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AND GEOECONOMICS



CHAPTER 
2.1

R&D INVESTMENTS AND 
POLICY APPROACHES
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 Key questions 

 ȧ What are the latest developments 
in research and development (R&D) 
investments (public and private)?

 ȧ What policy instruments can be used to 
support R&I? 

 ȧ How have R&I policies evolved to become 
more transformative?

 Highlights

 ȧ China has overpassed the EU for the first 
time in 2020 in terms of R&D intensity, and 
the EU R&D intensity (2.2 %) remains below 
that of the US (3.5 %), Japan (3.3 %) and 
South Korea (4.9 %).

 ȧ The R&D intensity gap between the EU and 
its main competitors is mostly due to a gap 
in private R&D investments.

 ȧ Within the EU, private R&D investment is 
dispersed across high-tech and mid-tech 
sectors.

 ȧ R&D activity in the EU is concentrated within 
a limited number of countries, although 
concentration has slightly decreased over 
the last decade.

 ȧ The world’s top companies in terms of 
R&D spending tend to invest much more in 
R&D than governments (in terms of R&D 
intensity).

 ȧ Global spending on clean energy have 
increased between 2015 and 2022, and the 
EU invested more than the US but less than 
China in 2022.

 ȧ The total amount of government support 
to private R&D in the EU has decreased in 
2020 by 3.4 %, due to the decrease in tax 
support.
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 Policy insights

 ȧ In recent decades, EU governments have in-
creasingly shown a preference for tax incen-
tives over direct subsidies to encourage private 
investments. This trend, however, saw a slight 
decrease after the COVID-19 crisis.

 ȧ The existence of a positive structural effect 
between the EU and US may indicate the 
need to promote the role of the EU in critical 
high-tech sectors.

 ȧ Despite lagging behind the US in total pub-
lic and private Venture Capital (VC) funding, 
the EU surpasses Japan and Korea. The EU 
has the highest relative share of Govern-
ment Venture Capital compared to total VC.

 ȧ Tax support, chosen for its lower adminis-
trative burden, poses challenges in mon-
itoring and directing funds, particularly 
toward societal challenges. There is also 
a risk associated with tax competition.

 ȧ Access to financial and human capital 
through Government Venture Capital (GVC) 
has a substantial and lasting impact, but it 
carries a higher risk of crowding out private 
investments.

 ȧ EU governments increasingly use policy ap-
proaches and instruments to support R&D 
in line with a new frame for R&I policies: the 
Transformative Research and Innovation 
Policy (TRIP), which supports transformative 
change of our economies.

 ȧ Evaluating TRIP effectively demands 
a comprehensive approach involving sys-
tems thinking, experimentation, stakehold-
er involvement, and continuous monitoring. 
Currently, this evaluation process is still in 
its early stages.

R&D investments drive economic growth by 
fostering innovation and the development 
of new technologies, products, and services. 
Through R&D, new industries can emerge, 
existing industries can be transformed, produc-
tivity can be improved and companies can stay 
competitive in the global marketplace, spurring 
job creation. R&D investments have positive 
spillover effects on the economy; R&D can dif-
fuse across industries and sectors, benefiting 
other organizations and driving innovation in 
a broader sense. The first part of this chapter 
offers an overview of the latest trends in R&D 
investments in the EU, comparing them with 
those of its international competitors. It also 
disentangles these investments, analyzing 
their distribution across public and private sec-
tors, various industries, and different countries.

By investing in R&D, breakthroughs can be 
made in areas such as healthcare, energy, envi-
ronment, transportation, and communication, 
leading to transformative changes and societal 
benefits. Overall, it can help address societal 
challenges. Worldwide and in the EU, govern-
ments have implemented various approaches 
and instruments to support R&D investments 
and guide private R&D towards societal chal-
lenges. This includes R&D tax incentives, 
subsidies, innovation public procurement, or 
government venture capital. The second part of 
this chapter focuses on the evolving approach 
to Research and Innovation (R&I) policies, high-
lighting the latest trends and rationale behind 
the use of different R&I policy instruments in 
the EU and beyond.
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1. Investments in R&D

The EU has increased its R&D invest-
ments over the past two decades, yet 
a gap remains compared to some of 
its main competitors. The EU’s relative 
weight in this global R&D landscape is 
decreasing (Figure 2.1-1). In 2021, EU R&D 

intensity (2.3 %, and 2.2 % in 2022) was 
below that of the US (3.5 %), Japan (3.3 %) 
and South Korea (4.9 %) (Figure 2.1-2). China 
experienced steady growth, surpassing the EU 
level in 2020 for the first time (2.4 %).
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on 
Eurostat (online data code: rd_e_gerdtot). 
Note: The UK value of 2020 is a prediction based on the annual compound growth rate from 2014-2019.

Figure 2.1-1 R&D expenditure in billion EUR, 2000-2021
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on 
Eurostat (online data code: rd_e_gerdtot).

Figure 2.1-2 Gross expenditure on R&D as a percentage of GDP (R&D intensity), 
2015-2022
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Note: BERD stands for business enterprise R&D expenditure.

Figure 2.1-3 Annual growth rates and R&D intensity in the EU, 2011-2022

In 2020, the EU’s R&D expenditure 
decreased less than GDP but still declined, 
driven by the private sector, while, in 
2021, R&D intensity decreased with R&D 
investments increasing less than GDP (Fig-
ure 2.1-3). R&D activities tend to be pro-cyclical 

(Barlevy, 2007; Fatas, 2000; Rafferty, 2003; 
Comin & Gertler, 2006), moving in tandem with 
economic growth: R&D declines during reces-
sions and increases during economic booms 
(Fabrizio and Tsolmon, 2014; Barlevy, 2007; 
Sedgley et al., 2019; Aghion et al., 2012).
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In 2022, the EU would have needed to 
invest an additional EUR 123 billion to 
reach the 3 % target, more than the 
budget of an entire 7-year European Com-
mission framework programme for R&I 

(Figure 2.1-4). It is also worth noting that the 
decline of the gap from 2019 to 2020 is not 
due to an increase in R&D investments but to 
the decrease in GDP that followed the COVID-
19 pandemic.
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on 
Eurostat (online data code: rd_e_gerdfund).

Figure 2.1-4 R&D investment gap in the EU in billion EUR, 2000-2022
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The R&D intensity gap between the EU 
and its main competitors is due to a gap 
in private R&D investments. In 2021, the 
R&D intensity of the EU in the public sector, 
gathering government and higher education, 

was higher than that of Japan, the US and 
China (2020), whereas it was lower in the pri-
vate sector (Figure 2.1-5). Only South Korea 
had a higher public R&D intensity than the EU.
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Figure 2.1-5 Public and private R&D intensity gaps between the US, Japan, China, 
South Korea and the EU, 2021 or latest year available
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Despite not having the highest public 
spending among all major economies in 
absolute terms, with the US leading, it is 
important to note that R&I funding by the 
public sector is relatively higher in the 
EU compared to other countries (Figure 2.1-
6). Within the EU, the percentage of govern-
ment-funded R&I is around 30 % of the total 

R&I funding. In contrast, other countries have 
lower percentages of government-funded R&I, 
such as China and the US, both at 20 %, and 
Japan even lower at 16 % of total R&I fund-
ing. These figures are also reflected in the 
percentages funded by the private sector, with 
China, Japan and South Korea ranging between 
75 % and 80 %, while the EU is below 60 %.
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on Eurostat 
(online data code: rd_e_gerdtot).
Note: The labels are the shares of gross expenditure on R&D funded by the national government.

Figure 2.1-6 Gross domestic expenditure on R&D (GERD) – government (light colour) 
and non-government (other, dark colour) funds, in billion EUR, 2016-2021
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For the EU as a whole, the majority of R&I 
investments are financed by the Member 
States themselves. Member States adopt 
their individual approaches to funding R&I 
activities, primarily through annual budget 
allocations to national agencies or dedicated 
R&I programmes and funds.

Overall, the European FP for R&I funding 
constituted 9.2 % of public R&I funding and 
3.0 % of the total R&I funding in Europe in 
2021 (Figure 2.1-7). The share of FP payments 
in the European public and total R&I funding was 
slightly higher in previous years, representing 
between 11.5 % - 13.3% in the European pub-
lic R&I funding and around 3.7 % - 4.3 % in the 
European total R&I funding. The significance of 
public R&D funding in the total R&D investment 
remained more or less stable around an average 
of 33.5 % between 2018 and 2021.  
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit’s own elab-
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Notes: The contribution of FP is defined as the payments made under Horizon 2020 and Horizon Europe as reported in 
the consolidated annual accounts of the EU. As the UK is considered as a Member State for all pre-2021 programmes, 
payments may also comprise payments to the UK. The R&D expenditures of the public sector are defined as the sum of 
GERD with national governments, the European Commission and international organisations as source of funds.  
         

Figure 2.1-7 The contribution of the Framework Programme for R&I  
as a percentage of total and public R&D expenditure, 2018-2021



53
CH

A
PTER 2

Comparing the EU R&D to the US, Japan 
and China, dissimilarities in the sectoral 
composition of the regions’ economy can 
often explain differences in private R&D 
investment (Figure 2.1-8). Following a sim-
ilar approach to Moncada-Paternò-Castello 
et al. (2016), private R&D investment (BERD) 
can be decomposed across industrial sectors. 
Comparing the EU R&D to the US, Japan and 
China, differences in private R&D investment 
can be explained by dissimilarities in the sec-
toral composition of the regions’ economy (Fig-
ure 2.1-8). Within the US, investment in R&D 
is largely driven by R&D in high-tech sectors 
such as health, ICT hardware and ICT services, 
which account for approximately 85 % of all US 
private R&D investment (Figure 2.1-9). 

Within the EU, China and Japan, private 
R&D investment is less concentrated in 
high-tech sectors, but is more dispersed 
in comparison to the US. EU private R&D 

investment seems to be largely driven by R&D 
in the mid-tech automotive sector, yet substan-
tial investments are also made in the high-tech 
health and ICT hardware sector. Overall, R&D 
investment in mid-tech sectors accounts for 
approximately 43 % of EU private R&D invest-
ment, while high-tech sectors account for around 
46 %. Japan follows a very similar trend, with 
mid-tech sectors accounting for approximately 
37 % and high-tech sectors for 54 % of total 
private R&D. Private R&D investment in China 
is even more dispersed across high-tech, mid-
tech and low-tech sectors. While a substantial 
amount of Chinese private R&D investment is 
taking place in the high-tech ICT services and 
hardware sector, substantial investments are 
also made in the mid-tech industrials sec-
tor and the low-tech construction sector. As 
a result, high-tech sectors make up approxi-
mately 49 % of total private R&D investment, in 
comparison to 24 % and 27 % for mid-tech and 
low-tech, respectively.
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on data 
from the 2023 EU Industrial R&D Investment Scoreboard.
Note: Due to the scope of the scoreboard, the ‘EU’ data represents 17 Member States.

Figure 2.1-8 Sectoral composition of private R&D investment in million EUR, 2022
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Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on data 
from the 2023 EU Industrial R&D Investment Scoreboard.
Note: Due to the scope of the scoreboard, the ‘EU’ data represents 17 Member States.

Figure 2.1-9 Private R&D investment by region and sector type 
(high-tech, mid-tech, low-tech), 2022

Sectoral differences in R&D spending can 
be explained via both ‘structural’ effects 
(i.e., related to the size of the sector 
in relation to other sectors within the 
economy (Figure 2.1-10)) and ‘intrinsic’ 
effects (i.e., effects related to the R&D 
investment of firms within a particular 
sector (Figure 2.1-11)). In 2022, the private 
R&D intensity gap between the EU and the 
US was positive overall, implying that, within 
the majority of sectors, the US demonstrated 
a higher R&D intensity compared to the EU. 
The opposite situation can be observed for 
the private R&D intensity gap between the EU 
and China or Japan. A more in-depth analy-
sis into the different sectors reveals that, in 
comparison to the US, the EU demonstrates 
a higher R&D intensity for the mid-tech auto-
motive sector and a lower R&D intensity for 
the high-tech health, ICT services and ICT 
hardware sectors. Following this observation, 
it is possible to conclude that high-tech sec-
tors in the US invest more in R&D, not only due 
to their extensive size, but also due to higher 
R&D intensity. This implies the existence of 

a positive structural effect between the EU 
and US: sectors that are considered to be 
more substantial in the EU/US economy than 
in the US/EU economy, are also considerably 
more R&D-intensive. This finding is in line 
with that of Moncada-Paternò-Castello et al. 
(2016), who identify a positive and more pro-
nounced structural effect between the US and 
the EU. It is also in line with recent estima-
tions made within Fuest et al., (2024) which 
concluded that structural factors account for 
about 60 % of the difference, while intrinsic 
factors account for the remaining 40 %.

Japan and China are mainly characterized 
by positive structural effects with the EU, 
with the exception of ICT hardware. While 
R&D investments in this sector are of larger 
importance to the overall Chinese and Japa-
nese economy, R&D intensity in this sector is 
higher in the EU. A similar observation can be 
made for the EU health sector, i.e., despite its 
overall higher importance to the EU economy, 
Japan is characterized by higher levels of R&D 
intensity in the health sector.
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Figure 2.1-10 Share of private R&D investment by sector and region, 2022
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Figure 2.1-11 R&D intensity by sector and region, 2022

The existence of a mainly positive struc-
tural effect between the EU and other 
regions could indicate the need for poli-
cies that promote the role of the EU in 
critical high-tech sectors. To this extent, 
policy could focus on improving the innova-
tion ecosystem (e.g., access to finance and 

improvement of business conditions) as well 
as providing more directionality in R&D (e.g., 
via mission-oriented policies). Nevertheless, 
further in-depth analysis would be required to 
fully understand all the underlying factors that 
may drive these relationships.
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in the Industrial R&D Investment Scoreboard: 
the role of reallocation between firms and the 
importance of the ICT services sector

Peter Bauer and Francesco Rentocchini, Joint Research Centre, Industrial Strategy, 
Skills and Technology Transfer Unit.

R&D intensity is a widely used indicator of R&D efforts. We define R&D intensity as 
R&D expenditure over turnover of the top 2 500 R&D investors of the world from the 
Industrial R&D Investment Scoreboard. R&D expenditure and turnover are adjusted 
by purchasing power parity to take into account the different price levels of different 
countries. 

We analyse the development of R&D intensity over time and the differences of its 
growth across countries (regions) and sectors. We focus on changes over a 10-year 
window, from 2011 until 2021. Changes in aggregate R&D intensity are decomposed 
to within-firm term, between-firm term, entry term and exit term. The within-firm term 
expresses the change of aggregate intensity coming from the change at firm-level 
intensities. The between-firm term is the changes to the shares of firms in aggregate 
turnover, indexed by the deviation of average firm-level intensity from the aggregate 
average intensity. Thus, this term is larger if more R&D-intensive firms tend to grow, 
and smaller if more R&D-intensive firms tend to shrink. The entry and exit terms 
express the effect of entering and exiting firms on aggregate intensity. An entering 
firm contributes positively (negatively) if its intensity is higher (lower) than the average 
aggregate intensity, and an exiting firm contributes positively (negatively) if its inten-
sity is lower (higher) than the average aggregate intensity. The sum of the entry and 
exit term is called the net-entry term. The between-firm term and the net-entry term 
together comprise the reallocation effect on the change of aggregate R&D intensity.

First, we notice that R&D intensity tends to be greater for higher ranked companies, 
and there is an increasing gap during the period 2011-2021 between the leading and 
following firms in terms of R&D intensity. Then, analysis of world-level changes of 
R&D intensity reveals that the increase during the last 10 years comes mainly from 
reallocation between firms, especially the gaining of shares in the turnover of high 
R&D-intensive firms. This is a sign of allocative efficiency, as it shows that firms with 
high R&D intensity tend to grow faster. Contributions from different regions to world-
level intensity show that 40 % of the increase was driven by the US, while China, the 
EU and Japan contributed similarly. 
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Science, research and innovation performance of the EU 2024
Source: Joint Research Centre, Industrial Strategy, Skills and Technology Transfer Unit, calculations based on 
the Industrial R&D Investment Scoreboard data.
Note: RoW stands for Rest of the world
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increased the most in the US, followed by China and then the EU in third place. The 
main difference between the regions stems from the between effects, i.e. the different 
change in market share of high versus low R&D intensity firms in the different regions. 
We can assess the role of different sectors within regions. The leading position of 
the US in terms of R&D intensity growth in the past 10 years has been driven mainly 
by firms in the health and ICT service sectors that either entered into the market, or 
gained share at the expense of firms losing market share in less R&D-intensive sectors.

Science, research and innovation performance of the EU 2024
Source: Joint Research Centre, Industrial Strategy, Skills and Technology Transfer Unit, calculations based on 
the Industrial R&D Investment Scoreboard data.
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Figure 2.1-13 R&D intensity decomposition, Scoreboard companies, 2011-2021 
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many of the scoreboard companies. First, we can state that health has the highest 
R&D intensity historically, and it could still grow a bit in the coming 10 years. ICT pro-
ducers and ICT services also have a high R&D intensity relative to the other sectors; ICT 
services increased its R&D intensity substantially in the past 10 years, and this increase 
was by far the highest among the sectors. The energy sector has a permanently low R&D 
intensity compared to other sectors.

Science, research and innovation performance of the EU 2024
Source: Joint Research Centre, Industrial Strategy, Skills and Technology Transfer Unit, calculations based on 
the Industrial R&D Investment Scoreboard data.
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warranted to analyse the drivers of this increase in detail. The biggest within-firm 
effect in ICT services comes from the US, followed by the EU and Japan. In the between 
effect, the large positive contribution is mainly from US firms, which are highly R&D 
intensive and gained market share in the world. The net-entry effect also shows the 
advantage of US firms, as the positive contribution comes from US firms entering the 
market. All these effects show the US dominance in ICT services.

