 2002, R&D expenditures by affiliates 
of US-based MNEs were mainly to be found in three 
manufacturing industries: transportation equipment 
(28 per cent), computer and electronic products  
(25 per cent), and chemicals (including 

30.  NSF, 2006, p. 4-58.

31.  European Commission, 2006a.

32.  OECD, 2006.

33.  OECD, 2005a, p.132.

34.  OECD, 2004.
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pharmaceuticals) (23 per cent). The largest non-
manufacturing R&D-performing industry was 
professional, technical, and scientific services 
(which include R&D and computer services), with  

6 per cent of the total.35 The industry distribution in 
European locations is similar to the average across 
all host countries, whereas half of affiliates’ R&D 
expenditures in Canada and Japan are performed by 

35.  NSF, 2006.

Figure 48
Geographical spread of R&D expenditures by foreign affiliates of US companies, 1994 and 2002, 
in % and in €billion
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Source: OECD, 2005a; p.133

Table 32
Regional shares (%) of R&D performed abroad by foreign affiliates of US MNEs: 1994–2002

Year Europe Canada Japan Asia-Pacific
except Japan Middle East Latin America

and OWH Africa

1994 73.0 7.0 9.5 5.4 0.8 4.0 0.1

1995 72.7 8.5 10.2 4.6 0.8 3.1 0.2

1996 68.8 11.1 9.5 5.3 1.2 3.9 0.1

1997 68.5 12.5 7.5 5.3 1.4 4.5 0.2

1998 70.8 11.9 6.6 4.4 1.0 5.1 0.2

1999 67.3 9.3 8.4 9.4 2.1 3.4 0.1

2000 62.9 11.4 8.0 11.3 3.1 3.2 0.1

2001 61.2 10.8 7.6 13.6 3.7 2.9 0.1

2002 11.1 6.8 11.6 4.2 - -

Source: NSF, 2006; Table 4-51
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affiliates classified in transportation equipment and 
chemicals, respectively.

Affiliates of European-based MNEs account for 
over 75 per cent of FDI in R&D in the US and 
the sector investment (mainly chemicals incl. 
pharmaceuticals and transport equipment) differs 
from the investment made by the rest of the world’s 
regions (mainly computer and electronic products), 
reflecting Europe’s regional technology strengths 
and weaknesses (Figure 49).

A calculation of the overseas R&D expenditure as a 
share in the R&D expenditures performed in the US 
in 2003 reveals the sector of motor vehicles as the 
most internationalised (over one-third of the R&D 
expenditure comes from overseas), closely followed 
by the sector of drugs and medicines (over a quarter) 
and electrical machinery (more than one-fifth). In 
Japan as well, the share of overseas R&D expenditure 
is the highest in these three sectors. Although it 
should be noted that the order of the sectors is 
different and the shares are much lower (drugs and 
medicines 9 per cent; electrical machinery 4 per 
cent, and motor vehicles 4 per cent).

Figure 49 
R&D performed by majority-owned affiliates of foreign companies in the US, Europe versus other 
countries, by industry in %, 2002
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3.4  International 
technology alliances

MNEs become more dependent on external 
sources and networking.

R&D is being increasingly decentralised and MNEs 
are acquiring more technology from external 
sources. This higher reliance on external sources is 
part of a fundamental shift in the way companies 
generate new ideas and bring them to the market, 
as is emphasised by the new imperative of ‘open 
innovation’.36 From an open innovation perspective, 
companies commercialise both their own ideas as 
well as innovations from other entities, in which 
academic research occupies a major place.

The more complex and more open way of innovating 
requires cross-functional cooperation and inter-
action throughout the company, including not only 
R&D units, but also manufacturing, marketing, sales 
and services, as well as enhanced interaction with 
external - public and private – parties. This firmly 
embeds R&D activities in the company’s value 
chain.

But what exactly does the open innovation scenario 
involve? Not only do companies commercialise 
their own ideas and innovations from other entities, 

36.  Chesbrough, 2003.

in which both academic research and customers 
occupy a major place, but the following elements 
play an important role:

increasing mobility of skilled workers;• 

the increasing capability of external suppliers;• 

external options available for unused ideas;• 

a dynamic venture capital market.• 

MNEs can be considered as pioneers in the 
implementation of the ideas of the theorem of open 
innovation. Over the last years this resulted in the 
increasing formation of strong bonds with third 
parties in which start-up firms, spin-offs and the 
public R&D system occupy an important place. These 
bonds are decreasingly hindered by geographical 
boundaries and as such become more global in 
scope.

Whereas in the 1960s and 1970s the tendency 
was to centralise R&D, an important change in 
strategic technology management over the 1990s 
was the increasing intensification of all companies’ 
dependence upon external sources of technology 
(including a trend towards more outsourcing of R&D 
– Figure 50).37, 38

37.  Edler, Meyer-Krahmer, Reger 2002, pp. 156-157.

38.  Roberts (1995a, 1995b) .

Figure 50 
Trend towards greater outsourcing of business R&D

Source: European Commission (2006a)
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This can be seen by the following comparison of 
the increase in the number of MNEs which judged 
themselves as highly dependent on external sources 
to acquire technology between 1991 and 1998:

Japanese: from 35 per cent to 84 per cent;• 

European: from 22 per cent to 86 per cent;• 

North American: from 10 per cent to 85 per cent.• 

Moreover, these results not only show that North 
American companies paid less attention to external 
technology acquisition in the past than Western 
European and Japanese firms, but that the importance 
of such sources is growing more quickly for them than 
for the sample firms in Japan and Europe.

Information on the top R&D-spending companies 
reveals that, on average, nine out of ten respondents 
outsource a total of 15 per cent of their R&D; two-thirds 
of which is to other companies and one-third to public 
research organisations.39 This reveals that outsourcing 
forms a popular instrument in R&D management, 
which is used in order to complement in-house R&D.

Unfortunately, statistical evidence on external 
technology sourcing by MNEs, and more specifically 
the changing geography of it, is scarce. Some partial 
data exist on international collaboration by MNEs 
as a main form of cross-border technology sourcing. 
This is the focus of the remainder of this section.

International technology alliances have 
taken an increasingly important role in the 
R&D activities of (multinational) firms during 
recent decades.

Statistical evidence on one component of external 
technology sourcing can be found in (formal) 
international cooperation agreements; which have 
taken an increasingly important role in the R&D 
activities of firms during recent decades. Firms tend 
to be engaged in increased cooperation with different 
– both public and private – partners. Despite highly 
improved communication possibilities, the choice 
of R&D partners seems to privilege those that are 
geographically close, especially at a national level. 
However, in parallel with the increase of foreign 
investments in R&D, firms (and most specifically 
MNEs) are increasingly involved in international 
cooperative arrangements, such as cross-border 

39.  European Commission, 2005, p.6.

strategic alliances in R&D.40,41 Such alliances and 
cooperation have helped MNEs to access foreign 
technologies and markets, to minimise risks and 
to overcome the (often high) costs of technological 
development. In turn, because of the cumulative 
nature of technological know-how, sustaining long-
term competitiveness requires strategies that both 
build knowledge in existing core technologies, and 
access newly emerging technologies.

Empirical evidence for high technology intensive 
MNEs shows that R&D partnerships and technology 
alliances are becoming more and more international. 
It is estimated that agreements across borders now 
constitute almost 60 per cent of those registered. 
Moreover, the number of newly established 
intraregional alliances have lost relevance in Europe 
and Japan. The interregional alliances with an 
industrial partnership between Japan and the US, 
and/or Europe and the US, have gained importance: 
new alliances containing at least one Japanese and 
one US partner grew from 186 (1980-84) to 213 
(1990-94).42 Especially newly established Europe-
US technology alliances have increased from 221 to 
457 over a similar period of time and mostly in the 
biotechnology area.43

In the more recent period 1991-2001, new 
international technology alliances nearly doubled 
from 339 to 602. At the same time, a growing 
dominance of non-equity forms within alliances 
can be noted. While this kind of alliance increased 
from 265 in 1991 to 545 in 2001, the number of 
equity-based partnerships declined from 74 to 57. 
US-based firms continued to participate in a large 
majority of strategic alliances, although their share 
in the overall total declined from 80 per cent in 
1991 to 73 per cent in 2001. At the same time, the 
participation of non-Triad firms increased from  
4 per cent to 14 per cent. Between 1991 and 2001, the 
industry composition of alliances shifted strongly 
from IT (whose share dropped from 54 per cent to  
28 per cent) to pharmaceuticals/biotechnology 
(whose share increased from 11 per cent to 58 per 
cent). With regard to the latter, there is a strong 

40.  Dunning, 2005.

41.  It should be noted that the due to data restriction, the statistics and insight 
presented here refer to large technology-based firms. These are used as a 
proxy for technology-intensive MNEs.

42.  Based on the MERIT-Cooperative Agreements and Technology Indicators 
(CATI) database. This database is a systematic collection of inter-firm 
partnerships containing information on nearly 10 000 cooperative 
agreements, involving some 3 500 different parent companies. It started 
in 1987. In the CATI-database, only those agreements that involve either 
a technology transfer, or some form of jointly undertaken R&D are being 
recorded. Cooperative agreements are defined as mutual interests between 
independent industrial partners that are not linked through majority 
ownership.

43.  CEC, 1998; Narula and Hagedoorn, 1997.
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incentive for MNEs to establish strategic alliances 
as no single company could possibly develop 
excellence in all the R&D areas required to develop 
a new drug.44

Data for EU-based high-tech MNEs in R&D partnering 
during the period 1996-2001 in five industries 
(computers, drugs, electronics, instruments and the 
plastics industry) show that European companies 
consider North American high-tech firms as their 
most preferred partners in research. At more than 55 
per cent, this kind of R&D partnership makes up the 
dominant share of all the newly established partnering 
activity during the period under consideration. Intra-
European partnerships, most notably those formed 
between high-tech companies from the UK and 
Germany, reach a high level of around 30 per cent. 
R&D partnerships between companies based in the 
EU and those in Asia (i.e. firms from Japan, China and 
South Korea), represent more than one-tenth of the 
cross-border collaborations. Collaboration with other 
parts of the world (i.e. Australia and New Zealand) 
takes up a rather small share of the partnering activity 
(Figure 51).45

Figure 51
International distribution of newly established 
R&D partnerships by EU-based high-tech 
companies, 1996-2001

60%

50%

40%

30%

20%

10%

0%

Intra-EU EU-Asia EU-North 
America EU-Others

29%

11%

55%

4%

Source: Roijakkers et al., 2004, based on the MERIT/CATI database, Report to the European 
Commission, STI-NET Project.
Note: Results include cooperation in five sectors: computers, drugs, electronics, instruments, 
and the plastics industry.

The country-level spread reveals that of the newly 
established partnerships by EU-based high-tech 
companies with US companies - in absolute terms - 
over 15 per cent are British, 14  per cent are German, 
9 per cent are French, and 5 per cent are Dutch. 
Intra-German partnerships, partnerships amongst 
UK companies, and partnerships between German 

44.  UNCTAD, 2005, p. 126, based on the MERIT-CATI database.

45.  Roijakkers et al., p. 5 - Report to the European Commission, STI-NET Project, 
April 2004.

companies and Japanese firms - at less than 4 per 
cent - clearly play a less important role.46

Refining the results by sector of activity reveals the 
high importance of inter-firm R&D partnerships of 
EU-based companies with North American companies 
in the fields of computers, drugs and instruments. 
Collaboration with Asia is of relatively high 
importance in computers and electronics but lower 
in drugs and instruments. Intra-EU collaboration is 
most present in the plastics and electronics sector. 
On the other hand, in the computer business, intra-
EU collaboration accounts for only half as much as 
collaboration with Asia and roughly one quarter of 
collaboration with North America (Table 33).

Table 33
International distribution of newly established 
R&D partnerships by EU-based high-tech 
companies by sector, 1996-2001

 Computers Drugs Electronics Instruments Plastics

Intra-EU 15% 23% 40% 28% 48%

EU-Asia 30% 6% 20% 7% 10%

EU-North 
America

55% 63% 40% 63% 41%

EU-Others 0% 8% 1% 2% 1%

Source: Roijakkers et al., 2004, based on the MERIT/CATI database, Report to the European 
Commission, STI-NET Project

Referring to the analysis presented in Chapter 2, not 
surprisingly it turns out that the sectoral distribution of 
international collaboration goes hand in hand with the 
technological strengths of the different world regions.

Collaboration with public research partners 
is of great importance for technology 
sourcing and does not necessarily require 
the implantation of an R&D unit in the 
neighbourhood.

Collaboration does not only exist between firms. By 
type of collaboration partner – and without forgetting 
the importance of other types of partners (including 
small high-tech enterprises) – special attention has 
to be paid to cooperation with excelling centres of 
excellence and universities, because collaboration 
with this kind of partner is of great importance for 
technology sourcing and does not necessarily require 
the implantation of an R&D unit in the neighbourhood.

The scarce data available reveal that European 
enterprises have, for example, developed important 
cooperation for their research strategy with American 
universities.47 Based on the results of the third 

46.  Roijakkers et al., 2004.

47.  Miotti and Sachwald, 2003.
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Community Innovation Survey, collaboration between 
large enterprises and universities and public research 
institutions, is mainly a national matter. Collaboration 
with such institutions located outside Europe is rather 

limited (Figure 52). However, it should be noted that 
the statistics presented do not clarify the importance 
of such collaborations in qualitative terms.

Figure 52
Collaboration with universities and public research institutions, EU large firms, 1998-2000

Source: Third Community Innovation Survey. Eurostat, newcronos website

Note: Statistics presented are an unweighted average of Austria, Belgium, France, Finland, Germany, Italy, The Netherlands, Portugal, Spain, and Sweden. PNP = private non-profit.
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3.5  Motives to 
internationalise R&D

In order to understand the previously described 
trends, deeper insights into the motives for MNEs 
to internationalise their R&D activities is needed. 
In the discussion on the location motives for R&D it 
should be kept in mind that R&D activities include 
very different kinds of activities. A distinction can 
be made between the type of activity (i.e. research 
versus development48); or alternative divisions 
based on the type of R&D unit (e.g. the distinction 
between production support unit, global research 
unit or rationalisation unit49). Starting from a general 
perspective, these distinctions will be taken on board 
in the course of the development of this section.

Market perspectives, perspectives for 
technology sourcing, and availability of 
researchers are the main motives for MNEs to 
conduct research abroad.

In order to fully understand the process of 
internationalisation of R&D by MNEs, it is important 
to comprehend the question, ‘Why do firms source 
and exploit technology abroad?’ Some decades ago, 
the answer to this question would have been that 
demand (market) related factors were the decisive 
element. However, since the 1980s, elements on 
the supply side have been taken into account more 
often.50 In this respect, local specific competences 
were looked after on the one hand, while on 
the other hand, technological evolutions and 
externalisation of development activities opened the 
way to (re)locate certain activities in countries with 
a lower cost structure. This was especially the case 
for electronics, telecommunications and software. 
Economies of scale of R&D activities played in favour 
of centralisation, whereas diversification of the 
sources of competence and the capacity to divide 
the process of innovation favoured dispersion. This 
means that nowadays, the answer to the motivation 
question for R&D is the existence of three heavily 
intertwined motives: market perspectives, cost 
and availability of researchers perspectives, and 
technology sourcing (Figure 53).

48.  OECD, 2002.

49.  Sachwald, 2004.

50.  Sachwald, 2004.

Figure 53
Motives for the location of business R&D

Critical factors for destination of 
business R&D

Critical aspects of the business 
environment to invest in R&D

Local R&D expertise in the industry
Protection of intellectual property 
rights

Availability of R&D scientists with 
appropriate skills

Quality of the eduction system

Cost of labour for R&D Size of the local market

Source: The Economist Intelligence Unit (2004)

Market perspectives for (the outcomes of ) R&D 
activities are of high importance, because they 
provide important feedback to the final development 
of the product or service for lead users or launching 
customers (i.e. those who are prepared to take 
the higher initial costs and risks involved in early 
adoption of an innovation). In return, markets can 
gain better abilities to use and benefit from the 
innovation and increase the chance that it meets 
their specific needs. An early market of sufficient 
scale offers the potential for a higher return on 
investment and, with that, reduced risk. Furthermore, 
proximity and local requirements are key features 
of many such markets and relationships and hence 
influence the choice of R&D and business location. 
This seems particularly acute in the service sector, 
which is critical to productivity growth. The lack of 
demanding and novelty-seeking customers who are 
willing and able to pay for upgraded, improved or 
novel services, is a major barrier in service innovation 
which enterprises find difficult to overcome.51

Besides market perspectives, more recently, 
technology sourcing motives have also become 
major forces for locating R&D (outside the home 
country). Indeed, the geographic dispersion of MNEs 
is increasingly viewed as a source for knowledge 
creation rather than as a result of knowledge 
diffusion.52 Subsidiaries are considered important to 
access (local) external sources and are regarded as 
a vehicle to continually reassess and upgrade know-
how on core products and technologies. Companies 
are under constant pressure to replenish the pipeline 
of innovative products. Highly internationalised 
firms therefore tend to be no longer satisfied with 
locations that will enable them to ‘just about keep 
up’ with the technology race, but deliberately search 
for the unique centres of excellence.53 This creates 

51.  European Commission 2004a.

52.  Kuemmerle, 1997.

53.  Gerybadze, Meyer-Krahmer, Reger, 1997.
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a huge demand for top-quality infrastructure and 
highly skilled researchers.54

Recently, a new set of drivers for the internationalisation 
of R&D can be found in the cost and availability of 
researchers.55 Intense global competition and rising 
R&D investments force MNEs to innovate faster and 
more efficiently. In this respect, it can be noted that, 
just as the internationalisation of manufacturing 
was driven by important cost advantages, also the 
internationalisation of R&D is to some extent motivated 
by cost-cutting. This results in the outsourcing of 
activities and the location of R&D in countries with low 
costs. However, it should be mentioned that the cost 
argument seems to be rather related to the available 
pool of skilled scientists and engineers than the lower 
wages per se.