Science, research and innovation performance of the EU 2024
Source: Joint Research Centre, Industrial Strategy, Skills and Technology Transfer Unit, calculations based on 
the Industrial R&D Investment Scoreboard data.
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Figure 2.1- 14c- Net-entry effect by region,
ICT services
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R&D activity in the EU is concentrated 
within a limited number of countries, 
though concentration has slightly 
decreased compared to the situation in 
2010. In 2021, most R&D was performed in 
Germany (34 %), France (16 %) and Italy (7 %) 
(Table 2.1-1). These three countries are respon-
sible for close to 60 % of R&D expenditure in the 

EU in 2022. While several Member States have 
increased their share in EU-wide R&D spending 
during the period 2011-2022 (Table 2.1-1), 
a clear divide persists between these leading 
countries and the rest of the EU. Total R&D 
intensity increased between 2011 and 2022 in 
20 Member States, but significant heterogeneity 
remains across European countries. 

Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on Eurostat 
(online data code: rd_e_gerdtot). 
Note: Public sector is defined as government and higher education sectors.

Table 2.1-1 R&D investment trends across EU Member States, 2011-2022

Country Share of EU 
R&D invest-

ments, 
2021

Total R&D 
intensity, 

2021

Trend GERD  
(2011-
2021)

Business 
sector R&D 
intensity, 

2021

Trend BERD 
(2011-
2021)

Public 
sector R&D 
intensity, 

2021

Trend public  
(2011-2021)

BE 5.23 % 3.43 g g 2.53 g g 0.90 g g

BG 0.18 % 0.77 g g 0.52 g g 0.24 g

CZ 1.53 % 1.96 g g 1.26 g g 0.69 g 

DK 3.10 % 2.89 y 1.78 h 1.11 g 

DE 34.24 % 3.13 g 2.11 g 0.95 y

EE 0.18 % 1.78 h 1.00 h 0.77 y

IR 1.37 % 0.96 h h 0.77 h h 0.20 h h

EL 0.87 % 1.48 g g 0.73 g g 0.75 g g

ES 5.45 % 1.44 g 0.81 g 0.62 y

FR 16.19 % 2.18 y 1.43 y 0.70 h 

HR 0.27 % 1.43 g g 0.78 g g 0.65 g g

IT 7.31 % 1.33 g 0.78 g 0.53 g 

CY 0.06 % 0.77 g g 0.31 j j 0.36 g

LV 0.08 % 0.75 g 0.27 g g 0.48 y

LT 0.19 % 1.02 g 0.50 g g 0.52 h

LU 0.21 % 0.98 h h 0.50 h h 0.48 y

HU 0.66 % 1.39 g 1.00 g g 0.38 h

MT 0.03 % 0.69 g 0.46 g 0.23 g 

NL 6.21 % 2.30 g 1.56 g g 0.74 h

AT 4.04 % 3.20 g 2.20 g 0.98 g 

PL 2.69 % 1.46 g g 0.96 g g 0.50 g 

PT 1.16 % 1.70 g 1.06 g g 0.60 y

RO 0.37 % 0.46 y 0.28 g g 0.17 h h

SI 0.34 % 2.11 h 1.48 h 0.60 y

SK 0.30 % 0.98 g g 0.56 g g 0.42 g g

FI 2.24 % 2.95 h 2.01 h h 0.93 h

SE 5.40 % 3.40 g 2.51 g 0.89 h

y Annual growth between -0.5 % and 0.5 % (inclusive)

g or h Annual growth between 0.5 % and 2 % or between -0.5 % and -2 % (inclusive)

g g or h h Annual growth above 2 % or below -2 %
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If EU R&D intensity continues the trend 
observed in the past decade (1.1 % annual 
growth rate during the period 2011-2022), 
it will reach 2.4 % by 2030 (Figure 2.1-16). 
In order to attain the 3 % target by 2030, the 

average annual growth of the intensity must 
be 3.8 %, which is approximately 3 times 
higher than the average rate observed during 
the period 2010-2021.

Science, research and innovation performance of the EU 2024
Source:  DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on 
Eurostat (online data code: rd_e_gerdtot).

Figure 2.1-16 Scenarios of EU R&D intensity until 2030
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R&D investments and the twin transitions

Global R&D spending on clean energy 
increased between 2015 and 2022, with 
Europe investing more than the US but 
less than China in 2022 (Figure 2.1-17) (IEA, 
2023; European Commission, 2023a). However, 
to achieve the European Green Deal’s objectives 
and the Fit for 55 package’s targets, it is crucial 

to keep accelerating the transfer of EU clean 
energy innovations into the market. According to 
the European Commission (2023a), in 2020, the 
private sector in the EU continued to invest com-
parable amounts – in absolute terms – with the 
US and Japan, accounting for around 80 % of all 
R&I funding. In terms of private R&I investment 
per GDP, this still positions the EU ahead of the 
US but behind the major Asian economies.

Science, research and innovation performance of the EU 2024
Source: International Energy Agency, Spending on energy R&D by governments, 2015-2022, IEA, Paris.
Note:  R&D is defined as spending reported by governments and state-owned enterprise spending. Estimations for 2022 
are preliminary based on data available by mid-May 2023. US data is estimated from public sources. ‘Rest of world’ 
comprises Brazil, Chile, India, Indonesia, Russia, Saudi Arabia and South Africa. 

Figure 2.1-17 Spending on energy R&D by governments, 2015-2022
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Governments R&D intensities worldwide 
are much smaller than those of several 
top R&D spending companies. In the top 
R&D spending countries, government budgets 
for R&D (performed either by public or private 
sector) worldwide ranged from 0.48 % of GDP 

(China) to 1.07 % (South Korea) in 2020, while 
in the private sector, top spenders dedicated 
between 6 % and 28 % of their net sales to R&D 
in 2020. In the ICT sector, the tech giants dedi-
cated budgets that amount to the same as some 
governments in absolute terms (Table 2.1-2).

Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on Eurostat 
and Nasdaq data.
Note: R&D expenditures from private companies also include support through government tax incentive schemes.

Table 2.1-2 R&D investments and intensities for top spending countries 
and companies, 2020

Industry sector  
(for companies)

R&D expenditure 
by government 
(in billion EUR)

R&D intensity 
(R&D investments as % of GDP 
for countries, % of net sales 

for companies), 2020

US Government 135.9 0.74

EU Governments 93.4 0.69

Chinese Government 61.3 0.48

Japanese Government 22.0 0.5

South Korean 
Government 15.5 1.07

Amazon Retail 37.4052 11

Alphabet ICT services 24.1776 15

Huawei ICT hardware 19.272 16

Microsoft ICT software and 
services 16.9068 13

Apple ICT hardware 16.4688 7

Samsung ICT hardware 16.4688 9

Meta ICT software and 
services 16.206 21

Volkswagen Automotive 13.86 7.6

Intel Semiconductors 11.9136 5.6

Roche Pharmaceuticals, 
biotechnologies 11.388 23.8

Johnson & Johnson Pharmaceuticals, 
biotechnologies 10.6872 28.3
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International competitors of the EU, such 
as the US, Japan and South Korea have 
adopted a strategic approach to R&I 
funding. Government budget allocations for 
R&D per socioeconomic objectives in these 
countries are concentrated in a few strategic 
sectors (Figure 2.1-18). For example, the US 
Government dedicates 46 % of its R&D alloca-
tion to defence, 27 % to health and only 9 % to 
general advancement of knowledge, whereas 
the Japanese and South Korean Governments 
dedicate 34 % and 30 % respectively to indus-
trial production and technology, and 35 % and 
20 % to the general advancement of knowl-
edge. No data is available for China at this 
level, but recent studies tend to demonstrate 
that the Chinese Government has concentrated 
resources allocated to R&D in a few strategic 
sectors. The Made in China (MIC) 2025 strategy 
has set out 10 priority sectors and its successor, 
the 14th Five-Year plan, has created national 

laboratories in key S&T areas. Concerning the 
EU, data reporting categories are not allowed 
to have detailed information on the budget 
allocated to the higher education sector per 
precise socioeconomic objectives. Therefore, it 
appears that the EU allocates more than 50 % 
of its budget to the general advancement of 
knowledge. Hence, it is difficult to conclude that 
the EU is less strategic in its approach, but it 
seems that EU governments give more free-
dom to higher education institutions to direct 
R&D funding than their international counter-
parts. To conduct a meaningful comparative 
analysis, data collection on the actual public 
spending per socioeconomic objectives would 
be needed.

Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on Eurostat data. 
Note: For each region/country, all sectors with a percentage below 4.5 % have been included in the category ‘others’.
As far as the EU is concerned, socioeconomic objectives are not reported by the statistical offices for the budget allocated 
to the higher education sector.

Figure 2.1-18 Government budget allocations for R&D (GBARD) by socioeconomic 
objective, 2022 or latest year available
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2.  Policies, instruments and approaches to boost  
and direct private R&I investments

1 31 mission-specific calls as of October 2023.

To boost R&I investments towards achiev-
ing societal goals, governments worldwide 
employ different policy approaches. One of 
them is the mission-oriented policy. It is likely 
that this approach originates from the US, where 
the Manhattan project and the Apollo mission 
were launched in the 1940s. Since then, this 
approach for R&I policies has attracted attention 
by policymakers. Recently, the US and China have 
implemented mission-oriented policies such 
as the Cancer Moonshot 2.0 (US) and the MIC 
2025 strategy and Major projects (China) with 
targeted objectives that require multi-agency 
and cross-sector cooperation. Missions are 
often designed to attract both public and private 
stakeholders and orient business R&I invest-
ments towards the purpose of the missions.

The EU Missions, launched under Horizon 
Europe (2021-2027), are a new way to 
focus investments and bring solutions. They 
address societal and global challenges, which 

the EU has addressed in past years, investing 
through various methods of intervention – from 
the scientific fellowships, general advancement 
of knowledge and lab research to the innova-
tions of highly technological market potential. 
Therefore, the Missions naturally benefit from 
the indirect support of the EU framework pro-
gramme, as well as other instruments such as 
LIFE, the instrument for environmental and cli-
mate action, the Innovation Fund, and Interreg, 
for European territorial cooperation, creating 
synergies across EU sectoral policies. 

Over the past decade, around 5 000 R&I 
projects representing a total funding of 
EUR 13 billion are relevant to the Mis-
sions’ objectives (Table 2.1-3). The EU con-
tinued its investments in 2023, notably through 
Mission-targeted investments (Mission work 
programmes), but also other actions, which 
to date account for EUR 3.2 billion, including 
around EUR 1.4 billion in Mission-specific calls1.

Science, research and innovation performance of the EU 2024
Source: European Commission, EU mission portfolio as of November 2022.
Note:*Total figure represents the value of unique investments. EU mission portfolios can consist of overlapping actions, 
such as, for example, Cities and Climate action.

Table 2.1-3 EU Missions in Horizon 2020, Horizon Europe (2014-2022)

R&I projects 
(actions x 1 000)

Estimated EU funding 
(billion EUR)

Climate adaptation 0.5 2.2

Cities 1.2 3.2

Cancer 1.9 3.3

Ocean 0.5 3.4

Soil 0.4 1.3

R&I project values 4.7* 13
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Examples of solutions funded under Horizon 2020 and Horizon Europe, 
contributing to the missions’ objectives:

The Climate adaptation mission: 

 ȧ  Vineyards’ Integrated Smart Climate Application (VISCA);
 ȧ  Supporting viticulturists in climate change adaptation with VISCA DSS;

Mission ocean:

 ȧ  Cleaning litter by developing and applying innovative methods in European seas 
(CLAIM); 

 ȧ  Floating rooms – marine litter collection and recovery system (Clean trash). 

For more examples on Mission ocean, please see the Ocean mission dashboard, which 
presents the results of the analysis of a portfolio of 841 EU projects relevant to the 
Mission’s objectives. These projects have been funded by 16 EU programmes over 
a period of 9 years between January 2014 and December 2022. It offers a structured 
overview of the projects’ results and contribution to the objectives of the Mission, the 
Green Deal targets and geographical areas.

Mission soil:

 ȧ  Cost-effective robots for smart precision spraying (SCORPION);
 ȧ  Exploiting the multifunctional potential of belowground biodiversity in horticultural 

farming (EXCALIBUR)

Mission cities:

 ȧ  Building green and climate-neutral city hubs (CLIMABOROUGH);
 ȧ  Smart public transport initiatives for climate neutral cities in Europe (SPINE);

Mission cancer:

 ȧ  Streamlined identification of tumour neoantigens for personalised anti-cancer 
immunotherapy (PeptiCHIP);

 ȧ  PeptiCHIP platform for fast and accurate neoantigen identification.

https://cordis.europa.eu/project/id/730253
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/horizon-results-platform/search;keyword=visca;countryList=;needList=;nutsList=;programTitle=;innovationRadar=;resultType=;policyAreas=;currentStage=;rib=;goals=;providedDocuments=;organisationType=;geographicalMarkets=;investmentLevel=
https://dashboard.tech.ec.europa.eu/qs_digit_dashboard_mt/public/sense/app/630dc6b8-23f3-43a1-a275-7a59115f3813/sheet/213ef486-6178-43e1-824e-243f71432ca3/state/analysis
https://cordis.europa.eu/project/id/101004085
https://cordis.europa.eu/project/id/817946
https://cordis.europa.eu/project/id/101096464
https://cordis.europa.eu/project/id/101096664
https://cordis.europa.eu/project/id/861947
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/horizon-results-platform/29686
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Globally, public-private partnerships 
(PPPs), launched notably through inno-
vative public procurement, represent one 
of the main instruments for national pro-
grammes and strategies to support R&I, 
partly since public finances are scarcer and pro-
grammes to support R&I activities are designed 
to leverage private investment.2 The US has 
one of the longest and best track records of 
using public-private partnerships (PPPs) for R&I 
purposes (since the 1940s) with a wide diver-
sity in the types of PPPs. China started later but 
has put increasing efforts into PPPs. As for the 
EU, some Member States launched their first 
initiatives into PPPs for R&I in the 1960s. The 
European Union introduced them in 2007 and 
has since increased their dedicated budgets 
incrementally (European Commission, 2023b).

Over the past decades, EU governments 
have increasingly favoured tax incentives 
to support private R&D investments over 
direct funding, even if this preference 

2 As argued by OECD (2005), public/private partnerships (P/PPs) offer a framework for the public and the private sectors to 
join forces in areas in which they have complementary interests but cannot act as efficiently alone.

decreased slightly after the COVID-19 
crisis (Figure 2.1-19). To support private R&D 
investments, governments worldwide also 
use different funding instruments, including 
direct support tools, such as R&D grants or 
government procurement of R&D services, and 
indirect support through R&D tax incentives, 
i.e., a preferential tax treatment of business 
R&D expenditures in the form of a tax credit, 
enhanced tax deduction or exemption. In 2020, 
R&D tax incentives accounted for close to 55 % 
of total support for business R&D in the EU 
compared to 58 % in 2019, while direct sup-
port to business R&D accounted for 45 % com-
pared to 42 % in 2019. Besides, in a context 
of economic contraction due to the COVID-19 
crisis, the total amount of government support 
to private R&D in the EU decreased in 2020 by 
3.4 %, due to the decrease in tax support. While 
direct funding of business R&D increased in 
2020, this increase was, in absolute terms, not 
large enough to offset the decline in R&D tax 
support (OECD, 2023a).

Science, research and innovation performance of the EU 2024
Source: OECD R&D tax incentives database (https://oe.cd/rdtax), April 2024.
Note: Data on subnational tax support for business R&D are only available for a group of countries. For additional infor-
mation on the availability, design and implementation of R&D tax incentives in the EU region and OECD area, see OECD 
INNOTAX Portal, https://stip-oecd.org/innotax/

Figure 2.1-19 Direct government funding and tax support for business R&D, 
2021 or latest year available
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Governments around the world have also 
taken a strong interest in government ven-
ture capital (GVC). This interest stems in part 
from the fact that some of the world’s most 
influential enterprises, such as Google, Intel 
and Apple, were financed by venture capital-
ists (Brander et al., 2015). The creation of GVC 
funds is primarily meant to correct supply-side 
failures in domestic venture capital (VC) mar-
kets (Colombo et al., 2016) and to promote 
innovation. The EU3, while being far behind the 
US in terms of total public and private VC fund-
ing, but well ahead of Japan and South Korea, 
is the region with the highest relative share of 
GVC in total VC funding (Figure 2.1-20).4 GVC 

3 Only 22 EU Member States could be included in the analysis due to lack of data.
4 Related evidence from a pilot mapping exercise of business innovation support (OECD, 2023b) in five volunteer countries 

(Australia, Canada, France, Netherlands, Norway) highlights the important role of equity investments within the national 
business innovation policy mix. Equity investments, which inter alia include GVC, feature as the third most used instrument 
on average among the five countries considered.

investments are observed in around 8 % of all 
VC investments, a number similar to the one 
found by Alperovych et al. (2015). In the US, 
GVC represents between 2 % and 3 % of invest-
ments, whereas in other regions it is about 
1 % of investments. However, despite the high 
number of GVC funds in Europe (e.g. Biotech 
Fonds Vlaanderen in Belgium, SITRA in Finland, 
Caisse des Dépôts et des Consignations Inno-
vation in France, the Technologie-Beteiligungs-
gesellschaft in Germany, Piemontech in Italy, 
Axis Participaciones Empresariales in Spain), the 
existing literature and evidence on the impact 
of GVC on portfolio companies’ performance in 
Europe is rather limited (Ariffin et al., 2023).

Science, research and innovation performance of the EU 2024
Source: OECD calculations according to Dechezleprêtre & Fadic (2020). Can Government Venture Capital help bring 
research to the market? OECD publishing office. 
Note: The sample used in the analysis only includes firms that have investor information.

Figure 2.1-20 Number of total and government venture capital deals per country, 
2000-2019
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Tax incentives and direct funding demon-
strate a similar degree of effectiveness 
with a gross incrementality ratio (IR) of 
around 1.4 for both policy instruments, i.e., 
one extra unit of R&D tax or direct support trans-
lates into 1.4 extra units of R&D (OECD, 2023c). 
However, while R&D tax incentives can be easier 
to implement than direct subsidies, they can 
complicate the tax code and increase compliance 
costs on a recurrent basis (Table 2.1-4). This can 
also increase the burden for taxpayers and tax 
authorities. In addition, they are also harder to 

monitor and to direct, including towards societal 
challenges. Several studies also point to potential 
risks of tax competition (Alstadsæter et al., 2018; 
OECD, 2016; OECD, 2020). As for GVC, adminis-
trative costs are high, but budget control is strin-
gent. Nevertheless, while access to financial and 
human capital through GVC tends to have bigger 
and longer effects on access to finance than 
subsidy (Söderblom et al., 2015), it seems to 
be associated with a higher risk of crowding out 
private investments, including R&D investments 
(Cumming et al., 2017; Kirihata, 2017).

Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on multiple 
sources (see references section).

Table 2.1-4 Main use, characteristics and impacts of R&I policy 
instruments used worldwide

Direct funding of business 
R&D (R&D grants) R&D tax incentives Government venture 

capital funds

Definition 
and use

Main instrument to support 
public R&I performed by public 
institutions and basic research 
in all sectors, according to 
direction set by governments. 

Firms in the information & 
communication and computer 
& electronics industries often 
account for a large share of 
R&D tax benefits.

GVC is an entity established, 
owned, funded and operated 
by the government to provide 
venture financing.

Main 
characteristics

 ȧ High budget control; 
 ȧ Higher administrative burden 

and compliance costs; 
 ȧ Risk of government failure in 

‘picking losers’ (Dechezleprê-
tre et al., 2023); 

 ȧ Often directional as gov-
ernments select R&D pro-
jects with the highest social 
returns; 

 ȧ Best suited to encourage 
high-risk projects and to 
meet policy goals; 

 ȧ Adequate to target R&D 
activities with the highest 
discrepancy between social 
and private returns; 

 ȧ Encourage cooperation and 
technology transfer.

 ȧ More limited ability to fore-
cast and manage impact on 
public finances; 

 ȧ Comparatively lower admin-
istration and compliance 
costs, but can complicate the 
tax code and increase com-
pliance costs on a recurrent 
basis;

 ȧ Non-discretionary nature 
(ex-ante non-directional in 
terms of allocation of sup-
port to specific R&D projects, 
e.g. fields of research, tech-
nology or industrial sectors), 
and thus more easily com-
pliant with competition and 
international trade rules 
(OECD, 2014);

 ȧ Greater risk of dead weight 
loss (subsidising R&D invest-
ments which would have 
been undertaken in the 
absence of support); 

 ȧ Risk of entities relabelling 
other activities as R&D; 

 ȧ Risk of tax competition and 
relocation of R&D activities 
(Alstadsæter et al., 2018; 
OECD, 2016; OECD, 2020).

 ȧ High budget control; 
 ȧ Best suited to encourage 

high-risk projects and to 
meet policy goals, even if 
they are not immediately 
profitable;

 ȧ High administrative burden; 
 ȧ Bureaucratic red tape and 

delays, making it more diffi-
cult for start-ups to access 
funding quickly;

 ȧ Less efficient allocation of 
resources and potentially 
‘picking winners’ based on 
political considerations;

 ȧ Risk of crowding out private 
capital;

 ȧ Risk of not exiting invest-
ments in a timely and prof-
itable manner in order to 
prioritise social or political 
goals over financial returns.

Impacts

OECD (2023) analysis shows a similar degree of input addi-
tionality for direct funding as a gross IR of around 1.4 for both 
instruments (one extra unit of R&D support translates into 1.4 
extra units of R&D). It hints at the complementarity of direct and 
indirect support measures. It should be noted that most coun-
tries prevent directly funded R&D amounts to be claimed for tax 
purposes.

When GVC co-invests with 
international VC, it yields a 
positive effect on sales growth 
(Islam et al., 2018).
Access to financial and human 
capital tends to have effects 
that are substantially big-
ger and longer than subsidy 
(Söderblom et al., 2015).
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Innovation procurement or innovative pub-
lic procurement is also an important tool 
to stimulate innovation, as it enables the 
public sector to steer the development of 
new solutions by private actors directly 
towards its needs. As defined by the European 
2021 guidance5, innovation procurement refers 
to any procurement that has one or both of the 
following aspects: buying the process of innova-
tion – research and development services – with 
(partial) outcomes and/or buying the outcomes 
of innovation. The public buyer first describes 
its need, prompting businesses and researchers 
to develop innovative products, services or pro-
cesses, which do not yet exist on the market, to 
meet the need. Aiming at triggering the demand 
to develop and/or purchase innovative solutions, 
the EU supports innovation procurement mainly 
through two different procurement approaches 
and funding schemes, notably pre-commercial 
procurement (PCP) and public procurement of 
innovative solutions (PPI).

In the EU, over the past two decades, pol-
icy approaches and instruments to sup-
port R&D have been designed increasingly 
in line with a new framework for R&I poli-
cies: the transformative innovation policy 
(TIP), or, extending to R&I, the trans-
formative research and innovation policy 
(TRIP), which supports the transformative 

5 DocsRoom – European Commission (europa.eu).

change of our economies (Steward, 2012; 
Schot and Steinmueller, 2018; Diercks et al., 
2019; Haddad et al., 2022; European Commis-
sion, 2023b). Transformative change is focused 
on using science and technology to address 
grand societal challenges such as climate 
change, inequality and poverty. It is based on 
the idea that innovation can be used to create 
a more sustainable and equitable society (Schot 
and Steinmueller, 2018). TRIP differs from more 
traditional approaches to R&I policies on several 
aspects, including the policy rationale and the 
monitoring of these policies (Table 2.1-5). TRIP 
is still a relatively new concept, and there is no 
one-size-fits-all approach to implementing it. 
However, there are a number of principles that 
can be followed (Haddad et al., 2022; Schot and 
Steinmueller, 2018), such as:

 ȧ  directionality and sustainability, which 
focuses on long-term, systemic impacts;

 ȧ  involving a wide range of stakeholders;

 ȧ  policy coordination, which involves using 
a mix of policy instruments and coordinating 
across levels of government;

 ȧ  learning and experimentation, which 
includes evaluating the impact of policies 
over time.
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on multiple 
sources, including European Commission (2023); Santos and Coad (2023); European Commission (2023a).

Table 2.1-5 Key differences between traditional R&I policy and TRIP

Characteristic Traditional R&I policy Transformative innovation policy

Focus  ȧ Addressing market failures to boost 
economic growth and competitiveness.

 ȧ Achieving long-term, systemic impacts.

Policy rationale

 ȧ Stimulate and support innovation by directly 
funding R&D activities, providing incentives 
for firms to engage in R&D, and facilitating 
the transfer and diffusion of knowledge;

 ȧ The ‘more the better’ approach (Anderson et 
al., 2014), i.e. belief that increasing funding 
for R&D will inevitably lead to more and 
better innovations. 

 ȧ Provide a direction of change, focusing on 
specific societal challenges and desired 
outcomes. Achieve systemic change through 
innovation.

Approach to 
innovation

 ȧ Linear innovation model, which assumes a 
sequential progression from basic research 
to applied research, development and 
ultimately commercialisation, and which can 
be stimulated by investing more money.

 ȧ System-level and mission-oriented 
approach that emphasises co-creation, 
experimentation and learning.

Instruments

 ȧ State financing of R&D; subsidies or tax 
incentives for business R&D, regulatory 
changes to improve access to finance and 
framework conditions for R&I.

 ȧ Policy mixes involving multiple sectors 
and stakeholders, such as regulatory 
change, market incentives, public-private 
partnerships through subsidies, tax incentives 
and innovation public procurement.

Evaluation

 ȧ Experts’ ex-post assessment based on 
economic, research and innovation input and 
output indicators.

 ȧ More participatory/deliberative methods to 
agree on targets and indicators, long-term 
evaluation and monitoring, and formative 
and developmental analysis, as well as 
reflexivity;

 ȧ Identify strengths and weaknesses, in 
moving away from output indicators to focus 
more on impacts and the implementation 
process.
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Over the past 20 years, the European 
framework programme for R&I (EU FP 
for R&I) has not only grown in terms of 
budget but also in its scope, objectives, 
programme parts, pillars, instruments, 
and planning processes (European Commis-
sion, 2021; Figure 2.1-21). As part of its evo-
lution, an increasing emphasis has been placed 
on activities to generate innovations with the 
potential to address societal challenges. While 
‘excellence’ remains a key driving principle of 
FPs, new instruments based on ‘directionality’ 

of funding, i.e., defining the specific objectives 
which the supported R&I activities should 
achieve or targeting specific areas of R&I, have 
gradually been introduced. Moreover, the policy 
approach under the framework programme 
has taken on an increasingly more systemic 
approach and benefited from more inclusive 
and participatory design (European Commis-
sion, 2023a). This evolution throughout the 
years has therefore resulted in the FP embed-
ding key elements of transformative research 
and innovation policies.

Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit.
Note: Budgets refer to planned budgets as the maximum overall amount included in the EU regulations.

Figure 2.1-21 Evolution of the European framework programme for R&I in terms  
of budget, scope and objectives, 2002-2023
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The effectiveness of TRIPs requires using 
methods and approaches that are differ-
ent from those of traditional R&I policy 
(Table 2.1-6). Designing, implementing and 
evaluating TRIPs effectively requires a compre-
hensive approach that encompasses systems 
thinking, experimentation, data collection, 
stakeholder involvement, continuous moni-
toring and evaluation (European Commission, 
2023a; Santos and Coad, 2023). Evaluating 
TRIPs effectively requires innovative methods, 
which should:

 ȧ be holistic in scope, capable of addressing 
a diverse array of contexts without 
privileging any particular setting (e.g., high- 
or middle-income countries, ‘free market’ or 
more regulated economies); 

 ȧ  be able to address a diversity of options, 
without unduly favouring particular kinds 
of intervention (e.g., public or private, 
supply- or demand-side, or technology- or 
organisationally based innovations);

 ȧ  rather than being hardwired to identify 
a notionally single ‘best’ prescription, 
be capable of addressing interactions, 
complementarities and tensions across 
portfolios of possible options (i.e., leaving 
open the possibility for finding mixes, not 
single interventions);

 ȧ  engage with conditionalities in respect of 
particular features of options, contexts or 
the unfolding of time (e.g. interrogation at 
the granularity of particular instruments 
rather than general policies);

 ȧ  give balanced attention to a plurality 
of relevant specialist understandings 
and perspectives (e.g., engaging diverse 
stakeholder interests);

 ȧ  be capable of addressing uncertainties 
ex-ante (e.g., exploring the full range of 
possibilities for how innovations or their 
contexts may unfold over time, without 
artificial probabilistic aggregations) (Coburn 
et al., 2021).
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on 
multiple sources.

Table 2.1-6 Key differences in evaluation methods for traditional and 
transformative R&I policy

Feature Traditional R&I policy Transformative innovation policy

Focus

▶  Measure the impact of R&I investments on 
economic growth and competitiveness;

▶  Focus on analysing the effectiveness and 
additionality of one single policy instrument, 
leaving context and conditions aside: what  
is the best policy option?

▶   Assess the ability of R&I to address societal 
challenges, sustainable development goals 
(SDGs) and achieve systemic change;

▶   Focus on a policy mix considering interactions 
with other policy instruments: which policy 
instruments are expected to perform more or 
less favourably, under which conditions and why?

Evaluation 
time frame

▶ Summative assessment approach:
▶ End-of-term or end-of-project focus:

▶  Summative assessments are usually 
administered at the conclusion of  
a programme;

▶  High-stakes nature: 
▶   Results of summative assessments often 

carry significant impacts, such  
as certifications, or decisions regarding 
programme effectiveness;

▶   Objective measurement: 
▶   Designed to provide quantifiable and 

objective data on specific outcomes  
or criteria.

▶  Formative assessment approach: 
▶   Continuous programme progress evaluation 

to enable improvements;.
▶  Sense making process: 

▶   Actors involved express expectations 
and a sense of urgency to take action, 
understanding the system and using 
system mapping (a powerful tool to attain 
the goal);

▶   Change trajectories of the assessment 
framework: 
▶   Learning plans, theories of change for  

the system;
▶   Focus on the development, validation and 

rollout of the assessment / user journey,  
and not on output indicators.

Methods

▶   Quantitative methods, such as cost-benefit 
analysis and econometric modelling.

▶   Employs a mixed-method approach that 
combines quantitative and qualitative data 
to capture the complexity of transformative 
change, e.g., case studies, bibliometric 
analysis, simulation, deliberative decision 
analysis interactive metrics, uncertainty 
appraisal, multi-criteria mapping (Coburn et al; 
2021; Santos and Coad, 2023; Haddad  
and Bergek, 2023; TIPC, 2019).

Stakeholders 
involved

▶   Primarily focuses on the perspectives  
of researchers, policymakers and industry 
leaders.

▶   Actively engages with a broader range 
of stakeholders, including civil society 
organisations, community groups and  
end users.

Challenges

▶   Attributing impacts to specific R&I 
investments, accounting for long-term effects, 
measuring intangible benefits;

▶   Hard to conceptualise systems – all policy 
cases have a different understanding of the 
systems;

▶   Hard to integrate different analytical 
levels, cover long time spans of missions 
(and impacts), and capture diversity and 
heterogeneity (Wittmann et al., 2022);

▶   Defining and measuring system-level changes, 
dealing with uncertainty and complexity, 
lack of data to measure impacts on societal 
challenges and SDGs;

▶   Significant time investment from both 
evaluators and participants.

Examples
▶   Evaluations of R&D tax credits, evaluations of 

research programmes, evaluations  
of technology transfer programmes.

▶   Evaluations of mission-oriented R&I 
programmes, evaluations of sustainability 
transitions, evaluations of transformative 
innovation policy.
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 Key questions  

 ȧ What are the latest trends in the EU 
technological performance vis-à-vis other 
major global players?

 ȧ What are the EU’s main industrial strategic 
dependencies?

 ȧ What can policy do and is it currently 
doing to strengthen the EU’s technological 
sovereignty and strategic autonomy?

 Highlights

 ȧ The EU retains its strength in green 
technologies, but needs to step up within 
the digital domain. 

 ȧ Digital technologies are instrumental in 
enhancing competitiveness and fostering 
growth. Nevertheless, the EU’s position to 
lead technological change in areas related to 
strategic productivity-enhancing technologies 
(e.g. Internet of Things, blockchain, artificial 
intelligence and cybersecurity technologies) 
remains weaker than that of the US and China.

 ȧ The EU remains vulnerable to supply 
chain disruptions in several key sectors, 
including critical raw materials and the 
manufacturing of green technologies, 
batteries and semiconductors.
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 Policy insights

 ȧ R&I policy remains key to building the EU’s 
technological sovereignty and guaranteeing 
its strategic autonomy, calling for increasing 
efforts for the EU to remain a main actor in 
the development and governance of strategic 
technological fields. 

 ȧ Increasing R&I investments remains key, 
calling for a structural approach towards 
strategic funding and technological de-
velopment, targeted at bridging the spe-
cialisation gap between the EU and its main 
counterparts in those technologies more 
likely to deliver important productivity gains 
in the long term.

 ȧ At the same time, the EU can continue to 
leverage its comparative advantage in green 
technologies, whose demand is expected to 
increase given the type of industrial policies 
put forward by the EU’s main counterparts.

 ȧ Furthermore, the risk for the EU to remain 
technologically dependent on other global 
players in strategic fields raises the stakes 
for science diplomacy and collaborations 
with international partners, from which 
the EU can gain in terms of technological 
complementarities.

 ȧ Addressing strategic dependencies along 
key supply chains also remains important, 
especially for clean energy technologies, to 
guarantee the ability of the EU to pursue 
its energy security and decarbonisation 
ambitions.
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Since 2020, a series of shocks have put into 
question the existing globalisation-driven 
growth model in the EU and worldwide. 
The cumulative impacts of the COVID-19 
pandemic, the Russian invasion of Ukraine, 
and the energy crisis have not only intensi-
fied geopolitical tensions, but also created a 
more inflation-prone and competitive global 
environment, marked by value chain fragmen-
tation. On top of this, the trade war between 
the US and China, currently revamped by new 
Chinese export restrictions on important critical 
raw materials (such as gallium and germa-
nium), threatens to drive up the cost of the 
clean-energy transition, and to intensify the 
technology race between global powers. Given 
current economic and political trends, the 
globalisation process may undergo significant 
changes, moving towards a restructuring of 

production networks in which regional blocks 
may start emerging more prominently.

From a policy standpoint, these factors 
have prompted a change in the European 
policymakers’ agenda, now marked by three 
competing priorities: achieving strategic 
autonomy, enhancing economic efficiency 
and advancing global decarbonisation, 
(Aghion et al., 2023). The discussions on how 
to strike a balance between pursuing economic 
efficiency and ensuring economic and geopolit-
ical resilience, while maintaining efforts to 
promote cohesion and social protection, have 
become central in policy and political debates. 
These discussions hold significant implications 
for future economic policies, including those 
related to research and innovation (R&I) and 
industrial policy.

1.  Strengths and weaknesses of the EU’s 
technological performance 

The EU’s share in total patent applications 
has been declining in recent decades. In 
2000, the EU accounted for around 30 % of the 
world’s patent applications, while its share had 
declined to 17.3 % in 2021 (Figure 2.2-1). On 
the contrary, China has experienced a significant 
increase over time, overtaking both Japan and 

the EU in 2017. In 2019, China was able to also 
outperform the US, with 23.8 % of total patent 
applications against 21.5 %, respectively. Since 
then, the position of the US has kept weakening, 
while Chinese performance has continued to 
improve, recording a global share of 25.4 % in 
2021, against the 20.7 % observed in the US.
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Figure 2.2-1  World share (%) of patent applications filed under PCT(1), 2000-2021
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Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based  
on Fraunhofer ISI, using PATSTAT.
Notes: (1) Patent Cooperation Treaty (PCT) patents. Fractional counting method, inventor’s country of residence and priority 
date used.