The most attractive countries for R&D combine the big 
attraction factors: a dynamic market with the production 
and innovation factors for different kinds of activities. 
The US is often given as an example of an attractive 
location for foreign R&D investors because of: a large 
homogeneous market; close links to top US universities 
and research labs assuring scientific and technological 
expertise and potential R&D spillovers; an innovative 
environment, where the commercialisation of inventions 
is easier; high quality of life, attracting qualified 
expatriated workers as well as a dynamic and rather 
loosely regulated labour market.

Over the last decade, some newly emerging economies 
(like China and India) became fast-growing markets 
with production factors adapted to assembling 
products for mass consumption destined for export. 
Besides low costs, some of these emerging economies 
invested highly in scientific infrastructure and human 
capital. The availability of a skilled workforce and 
the increasing number of consumers in the former 
eastern bloc, China and India is making all of these 
regions increasingly attractive for business R&D. For 
these economies, the trend of an increasing share of 
R&D by foreign affiliates is likely to gather pace in the 
future, as some of these countries’ investments in 
science and technology skills bear fruit. For example, 
over the period 2000-2001, China, India and the 
Russian Federation together accounted for nearly one-
third of all tertiary technical students across the world 
and possess impressive pools of R&D personnel (cf. 
Chapter 1). Moreover, more scientists and engineers 

54.  In line with the motives for R&D location, the desire to collaborate with 
a foreign partner is dictated by the need to acquire technical or market 
expertise which is not equally available domestically. In this respect, 
empirical evidence has reflected that (cross-border) strategic technology 
alliances have increased considerably from the 1980s onwards (Hagedoorn 
and Schakenraad, 1990, 1993; Miotti and Sachwald, 2003).

55.  UNCTAD, 2005.

stay in, or return to, China and India to perform R&D 
work for foreign affiliates or local firms, or to start 
their own businesses.56,57 Arguments for R&D location 
in China are to be found in: excellent resources and 
internationally trained biomedical scientists (Roche); a 
competitive edge in production and quality combined 
with comprehensive application technology services 
(Bayer); and state-of-the art facilities for R&D (Solvay).

On the other hand, in many of the emerging economies, 
problems still persist with intellectual property. The 
adoption of an intellectual property system consistent 
with the norms of the open economy can favour the 
growth of FDI by offering guarantees to foreign firms. 
To ensure knowledge exchange, it is not sufficient to 
welcome foreign firms, since these tend to pursue 
their research activities in their countries of origin, or 
in association with institutions in countries with a high-
tech capacity. What is more, the growing use of patents 
in the marketing of products or services tends to limit 
market access by potential competitors. Firms can, 
in this way, transfer the results of innovation without 
transferring the capacity to innovate. There is a need, 
then, for intellectual property agreements to ensure 
a return on scientific and technological investment.58 
Especially for China, whether it will become a world 
player in technological innovation (especially in life 
sciences) crucially will depend on the way it deals with 
Intellectual Property.59

For the EU-25 it can be noted that - based on the weak 
performance of business results on R&D as presented 
in Chapter 1 and on the outcomes of the Hampton Court 
Summit of January 2006 - there is a need to provide a 
more innovation-friendly market for its businesses, 
the lack of which is considered a major barrier to 
investment in research and innovation. In particular, the 
fragmentation of markets across the national boundaries 
of Member States provides a major disincentive for 
innovation. Despite progress towards the single market 
and some notable successes, the reality for most 
innovators remains that they face an obstacle course of 
multiple levels of regulations and requirements, each 
of which raises costs and lowers incentives. For these 
reasons, the large national markets of the US, and 
increasingly of China, provide a more fertile ground in 
which to launch innovations.60

56.  United Nations, 2005.

57.  Of course, it could be argued that firms do not necessarily need to be 
present through affiliates in the local market in order to access local 
sources and to transfer know-how. Presence in local markets through 
exports or international collaboration could be an alternative to access 
globally dispersed know-how. However, since networks are mainly informal 
and tacit, embeddedness remains important. Secondly, firms sometimes 
prefer full ownership to ease the risk of infringement on intellectual 
property rights.

58.  UNESCO, 2005, p. 105-106.

59.  European Commission, 2006a.

60.  European Commission, 2006a.
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According to a study conducted by the Dutch 
Ministry of Economic Affairs among company 
executives, the most critical location factors for FDI 
in R&D are the availability of qualified people (the 
most important factor); international accessibility; 
world-class character of knowledge institutions 
(centres of excellence); cooperation between firms 
and knowledge institutions; and the quality of the 
ICT/telecom infrastructure.

The motives for R&D location differ according 
to the type of R&D (unit).

R&D covers three different activities: basic research, 
applied research and experimental development. 
Basic research is experimental or theoretical work 
undertaken primarily to acquire new knowledge 
of the underlying foundation of phenomena and 
observable facts, without any particular application 
or use in view. Applied research is also original 
investigation undertaken in order to acquire new 
knowledge. It is, however, directed primarily towards 

a specific practical aim or objective. Experimental 
development is systematic work, drawing on 
existing knowledge gained from research and/or 
practical experience that is directed to producing 
new materials, products or devices, to installing new 
processes, systems and services, or to improving 
substantially those already produced or installed.61

In order to deal rigorously with the issue of creating 
and increasing location advantages, it is useful 
to distinguish between research activities and 
development activities. The differences between 
location drivers for research activities (for the 
business sector, basic and applied research are 
taken together) versus experimental development 
activities, are induced by the very different nature 
of both kinds of activities. Location decisions 
of research capacities are mainly driven by an 
assessment of quality, size and specialisation of the 
knowledge base. The most important reasons to site 

61.  OECD, 2002.

Box 5
A pilot survey on Business Trends in R&D Investment, based on 95 of the top 500 EU R&D-
investing companies, revealed the following for the period 2005-20071:

market demand for new products and services, technological opportunities and the company’s turnover • 
or profit, are the main incentives for companies to increase R&D investment. Labour costs of researchers 
and – surprisingly also – the availability of researchers, turned out to be of less importance;
the most important factors when deciding where to • locate R&D are the availability of researchers, 
market access, access to specialised R&D knowledge and a predictable legal framework for R&D. 
Labour costs of researchers and public procurement of innovative products have less influence on the 
R&D location decision.

 
These motives for EU firms are very much in line with the general motives for R&D location.

A survey of Japanese Companies’ Research and Development Strategies in the Era of Mega 
Competition revealed that:

more than 70 per cent of the (especially multinational) companies engaged in R&D activities were found • 
to have some sort of collaboration with an external partner. A collaboration partner may be a major 
company, a small or medium-sized enterprise, a venture business, or a university. Many of the surveyed 
companies said that the degree of collaboration with all of their outside partners has deepened over 
the past five years and that they expect this trend to continue in the coming years;
as to reasons for promoting collaboration with outside parties, many companies pointed to ‘responding • 
to intensifying R&D competition’ and ‘improving cost efficiency of R&D’ in the case of inter-corporate 
collaboration, and ‘improving the quality of basic research’ and ‘accessing a specific R&D achievement 
of the collaboration partner’ in the case of collaboration with a university or a national research 
institute (i.e. industry-academia collaboration). Also mentioned was to quicken the ‘speed’ of R&D (to 
‘shorten lead-time’ before commercialisation) without reducing the ‘width’ and ‘depth,’ necessary to 
actively bring in technology seeds from outside. This necessity is serving as a driving force accelerating 
Japanese companies’ moves to seek R&D tie-ups with outside partners.2

1.  European Commission 2005, p.10.

2.  RIETI, 2004.
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‘research’ in a particular location are: proximity to 
local universities and research parks; possibilities 
to tap informal networks; proximity to centres-of-
innovation; a limited domestic science base and 
access to local specialists.62

Location decisions of development capacities are 
mainly driven by strategies related to production 
location advantages and the proximity to high 
potential markets. The motives are merely to 
be found in: local market requirements; global 
customers requesting local support; customer 
proximity and lead users; cooperation with local 
partners and market access.63

Although market and technology sourcing 
motives are both important, technology-sourcing 
MNEs allocating research activities to their local 
subsidiaries are more attracted to industries and 
countries possessing relative technology strength. 
On the other hand, countries offering strategic 
market access are more attractive to the development 
type of R&D activities.

An important difference between development 
centres and centres focused on (applied) research 
exists. The former are much more motivated by 
market expansion motives. This is important when 
taking into account the sector activity of the MNE. 
In sectors with low and medium technology, the 
research capacity remains more centralised and, by 
consequence, the location of R&D units is principally 
determined by market motives.64

It can be noted that the distinction between research 
and development neither denies, nor minimises, the 
importance and significance of the strong efforts 
which are made in the knowledge economy to 
integrate improvements from the basic research lab 
to the factory floor. Making a distinction between 
R and D is important for policy purposes as it 
underscores the fact that different R&D location 
drivers (adjacency to markets and to ideas) 
still matter. High integration among the various 
segments of the whole process might also generate 
some interdependencies and feedback between 
location decisions that could be considered as policy 
opportunities to influence those location decisions. 
For example, successful resource allocation to D 
might change incentives and create new motivations 
for foreign companies to move some R capacities 
(Figure 54).

62.  von Zedtwitz and Gassmann, 2002.

63.  von Zedtwitz and Gassmann, 2002.

64.  Sachwald, 2004.

Figure 54 
Location drivers for research and development 

Reasons to locate ‘research’ in a 
particular location

Reasons to locate ‘development’ in 
a particular location

Proximity to local universities and 
research parks

Local market requirements

Tapping informal networks
Global customers request local 
support

Proximity to centres-of-innovation Customer proximity and lead users

Limited domestic science base Cooperation with local partners

Access to local specialists/recruting Market access

Source: von Zedtwitz and Gassmann (2002)

Alternatively to the distinction between research 
and development, a difference can be made based 
on the type of R&D unit (Figure 55).65 Three types 
of units can be distinguished presenting different 
determinants for localisation. Firstly, the production 
support unit is specialised in adaptation of R&D 
to local conditions. This is the most frequent form 
of R&D unit. This kind of unit is closely related to 
the geographical distribution of the production 
activities of the MNEs. Since the global demand 
is increasingly shifting towards newly emerging 
economies, it is logical that those countries contain 
a growing number of such R&D units. Acquisition 
plays an important role in this.

Secondly, the global research unit is more related to 
interaction possibilities with university centres and a 
stimulating scientific and technological environment. 
Clients, suppliers and small innovative enterprises 
are important actors in this environment. The US has 
attracted an important number of such units because 
the country is at the technological frontier in a great 
number of domains. In particular, European- and 
Asian-based laboratories in biotech and information 
technology can be found in the US. These centres can 
be related to lead markets and to an environment 
supposedly reflecting future tendencies.66 According 
to a survey of 700 Japanese-based affiliates in the 
US in 1998, 137 had R&D activities. Of these more 
than three quarters did production support and 
nearly one in four was a global research unit.

Finally, the third structure is the rationalisation unit. 
These units exist because of the possibilities of 

65.  Sachwald, 2004.

66.  Beise, 2004.
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subcontracting research for which a cost reduction 
justifies a delocalisation. The choice of location 
decision for these units is the price/quality ratio 
and the efficiency of the global research network of 

the MNE. For software developments, for example, 
the possibility to work round the clock can play an 
important role.

With respect to the type of research activities or the 
function of the unit abroad, some particularities can 
be noted for European-based MNEs. These companies 
tend to set up centres of excellence abroad with 
more worldwide responsibility than, for instance, 
those based in North America and, especially, 
those companies based in Japan. The latter, in most 
cases, mention that their R&D units perform the 

same activities as domestic R&D facilities, although 
adapted to the local market (Figure 56).67 This has 
been confirmed in other empirical studies that 
point out the growing role of long-term research 
conducted abroad, and the increasing responsibility 
of foreign R&D labs generating and maintaining core 

67.  Edler, Meyer-Krahmer, Reger, 2002.

Figure 55 
Determinants for localisation by type of R&D unit

Scientific and technological supply Demand

Production support unit Quality of formation 
(engineers, technicians) 

Important local market
(size, purchasing power)

Global unit Centres of excellence 
Quality of science-industry relations

Lead market

Rationalisation unit Cost/efficacity of R&D activities -

Source: Sachwald (2004, p.15)

Figure 56 
Most important functions of R&D facilities located abroad

Focus only on regional
technical support

activities

Focus only on basic
and/or applied research

Worldwide centres of
excellence for a

particular technology,
discipline, …

Same activities as
domestic R&D facilities,
but adapted to the local

market

0% 10% 20% 30% 40% 50% 60%

 Europe   Japan   North America
Source: Edler, Meyer-Krahmer, Reger, 2002 (p.160)

Note: survey among 209 MNEs.
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technologies.68 Therefore, foreign R&D investment 
is increasingly representing a strategy to maintain 
and gain competitive advantage by generating 
new technological assets and capabilities. It 
progressively reflects a technology-oriented 
posture, as opposed to simply supporting offshore 
markets and manufacturing or adapting products 
to local requirements. However, it can be noted 
that the impact of sector differences, as highlighted 
before, should be further examined before drawing 
conclusions on systematic differences between 
regions.

Furthermore, European-based MNEs (in the field 
of chemicals, pharmaceuticals, metal products, 
mechanical engineering, electric equipment 
and computing) from leading industrial centres 
are adopting a more diversified spectrum of 
technological activities abroad. They thus aim to 
acquire complementary assets and to specialise in 
each market in accordance with the host location 
patterns of technological development. Contrarily, 
foreign subsidiaries with headquarters in lower order 
centres appear to exploit their technological assets 
by replicating their home country’s technological 
specialisation.69 Country characteristics for location 
of R&D resources most favoured by Japanese-based 
MNEs are larger local markets, and markets with a 
high per capita income. Moreover, the abundance of 
R&D manpower, and the technological specialisation 
of the host country in the industry, reflect both 
supply- and demand-related motives.70

The motives for R&D location differ according 
to the level of development of the MNE’s 
country of destination.

Based on (for some partial) responses of 203 MNEs 
across 15 industries regarding the factors influencing 
decisions on where to conduct R&D (measured in 
terms of R&D personnel), the decision on where to 
locate R&D turned out to be complex and influenced 
by a variety of factors. Regardless of where 
companies locate R&D, output market potential, 
quality of R&D personnel, university collaboration, 
and intellectual property protection stand out. 
However, how these factors influenced decisions 
varied depending on whether the sites were in 
developed or emerging economies (Figure 57). In 
general, the quality of intellectual property was a 
detractor for emerging economies.71

68.  Florida, 1997; Kuemmerle, 1997; US National Academy of Engineering, 
1996; OECD, 1997.

69.  Cantwell and Janne, 1999.

70.  Kumar, 2001; Belderbos, 2001,2003.

71.  Thursby and Thursby, 2006.

In agreement with these motives, respondents 
for emerging economy sites indicated much more 
strongly that the site was to support research 
relationships with local universities or research 
institutes. Given the fact that in developed economies 
such networks have extensively been established 
before, this is not surprising. The results however 
indicate that MNEs locating R&D in emerging 
economies are in the process of developing those 
networks over there as well. Perhaps surprising, 
but interesting to note, is that university factors 
were found to be as important as the factor of cost 
in emerging economies, and more important in 
developed economies.

It turned out that although cost, net of tax breaks, is 
high in developed economies, these economies can 
still have a comparative advantage in R&D because 
of the quality of personnel, particularly given the 
intellectual property environment. Moreover, the 
embeddedness of companies in various systems of 
innovation in their home countries is built on - often 
decades old and considerable effort demanding - 
relationships of trust and interaction with suppliers, 
clients, universities, research centres, informal 
networks of like-minded researchers, etc. This 
embeddedness takes a long time to be created and 
sustained. Once developed, such systems have a low 
marginal cost of maintenance and therefore even 
where the host location is potentially superior to the 
home location, the high cost of becoming familiar 
with and integrating into a new location may deter 
firms from doing so because of resource limitations. 
The host location therefore must offer significantly 
superior spillover opportunities, or provide access 
to complementary resources that are not available 
elsewhere, and which cannot be acquired by less 
risky means more efficiently.72

The motives for R&D location differ according 
to the level of development of the MNE’s 
country of origin.