The EU underperforms in several key 
enabling technologies (KETs) compared 
to other big global innovators, in terms of 
world share of patent applications. In 2021, 
the EU’s share in the world patent applica-
tions was lower than that of the US and China 
in several KET fields, including life science 
technologies, and security and connectivity. 
The fields in which the EU’s performance is 
lowest are micro- and nano-electronics and 
photonics, as well as artificial intelligence (AI), 
in which the EU reported a share of 11.3 % and 
10.2 % respectively in 2021, against the 
24.6 % and 26 % recorded in China, and the 
17.2 % and 29.6 % observed in the US (Figure 

2.2-2). The EU’s performance is also weak in 
the field of industrial biotechnology, where it 
ranks fourth after the US, Japan and China, 
with the gap with the US remaining substantial 
(14.4 % against 32.1 %). On the contrary, the 
EU maintains a stronger position in advanced 
materials and nanotechnologies, in which it 
outperforms both China and the US although 
it remains significantly behind Japan. Further-
more, the EU also retains strength in the areas 
of advanced manufacturing and robotics, posi-
tioning itself above the US (with 19.5 % versus 
16.3 %, respectively), but remaining well below 
China and Japan (Figure 2.2-2).
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Figure 2.2-2  World share (%) of patent applications filed under PCT(1), by key 
enabling technologies, 2021
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However, the EU remains strong in green 
sectors, although it faces increasing 
competition, especially from China. In 
2019, China ranked first in terms of patent 
activities in green technologies. Neverthe-
less, when focusing on high-value green 
inventions, the EU remains in the lead, 
despite reporting a significant decrease as 
compared to the previous year.1  

1 Joint Research Centre, European Commission.

Furthermore, between 2014 and 2020, the 
EU kept leading in global high-value patent 
filings related to renewables (29 %) and 
energy efficiency (24 %), but lost ground in 
smart systems (17 %) ranking fourth after 
the USA, China and Japan (Figure 2.2-3).  
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Figure 2.2-3  Share in global high-value patent filings relevant to the Energy Union 
R&I priorities, 2014-2020

Table 2.2-1  Specialisation index by CCMT group for major economies (2019) and 
change over 2010-2019: all applicants
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In terms of climate change mitigation 
technologies (CCMTs), the EU continues 
showing a positive degree of specialisa-
tion in most of the fields. In 2019, the 
EU showed the highest specialisation in the 
categories of buildings, production, transpor-
tation and waste, while reporting a negative 

specialisation index for adaptation technolo-
gies and ICT (Table 2.2-1). China was the most 
specialised in ICT (despite reporting a declining 
trend as compared to 2010), South Korea in 
energy, and the US in adaptation and carbon 
capture and storage (CCS).

CCMTs EU CN JP KR US RoW
Index Change Index Change Index Change Index Change Index Change Index Change

Adaptation -0.1 h -0.2 0.0 g  0.4 -0.5 g  0.1 0.0 g  0.4 0.2 h -0.4 0.7 g  0.2

Buildings 0.2 g  0.1 0.0 g  0.1 -0.1 h  0.0 -0.1 h -0.5 -0.2 g  0.1 0.2 h  0.0

CCS 0.2 g  0.0 -0.8 h  0.0 -0.1 g  0.4 -0.1 g  0.4 0.4 h -0.2 0.7 g  0.3

ICT -0.5 g  0.1 0.6 h -0.7 -0.6 h -0.5 0.5 h -0.3 0.5 g  0.3 -0.4 h -0.4

Energy 0.1 g  0.0 -0.1 g  0.2 0.1 h  0.0 0.9 g  0.5 -0.4 h -0.3 -0.3 h -0.1

Production 0.3 g  0.3 -0.2 g  0.1 0.1 g  0.1 0.0 h -0.2 0.0 h -0.1 -0.1 h -0.1

Transport 0.6 g  0.3 -0.7 g  0.2 0.1 h -0.1 0.0 g  0.3 0.0 h  0.0 -0.2 g  0.4

Waste 0.5 g  0.2 -0.1 g  0.1 -0.4 h  0.0 -0.4 h -0.2 -0.2 h -0.3 0.6 g  0.3

Systems 0.2 g  0.3 -0.4 g  0.1 -0.2 h  0.0 0.1 h -0.4 0.2 h -0.1 0.4 g  0.3
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Overall, the EU’s knowledge base is char-
acterised by a relatively higher degree 
of diversification than other global key 
innovators. Big global innovators such as 
China, the US, Japan and South Korea tend to 
report higher levels of technological specialisa-
tion in a lower number of technologies, which 
also appear to be less common than those char-
acterising the technological portfolio of the EU 
and other countries (Di Girolamo et al., 2023).

The EU tends to specialise in technologies 
with lower growth and competitiveness 
potential (Box 2.2-1). Specialising in techno-
logies that are less easy to replicate (such as 
digital technologies, semiconductors, medical 
technologies, etc.) confer a higher advan-
tage in terms of growth potential and overall 
competitiveness (Balland and Rigby, 2017; 
Pintar and Scherngell, 2021). However, the EU 

is not currently well equipped to gain compara-
tive advantage in these technology fields (e.g. 
computer technologies, digital communication, 
audio-visual technologies, optics, telecommuni-
cations and semiconductors), as compared to 
the US and China (Di Girolamo et al., 2023).

Digital technologies are instrumental in 
enhancing competitiveness and fostering 
growth. Among these, the Internet of Things 
(IoT), blockchain, AI and cybersecurity technol-
ogies, followed by cloud and edge computing 
and quantum computers stand out as tech-
nologies primed to significantly boost long-
term productivity (Figure 2.2-4). Strategically 
important green technologies include hydro-
power, nuclear energy and advanced battery 
technologies, which remain key to the Union’s 
ongoing commitment to the decarbonisation 
process.

Figure 2.2-4  The complexity of key strategic technologies
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Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on Google 
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Note: On the y-axis, technologies are ranked by Technology Complexity Index (TCI), which measures complexity at the 
technology level, normalised between 0 and 100. 
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of relatedness
The concept of knowledge complexity is receiving increasing attention in both 
academic and policy literature. It studies the geography and dynamics of innov-
ation activities, adopting an outcome-based approach, i.e. data on the geography 
innovation activities (such as patent data) is used to infer the presence of bundles 
of capabilities.

Specifically, the Knowledge Complexity Index (KCI) is an indicator measuring 
regions/countries’ innovation capacity from data connecting such regions/coun-
tries to different types of technologies present in their portfolio. Similarly, the 
Technology Complexity Index (TCI) measures the complexity required to patent 
in a given technological field. 

The intuition behind these indicators is that technologies vastly differ in terms 
of value and growth potential. Technologies relatively easy to copy and move 
over space typically require a lower number of capabilities to be undertaken, 
thereby conferring a lower competitive advantage to the countries/regions in which 
they are located. On the contrary, more complex technologies combine a higher 
number of capabilities, are more concentrated in space and are characterised by 
a higher potential in terms of growth and overall competitiveness (Balland and 
Rigby, 2017). Therefore, these indicators are calculated by studying the number of 
countries/regions able to patent in a given technological field, and infer the quality 
of a country/region’s knowledge base by looking both at the technology fields in 
which it is able to specialise and at the other places where those technologies are 
also present (Balland and Rigby, 2017; Hidalgo, 2021). 

Close to knowledge complexity is the concept of technological relatedness. Two 
technologies are considered related when they rely on the same knowledge and 
competencies to be produced (Hidalgo et al., 2018; Balland et al., 2019). Gener-
ally, relatedness provides information on the technological potential of a country/
region in a given technology, as it refers to the costs that a country/region has to 
sustain when moving into a new technology (Boschma, 2017; Hidalgo et al., 2018). 
Intuitively, the more related current and new technologies are, the lower the cost 
to specialise in the new field. It follows that it is relatively easier to diversify in 
technologies requiring capabilities that largely overlap with those already present 
in a country/region. On the contrary, when the overlap between existing and new 
capabilities is small, jumping into a new technology field becomes more risky and 
costly (Bachtrogler-Unger et al., 2023).



88
CH

A
PTER 2

The technological gap between the EU and 
other key players in strategic technologies 
persists. The EU’s position to lead techno-
logical change in areas related to strategic 
productivity-enhancing technologies remains 
weaker than that of the US and China (Figure 
2.2-5). In particular, the EU presents limited 
existing knowledge to develop specialisations 
in important digital fields (e.g. AI, IoT, block-
chain technologies, quantum computers, etc.). 
Additionally, the position of the EU remains 
relatively weak also in other strategic areas, 
such as biotechnology, which have a major 

enabling and transformative nature in areas 
such as agriculture, environment, healthcare, 
life science, food chains or biomanufacturing 
(European Commission, 2023e). The EU has 
been making progress in this field, improving 
its scientific performance, but its specialisa-
tion potential remains significantly lower than 
the US (Di Girolamo et al., 2023). This implies 
that it will be challenging for the EU to build 
up capacity in such technologies in the future, 
calling for increasing efforts to reduce the gap 
with key competitors.

Figure 2.2-5  The EU positioning in complex technologies vs the US and China, 
2019-2022
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Furthermore, the current pace of innov-
ation appears to be insufficient to meet 
carbon neutrality goals. The global produc-
tion of new climate-related inventions has 
been slowing down in the last decade, with a 
similar pattern being observed across all the 
main innovating countries. Between 2011 and 
2020, global innovation efforts in climate-re-
lated technologies have been declining as a 
share of global patenting, decreasing from 
12.6 % to 9 % (Cervantes et al., 2023).

On the contrary, the share of trademarks 
covering climate-related goods and 
services has quadrupled in Europe in the 
last two decades, suggesting that while 
firms appear to have reduced their R&D 
efforts in climate-related endeavours, the 
commercialisation and diffusion of existing 
technologies have kept increasing (Cervantes 
et al., 2023).

Climate targets set for 2050 cannot be met 
by only relying on existing technologies. 
Accelerating renewable energy use and enhan-
cing energy efficiency, combined with increased 
electrification using current technologies, can 
achieve more than 80 % of the required emis-
sion reductions by 2030 (IEA, 2023a). The rapid 
expansion of clean tech is expected to drive the 
reduction in fossil fuel demand by more than 
25 % in the decade. On the contrary, around 
35 % of the CO2 reductions targeted by 2050 
will have to hinge on technologies currently 
at the demonstration or prototype phase (IEA, 
2023a). Carbon neutrality, thus, calls for a rapid 
and large-scale deployment of available tech-
nologies (such as wind and solar), as well as the 
development and broad uptake of technologies 
that are still not available on the market, such 
as green hydrogen (Cervantes et al., 2023).

2 Technological complementarities are measured exploiting the notion of relatedness density added, which allows to capture 
technological capabilities that are missing in a given country, but that can be accessed by strengthening external relations 
(Balland and Boschma, 2021).

In this regard, the EU has important 
strengths on which to leverage. The EU 
remains leader in green infrastructures, 
outperforming both China and the US in areas 
related to climate adaptation and energy tech-
nologies, as well as in environmental technolo-
gies (Di Girolamo et al., 2023). Over the period 
2019-2022, the EU reported a specialisation 
index higher than the US and China in tech-
nologies related to wind energy, hydrogen 
and green transportation, while little differ-
ence is observed for biofuels (Figure 2.2-5). 
Furthermore, although currently showing a 
lower level of specialisation in nuclear energy, 
solar energy, hydropower, geothermal energy 
and battery technologies, the EU has a high 
specialisation potential in these fields, indi-
cating that the cost to further specialise in 
these types of technology would be relatively 
lower, as the EU could leverage on capabil-
ities that largely overlap with those already 
present in the EU Member States (for more 
details, please refer to Box 2.2-1).

The risk for the EU to remain technologic-
ally dependent on other global players 
raises the stakes for science diplomacy 
and collaborations with international part-
ners, from which the EU can gain in terms 
of technological complementarities. This is 
particularly relevant for more sophisticated tech-
nologies, which are strategic to the attainment 
of the EU’s policy objectives. Figure 2.2-6 maps 
the EU’s technological complementarities (i.e. to 
what extent non-EU countries can complement 
the EU’s technological deficiencies in different 
technology fields) for 15 strategic technological 
areas. The highest degree of technological 
complementarity2 is observed in fields related 
to IoT, AI, blockchain, cybersecurity, quantum 
computers, and cloud and edge computing. The 
countries showing the highest degree of comple-
mentarity (above 40 %) in these areas are China, 
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India, South Korea, the US and Singapore for AI 
and blockchain technologies. A lower degree of 
complementarity (between 30 % and 40 %) is 
observed with Malaysia, Singapore, Russia and, 
to some extent, Israel. Biotechnology, medical 
technologies and pharmaceutics are other areas 
characterised by significant complementarities 
between the EU and other countries, notably the 
US, Taiwan, Canada and Israel (Di Girolamo et 
al., 2023).

Figure 2.2-6  The EU’s technological complementarities, 2019-2022
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2.  The need to reduce dependencies  
in strategic supply chains

The increasing pressure of achieving climate 
neutrality, combined with global economic 
instability and geopolitical shifts, poses 
new challenges for the EU’s industry. Europe 
and the world are assisting to a new revival 
of industrial policies, which will have to face a 
different level of complexity and be equipped 
to address multiple objectives, including the 
decarbonisation process and the quest towards 
strategic autonomy (Aghion et al., 2023).

From an economic standpoint, industrial 
policies are typically designed to address 
market failures, such as coordination failures 
between economic actors and externalities. The 
latter refers to situations in which the costs or 
benefits of an economic activity are not uniquely 
borne or recouped by the economic agent that 
carries out such activity. Externalities may also 
take the form of national security externalities, 
which call for reducing dependence on a foreign 
source of supply (Juhasz et al., 2023).

Supply chains have become increasingly 
and globally interconnected over recent 
decades, providing not only substantial 
economic benefits but also posing signifi-
cant challenges. Global value chains (GVCs) 
have improved companies’ market positions by 
reducing costs, but they have also made them 
more vulnerable to external demand and supply 
shocks (European Commission, 2021).  Many 
companies have opted to specialise in specific 
tasks and source inputs internationally, rather 
than producing a complete product. This has led to 
a significant increase in the trade of intermediate 
goods, which accounted for approximately half of 
global trade in 2020 (EBRD, 2022). At the same 
time, the increased integration of GVCs also 
made economies more vulnerable to unforeseen 
disturbances (Dixson-Declève et al., 2021). 

The EU vulnerabilities in strategic supply 
chains have reignited the debate on the 
trade-off between the costs and bene-
fits of international specialisation in 
GVCs, which are susceptible to the rapid and 
widespread global transmission of demand 
and supply shocks. As a result, a reshaping 
of supply chain structures is taking place 
(Dadush, 2022), with the increasing tensions 
in international relationships pushing global 
enterprises to redefine their behaviour in an 
attempt to guarantee the resilience of their 
business activities (EBRD, 2022). 

Increasing geopolitical risks and supply 
chain fragmentation are likely to push up 
the costs of the green transition, exacer-
bating the development of strategic depend-
encies and likely producing a negative impact 
on innovation. Among these strategic depend-
encies, raw materials require specific atten-
tion, as the green and digital transition will 
lead to significant increase in their demand 
(Bobba et al., 2020).

The supply of many critical raw materials 
to the EU is highly concentrated, which 
makes it particularly vulnerable to 
supply chain disruptions (Blengini et al., 
2020). In particular, China is the largest 
supplier of several critical raw materials (e.g. 
baryte, bismuth, palladium), Russia and South 
Africa are the primary source for palladium 
and platinum group metals (such as iridium, 
rhodium and ruthenium), Brazil is the primary 
source of niobium, Australia supplies lithium, 
and the US is important for beryllium and 
helium (Figure 2.2-7).
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In particular, most of the EU’s strategic 
dependencies on China carry exception-
ally high risks and can be defined as global 
single points of failure (SPOFs). These SPOFs 
are characterised by two main features: firstly, 
the dominance of a single exporter in the 
trade network affecting numerous countries; 

and, secondly, a high concentration of world 
exports in that area (Vandermeeren, 2024). 
Unlike the EU’s dependencies on other third 
countries, a significant portion of its depend-
encies on China also qualifies as SPOFs (Figure 
2.2-8), introducing an extra level of risk and 
vulnerability.

Figure 2.2-7  Major EU suppliers of critical raw materials
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The green transition will require an 
enormous quantity of ‘green metals’. 
Seventy-two countries, accounting for around 
80 % of global emissions, have committed 
themselves to net-zero targets (Energy Transi-
tion Commission, 2023). To achieve these goals, 
the world is expected to require 35 million 
tonnes of green metals annually by 2050. 
Specifically, there may be a 50-70 % increase 
in copper and nickel demand by 2030, a 
150 % increase in cobalt and neodymium 
demand, and a six- to seven-fold increase in 
demand for graphite and lithium. Further-
more, the world will need a 15-fold increase in 
today’s wind power, a 25-fold increase in solar 
power capacity, a three-fold expansion of the 
grid’s size, and 60 times more electric vehicles 
(EVs) (Energy Transition Commission, 2023).

Despite its technological strengths, Europe 
remains a net importer of clean energy 
tech, due to cost-efficiency disadvantages 
in terms of manufacturing capacity. About 
one-quarter of electric cars and batteries, and 
nearly all solar photovoltaic (PV) modules and 
fuel cells in Europe are imported. In particular, 
the EU strongly depends on China’s manu-
facturing capacities (which exceeds 90 % in 
certain upstream segments of the value chain, 
such as ingots and wafers) for solar PV cells 
and modules; also, the cost of producing solar 
modules in Europe is currently estimated to 
be between 25-30 % more expansive than in 
China (European Commission, 2023a). Simi-
larly, China holds at least 60 % of the world’s 
manufacturing capacity for several other 
mass-manufactured technologies (e.g. wind 

Figure 2.2-8  Identified strategic dependencies and single points of failure (SPOFs)
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systems and batteries). As an example, China 
holds more than 75 % of the manufacturing 
capacity for batteries for electric vehicles (EVs) 
(Vandermeeren, 2024).

On the contrary, European manufacturers 
have a stronger international business 
in wind turbine components, although 
the industry is currently under duress. 
In 2022, wind energy accounted for 16 % of 
electricity consumed in the EU on average. 
Furthermore, the technologies to harness 
wind energy that are developed and scaled up 
in Europe have become significantly cheaper 
over the last 10 years, making this form of 
energy the cheapest source of electricity in 
many European countries (European Commis-
sion, 2023c). Around 65 % of Europe’s supply 
of wind turbine components is installed in 
other regions, where they have built local 
manufacturing facilities (IEA, 2023b). More-
over, European companies hold a significant 
share of the expanding global wind equip-
ment market, although in decline with respect 
to the 2020 levels (European Commission, 
2023c). Such a decline is largely due to the 
rapid deployment of wind energy in China. 
The increasing Chinese presence3 combined 
with the difficulties experience by the Euro-
pean wind industry in 2022 are putting the 
EU’s wind industry under distress, calling for 
pragmatic initiatives to address some of the 
key issues the EU wind manufacturing sector 
is facing (European Commission, 2023c). 