Motives for internationalisation of R&D activities may 
differ significantly between developed and emerging 
economies. Efficiency-driven rationales, such as the 
exploitation of multiple time zones, critical mass 
of R&D and local cost advantages, hardly play a 
role for Chinese companies abroad.73 Instead, local 
R&D has been seen to emerge in support of product 
localisation and process innovation and to overcome 
difficulties with entry into foreign markets. So there 
are different motives for R&D internationalisation. 
Firms from developing (emerging) countries are 

72.  Thursby and Thursby, 2006, p.2.

73.  Gassman and von Zedtwitz, 1999.
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more likely to internationalise R&D into advanced 
countries to enhance their innovative capability 
by acquiring local knowledge and technology, 
and to do this for reasons of shortage of domestic 
technologies and because of various limitations to 
serve foreign markets technologically. On the other 
hand, when going into other developing (emerging) 
economies the main purpose appears to be the 
search for long-term first-mover advantages. So, 
companies with more developed R&D networks 

try both to develop the network’s capabilities to 
understand and conduct cutting-edge technology 
development by absorbing know-how from advanced 
countries, and by exploiting innovation capability in 
developing countries. Based on these findings, four 
phases of research on R&D internationalisation can 
be identified (Figure 58). 74

74.  von Zedtwitz, 2005.

Figure 57
Location motives of recent or planned R&D sites: emerging economies versus developed 
economies
EMERGING ECONOMIES DEVELOPED ECONOMIES*

1. growth potential in the market 1. quality of R&D personnel

2. quality of R&D personnel 2. quality of intellectual property protection

3. cost (net of tax breaks) 3. expertise of university faculty

4. expertise of university faculty 4. ease of collaborating with universities

5. support sales of the company 5. ease to negotiate ownership of IP from research relationships

6. ease of collaborating with universities
6. market factors such as growth potential and the need to support sales of 
the company

Source: Thursby and Thursby (2006). *No significant differences were noted between developed economies and developed home countries.

Figure 58 
Four phases of research on R&D internationalisation

H
om

e 
Co

un
tr

y Advanced MODERN
(e.g. US > China, EU > India)

TRADITIONAL
(e.g. US > EU, JP > US)

Developing 
EXPANSIONARY

(e.g. China > Brazil, India > China)
CATCH-UP

(e.g. China > Us, India > EU)

 Developing Advanced

 Host Country

The TRADITIONAL pattern of developed-country multinationals investing in other developed countries, accounted for less than one-third of the 
new R&D projects in 2002-2004. Almost three-fifths of the cases involve MODERN developed-country MNEs investment in developing countries. 
EXPANSIONARY and CATCH-UP R&D together accounted for less than one-tenth of total.

Source: von Zedtwitz (2005)
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3.6  Implications for host 
and home countries

The internationalisation of R&D is an important 
phenomenon. It involves the global allocation of 
a precious resource for national economies. R&D 
capacities above a certain size are powerful in 
generating externalities in the form of thickening 
markets for innovation and technologies, on both 
supply and demand sides, that will benefit the 
whole local system.

While FDI in R&D has generally positive 
impacts, many governments remain 
concerned over the internationalisation of 
R&D. The underlying issue is whether they 
are net recipients, or net sources, of FDI - 
making all the difference in the share of 
benefits.

Since foreign direct investment in R&D by MNEs is 
increasingly internationalised and is expected to be 
even more so in the decade to come, it is important to 
know which countries are benefiting from it as a host 
country, and which are benefiting as a home country.

However the answer to both questions is difficult. 
In order to benefit from the technology acquired 
by its own MNEs, home economies should develop 
their absorptive capacity and networking with the 
technology-sourcing MNEs. Also, they should be 
able to attract innovative companies, R&D institutes 
and R&D workers from abroad, so as to compensate 
for the internationalisation of R&D investment by its 
domestic firms, institutions and national R&D workers 
moving abroad.75 In the case that the host locations 
are selected in a technology-sourcing strategy, the 
scope for potential benefits from increased technology 
transfers to the host countries will be higher since more 
technology transfers to the host locations are likely to 
occur.

So, the role subsidiaries will play in the innovation 
process of MNEs depends on the level of technological 
capability and the strategic importance of the host 
market. At the one extreme, subsidiaries have a purely 
implementing role for projects requiring low levels 
of technological expertise and with a low strategic 
importance of the market. In this case, the technology 
transfer is imported into the local market. Once the 
location reaches a high level of technological capability 

75.  Veugelers, 2005.

for a particular innovative project, it can be assigned a 
contributing role to develop generic central know-how, 
or even play a more crucial leading role as ‘centre of 
excellence’, with a ‘global product mandate’.76

Consensus exists that host country spillovers by 
multinational companies vary systematically between 
countries and industries, and that the positive effects 
of foreign investment are likely to increase with the 
level of local capability and competition.77

The fact that firms locate R&D activities more and 
more by the need to develop interactions with the 
local systems of technological competence and end 
users, leads to both inward and outward learning, and 
reverse and interactive technology transfers between 
different organisational and geographical locations. 
For these reasons, concern has risen both for net 
recipient and net source countries. Policy-makers 
in net recipient countries could fear foreign-owned 
firms, since they may reduce the national technology 
and production base, while keeping the core of their 
innovative activities in their home countries. On the 
other hand, net recipients of foreign R&D investment 
could be worried that the internationalisation of 
R&D may ‘hollow out’ the domestic knowledge base, 
because foreign affiliates may export technology 
developed at home and because fewer R&D activities 
are undertaken at home.78 Therefore, the new trends in 
R&D internationalisation should be looked at in terms 
of whether or not countries are likely to benefit from 
the internationalisation of R&D. Some remarks can be 
formulated about this.

Firstly, it is interesting to verify whether the R&D 
jobs created abroad result in a one-for-one loss of 
the same positions domestically, or whether they are 
supplemental. Research to answer this question is 
limited to R&D policies of individual firms. Looking 
at these policies, at least in the short term it can be 
supposed that the moves are experimental in many 
cases, so the jobs are supplemental. It is unlikely that 
firms will pick up their R&D activities and move them 
to an entirely new location. On the other hand, one 
could expect that R&D money spent abroad will not 
continue to be spent at home. So this could hamper 
further increases in R&D spending in the home country. 
What is more certain is that firms do ‘what is best for 
shareholders’, and that is to have the most efficient 
development organisation, while maintaining the 
quality it takes to be an innovator in the industry. From 
this perspective, firms are more inclined to act from a 
system integrated approach where asymmetries in 

76.  Poynter and Rugman, 1982.

77.  Blomström and Kokko, 1998; Cantwell, 1989; Kokko, 1994,1996.

78.  Veugelers, 2005.
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space result in nodes of high value-added activities 
and nodes of developing activities at the lower end of 
the value chain.

Secondly, one should not forget that the process of 
internationalisation of R&D creates opportunities for 
developed countries as well. Countries like China, 
India and Brazil will by no means monopolise growth 
in overseas R&D investment in the years to come. 
Western countries like the US, the UK and Germany, 
will remain the main locations for R&D investments 
in the coming years. Each of these countries has an 
established record as an R&D powerhouse and offers 
a history of R&D success, established infrastructure, 
strong academic links and robust IP laws, and are 
highly active in international scientific collaboration.79

For the above-mentioned reasons, developed countries 
(due to a further improvement in skills levels in the 
emerging markets) need to be aware of a shift in the 
years to come from more easily defined development 
activities in overseas locations, towards more 
complicated R&D activities. An important implication of 
this will be a claim for more R&D spending in emerging 
economies, while more expensive locations will need 
to focus on high-end R&D at the top of the value chain. 

79.  The Economist Intelligence Unit, 2004 .

Therefore, efforts should be made to help companies 
in developed countries to attract and keep skills that 
rely on more than financial incentives alone. Although 
the US has been the most successful in attracting the 
world’s sharpest minds, visa applications are becoming 
ever more cumbersome since 9/11, and this can 
dissuade foreign talent entering the US. It could even 
happen that the US will witness a reverse brain-drain.

Also, emerging and developing economies should be 
aware that foreign direct investment in R&D is not an 
a priori condition for economic success. The potential 
direct benefits of R&D related FDI for host countries 
depend on the question of whether or not knowledge 
and skills can be isolated from their surrounding host 
environment in the long term. In the case where MNEs 
create high-technology enclaves with little diffusion 
of knowledge into the economy, the benefits for the 
host country will be limited. The fragmentation of R&D 
and the increasing specialisation of individual units 
can make the scope for transferring broad knowledge 
narrower; reinforcing the enclave nature of R&D 
units. Moreover, FDI into R&D may also divert scarce 
local R&D resources from local firms and research 
institutions.80

80.  UNCTAD, 2005.

Figure 59 
Benefits and drawbacks of foreign direct investment in R&D

 On host country On home country

Positive impact • Increased local technical capability • Tap into other sources of expertise
 • Potential knowledge & economic spillovers • Enhance access to foreign markets
 • Job creation • Economic benefits if the results are exploited at home
 • Better tailored products  
Negative impact • Foreign control over domestic R&D resources • Loss of jobs
 • Loss of economic benefit if the results are exploited  

   elsewhere • Loss of technical capability

  • Loss of economic benefits if results are exploited locally

Source: Sheehan (2004)

Box 6
Overseas R&D activities by Japanese multinational enterprises: causes, impact and 
interactions with parent firms, Economic and Social Research Institute, Cabinet Office, Japan, 
March 2005
Investigation of determinants and impacts of R&D activities in overseas subsidiaries, using firm-level 
panel data for Japanese multinational enterprises. They distinguished between overseas innovative and 
adaptive R&D according to survey responses and found substantial differences between the two types of 
R&D. Most importantly, evidence suggests that overseas innovative R&D targets the exploitation of foreign 
advanced knowledge, successfully takes it to parent firms, and raises home productivity. By contrast, the 
primary role of overseas adaptive R&D is to contribute to productivity in the host country with the use of 
knowledge of parent companies. In addition, they found no complementarity between home and overseas 
innovative R&D, i.e., no evidence that overseas innovative R&D raises the marginal effect of home R&D on 
home productivity.
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MNEs play different roles in the high-tech 
export performance of different countries.

As briefly touched upon in the introduction of this 
chapter, MNEs also play an important role in the 
internationalisation of knowledge exploitation. 
Concerning the outcomes of R&D investments by 
MNEs outside the home country, reference can be 
made to the role of MNEs by noting the relationship 
between high-tech export performance and the 
value of domestic R&D per unit of high-tech exports. 
It can be supposed that countries with high R&D 
values rely more on local technological effort, while 
those with low R&D (but technology intensive export 
structures) depend heavily on low-end activity in the 
MNE’s production systems. However, a comparison 

for the leading high-tech exporters in the world along 
with the share of high-tech products in total exports, 
revealed no clear relationship between the two lines, 
indicating that MNEs play very different roles in the 
high-tech export performance of different countries. 
This corresponds well with their integration into the 
MNEs global production systems (Table 34).81

81.  Lall, 2001.

Table 34 
Relation between R&D investment and share in export of medium-high and high-tech products

Share in GERD Share in export Export/GERD

1995 2003 1995 2003 1995 2003

US 36.3% 34.6% 20.3% 17.2% 0.56 0.50

EU-25 27.3% 25.7% 21.4% 21.6% 0.79 0.84

Japan 16.2% 13.9% 19.6% 13.5% 1.21 0.97

China 3.5% 10.3% 2.5% 8.5% 0.71 0.82

India 0.4% 0.5% 0.3% 0.5% 0.70 0.98

Brazil 1.2% 0.6% 0.6% 0.8% 0.53 1.25

Russian Federation 1.5% 2.1% 0.5% 0.26

South Korea 2.7% 3.0% 3.9% 4.7% 1.44 1.56

Singapore 0.1% 0.3% 5.1% 4.1% 51.00 13.73

Hong Kong 1.0% 0.8% 4.4% 5.0% 4.43 6.28

Mexico 0.4% 0.4% 2.5% 3.8% 6.33 9.55

Source: DG Research based on UN (Comtrade), UNCTAD (2005), OECD, MSTI (2005)

Note: GERD = Gross Domestic Expenditure on R&D.
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3.7  Conclusions from an 
EU perspective

MNEs can be considered important R&D actors, both 
in quantitative (over half of the world’s R&D and over 
two-thirds of business R&D) and in qualitative (for 
the overall innovation process) terms. Moreover, they 
are the main contributors to the internationalisation 
of R&D. Ever since the 1980s, MNEs have 
increasingly organised more sophisticated global 
innovation networks which adapt to the evolution 
and implantations of production and increasingly 
take the relative capacities of different territories 
(regions) into account. The outcome of this process 
is that the centralisation of research in the country of 
origin – although remaining important - has become 
less stable. As such, R&D units become ever-more 
differentiated in function according to the objectives 
that the unit received and an international division 
of work in terms of innovation is developing.

In their search for the best R&D location, market 
(demand), availability of researchers, and technology 
related factors are most commonly cited. Local 
demand is a principal driver for the location of R&D 
abroad in units adapting R&D to these demands. 
As world demand is inexorably shifting towards the 
newly emerging economies, it is self-evident that 
those economies host a growing part of R&D units.82

From the availability of researchers and the 
technology perspective, the upsurge of emerging 
economies is not surprising either. Investments over 
the past decade(s) allowed some emerging markets 
to build up a huge availability of well-trained human 
capital (both in terms of students and researchers, cf. 
Chapter 1) and world-class technology competence 
in different areas (see Chapter 2); both factors are 
considered crucial determinants for the location and 
attraction of R&D.

Changing opportunities to cope with these heavily 
intertwined motives are responsible for the clear 
trend, over the past years, in the location choices for 
R&D by MNEs towards a number of newly emerging 
economies, of which not only China, but also India 
and Brazil, are the best-known examples. These 
emerging economies not only attract more research, 
they also start to climb the R&D value chain by 
attracting activities going beyond simple adaptation 
to local markets.

82.  Sachwald, 2004; NSF, 2006.

Within the developed world, available data suggest 
higher R&D investment by EU companies in the US, 
compared to the R&D investment by US companies 
in the EU. In 2001, this accounted for a net outflow 
of about €6 billion for the EU-15, and preliminary 
calculations estimated an amount up to €8.7 billion 
in 2002 for the EU-33.

The fact that European companies increasingly 
move their R&D capacities outside Europe is not 
problematic as such. They have good reasons to do 
so – ranging from proximity to foreign local markets 
to the need to be exposed and have access to new 
ideas and intellectual resources. A main challenge for 
Europe is to remain of interest for foreign companies 
to approach European markets and ideas. Therefore, 
Europe should pay close attention to creating 
location advantages (both in terms of market and 
technology opportunities) to attract R&D capacities. 
However, at the same time, Europe needs to be aware 
of and be connected to the raising S&T opportunities 
outside its borders and – taking on board the ideas 
of open innovation – pay attention to the translation 
of this foreign research into successful innovation in 
favour of its own economy/citizens.
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Annex 1: FDI in China
R&D-related FDI inflows in China have surged in 
recent years. The accumulated R&D investment 
of MNEs in China had reached approximately  
$4 billion by June 2004 (estimated by the Ministry 
of Commerce), while the number of foreign-affiliate 
R&D centres, registered according to the eligibility 
criteria in place since the year 2000, reached 700 by 
the end of 2004. Although the first MNE R&D centre 
dates back to 1993, most of the known projects are 
recent (established after China’s accession to the 
WTO in December 2001).83 Based on other sources, 
the number of centres actually carrying out R&D 
functions is likely to be considerably smaller:  
199 foreign R&D facilities in China in the beginning 
of 200484, increasing to 250-300 more recently85.

However, for many reasons, it is difficult to accurately 
assess R&D activities by foreign companies in China. 
The figures of R&D employees in foreign companies 
in China only reflect a part of the actual R&D activity. 
Many foreign companies have R&D cooperation 
with, or buy R&D services from, Chinese companies. 
On the other hand, Chinese authorities sometimes 
require companies to set up local R&D in return for 
being allowed to manufacture or sell in China. As a 
result, some R&D activities exist more on paper than 
in reality. Public announcement from the companies 
themselves does not help a lot either: companies 
tend to announce that they have an R&D centre before 
it is in operation and sometimes it never becomes 
operative. This seems to be a consequence of Chinese 
authorities’ eagerness to publicly show results of its 
pro-FDI policy through the Chinese press.86

Whatever the exact figures, all sources agree that 
there is a strong upward movement in FDI inflow 
in R&D to China, which started in the mid-1990s 
and accelerated since 2000. These R&D-related 
FDI inflows have been concentrated in technology-
intensive industries such as ICT, automotive and 
chemicals (according to the data of the Beijing 
Municipal Bureau of Statistics). The ICT industry, in 
particular, has witnessed a boom in R&D investment 
by MNEs. Motorola, one of the largest foreign 
investors in China, had set up 15 local and global 
R&D centres in China by the end of 2004, with 
several others under construction. While life sciences 
companies have been reluctant so far to follow the 
same way, a number of big pharmaceuticals have 

83.  UNCTAD, 2005.

84.  von Zedtwitz, 2006.