3 China has also increased its capacity for the production of blades used in offshore wind turbines to almost 85 % (Vandermeeren, 
2024).

Furthermore, the EU has been developing 
its battery ecosystem, but still lacks 
the necessary technological production 
capabilities to keep pace with the swiftly 
rising demand for gigafactory-level 
production. China, on the other hand, 
boasts an average cost of approximately 
EUR 68 million for constructing new battery 
gigafactories, resulting in 1 GWh of additional 
battery production capacity. In contrast, the 
EU’s expenses for establishing new battery 
gigafactories average about EUR 100 million 
per GWh (European Commission, 2023a).

The EU also reports significant weak-
nesses in the semiconductor industry. 
Europe accounts for less than 10 % of the 
global semiconductor production, mainly 
focusing on the production of larger chips 
of 22 nanometres or more (European Parlia-
ment, 2022). The capacity to manufacture 
cutting-edge chips, ranging from 2 to 7 nano-
metres, is currently concentrated in two Asian 
companies, TSMC in Taiwan and Samsung in 
South Korea. However, the essential equip-
ment required for producing these advanced 
chips is exclusively provided by ASML in the 
Netherlands. In addition, European manu-
facturers also exhibit significant depend-
encies on the US, mainly linked to the use 
of US-owned chip design tools (European 
Parliament, 2022).
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3.  The key role of technological progress  
for strategic autonomy

Recent geopolitical tensions and crises 
have contributed to the revival of indus-
trial policy, which is providing the basis for 
a broader shift in the global economic para-
digm. Open trade policies are being replaced by 
initiatives aiming at reducing the reliance on 
imports from other countries, while boosting 
national innovation, investment, production 
and employment (Aghion et al., 2023). This is 
particularly true for the US and China, while the 
EU opted for a balanced approach to achieve 
strategic autonomy, relying on both trade divers-
ification (through the establishment of several 
new international partnerships) and strength-
ening in-house capacities in critical areas, as set 
out in the updated industrial strategy (European 
Commission, 2021) and the Green Deal Industrial 
Plan (European Commission, 2023d).  

As a result of these systemic changes, 
European policymakers are faced with 
competing challenges. On the one hand, 
the objective of carbon-neutrality requires 
a complete restructuring of production and 
consumption processes, which calls for a global 
coordinated approach, and for green technol-
ogies to be produced rapidly and on a large 
scale. On the other hand, the risk of further 
exacerbation of geopolitical rivalries and 
other supply chain disruptions is likely to spur 
the friend-shoring and on-shoring of critical 
technologies and strategic manufacturing 
production to account for national security and 
defence concerns (Aghion et al., 2023).

In this context, R&I policy has an important 
role to play. R&I remains key to build the 
EU’s technological sovereignty and guarantee 
its strategic autonomy. In its Communication 
on European Economic Security Strategy, the 
European Commission identified 10 technology 

areas (e.g. advanced semiconductor 
technologies, AI, quantum technologies, 
biotechnologies, energy technologies, etc.), 
set to play a pivotal role in enhancing 
the EU’s economic security (European 
Commission, 2023b). The accelerated 
development of new strategic technologies, 
such as AI or high-performance computing, 
requires increasing efforts for the EU to 
remain a main actor in the development and 
governance of these fields. 

This calls for higher R&I investments 
and a more structural approach towards 
strategic funding and technological 
development, as outlined by the new Stra-
tegic Technologies for Europe Platform (STEP), 
targeting R&I investments at bridging the 
specialisation gap between the EU and its 
main counterparts, while focusing on those 
technologies more likely to deliver important 
productivity gains in the long term.

At the same time, the EU can continue to 
leverage its strengths in green technol-
ogies where demand is expected to increase. 
Policies put forward by the EU’s main counter-
parts are expected to significantly accelerate 
the global decarbonisation process (Kleimann 
et al., 2023). The global energy transition 
will increase the use of raw materials in the 
manufacture of wind turbines, PV panels, 
batteries, hydrogen production and storage, 
and other systems. The transition to e-Mobility 
will require batteries, fuel cells and lightweight 
traction motors, and not just for cars, but also 
for e-Bikes, scooters and heavy-duty transport. 
The EU could benefit from this market trend 
by capitalising on its strong leadership in green 
technologies and also by making the best of its 
strength in advanced materials.
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Furthermore, investing in green innova-
tions also remains crucial to reducing the 
short-term costs of the decarbonisation 
process. While there exists little doubt on the 
positive long-term effects of climate policies, 
the short-term effects of the green transi-
tion are quite different. On the one hand, the 
development of low-carbon technologies is 
likely to disrupt existing production processes, 
entailing significant costs for those sectors 
currently heavily relying on carbon-intensive 
inputs (Hasna et al., 2023). On the other hand, 
green innovation has the potential to create 
important knowledge spillovers on carbon-in-
tensive industries, leading to a higher level of 
innovation in the economy as a whole (Porter 
and van der Linde, 1995). Notwithstanding the 
possible short-term negative economic effects 
of green transition, increasing green innovation 
remains key to producing alternative and less 
expensive low-carbon technologies, thereby 
helping to reduce the costs of the decarbonisa-
tion process (Hasna et al., 2023). 

The European Commission has committed 
to boosting breakthrough innovation in 
renewable and low-carbon technologies 
through the REPowerEU Plan. Furthermore, 
the industrial technology roadmaps for R&I, 
under the New ERA for Research and Innovation, 
map the investments needs and conditions for 
some key products and processes to achieve the 
sustainable transition in the EU, while proposing 
technological options for low-carbon technologies 
in energy-intensive industries (including the use 
of green electricity and hydrogen), and pointing 
to available support instruments, synergies and 
action to accelerate the transition while ensuring 
the EU’s competitiveness.

The strengthening of the EU’s techno-
logical leadership needs to be accom-
panied by a reduction of supply chain 
dependencies. This is particularly relevant 
for clean energy technologies, for which the 
EU’s significant dependency on imports of raw 

materials and components necessary for the 
low-carbon transition (coupled with potential 
global supply disruptions, political instability, 
concentrated sources of supply and inter-
national price volatility) may result in signifi-
cant shortages that could pose a considerable 
risk for the Union’s energy security and its 
decarbonisation ambitions. 

The role of innovation in this sense 
remains key. Technological innovation can 
influence material demand through substi-
tution, efficiency enhancement and design 
refinement, as well as the development of 
novel materials (IRENA, 2023). As an example, 
the chemical composition of materials used in 
EV battery production has evolved significantly 
over the past decade, with important impli-
cations for the demand for critical materials 
related to this type of technology (IRENA, 
2023). Today, lithium-ion batteries with graph-
ite-based anode chemistry, which accounts for 
about 70 % of the market, are prevalent due 
to their superior performance. Nevertheless, 
the advent of new battery technologies, such 
as sodium-ion batteries, presents an oppor-
tunity to shift away from lithium and cobalt to 
more economical and abundant alternatives 
like sodium, potentially transforming the EV 
battery industry landscape.

The EU is launching several initiatives 
in this regard. The European Chips Act 
proposes a comprehensive strategy to advance 
semiconductor technology in Europe. It includes 
investments in next-gen tech, access to design 
tools, energy-efficient chip certification, invest-
or-friendly policies, support for start-ups, talent 
development, supply security measures and 
international partnerships with likeminded 
nations. The European Raw Materials Act aims 
to ensure a secure and sustainable EU supply 
of critical raw materials (such as lithium, cobalt 
and nickel to produce batteries; gallium for solar 
panels; raw boron for wind technologies; titanium 
and tungsten for the space and defence 
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sectors) by reinforcing domestic supply chains 
and reducing the EU’s import dependencies. 
The Net-Zero Industry Act aims to scale up 
the manufacturing of clean technologies in 
the EU, simplifying the regulatory framework, 
as well as cutting red tape and unnecessary 
administrative burdens for the development of 
net-zero manufacturing projects.

Reducing strategic dependencies also 
calls for keeping the EU Single Market 
strong, the most important tool in the EU’s 
arsenal, to accelerate the roll-out of strategic 
technologies by avoiding regulatory costs 
associated with fragmentation, uncertainty 
and bureaucracy. Similarly, developing appro-
priate sets of skills within the EU remains also 
key to avoid labour shortages (for more details, 
please refer to Chapter 5.2).

Reconciling the need for a global coordin-
ated approach against climate change 
and that of securing strategic supply 
chains by strengthening in-house capaci-
ties or relying on close allies remains 
key. Geopolitical tensions fostered by ideo-
logical divide and mistrust between competing 
economic powers can increase the fragmenta-
tion of international supply chains, with a likely 
negative impact on innovation. R&I activities 
have become increasingly internationalised, 
and the EU needs to balance the benefits of 
research collaborations with the risks related 
to foreign interference.

In response to the current global trends, the EU 
can use its international relationships to 
promote its values, defining areas of mutual 
interest as well as a division of knowledge 
with key partners. Without reinforcing the role 
of the EU as a leading actor to foster international 
R&I cooperation, current technological depend-
encies will more likely put the EU’s technology 
sovereignty and strategic autonomy in jeopardy.

4 https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/raw-materials-diplomacy_en

This calls for higher international open-
ness and reinforced cooperation (Dixson-
Declève et al., 2023). Reacting to current 
geopolitical shifts and protectionist tendencies 
with similar types of policies may benefit the 
EU in the short run, but risk being counter-
productive longer term. Achieving technological 
sovereignty does not have to come at the 
expense of multilateralism. Reducing cooper-
ation would undermine the EU’s credibility as a 
global actor committed to multilateral cooper-
ation, and likely harm the EU’s trade interests 
(Kleimann et al., 2023).  

Building on the lessons learned from the 
COVID-19 pandemic and in response to the 
current global geopolitical trends, the EU 
strategy on international R&I cooperation 
promotes rules-based multilateralism, 
pursues openness and modulates bilateral 
cooperation to make it compatible with 
EU interests. With its 2021 Communication 
on the Global Approach to R&I, the Commis-
sion has reaffirmed the EU’s commitment to 
preserve openness in bilateral and multilateral 
cooperation in science and technology in a 
spirit of reciprocity and safeguarding funda-
mental values and principles. The Communica-
tion aims to build partnerships that strengthen 
the EU’s open strategic autonomy and leverage 
the EU’s capacity to develop and take up 
strategic technologies, thereby increasing EU 
competitiveness and avoiding future depend-
encies. As an example, the EU’s initiative on 
Raw Materials Diplomacy is designed to set 
up dialogues with strategic partners involved 
in raw materials, through various frame-
works of cooperation (i.e. bilateral, regional 
or multilateral cooperation).4

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/raw-materials-diplomacy_en 
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Partnerships and openness are also part 
of one of the three pillars of the new 
European economic security strategy. The 
strategy acknowledges the key role that open-
ness plays in fostering innovation ecosystems, 
while calling for actions to mitigate security 
risks linked to foreign interferences. In this 
regard, the Commission adopted an Economic 
Security Package in January 2024, including 
two initiatives related to R&I: a White Paper 
on Enhancing R&D support involving tech-
nologies with dual-use potential (for more 
details, see Chapter 2.3); and a Proposal for a 
Council Recommendation on Research security 
(adopted in May 2024). The latter recognises 
the primary role of higher education institutions 
and research organisations in international 
cooperation, as well as the need to preserve 
academic freedom by supporting European 
research-performing organisations in addressing 
research security risks linked to increasing inter-
national conflicts and competition (European 
Commission, 2024).
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 Key questions  

 ȧ What are the global trends in defence R&I 
investment?

 ȧ What is the impact of dual-use technologies 
on security and innovation?

 ȧ What is the role of strategic defence R&I 
in response to global challenges?

 Highlights

 ȧ Russia’s unprovoked invasion of Ukraine 
emphasises the crucial need for EU 
defence research and development (R&D) 
and technological superiority in deterring 
aggression and protecting peace, freedom 
and democracy.

 ȧ Russia (4.3 %) and the US (3.3 %) have, 
relative to their gross domestic product 
(GDP), the highest defence expenditures, 
almost three and two times as much as 
China (1.6 %) and the EU (1.5 %). 

 ȧ In nominal terms, the EU defence spending 
surpasses that of Russia and closely 
approaches China’s levels. The US, by 
contrast, leads significantly in this regard, 
outspending the EU by roughly threefold in 
defence.

 ȧ EU defence investments are focused on 
the acquisition of defence equipment 
rather than funnelling resources into 
defence R&D. Within the R&D spectrum, 
there is a notable allocation towards non-
research and technology (R&T) activities, 
underscoring a EU focus on the later stages 
of defence technology development, 
rather than on foundational research and 
technology demonstration.

 ȧ The EU (25 %) is globally the second 
exporter of defence equipment, behind the 
US (40 %) and in front of Russia (16 %) and 
China (5 %), exemplifying EU’s technological 
defence capabilities. However, while the 
EU is relatively well positioned, the biggest 
arms-producing companies are non-EU, as 
the top 10 defence equipment producing 
companies are all non-EU based (US, China, 
UK and Russia).

 ȧ In Horizon 2020, projects with dual-use 
technology potential have been funded, with 
ICT and cybersecurity as the main areas.

 ȧ The further development and imple-
mentation of dual-use technologies can 
play a significant role in shaping the future 
landscape of both technological innovation 
and EU’s and member states’ security.
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 Policy insights

 ȧ The convergence of climate change, demo-
graphic shifts, political polarisation and  
geopolitical changes presents challenges 
to global security. EU’s innovation efforts 
in security and defence can be regarded as 
essential in addressing these multifaceted 
difficulties.

 ȧ Under the current EU Framework Pro-
gramme for R&I, activities carried out under 
the European Defence Fund should have 
an exclusive focus on defence research 
and development, while activities carried 
out under the ‘civilian’ specific programme 
and the EIT should have an exclusive focus 
on civil applications. Coordination between 

programmes may strengthen synergies in 
areas of dual-use technology.

 ȧ At a lower level of technology readiness 
levels (TRLs), defence R&D spillovers 
and overlaps between civilian and military 
interests are greater.

 ȧ For the EU to fully harness the potential of 
dual-use technologies, and maximise the 
utility of technological investments, it is 
imperative to foster synergies and bridge 
the divide between civilian and defence 
R&D, both within the Union and among its 
Member States, which can be enhanced by 
collaboration and co-investing.  



105
CH

A
PTER 2

The unprovoked invasion of Ukraine by 
Russia has placed the EU’s (territorial) 
security and defence back at the centre of 
the EU’s policy debate. In an era marked by 
rapid technological advancements and geopolit-
ical shifts, the role of R&I in defence cannot be 
overstated. This chapter aims to explore the 
multifaceted impact of R&I in the realm of 
security and defence, underscoring the pivotal 
role it plays in maintaining and enhancing the 
EU’s defence and security capabilities. 

The significance of R&I in defence is 
further magnified when considering the 
concept of dual-use technologies. These 
technologies, developed initially for military 
purposes, find extensive applications in the 
civilian sector, leading to significant techno-
logical spillovers and advancements in various 
fields. Conversely, innovations in the civilian 
sector often contribute to the advancement 
of military technology, creating a symbiotic 
relationship between the two domains.

1. Defence and security R&I around the world

The defence sector is distinct and complex, 
characterised by its unique market struc-
ture and regulatory environment. Unlike 
the civilian sector, where there is a broad and 
diverse customer base, the defence industry 
primarily caters to a very specific set of clients, 
mainly national defence ministries and, occa-
sionally, authorised private entities. This market 
limitation is further compounded by strin-
gent export regulations and national security 
considerations that govern the sale and distri-
bution of defence-related products and tech-
nologies. These regulations are often in place to 
prevent the proliferation of arms, and to ensure 
that sensitive technologies do not fall into the 
hands of potential adversaries or are used for 
purposes that could destabilise regions or global 
peace (Ball and Leitenberg, 2021).

Due to the highly sensitive nature of 
defence products and the limited market, 
companies in this sector face unique chal-
lenges regarding R&D investments. Private 
defence companies do invest significantly in 
R&D, although the source of funding is often the 
state. The nature and scope of this investment 
are substantially different from those in the 
civilian sector. Defence R&D is heavily supported 

and funded by government contracts, as the 
products being developed are often specific to 
the needs of the national military and security 
services. This close relationship with govern-
ment entities means that defence R&D is often 
aligned with national security priorities and 
long-term defence strategies (Uttley, 2018).

Much of the information pertaining to 
defence R&D budgets, project details and 
technological advancements is classified. 
This secrecy is maintained to protect national 
security interests and to prevent sensitive 
technological information from being accessed 
by potential adversaries. This level of confiden-
tiality often extends to the financial aspects of 
defence R&D, making it difficult for analysts 
and the public to gain a clear understanding 
of the actual investment levels and the distri-
bution of funds across various projects. Hence, 
available data is often the result of rough, yet 
informative, approximations. Moreover, the 
defence sector is known for its long develop-
ment cycles, especially for advanced weapon 
systems and platforms. The development 
of new technology in this sector is not only 
capital-intensive but also time-consuming, 
often spanning several years or even decades.
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In 2022, the European Union allocated 
approximately 1.5 % of its GDP to 
defence spending. This figure is slightly 
lower than China’s 1.6 %, significantly less 
than the US’s 3.3 %, and substantially lower 
than Russia’s 4.3 %. However, when examining 
defence expenditures in nominal terms, the 

European Union’s (USD 232 billion) spending 
surpasses that of Russia (USD 63 billion) and 
closely approaches China’s (USD 261 billion) 
levels. The US (USD 691 billion), by contrast, 
leads significantly in this regard, outspending 
the European Union by roughly threefold in 
defence (Figure 2.3-1).