85.  Schwaag Serger, 2006.

86.  Schwaag Serger, 2006.

announced plans to set up R&D centres in China. 
These announcements should be received with 
caution for the reasons mentioned above.87

R&D-related FDI inflows in China mainly come from 
the US, Europe and Japan. These three sources of 
FDI account for 85 per cent of total FDI in R&D: the 
US is better-represented than the EU and Japan, 
which tend to have a similar representation.88

Before 2000, FDI in R&D to China, following the 
general R&D internationalisation pattern, was 
limited to technology-based MNEs. Since then, 
however, a number of companies from other sectors 
are locating important R&D functions in China, in 
particular, product design centres. Worth noting, a 
number of pharmaceutical companies are choosing 
China as a location for carrying out clinical trials: the 
costs for conducting clinical trials in China are about 
one-fourth the costs in the US.

Some major investors in R&D in China – by region of origin
US/Canada Europe Japan
DuPont, chemicals
General Electric, power
General Motors, car 
industry
IBM, ICT
Intel, ICT
Motorola, ICT
Microsoft, ICT
Nortel Networks 
Corporation, ICT

ABB, manufacturing
AstraZeneca, pharma
Electrolux, electronics
Ericsson, ICT
France Telecom, ICT
Nokia, ICT
Novartis International 
AG, pharma
Siemens AG, electricity 
and ICT
Volvo, car 
manufacturing

Honda, car 
manufacturer
Hitachi, electronics
Matsushita Electric 
Works, electronics
Toshiba, electronics

In its first phase, FDI inflow in R&D was due to 
government conditions to allow other kinds of 
FDI. Eventually, closeness to market and market 
adaptation also became important strategic factors. 
In other words, the development side of R&D 
traditionally has a much higher weight than the 
research side.

Still today, the core of FDI in R&D to China appears 
to be aimed to adaptation to the Chinese market, 
but this is beginning to change. ‘While in the 1980s 
and 1990s most R&D activities by foreign companies 
in China consisted primarily of product development 
and adaptation to the Chinese market, now large 
MNEs are increasingly locating innovative R&D in 
China’.89

87.  UNCTAD, 2005.

88.  Yuan, 2006.

89.  Schwaag Serger, 2006.
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While the low cost of human resources does not 
appear to have an important weight, the positive 
evolutions in the R&D Chinese system and the ever-
growing talent pool, especially in engineering areas, 
are becoming important factors for R&D location 
in China: ‘Well-qualified, motivated and relatively 
inexpensive engineers, doctors and other scientists 
constitute an important pull-factor in companies 
considerations to establish R&D in China’. Not to 
mention sector-specific factors, such as the cost and 
availability of clinical trials for the pharmaceuticals.90

‘The boom of R&D is driven largely by the abundant 
S&T human resources of China. Some MNEs like 
IBM or Microsoft evaluate their R&D laboratories as 
a fundamental part of their global R&D activities. 
The mission of these R&D laboratories is to become 
an international R&D centre, rather than a support 
laboratory serving the local market.’ This tendency 
of MNEs to absorb the best of the Chinese scientific 
talent pool through highly competitive wage offers is 
actually beginning to have political consequences in 
China, facilitating a strong argument to the section of 
the Chinese Communist Party advocating a political 
shift towards a more restricted FDI policy and a firmer 
support to ‘autonomous innovation’.91

These trends point to a re-balance towards a higher 
importance of the research side of R&D; in other 
words towards an innovative R&D which eventually 
results in the conception of new products for the 
world market in China.

However, there are contradictory signs regarding the 
influence of R&D activities in Chinese laboratories over 
MNE’s decisions of investing in R&D in China. Most 
authors point that Beijing and Shanghai are the most 
attractive destinations largely due to the presence 
of Chinese R&D laboratories and the possibilities of 
cooperation they offer. But there are few effective 
signs of such cooperation: a survey among foreign 
enterprises undertaken by the Chinese Academy of 
Social Sciences showed that 77 per cent of the foreign 
enterprises had never formally cooperated with 
Chinese R&D laboratories and 79 per cent of them did 
not have any plan in this regard. Rather, it seems that 
closeness to Chinese laboratories is valuable in order 
to find the necessary human resources.

Among the factors that hamper the FDI inflow in 
R&D, the most relevant are:

The • weakness of IPR enforcement: while this is 
an important issue, its repercussion is uneven 

90.  Schwaag Serger, 2006.

91.  Yuan, 2006.

among sectors. In sectors in which products are 
directly addressed to the wide public, this lack of 
enforcement can be very harmful.

The • lack of management skills: while scientific 
knowledge and talent begins to be widely 
available in China, management skills are very 
rare, because of both a lack of experienced 
researchers and cultural reasons.

Regarding outward FDI investment in R&D by 
Chinese MNEs, the following set of motivations are 
identified92:

Concerning FDI in R&D in developed countries, • 
market-driven, human resources-driven or cost-
driven FDI are all highly improbable (US/EU/
Japan): ‘Given that China still receives a great 
amount of foreign technology, we can hypothesise 
that Chinese firms internationalise R&D in order 
to develop alternate channels of technology-
sourcing from developed countries. Automobile 
manufacturer Dongfeng Motors has established 
four listening posts in the US, Germany, the UK 
and France for the purpose of being close to major 
competitors (not markets) and their technological 
bases’. In other terms, ‘input-related rationales 
are probably the strongest reasons for Chinese 
R&D internationalisation in developed countries’.

Concerning FDI in R&D in developing countries: • 
‘market and output-related determinants may 
explain the establishment of R&D in other 
developing countries such as the Islamic Republic 
of Iran, Jordan and Chile’.

In general, ‘Political, regulatory and governmental • 
factors were not mentioned as having a 
strong impact on the decision where to set up 
international R&D sites’.

A final factor has a high importance, partly • 
because of the still low level of FDI outflow in R&D: 
‘International R&D is often also a consequence 
of mergers and acquisitions. Although Chinese 
companies have been more of a target than a 
source of mergers and acquisitions, this seems 
to be changing, as shown by the investments of 
Shanghai GM in GM Daewoo and the acquisition 
of Germany’s Schneider by TCL. Thus, R&D units of 
acquired companies become part of the Chinese 
firm’s R&D network, often making international 
coordination necessary’.

92.  von Zedtwitz, 2006.
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Annex 2: FDI in India
It is estimated that during the period 1998-2003 
some $1.1 billion have been invested in India, with 
a further $4.65 billion planned.93 The main source 
of foreign direct investment in R&D in India is the 
US, followed by Germany. The preferred sector of 
activity is in information technology (hardware and 
software). Pharma research (mainly clinical trials), 
chemicals and the agro sector are other sectors 
which attract FDI in R&D. R&D investment in India 
has grown at a compounded annual growth rate of 
45 per cent over 2002-04 and is likely to remain over 
40 per cent in the coming years.

Although, it must be noted that most of the R&D 
activity in the country is still financed by the Indian 
Government, which through its network of research 
laboratories and public sector research units 
accounts for about 85 per cent of the R&D activity. 
Indian private sector companies are only now 
beginning to invest in R&D in a small way.

FDI in R&D in India by the private sector only began 
in the last 15 years, following the liberalisation of 
the Indian economy in 1991. It can be expected that 
it will continue to grow at a fast pace and will include 
investments in sectors other than those mentioned 
above. Some further facts on FDI in R&D in India 
include:

R&D services has emerged as the third segment • 
in export of IT services. It occupies a share of  
18.4 per cent of software exports accounting for 
an annual value of $2.3 billion.

Planned investment in the R&D sector totals • 
$4.65 billion. The US footprint is the biggest and 
widest, followed by Germany. The R&D thrust is 
part of a larger and complex operation involving 
manufacturing, export and domestic markets.

Germany and South Korea tie for second place for • 
inward R&D initiatives. France, Japan and China 
show an interest in India.

22 980 R&D workers consisting of scientists, • 
software engineers and other support staff 
manned the 100 FDI companies in the R&D 
sector.

93.  The information in this section is based on ‘FDI in the R&D Sector – Study 
for the pattern in 1998-2003’.  
http://www.tifac.org.in/offer/tlbo/rep/tms179.htm.

Availability and price of work force is a big draw • 
for location of R&D centres in India. A scientist in 
India at $10 000 per year is cheap compared to 
the $100 000 per year for a scientist in the US.

Nearly half the FDI in the R&D sector is in • 
Bangalore; the Delhi and Mumbai regions rank 
second and third.

Computer-based R&D dominates, while drugs, • 
auto, chemicals and agro also show promise.

The FDI majors in India are working on latest • 
technologies – at least 415 patents from India 
have been filed in the US.

Partnerships with local companies are good • 
at the start but partnerships are not forever –  
56 per cent of FDI companies prefer to work alone 
in India, with 100 per cent foreign equity without 
local partners in equity.

Among the multinational companies who have • 
started setting up research units in India are IBM, 
Motorola, Intel, AstraZeneca, Eli Lilly, General 
Electric, General Motors, Microsoft, Adobe etc.

In addition, several companies have set up • 
research collaborations with reputed research 
organisations. A few examples are given below:

The IIT-Delhi campus hosts labs for, among • 
others, IBM, Tata Infotech, Motorola.

Samsung India Electronics is working with IIT-• 
Delhi for new designs of colour televisions, 
washing machines and air-conditioners to suit 
the Indian market.

FMC Corporation, a leading producer of • 
chemicals for industry and agriculture, has 
established an R&D centre at the Indian 
Institute of Science campus in Bangalore, 
to drive research for its agriculture products 
business.

DuPont has had profitable alliances with • 
national research laboratories under the CSIR, 
since 1994. DuPont Textiles and Interiors and 
the Pune-based National Chemical Laboratory 
have extended their research alliance for 
another five years.

In Bangalore, Indian Institute of Science’s • 
(IISc) venture with TCS APDAP (Advanced 
Product Design and Prototyping), serves over 

http://www.tifac.org.in/offer/tlbo/rep/tms179.htm
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150 top-notch names in the Indian and global 
industry. From building an innovative MiG-cum-
Mirage helmet for the IAF pilots to a low-cost 
refrigeration product for serving motels, APDAP 
leverages both its strong IISc faculty backing 
and technical skill-sets of TCS.

Most of the staff at the R&D centre set up by • 
MNEs in India are either recruited locally or are 
made up of researchers of Indian origin who have 
chosen to return to India. For example, GE’s John 
F. Welch Technology Centre, Bangalore has about 
2 700 employees, of whom more than 700 are 
researchers of Indian origin who relocated from 
the US.
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Innovation works best when there are good 
connections and collaborative links between 
research actors. These stimulate the creation of 
knowledge, its translation into innovations and 
the diffusion of these innovations. But geography 
matters. It is easier to achieve efficient connections 
between actors, and the valorisation of new 
knowledge, within the context of a single national or 
well integrated regional economy (like the EU) than 
it is at the global level.

Yet an important conclusion of this report is that 
more and more investment is being made in 
research, and more and more new knowledge is 
being produced, outside Europe. Europe’s global 
S&T position is weakening in relative terms as 
concerns both research inputs and outputs. The 
share of the EU in global R&D expenditure has 
decreased over the past ten years. Europe’s business 
R&D intensity is stagnating, while that of its main 
competitors is generally on the increase. If current 
trends persist, the European Union’s share of global 
R&D expenditure will decrease to little over one fifth 
(22%) in 2020.1 On the output side, the EU remains 
the world largest producer of scientific publications, 
but its share of the global scientific production is 
decreasing as a result of the rapidly increasing share 
of Asian emerging economies. This report shows that 
the internationalisation of R&D is being developed 
at a much faster pace than ever before, spreading 
to an increasing number of countries, involving R&D 
extending beyond adapting technology to local 
conditions, and tending to be highly concentrated in 
a limited number of economic sectors.

1.  The share of the EU would be one third lower than the US’ share (31 %) 
and only slightly ahead of China’s share (19 %). Japan’s share of world R&D 
input would be about half of this (10 %) and India would be the fifth largest 
R&D spender with around 6 % of world R&D spending. These estimates 
are based on the average of the evolution in shares and in budgets of 
gross domestic expenditures on R&D in the period 1995-2003. For India a 
correction was made by weighting the shares and budgets by the number of 
R&D personnel applied on the Chinese budgets and shares. This does not 
neglect the different growth paths in both countries.(European Commission, 
DG RTD, C4)

  

This report also demonstrates that the main drivers 
behind this internationalisation of R&D are the large 
multinational enterprises (MNEs). They reorganise 
their research activities towards more globally 
distributed research networks and no longer tend to 
polarise research in the home location. As such, they 
increasingly look around the globe for opportunities 
in terms of markets, technology and cost efficiency. 
More and more, these elements can be found 
in some newly emerging economies (especially 
China, but also India and Brazil). Their increasing 
S&T potential – mainly reflected in a large arsenal 
of research workers, the development of major 
strengths in a limited number of research domains, 
and policies recognising the importance of research 
- enables some of the newly emerging economies 
not only to become highly attractive destinations for 
R&D, but also to gradually climb up the R&D value 
chain. There is a rapid increase in the number of 
graduates in mathematics, science and technology 
in China and India, combined with an expanding 
global mobility of S&T students, researchers and 
skilled workers.

What are some of the implications of the above? To 
the extent that MNEs are attracted by large supplies 
of researchers, top-level universities and research 
institutes, high quality infrastructures and the like, 
Europe needs a policy to increase its attractiveness. 
Therefore, the challenge of increasing Europe’s 
global attractiveness for R&D investments and 
human resources is increasingly crucial and 
pressing. 

However, the findings in the report also indicate 
that attractiveness alone is no longer enough. To 
the extent that the production of new knowledge 
outside Europe is unavoidable, in other words, to the 
extent that MNEs are attracted by the opening up of 
new large-scale consumer markets, Europe needs a 
policy of international cooperation which allows it 
to source and valorise foreign knowledge. The new 
challenge for Europe is to move out to this expanding 
knowledge bank and to absorb it for value creation 

4C h a p t e r  4
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Box 7
International cooperation in EC Research Framework Programmes since 2000

More than 130 countries participated in the 6th European Research Framework Programme. When looking 
only at the group of emerging economies consisting of the BRIC countries,1 the “Next Eleven” countries,2 
Singapore and Taiwan, then Russia, Turkey and China, followed by Brazil, Egypt and India participated the 
most and received the largest relative share of EU funding.

With the assistance of the 6th European Research Framework Programme, the research actors in the EU-25 
established over 8600 collaborative links with their counterparts in the aforementioned group of emerging 
economies. The EU Member States count an especially intensive cooperation with the BRIC countries:  
20 EU Member States cooperated with all four of the BRIC countries. Most of the third country participation 
in the 6th European Research Framework Programme was centred under the heading specific measures for 
international cooperation. There was also substantial participation by actors in the aforementioned group 
of emerging economies in information society technologies, sustainable development technologies and 
nanotechnologies.

Participation by thematic priority

0 20 40 60 80 100 120 140 160 180

1. Life sciences, genomics and biotechnology 
for health

2. Information society technologies

3. Nanotechnologies and nanosciences, 
knowledge-based multifunctional materials 
and new production processes and devices

4. Aeronautics and space

5. Food quality and safety

6. Sustainable development, global change 
and ecosystems

7. Citizens and governance in a knowledge-
based society

8. Policy support and anticipating scientific 
and technological needs

9. Science and society

10. Specific measures in support of 
international cooperation

26

101

54

24

29

86

32

45

2

164

Source: DG Research, Unit Economic and prospective analysis (C4); December 2006

In the 7th European Research Framework Programme, even more emphasis is given to the international 
cooperation. Third countries are eligible for participation in all Community research actions, focused 
cooperation is enhanced in areas of common interest and the number of bilateral S&T agreements is rapidly 
increasing.  Enhanced international cooperation for  global sustainable development is also a key element 
in the recent Green paper on the European Research Area. 

1.  Brazil, Russia, India and China

2.   Bangladesh, Egypt, Indonesia, Iran, Mexico, Nigeria, Pakistan, Philippines, Turkey, Vietnam and South Korea.
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in Europe. The challenge is considerable, given that 
Europe is already having difficulties absorbing all 
knowledge produced inside the EU. 

An effective international cooperation policy is 
also needed to effectively address the growing 
number of global S&T-related societal challenges. 
In this context, the EU can take a leadership role 
given its comparative technological strengths 
in key S&T areas. Globally, the demand on 
science and technology is expected to increase. 
Demographic trends point at an ageing and 
affluent population in Japan, Europe and USA, 
demanding advanced health services, and an 
enlarged and impoverished population in least 
developed countries, calling on science and 
technology to fight poverty. The prospects from 
climate change and environmental degradation 
have the same dual effects with a market-based 
demand in developed countries and a societal and 
humanitarian demand in developing countries. 

At European Union level, there have already 
been some important policy responses to this 
changing global landscape for research. Efforts to 
stimulate EU countries’ involvement in international 
cooperation have been developed under successive 
EU Research Framework Programmes and have been 
especially prominent in the 6th Framework, and 
further strengthened under the recently launched 
7th Framework Programme.

Looking ahead, the need for Europe to open itself 
further to the rest of the world in S&T has been 
emphasized in the Green Paper on the European 
Research Area published in April 2007. This sets 
out a series of issues for debate, including jointly 
addressing global issues and regional needs, making 
international S&T cooperation more central to the 
main external policy objectives of the EU, increasing 
coordination between the Member States and the 
EU, and designing common approaches with respect 
to neighbouring countries, developing countries, 
and industrialised and emerging economies. 
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