Figure 2.3-1  Defence spending across the world
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Balance+ for the USA, Russia and China). Total defence expenditure in nominal values is derived from the EDA % of GDP 
figures by multiplying for the World Bank GDP (constant 2015 USD).  
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In 2022, the EU allocated approximately 
0.4 % of its GDP to defence investments 
(defence equipment procurement1 + defence 
R&D2). This figure is slightly lower than China 
(0.5%), significantly less than the US (1 %), 
and substantially lower than Russia (3.3 %). 
However, when examining defence investments 

1 Expenditure for all major equipment categories, that are not included in operations and maintenance spending.
2 Defence R&D indicates any defence R&D programmes up to the point where expenditure for production of equipment starts 

to be incurred. R&D includes R&T. R&T indicates expenditure for basic research, applied research and technology demon-
stration for defence purposes. R&T is a subset of R&D expenditure.

in real terms, The EU’s (USD 64 billion) spending 
surpasses that of Russia (USD 49 billion) and 
closely approaches China’s (USD 82 billion)  
levels. The US (USD 218 billion), in contrast, 
leads significantly in this regard, outspending 
the EU roughly threefold in defence investment. 
(Figure 2.3-2).

Figure 2.3-2  Defence investment spending across the world
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Science, research and innovation performance of the EU 2024
Source: DG Research and innovation, Common R&I Stategy and Foresight Service, Chief Economist Unit’s own elaboration 
based on DG DEFIS extractions from the IISS Military Balance+, and World Bank data. 
Note: Defence investments in measured as Def Investment USD (constant 2015) and GDP is measured as GDP (constant 
2015 US$). Defence Investment = defence equipment procurement + R&D (including R&T) expenditure.
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In 2022, Germany, France and Italy were 
the primary contributors to the European 
Union’s defence spending. Germany, allo-
cating 1.5 % of its GDP to defence, equivalent 
to EUR 58 billion, accounted for 24 % of the 
EU’s total defence expenditure. France, with 
a defence budget comprising 1.8 % of its 
GDP or EUR 49.7 billion, contributed 21 % 
to the EU’s overall defence spending. Italy, 
also dedicating 1.5 % of its GDP to defence, 
amounting to EUR 28.7 billion, was respon-
sible for 12 % of the total defence expenditure 
within the EU (Figure 2.3-3).

Looking at defence investments, France 
emerges as the leading contributor in 
the EU. In 2022, France topped the list with 
defence investments amounting to EUR 
14.2 billion, followed by Germany with EUR 
10.6 billion and Italy with EUR 5.9 billion. This 
distribution suggests that Germany allocates a 
larger portion of its defence budget to military 
personnel, while France prioritizes investments 
in military equipment and R&D to a greater 
extent (Figure 2.3-3).

Figure 2.3-3  Distribution of defence expenditure within the EU (2022)
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EU defence investments predominantly 
prioritise the acquisition of defence 
equipment over R&D. Moreover, within the 
R&D sector, a significant proportion of the 
funding is allocated to non-R&T activities. This 
emphasises the EU focus on the latter stages 
of defence technology development and 
production, as opposed to expenditures on 
basic research, applied research and tech-
nology demonstration for defence purposes. 

Furthermore, from 2018 until 2022, has seen 
a slight increase in the proportion of funds 
directed towards defence equipment procure-
ment, while the share allocated to R&D has 
decreased. However, within the R&D domain, 
there has been a gradual shift from non-R&T 
components to R&T components. Overall, in 
constant 2022 prices, EU investment spending 
has experienced an upward trend over the past 
five years (Figure 2.3-4).

Figure 2.3-4  EU Defence investment decomposition by investment type (2022 prices)
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critical technologies
The United States Government has a long-standing tradition of investing 
heavily in R&I within the realms of defence and security, as well as in related 
sectors like aeronautics and space. This investment is reflected in the substantial funds 
allocated to various federal agencies, with the Department of Defence (DoD) receiving 
the largest share of the federal R&D budget. In 2020, the DoD was granted around 
USD 67 billion (approximately EUR 59 billion) for R&D, representing nearly 39 % of the 
total federal R&D budget. Another key player in this area is the National Aeronautics 
and Space Administration (NASA), which received about USD 11 billion (approximately 
EUR 9 billion) in R&D funding for the same year. Combined, the DoD and NASA account 
for roughly 45 % of the US’ public R&D funding, highlighting the Federal Government’s 
focused approach in supporting R&D initiatives.

The type of R&D of these funds, however, varies significantly between agen-
cies. The DoD primarily invests in experimental development, with 86.6 % of its R&D 
budget dedicated to this area, while applied research and basic research receive 9.6 % 
and 3.7 %, respectively. In contrast, NASA’s expenditure is more evenly distributed 
across different types of R&I: 36.4 % for basic research, 24.2 % for applied research 
and 39.3 % for experimental development.

A notable aspect of the US’ R&I system is the presence of several agen-
cies that focus on the development of critical technologies and disruptive 
innovations. The most prominent among these is the Defence Advanced Research 
Projects Agency (DARPA), a part of the DoD emphasizing the development of technol-
ogies used by the military. DARPA has set a precedent for other similar agencies, such 
as the Intelligence Advanced Research Projects Activity (I-ARPA), which emphasises 
artificial intelligence (AI), quantum computing, machine learning, high-performance 
computing and synthetic biology. There’s also the Advanced Research Projects Agency-
Energy (ARPA-E) under the Department of Energy, focusing on advancements in solar 
energy, batteries, transportation, radiation, grid and energy conversion technologies. 
Furthermore, the Home Security Advanced Research Projects Agency (HSARPA) works 
on technology development in areas like border and maritime security, cybersecurity, 
and chemical and biochemical defence. In 2022, a new addition was the Advanced 
Research Projects Agency for Health (ARPA-H), under the National Institutes of Health, 
concentrating on biomedical breakthroughs.

Science, research and innovation performance of the EU 2024
Source: Steeman, J.T., Peiffer-Smadja, O. and Ravet, J. (2024, forthcoming), European Commission, Directorate 
for Research and Innovation. 
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The available data on defence R&D 
spending is informative, but high expendi-
ture in defence doesn’t automatically 
equate to an efficient use of funds or 
a technological edge for the countries 
investing the most. Therefore, it is also 
important to consider arms sales and trade 
dynamics. These provide valuable insights, as 
buyers are unlikely to repeatedly purchase 
weapons that have proven to be flawed, ineffi-
cient or excessively priced relative to their 
technological capabilities. Arms sales can be 
seen as a complementary indicator of the true 
competitiveness of the technology developed 
through defence R&D.

On a global scale, private arms-produ-
cing companies of EU Member States 
are relatively well positioned but largely 
ranked after the main US and Chinese 
companies, with Leonardo (Italian) and 
Airbus (Trans-European) ranked globally in 
13th and 14th place in 2022 in term of arms-
selling revenues (Table 2.3-1). The main EU 
defence technological and industrial base 
is concentrated in 3 EU countries: France, 
Germany, Italy (ASD, 2022). 

The US (40 %) is by far the main exporter 
of arms in the world, followed by Russia 
(16 %) and France (11 %), together 
accounting for 67 % of world volume, 
with the EU as a region as the second largest 
exporter globally (25 %) for the period 2018-
2022. EU Member States are, in general, well 
positioned as global exporters of arms, with 
France (3rd, 11 %), Germany (5th, 4.2 %), Italy 
(6th, 3.8 %), Spain (8th, 2.6 %), The Netherlands 
(11th, 1.4 %) and Sweden (13th, 0.8 %) among 
the global suppliers (Table 2.3-2).

Countries from Asia and the Middle East 
are the main importers of arms globally, 
marked by India (1st), Saudi Arabia (2nd) and 
Qatar (3rd) as the top three importing coun-
tries, with 11 %, 10 % and 6 % of total global 
arm imports, respectively, for the period 
2018-2022. EU Member States are not major 
importers. Overall, the global distribution of 
arms imports is more fragmented and evenly 
dispersed across various nations, unlike arms 
exports, which are concentrated in a handful 
of countries that possess the requisite techno-
logical infrastructure and production capabilities 
(Table 2.3-2).
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Rank  
(2022) Company Country

Arms 
revenue  
in million 

USD  
(2022)

Arms 
revenue  
as a % 
of total 
revenue  
(2022)

Arm  
revenue 
growth  
(2022-
2015)

1 Lockheed Martin Corp. United States 59 390 90 +32  %

2 Raytheon Technologies United States 39 570 59 +47 %

3
Northrop  

Grumman Corp.
United States 32 300 88 +30 %

4 Boeing United States 29 300 44 -15 %

5 General Dynamics Corp. United States 28 320 72 +19 %

6 BAE Systems United Kingdom 26 900 97 -1 %

7 NORINCO China 22 060 27 +23 %

8 AVIC China 20 620 25 +28 %

9 CASC China 19 560 44 +49 %

10 Rostec Russia 16 810 55 -2 %

11 CETC China 15 080 27 +18 %

12 L3Harris Technologies United States 12 630 74 -25 %

13 Leonardo Italy 12 470 83 +24 %

14 Airbus Trans-European 12 090 20 -14 %

15 CASIC China 11 770 32 +11 %

16 CSSC China 10 440 20 +61 %

17 Thales France 9 420 51 +9 %

18 HII United States 8 750 82 NA 

19 Leidos United States 8 240 58 +103 %

20 Amentum United States 6 560 75 NA

21 CSGC China 6 460 15 -33 %

22 Booz Allen Hamilton United States 5 900 64 +22 %

23 Dassault Aviation Group France 5 070 70 +157 %

24 Elbit Systems Israel 4 960 90 +43 %

25 Rolls-Royce United Kingdom 4 930 32 +5 %

26 CACI International United States 4 820 72 +60 %

27 Honeywell International United States 4 630 13 +11 %

28 Rheinmetall Germany 4 550 67 +41 %

29 Naval Group France 4 530 99 +6 %

30 Peraton United States 4 410 63 NA

Science, research and innovation performance of the EU 2024
Source: SIPRI Arms Industry Database. 
Note: 2022-2015 growth is computed using 2015 arms revenue defined in 2022 constant dollars. 

Table 2.3-1  Arms sales, 2022, by company
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Rank Exporter Global share in % Importer Global share in %
1 United States 40.2 India 11.2

2 Russia 16.2 Saudi Arabia 9.6

3 France 10.8 Qatar 6.4

4 China 5.2 Australia 4.7

5 Germany 4.2 China 4.6

6 Italy 3.8 Egypt 4.5

7 United Kingdom 3.2 South Korea 3.7

8 Spain 2.6 Pakistan 3.7

9 South Korea 2.4 Japan 3.5

10 Israel 2.3 USA 2.7

11 Netherlands 1.4 UAE 2.7

12 Turkey 1.1 Kuwait 2.4

13 Sweden 0.8 United Kingdom 2.3

14 Switzerland 0.7 Ukraine 2

15 Australia 0.6 Norway 2

16 Canada 0.5 Israel 1.9

17 Ukraine 0.5 Netherlands 1.9

18 UAE 0.4 Algeria 1.8

19 Poland 0.4 Turkey 1.3

20 Belarus 0.3 Singapore 1.3

Table 2.3-2  Main exporters and importers of arms by country (2018-2022)

Science, research and innovation performance of the EU 2024
Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit’s own elaboration 
based on the SIPRI Arms Transfers Database. 
Note: EU Member States’ global share is 24.7 %. 

Examining historical patterns from 2000 
to 2022 reveals a notable increase in the 
global share of arms exports by both the EU 
and the US. Conversely, Russia and the United 
Kingdom have experienced a decline in their 
share of the global arms export market. China’s 
arms exports, however, have shown a significant 
rise, increasing from 2 % of the global share in 
2000 to 6 % in 2022. Focusing on the destina-
tions of these arms, the Middle East and Asia 

have consistently been the primary importers, 
accounting for the vast majority of arms imports 
throughout the period 2000-2022. Notably, 
arms imports from European non-EU countries 
witnessed a threefold increase in 2022, largely 
as a result of Russia’s unprovoked invasion of 
Ukraine (Figures 2.3-5 and 2.3-6).
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Figure 2.3-5  Arms exporters trend
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Source: DG Research and innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit’s own elaboration 
based on the SIPRI Arms Transfers Database. 



115
CH

A
PTER 2

Figure 2.3-6  Arms importers trend
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based on the SIPRI Arms Transfers Database. 
Note: Imports classified as being from NATO and the United Nations are excluded.
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2.  Investments in dual-use technologies  
and socioeconomic returns

3 Exemplified by the recent NATO 2022 Strategic Concept and NATO 2030 Agenda.
4  NATO – Topic: Emerging and disruptive technologies.

The concept of dual-use technology 
encompasses a wide range of products, 
services and technologies that are inher-
ently versatile, serving both civilian and 
military purposes. This versatility is evident 
in fields like advanced materials, nano-elec-
tronics, biotechnology, advance robotics and 
autonomous systems, and information and 
communication technologies (ICT). These areas 
demonstrate the fluidity with which research, 
technology development and manufacturing 
can pivot between civil and defence applications 
(European Commission, 2014).

Dual-use technology represents a crucial 
frontier with profound implications for 
the future of innovation and national 
security. Transfer in the context of dual-use 
refers to the adaptation of technologies 
developed in one sector for use in the other. 
This adaptability not only fosters innovation 
but also promotes economic efficiency by 
maximising the utility of technological invest-
ments. As the divide between civil and military 
applications continues to diminish, dual-use 
technologies are poised to become a corner-
stone of socioeconomic growth, driving both 
industrial innovation and national defence 
capabilities (European Commission, 2021a,b).

The North Atlantic Treaty Organization 
(NATO) aligns with this perspective, as 
evidenced by its comprehensive strategy3 
aimed at promoting the development and 
adoption of dual-use technologies. This 
strategy involves collaborative efforts with 
public and private sector entities, academic 
institutions, venture capital and civil society. 
Together, they work towards the development 
and adoption of new technologies, while also 
establishing international principles for their 
responsible use. This collaborative approach 
is key to maintaining NATO’s technological 
superiority, which is crucial for the defence and 
security of its member countries (Reding, D.F. 
and Eaton, J., 2020; NATO, 2021). To effect-
ively support these objectives and foster the 
advancement of (dual-use) emerging and 
disruptive technologies, NATO leaders agreed 
at the 2021 Brussels Summit to establish 
a NATO Innovation Fund. The EUR 1 billion 
venture capital fund will provide strategic 
investments in start-ups developing dual-use 
emerging and disruptive technologies in areas 
that are critical to allied security. The fund will 
be the world’s first multi-sovereign venture 
capital fund.4 In 2023, NATO doubled down 
on dual-use technologies with the launch of 
DIANA (Defence Innovation Accelerator for 
the North Atlantic). DIANA is an acceleration 
programme and test centre network to bring 
start-ups together with operational end users, 
scientists and system integrators to advance 
compelling deep tech with dual-use solutions 
for the Alliance.

https://www.nato.int/strategic-concept/
https://www.nato.int/nato2030/
https://www.nato.int/cps/en/natohq/topics_184303.htm
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The history of dual-use technologies is a 
fascinating journey from government-led 
innovation to a more private-sector-
driven landscape of today. During the height 
of the Cold War, the US Federal Government 
was the primary conductor of technological 
R&D. This era witnessed the birth of numerous 
technologies initially intended for military use 
but later found critical applications in civilian 
life (Ruttan, 2006; Mazzucato, 2013). Some of 
the most groundbreaking innovations include:

 ȧ The internet: initially developed as ARPANET 
by the US Department of Defence, the 
internet revolutionised global communication 
and information sharing.

 ȧ Global Positioning System (GPS): initially 
developed by the US Department of Defence 
for military navigation, GPS is now integral 
to civilian navigation systems, location-
based services, and various applications 
across transportation, agriculture and 
emergency response services.

 ȧ Radar technology: originally developed 
for military use during World War II, radar 
technology is now used in civilian air traffic 
control, meteorology and even automotive 
safety systems.

 ȧ Scanning machines: technologies like MRI 
and CT scanners have roots in technologies 
developed for military purposes, significantly 
advancing medical diagnostics.

 ȧ Semiconductors and integrated 
circuits: much of the early development 
in semiconductor technology was driven by 
defence needs. These components are now 
fundamental to almost all modern electronics, 
including computers, smartphones and 
household appliances.

 ȧ Material sciences: many advanced 
materials, such as Kevlar and carbon 
fibre, were initially developed for military 
applications but are now widely used in 
civilian industries, including automotive, 
aerospace and sports equipment.

 ȧ Space exploration technologies: rocket 
technology, initially developed for military 
purposes, played a crucial role in launching 
humans to the moon and continues to be 
vital in space exploration.

Government defence R&D can foster 
the speed of innovation and ultimately 
promote productivity growth (Moretti, E et 
al., 2023). However, as highlighted by different 
case studies of US post-war military R&D, 
the effectiveness of defence R&D hinges on 
the scale of investment and the programme 
structure. Large-scale programmes are influ-
ential in guiding firms’ strategic decisions and 
allow for exploring a variety of technological 
avenues. The programme structure is also key, 
particularly in the IT sector, where US military 
R&D has historically encouraged new firms and 
facilitated inter-firm knowledge sharing, thus 
nurturing a competitive industry. These factors 
– investment scale, technological diversity and 
a structure promoting innovation – are essen-
tial for delivering the economic and civilian 
advantages of defence R&D (Hall et al., 2010).

In today’s tech-driven landscape, domin-
ated by major corporations, military 
transformation increasingly focuses on 
the challenge of quickly adopting and 
adapting civilian-developed technologies 
for military use. This shift signifies a major 
change in the dynamics of defence innovation. 
Rather than originating primarily from military-
driven R&D, many cutting-edge technolo-
gies are now emerging from the commercial 
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sector and are being repurposed for defence 
uses. Such increased synergies between 
civilian innovation and military application are 
fostering a new era of defence capabilities, 
where the rapid pace of technological change 
in the private sector directly informs and 
enhances military effectiveness and strategic 
superiority (Reding and Eaton, 2020). 

The F-35 Lightning II fighter jet stands 
as a premier example of collaborative, 
public-private-led innovation, encapsu-
lating an array of dual-use technologies. 
Developed by Lockheed Martin, following their 
victory over Boeing in a competitive bid for a 
US Government contract, it has been described 
by the US Air Force’s Chief of Staff as a 
‘computer that happens to fly’. The jet exempli-
fies cutting-edge technology in aerial warfare, 
encompassing electronic warfare technologies, 
advance sensor and network systems, stealth 
capabilities and augmented reality interface. Its 
development is a global endeavour, involving 
suppliers and companies from the US, Australia, 
Belgium, Denmark, Germany, Italy, Japan, the 
Netherlands, Norway, Switzerland and the 
UK. These international collaborators engage 
in the production, technological development 
and sustainment of what is considered the 
most technologically advanced fighter jet in 
the world. Significantly, over 25 % of the F-35’s 
components are manufactured in Europe by 
European firms, reflecting its global produc-
tion footprint and the extensive international 
cooperation driving its innovation.5

5 Lockheed Martin website.

Advanced features that endow the NATO 
fighter jet with airspace superiority stem 
from the integration of many dual-use 
technologies, such as advanced materials, 
network systems, sensors, communication 
and digital technologies. Figure 2.3-7 shows 
how such technologies have impacted the jet 
performance capabilities, as well as how its 
production fosters their diffusion and expertise 
across NATO member industries.

The European Defence Agency (EDA) has 
identified a set of technologies, most of 
them dual-use, that will define the future 
of military capabilities. Such technologies 
are the Internet of Things (IoT), biotechnology 
and human enhancement, advance materials 
and manufacturing, hypersonic weapon 
systems, new space technologies, quantum 
technologies, blockchain, robotic and autono-
mous systems, and AI (see Figure 2.3-8). 

https://www.f35.com/f35/global-enterprise/germany.html
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Figure 2.3-7 F-35 Lightning II features derived from dual-use technologies

Science, research and innovation performance of the EU 2024
Source: Human-AI generated. Author’s own elaboration based on Lockheed Martin specifics.

Figure 2.3-9 depicts the military appli-
cations of the EDA’s emerging disruptive 
technologies with high dual-use poten-
tial. Interestingly, all these technologies are 
part of the technological classes with higher 
complexity and long-run economic return (see 
Chapter 2.2). IoT enhances situational aware-
ness and streamlines operations but raises 
cybersecurity and interoperability concerns. AI 
automates decisions and improves autonomy in 
systems, requiring strict validation and ethical 
considerations. Biotechnology advances health 
monitoring and training for soldiers, with long-
term prospects for brain-computer interfaces 

but mindful of ethical implications. Robotics 
increase operational efficiency and safety, 
necessitating careful integration regarding 
autonomy and ethics. Advanced materials 
offer new protective and stealth capabilities, 
with additive manufacturing poised to trans-
form logistics. Quantum technologies promise 
superior computing and secure communica-
tions, though integration with existing systems 
remains a challenge.

Network Enabled Operations: 

The F-35 uses dual-use-relevant 
network technologies to share 
data about its surroundings and 
activities with military units across 
land, sea, and air

Low Observable Stealth: 

Advanced material technology, 
fuselage geometry and embedded 
sensors, with implications for the 
civilian sector, makes it difficult to 
detect by enemy radars

Augmented Reality Pilot Interface: 

The F-35 helmet, incorporating AR 
technologies also used in the civilian 
sector, displays essential flight and 
mission data on the visor, enabling 
pilots to target and designate 
weapons by sight and see “through” 
the aircraft’s structure

Sensor Suite and Fusion: 

Advanced sensors, enhanced to 
those developed for civilian appli-
cations, provide detailed enemy 
tracking and electronic attack 
capabilities, like radar jamming
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Figure 2.3-8  Technologies for future military capabilities
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The main part of European Commis-
sion’s EU framework programme for 
R&I does not allow for the financing of 
defence R&D projects.6 Under the current 
EU Framework Programme for R&I (Horizon 
Europe), activities carried out under the Euro-
pean Defence Fund should have an exclusive 
focus on defence research and development, 
while activities carried out under the ‘civilian’ 
specific programme and the EIT should have an 
exclusive focus on civil applications. However, 
if research is intended to develop or improve 
dual-use technologies or goods, it can qualify 
for funding, as long as the goods or technol-
ogies are intended for civil applications (EC, 
2021c). This opens up support for dual-use 
technologies, particularly at a lower level of 

6 Under the current EU Framework Programme for R&I (Horizon Europe), activities carried out under the European Defence 
Fund should have an exclusive focus on defence research and development, while activities carried out under the ‘civilian’ 
specific programme and the EIT should have an exclusive focus on civil applications.

technology readiness levels (TRL), where the 
spillovers and overlaps between civilian and 
military interests are larger. 

Indeed, Horizon 2020 has already funded 
many projects with dual-use technology 
potential. Hristova et al. (2019) studied poten-
tial dual-use projects within Horizon 2020. 
A total of 349 projects related to security and 
defence research were identified, with ICT and 
cybersecurity as the main areas, of which almost 
90 % (311 projects) have dual-use potential, 
meaning that the civil application outputs could 
be used for defence purposes. Figure 10 shows 
the number of Horizon 2020-funded projects 
related to security and defence classified by 
a thematic focus.
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Figure 2.3-9  Defence applications of emerging disruptive dual-use technologies

Internet of things

Robotics and autonomous systems

Biotechnology and human enhancement

Quantum technologies

Advanced materials and manufacturing

Artificial intelligence

Common operational view

Health monitoring and treatment

Combat and weapon 
systems

Autonomy enabled defence

Ethical and legal concern

Suvivability and health support MunitionsImproved C4ISR 
systems

Maintenance and supplyAugmented / virtual reality
enhanced training

Human-machine 
collaboration

Protection and 
concealment

Sensorization and 
information systems

Medical services and 
human enhancementPower and energy

Management of soldier 
tactical situational 

awareness

Sustainment services

Joint manoeuvre Cyber security

Quantum underwater
warfare

Fast and secure 
communications

Force protection Increased situational 
awareness

Improve PNT 
capabilities

Electronic warfare
Human augmentation, 
medical devices and 

bio-sensoring
Intelligence, Surveillance, Target 
Aquisition and Reconnaisance 

(ISTAR)

Military training and education Verification and validation Human machine teaming

Improved maintenance Autonomous 
mobility

Strategic deterrence Military logisticsDetect and counter new 
airborne threats

Improve human cognitive 
capabilities

Science, research and innovation performance of the EU 2024
Source: European Defence Agency, (2023).



122
CH

A
PTER 2

Figure 2.3-10  Horizon 2020 projects related to security and defence, by topic
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Only 60 % of the Horizon 2020 projects 
related to security were financed through 
the security-dedicated programme section; 
the remainder received funding through other 
channels. Figure 2.3-11 depicts the distribution 

of such security-related projects across all of 
Horizon 2020’s programme parts, showing 
the broad spectrum of objectives of modern 
dual-use technologies.
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Figure 2.3-11  Horizon 2020 projects related to security and defence  
by programme pillars
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3. Defence R&I and current global challenges

Russia’s unprovoked invasion of Ukraine 
has sharply underscored the critical 
importance of defence R&D and techno-
logical superiority, not only for deterring 
aggressions but also in safeguarding peace 
and prosperity, and upholding the fundamental 
principles of freedom and democracy. 

The convergence of climate change, demo-
graphic shifts, political polarisation and 
geopolitical changes presents unpreced-
ented challenges to global security. Innov-
ation in defence and security technologies is 
not only essential but imperative to address 
these multifaceted threats and ensure stability 
and peace in an increasingly complex world 
(European Defence Agency, 2023). 

Such dimensions can be clustered as follows:

 ȧ Climate change is accelerating, pre-
senting long-term security risks, such 
as rising sea levels, extreme weather events 
and natural disasters. These environmental 
shifts necessitate enhancements in military 
capabilities for operating in increasingly haz-
ardous conditions. Furthermore, climate-in-
duced scarcities of resources like water, agri-
cultural land and essential raw materials will 
likely heighten global competition and could 
be exploited by adversaries to destabilise 
economies and incite unrest.

 ȧ Significant demographic transitions, 
including aging populations, declining mid-
dle-class influence and uncontrolled migra-
tion, pose security challenges. These changes 
are poised to increase the need for responsive 
and adaptable security strategies. First, age-
ing necessitates a re-evaluation of national 
defence and public safety strategies to cater 
to an older population’s unique needs. Second, 
a weakened middle class could heighten the 

risk of radicalisation and civil unrest, requir-
ing nuanced and socially sensitive security 
approaches. Third, uncontrolled migration, 
fuelled by conflict, economic disparities and 
climate change, places significant strain on 
host countries’ infrastructure, social servi-
ces and communal harmony. This leads 
to humanitarian issues and increased ten-
sions, necessitating effective border control 
and migrant integration strategies.

 ȧ The COVID-19 pandemic has highlighted 
the vulnerability of densely populated, inter-
connected societies to contagious diseases. 
The potential use of health threats as weapons 
by state and non-state actors adds a new 
dimension to national and global security, 
necessitating innovative defence solutions.

 ȧ The increasing use of tactics like social 
engineering, misinformation and uncon-
ventional warfare broadens the spectrum 
of security threats. Innovations in defence 
technology are essential to address these 
challenges, including cyber threats, hybrid 
warfare tactics and new biological weapons. 
Future conflicts are likely to see an increase 
in the misuse of social media and information 
control to destabilise societies. Defence strat-
egies must therefore evolve to counter mis-
information and social polarisation effectively.

 ȧ In the context of the evolving inter-
national landscape, characterised by a 
multipolar order, EU defence capabilities 
are important for global stability. Regions 
such as Africa, the Middle East and the 
Asia-Pacific can be pivotal with a higher de-
gree of volatility. Consequently, this neces-
sitates the consideration and development 
of adaptive and proactive defence strat-
egies that are responsive to the changing 
geopolitical environment.
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4. EU policies related to defence and security R&D

7 European Defence Fund, https://defence-industry-space.ec.europa.eu/system/files/2022-05/Factsheet%20-%20Europe-
an%20Defence%20Fund.pdf

The unprovoked invasion of Ukraine by 
Russia, along with the ongoing conflict, 
has sharply focused attention on the 
EU’s security and defence needs, placing 
them at the forefront of the EU’s policy 
discussions. Even before the full-scale inva-
sion, the EU had begun to broaden its role 
in these areas. This expansion was initially 
triggered by Russia’s annexation of Crimea, 
as well as increasing threats in terrorism, 
cybersecurity and security. In response, the EU 
launched several policy initiatives aimed at 
strengthening its defence capabilities. These 
initiatives included the Permanent Structured 
Cooperation (PESCO), the establishment of 
the Directorate-General for Defence Industry 
and Space (DG DEFIS) and the creation of the 
European Defence Fund (EDF). These efforts 
build upon the foundational pillars of EU 
defence and security policy, specifically the 
common foreign and security policy (CFSP) 
and the common security and defence policy 
(CSDP), detailed in Box 2.3-2.

The Strategic Compass for Security 
and Defence, approved by the European 
Council in 2022, prioritises boosting 
investments in technology, research and 
disruptive innovations to strengthen the 
EU’s security and defence by 2030. Its main 
goal is to ensure the EU’s decisive action in 
crises and the protection of its citizens. Key 
focuses include enhancing technological and 
industrial sovereignty, investing in innova-
tive and dual-use technologies, and building 
capacities to defend EU interests. Additionally, 
it emphasises the importance of international 
cooperation, particularly with NATO, which 
is essential for collective defence among EU 
Member States.

During the last couple of years, the 
NATO-EU cooperation has been strength-
ened and deepened, with NATO and the 
EU currently having 23 Member States 
in common. The renewed cooperation mater-
ialised with the Third Joint Declaration on 
EU-NATO Cooperation at the beginning of 
2023, which states that the organisations 
want to further strengthen the cooperation 
in existing areas, and expand and deepen 
the cooperation in other areas to address the 
growing geostrategic competition and emer-
ging and disruptive technologies, among other 
things. On this aspect, a relevant difference 
to highlight is that the EU does not have a 
permanent military command structure along 
the lines of NATO. 

The EU’s key instrument to support 
competitive and collaborative defence 
projects throughout the entire cycle of 
R&D is the European Defence Fund (EDF). 
Its focus is on strengthening the European 
defence capability and industrial landscape, 
encouraging SME participation and empha-
sising breakthrough innovations. With the 
EDF, for the first time, the EU budget is used 
to fund multinational defence projects, with 
the fund as a key initiative under the CSDP. 
The EDF has  an initial budget of almost EUR 
8 billion for 2021-2027, with EUR 2.7 billion 
to fund collaborative defence research and 
EUR 5.3 billion to fund collaborative capability 
development projects, with national contri-
butions.7 Recently, a Defence Innovation Hub 
within the European Defence Agency was 
announced to develop cutting-edge innovations 
for defence (European Council, 2022). 

https://defence-industry-space.ec.europa.eu/system/files/2022-05/Factsheet - European Defence Fund.pdf
https://defence-industry-space.ec.europa.eu/system/files/2022-05/Factsheet - European Defence Fund.pdf
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8 Common foreign and security policy (europa.eu).
9 The Diplomatic Service of the European Union | EEAS (europa.eu).

Common foreign and security policy8   

The common foreign and security policy (CFSP) is the EU’s joint foreign and security 
policy. The CFSP was first established in 1993 under the Maastricht Treaty. It has been 
progressively reinforced by subsequent treaties, particularly the Treaty of Lisbon. The 
main objectives of the CFSP are to preserve peace; reinforce international security; and 
promote international cooperation, democracy, the rule of law and respect for human 
rights and fundamental freedoms. The European External Action Service (EEAS) is the 
diplomatic service of the EU and in charge of the CFSP (and the CSDP). For the 2021-
2027 period the actions are financed via the CSDP programme with a total budget of 
EUR 2.68 billion. Actions include civilian stabilisation missions, the Kosovo Specialist 
Chamber and the European Security and Defence College.

Common security and defence policy9 

The common security and defence policy (CSDP) is the part of the CFSP that relates 
to defence and crisis management. An important part of the CSDP is the possibility of 
setting up military or civilian missions to preserve peace, prevent conflict and strengthen 
international security.  

PESCO 

To strengthen cooperation on defence matters by EU Member States, the Treaty of 
Lisbon provides a provision to set up permanent structured cooperation between 
Member States (PESCO). Currently, 26 of the 27 EU Member States’ armed forces are 
cooperating on a few projects via PESCO (with the exception of Malta) to pursue struc-
tural integration. The European Defence Agency was established in 2004 to facilitate 
the integration of EU Member States within the CSDP.

https://commission.europa.eu/funding-tenders/find-funding/eu-funding-programmes/common-foreign-and-security-policy_en
https://www.eeas.europa.eu/_en
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Figure 2.3-12  Overview and budget distribution of the European Defence Fund
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Horizon Europe, particularly the European 
Innovation Council and the clusters Civil 
Security for Society and Digital, Industry 
and Space in Pillar 2 on ‘Global challenges 
and European industrial competitiveness’, 
can play a role in the EU’s R&D initiatives 
focused on defence and security (Hristova 
et al., 2019). Additionally, other programmes 
like the European Regional Development Fund, 
the Connecting Europe Facility, the Digital 
Europe Programme, InvestEU and the Space 
Programme are also crucial. They contribute 
not only through direct funding but also 
through related policies that facilitate the inte-
gration, adoption and dissemination of new 
technologies and innovations, as reported by 
the European Commission in 2022.

In 2022, the European Investment Bank 
(EIB) launched the Strategic European 
Security Initiative (SESI), allocating up 
to EUR 6 billion for projects on dual-use 
research and civilian security infrastructures. 
SESI aims to tackle security challenges across 
cybersecurity, the New Space industry, AI 
and quantum technologies, building on its 
predecessor’s foundation. By June 2023, in 
response to changing geopolitical dynamics 
and increased funding needs, the EIB’s Board 
of Directors raised its security and defence 
financing cap to EUR 8 billion. This expansion 
not only increases funding but also broadens 
support within the sector, maintaining a strict 
policy against financing weapons, ammunition 
and core military or police infrastructure.

To prepare a coherent EU future defence 
and security landscape, jointly investing 
in cutting-edge defence technologies is 
essential. At the same time, to maximize the 
potential of dual-use technologies, it’s crucial 
to enhance collaboration and bridge the gap 
between civilian and defence research, tech-
nology, and innovation (RTD&I) across the EU 
and its member states.

The recently published European Commis-
sion’s White Paper reignited a compre-
hensive discussion on enhancing support for 
research and development in technologies 
with dual-use potential (European Commission, 
2024). It proposes three strategic directions for 
future advancement: (1) extending and building 
upon the existing framework, (2) diversifying 
the focus beyond solely civilian applica-
tions in specific segments of the programme 
succeeding Horizon Europe, and (3) estab-
lishing a specialised entity devoted exclusively 
to R&D in dual-use technology areas.

Launched in March 2024, the European 
Defence Industrial Strategy (EDIS) by the 
European Commission and EU High Repre-
sentative aims to enhance the EU defence 
industry’s efficiency and competitive-
ness. The strategy focuses on decreasing the 
industry’s fragmentation and lowering weapon 
imports. Key goals include boosting intra-EU 
defence trade to 35 % of the EU defence 
market by 2030, ensuring that 50 % of defence 
procurement is sourced from within the EU, 
and promoting that at least 40 % of defence 
equipment purchases are made collaboratively 
by EU countries (European Commission, 2024).
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 Key questions  

 ȧ What types of risks are currently affecting 
Europe and its partners?

 ȧ How has Europe drawn lessons from past 
crises to effectively tackle current challenges?

 ȧ How does R&I contribute to enhancing 
resilience and preparedness, and what 
potential future scenarios does it enable 
us to anticipate?

 Highlights

 ȧ Geopolitical risk has significantly intensified 
over recent years. Europe also faces the 
compounding effects of the aftermath of 
recent crises, where risks are complex and 
interconnected.

 ȧ The EU and other economies in Europe 
have demonstrated considerable resilience, 
adapting swiftly to acute challenges and new 
realities. Indeed, 70 % of EU citizens believe 
it is a place of stability in uncertain times.

 ȧ Private R&D investments have proven more 
stable compared to capital expenditure, 
remaining resilient in the face of economic 
crises. This trend suggests that businesses 
perceive R&I as a strategic tool for mitigating 
the impacts of crises. R&I is therefore a vital 
component for ensuring economic resilience 
and fostering long-term competitiveness.

 ȧ R&D can play a key role in addressing global 
risks. Global Risks Perception Survey (GRPS) 
respondents find that R&D has a strong 
potential for ensuring risk reduction and 
preparedness, especially for infectious 
diseases (81 %), adverse outcomes of 
frontier technologies (58 %) and extreme 
weather events (56 %).
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 Policy insights

 ȧ In navigating present challenges, it is essen-
tial to maintain a forward-looking, strategic 
perspective. Embracing the power of R&I 
can help spearhead a new European drive 
towards a more adaptive, resilient and in-
novative future.

 ȧ Strengthening global research networks 
that link researchers, institutions, and in-
dustries across the world can help achieve 
preparedness through R&I.



133
CH

A
PTER 2

The recent crises have ushered in a new 
era of ‘polycrisis’ or ‘permacrisis’, whose 
key feature is a high level of uncertainty. 
The COVID-19 pandemic, the Russian invasion 
of Ukraine, the energy crisis and its broader 
inflationary consequences, and the increased 
frequency of climate-related extreme events 
cannot be seen as one-off crises but rather 
a manifestation of a new reality to which poli-
cies need to adapt. Dealing with ‘black swan’ or 
‘grey rhino’ events requires building resilience, 
strengthening adaptability, and promoting 
anticipation.1 

Faced with higher degrees of uncertainty, 
policymaking may require a comprehen-
sive rethink in order to ensure continued 

1  Black swan and grey rhino events were also key concepts in the previous edition of this report, the Science, research and 
innovation performance of the EU 2022 report (European Commission, 2022). Black swan events are very rare, unpredict-
able and have very high impact, while grey rhino events can be observed from afar, but are difficult to stop once in motion.

2 European Commission (2023),  Research and innovation to thrive in the poly-crisis age, Directorate-General for Research 
and Innovation, Publications Office of the European Union, Luxembourg https://data.europa.eu/doi/10.2777/92915.

progress towards long term objectives 
across a range of scenarios, while also 
addressing the short-term impact of 
crises. Recently, the Expert group on the 
economic and societal impact of research 
and innovation (ESIR) stressed the need 
for policies to avoid falling into the trap of 
‘short-termism’, and instead adopt a “protect, 
prepare and transform” approach2: ‘protect’ 
through a timely and coordinated response 
in cases of emergency; ‘prepare’ for a broad 
set of future risks, through coordination, fore-
sight, community involvement and re-skilling; 
‘transform’ the economy and society towards 
a competitive, green and fair Europe. 

1. How Europe shows resilience in uncertain times

Europe continues to be exposed to the 
cumulative effects of recent crises. Despite 
a heightened awareness of the interconnected-
ness of global risks, disorderly dynamics have 
contributed to a very high level of perceived 
uncertainty in Europe (World Economic Forum, 
2023). The world in 2024 is facing major 
crises related to climate and conflict, and, 
within the global risk landscape (Figure 2.4-1; 
World Economic Forum, 2024), the most inter-
connected risks are societal polarisation and 
economic downturn. While the scientific under-
standing of the distinct threats giving rise to 
these crises is extensive, a more general aware-
ness of the causal links among these factors 
remains limited (Homer-Dixon et al., 2022). 

Hence, while individual crises may have 
been contained thus far, the simultaneous 
shocks to Europe’s economic, environmental, 
geopolitical, societal, and technological 
systems have created unprecedented chal-
lenges, whose aggregate effects on the risk 
landscape are multifaceted and complex 
(World Economic Forum, 2023).

Conflicts outside of Europe perpetuate an 
ongoing state of uncertainty in the region. 
The Gaza conflict and its spillover potential, 
coupled with the Russian invasion of Ukraine, 
poses an acute challenge for the EU. 

https://data.europa.eu/doi/10.2777/92915
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Figure 2.4-1  Global risks landscape

Source: World Economic Forum, Global Risks Report 2024

These events may result in a renewed spike 
in energy prices causing another economic 
slump and tighter financial conditions, as well 
as increased geopolitical risks — most dramat-
ically illustrated by the two ongoing wars in 
Europe’s neighbourhood. Further risks relate 
to the persistence of inflation, vulnerabilities 
in trade relations and energy markets, as well 
as risks associated with climate change and 
the degradation of natural capital (European 
Commission, 2024a). Broader global factors, 
such as geopolitical tensions in the US and China, 
technological shifts, and environmental threats, 
add complexity to the 2024 outlook (Economist 
Intelligence Unit, 2024). Measuring the extent of 

3 The Geopolitical Risk (GPR) index utilised in this study is constructed from a sample comprising approximately 25 million news articles 
sourced from the print editions of prominent English-language newspapers spanning the period from 1900 to the present day. This 
dataset comprises approximately 30,000 and 10,000 articles per month in the recent and historical samples, respectively. The index 
is derived by quantifying, on a monthly basis, the proportion of articles discussing adverse geopolitical events and associated threats. 
For the recent GPR index, starting from 1985, automated text searches were conducted on the electronic archives of ten newspapers: 
the Chicago Tribune, the Daily Telegraph, the Financial Times, the Globe and Mail, the Guardian, the Los Angeles Times, the New York 
Times, USA Today, the Wall Street Journal, and the Washington Post. The selection of six newspapers from the US, three from the 
United Kingdom, and one from Canada was deliberate, aiming to encompass events of global significance. The index computation 
involves tallying the monthly count of articles addressing escalating geopolitical risks, divided by the total number of articles published.

geopolitical risk associated with these events is 
a challenge as there is a shortage of robust indi-
cators to quantify these phenomena (Caldara et 
al. 2022). The geopolitical risk (GPR) index is an 
attempt to provide such a quantitative measure 
(Figure 2.4-2).3 Although the index is measured 
based on English-speaking newspapers (US, 
UK, Canada), it provides a proxy for the level of 
uncertainty in other regions, such as the EU and 
specific countries.
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Figure 2.4-2  Average of Geopolitical Risk Indexes for available EU countries over 
the last 20 years
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Source: World Bank Group (2024), Global Economic Prospects, January 2024. 
Note: Unweighted average of Country-Specific GPR Indexes for available EU countries (Belgium, Germany, Denmark, Spain, 
Finland, France, Hungary, Italy, Netherlands, Poland, Portugal, Sweden). Labels for years are positioned on the 1st of January.

A key foundation to containing the risk 
of a ‘polycrisis’ is a thorough under-
standing of the interconnectedness of 
individual crises. For example, viewing 
the war in Ukraine as an isolated interstate 
conflict, ignores the strong effect it has on 
the instability of the global food supply chain, 
which has been a major driver of the increase 
in the cost of living. As the short-term rami-
fications of the invasion on e.g. agricultural 
production compounded longer-term trends of 
more volatile crop yields, policymaking needs 
to be aware of the interrelations between 
cyclical developments and structural trends. 
The perceived uncertainty resulting from these 
crises is further amplified by the spread of 
misinformation and societal polarisation.

As a recent illustration of countries’ 
capacity to deal with a crisis, the economic 
impact of COVID-19 shows strong hetero-
geneity among member states (Figure 

2.4-3).  While some member states, such 
as Spain, Greece, and Italy, were among the 
hardest-hit economies, others, such as Ireland, 
Denmark, and Poland have been able to 
maintain positive growth rates. This regional 
disparity might be related to varying effective-
ness and stringency in governmental reactions, 
market dynamics, and the inherent resilience of 
different economies. The sectoral composition 
of economies was also an important deter-
minant, as tourism- and services-intensive 
countries were particularly hard-hit. However, 
many affected EU economies — including those 
most affected by the pandemic — have lever-
aged the crisis to drive digitalisation and foster 
new opportunities for start-ups, particularly in 
the online trade sector (European Commission, 
2022). Tourist-dependent economies were 
also able to rebound (Figure 2.4-3), driven by 
a recovery in tourism activity in 2023 as well 
as a shift towards spending by residents on 
services like restaurants (International Monetary 
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Fund, 2023). Moreover, the positive perception 
of the EU among its citizens underscores this 
resilience. The 100th Standard Eurobarometer 
survey shows that seven EU citizens out of 10 

(70 %) believe that the EU is a place of stability 
in a troubled world. This is the case for the 
majority of respondents in all Member States 
(European Commission, 2023d).

Utilising the Economic Resilience 
Index (ERI)4 to examine the individual 
dimensions of resilience also reveals 
conceptual differences among the EU 
countries. In Table 2.4-1, which shows the 
composite score5 of the 25 measured EU 
countries in the six resilience dimensions of 
the ERI, it becomes evident that the ability 
of EU economies to absorb, recover from, 
and adapt to shocks reveal great disparities. 

4 ZOE, the Institute for Future-Fit Economies has developed the Economic Resilience Index (ERI), which assesses the fu-
ture-preparedness of economies to thrive when faced with continuous crises. The index considers in total 27 different indi-
cators, divided into six dimensions: Economic Independence, Education & Skills, Financial Resilience, Governance, Production 
Capacity and Social Progress & Cohesion (See Hafele et al., 2023).

5 The composite score can be understood as both the average of all 27 indicators as well as the average of the six dimen-
sions. Each country score can take on a value between zero and one ranging from worst to best performance.

Notably, of the 25 EU countries, some of 
Europe’s largest economies such as France, 
Spain and Italy are positioned in the middle or 
lower ranks. While Scandinavian countries such 
as Sweden, Denmark, and Finland score highly 
across all categories, France and Italy struggle 
to produce comparable composite scores, due 
to low scores across categories such as Educa-
tion & Skills, Financial Resilience, and Social 
Progress & Cohesion. 

Figure 2.4-3  Economic impact of COVID-19 (real GDP levels, 2019 = 100)
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1 Sweden 0.78 0.74 0.9 0.73 0.79 0.78 0.75

2 Denmark 0.74 0.59 0.88 0.63 0.9 0.62 0.81

3 Finland 0.74 0.6 0.92 0.59 0.9 0.69 0.75

4 Netherlands 0.67 0.49 0.86 0.77 0.79 0.6 0.61

5 Germany 0.65 0.75 0.6 0.7 0.75 0.62 0.53

6 Austria 0.64 0.41 0.67 0.69 0.82 0.61 0.7

7 Ireland 0.63 0.42 0.76 0.66 0.62 0.74 0.66

8 Belgium 0.63 0.46 0.62 0.67 0.75 0.63 0.69

9 Estonia 0.62 0.56 0.72 0.6 0.61 0.78 0.53

10 Slovenia 0.62 0.66 0.58 0.73 0.44 0.45 0.76

11 France 0.56 0.72 0.49 0.55 0.69 0.56 0.38

12 Czechia 0.51 0.44 0.48 0.71 0.37 0.7 0.43

13 Cyprus 0.49 0.35 0.47 0.35 0.43 0.61 0.66

14 Hungary 0.45 0.44 0.25 0.61 0.29 0.56 0.53

15 Lithuania 0.41 0.42 0.3 0.47 0.4 0.42 0.45

16 Latvia 0.41 0.45 0.32 0.46 0.3 0.45 0.46

17 Croatia 0.4 0.46 0.22 0.47 0.23 0.46 0.52

18 Spain 0.39 0.53 0.45 0.34 0.44 0.16 0.4

19 Italy 0.39 0.67 0.34 0.3 0.38 0.28 0.34

20 Slovakia 0.38 0.44 0.19 0.67 0.29 0.24 0.42

21 Portugal 0.35 0.17 0.55 0.24 0.37 0.37 0.39

22 Poland 0.32 0.34 0.39 0.34 0.22 0.32 0.31

23 Bulgaria 0.29 0.53 0.1 0.32 0.12 0.41 0.22

24 Greece 0.28 0.47 0.2 0.09 0.35 0.25 0.28

25 Romania 0.25 0.56 0.06 0.22 0.07 0.4 0.17

Table 2.4-1  Economic Resilience Index ranking

Science, research and innovation performance of the EU 2024
Source: ZOE Institute for Future-fit Economies, The Economic Resilience Index 2023 (Hafele et al., 2023).
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Furthermore, there doesn’t seem to be a strong 
link between economic resilience and CO2 emis-
sions per capita, suggesting that, in the search 
for the formula of economic resilience, factors 
beyond GDP and elevated levels of material 
consumption play a role (Hafele et al., 2023).

The Recovery and Resilience Facility (RRF) 
continues to be a powerful instrument 
in the face of uncertainty. Since its start 
of operation in 2021 it has become a central 
element in the EU’s efforts to enhance the 
economic resilience of its Member States (Euro-

6 For resilience, the aforementioned Economic Resilience Index (ERI) was used, and for innovation, the Summary Innovation 
Index. The Summary Innovation Index measures the performance of the EU national innovation systems and is referenced 
from the the annual European Innovation Scoreboard (EIS), which provides a comparative assessment of the research and 
innovation performance of EU Member States and selected third countries, and the relative strengths and weaknesses of 
their research and innovation systems (European Commission, 2023a).

pean Commission, 2023c) while supporting 
the economic recovery and twin transitions. An 
amount of EUR 233 billion have already been 
disbursed under the RRF and around 75 % of the 
milestones and targets planned to be achieved 
by end 2023 either have already been assessed 
by the Commission as satisfactorily fulfilled or 
are reported as completed by Member States. 
Furthermore, through their RRPs, Member States 
have made significant progress in addressing 
the CSRs issued in the context of the European 
Semester (European Commission, 2024b).

2. R&I for resilience and preparedness

The recent geopolitical shifts stress the 
critical role of R&I in strengthening the 
resilience of the EU economy. Promoting 
technological sovereignty in strategic sectors 
can contribute to economic security and shield 
the EU from geopolitical fallout. New technol-
ogies can also provide ways of substituting 
necessary critical materials, e.g. for the green 
transition, where important dependencies on 
single countries exist. Furthermore, innovation 
fosters the economic resilience of firms and 
innovative firms contribute significantly to the 
dynamism of the EU economy. Novel products 
and services not only stimulate competitive 
markets, but also foster resilience by diversi-
fying economic activities and reducing depend-
ency on traditional industries. Innovation also 
helps firms cushion the negative impact of 
economic disturbances.  Figure 2.4-4 illus-
trates the high degree of correlation between 
innovation and resilience. 6

R&I enhances preparedness for unavoid-
able environmental hazards like extreme 
weather events and non-weather-related 
natural disasters. The escalating impacts of 
climate change, combined with strained plan-
etary boundaries, are introducing unpreced-
ented disruptions to key societal systems – be 
they water supply, energy, health, transport, or 
product markets. R&I can help accelerate the 
de-risking of key systems and infrastructures, 
scale up civil protection capabilities and facili-
tate the medium- to long-term financial and 
economic transition for climate change adap-
tation and/or mitigation. Additionally, it can 
help improve resource efficiency and promote 
the development of circular economies. For 
instance, technological breakthroughs in 
nuclear fusion power generation would repre-
sent a game-changer; it would offer clean 
energy, accelerating the shift towards achieving 
net zero, while concurrently mitigating the risk 
of pollution and contamination.
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The power of R&I to strengthen preparedness 
is further acknowledged by GRPS respondents, 
who emphasise the pivotal role of research 
and development in addressing health, 

environmental, and technological risks (Figure 
2.4-5) (World Economic Forum,  2024).

Figure 2.4-4  Innovation capacity and economic resilience
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Source: DG Research and Innovation, Common R&I Strategy and Foresight Service, Chief Economist Unit, based on the 
European Innovation Scoreboard (European Commission, 2023a)  and the Economic Resilience Index (Hafele et al., 2023).
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Private R&D investments have proven 
more stable compared to capital 
expenditure, remaining resilient in the 
face of economic crises. This trend was 
observed both during the Global Financial 
Crisis of 2009 and the COVID pandemic 

(Figure 2.4-6), suggesting that businesses 
perceive R&D as a strategic tool for miti-
gating the impact of crises; it may also reflect 
a preference of companies — typically larger 
ones — to not jeopardise their future growth 
potential by shelving R&D projects. Unlike 

Figure 2.4-5  Top global risks addressed by research and development
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Science, research and innovation performance of the EU 2024
Source: World Economic Forum Global Risks Perception Survey 2023-2024. 
Note: To the question “Which approach(es) do you expect to have the most potential for driving action on risk reduction 
and preparedness over the next 10 years?” related to each item, respondents could select up to three responses from nine 
options, including research and development.

more traditional forms of capital investment, 
R&D tends to be seen as a vital component 
for ensuring economic resilience and fostering 
long-term competitiveness. This resilience of 
R&D investment could be attributed to the 

recognition that innovation and technological 
advancement are key drivers of sustainable 
growth, especially in turbulent times (European 
Commission, 2023b).
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In the wake of the 2009 financial crisis and 
the COVID-19 pandemic, R&D investment 
by leading firms has significantly contrib-
uted to their economic recovery. A positive 
correlation between R&D spending and key 
performance indicators can be seen, for instance 
concerning turnover growth and productivity 
gains (European Commission, 2023b). 

However, this trend is not uniform across 
regions. For instance, American and Chinese 
firms saw a more rapid recovery in their R&D 
and capital expenditures than their European 
counterparts. This regional disparity might be 
influenced by varying governmental policies, 
market dynamics, and the inherent resilience 
of different economies.

Figure 2.4-6  R&D and Capex before and after major crises, by investment type

2005 2006 2007 2008 2009 2010 2011 2012 2013 2017 2018 2019 2020 2021

R&D + Capex Capex R&D

-0.30

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

Financial crisis
Log change with respect to 2008

COVID 19 crisis
Log change with respect to 2019

Science, research and innovation performance of the EU 2024
Source: The 2023 EU Industrial R&D Investment Scoreboard, European Commission (2023b).
Notes: The graph plots coefficients of year indicator variables from regressions controlling for net sales and firm fixed 
effects. All values are in 2015 PPP USD, except for net sales, which are in 2015 USD. Values x100 are % changes compared 
to the base year (2008 or 2019).
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3.  What the future may bring for Europe  
and the role of R&I

Europe’s green transition efforts aim to 
achieve carbon neutrality and significantly 
increase sustainability in the coming 
decades. A successful transformation can 
be defined as limiting the existential risks of 
climate change and the environmental crisis. 
It will also be crucial in strengthening the EU’s 
strategic autonomy and economic security, 
and in reinforcing Europe’s long-term competi-
tiveness, social model and resilience. However, 
to succeed, Europe will have to address and 
overcome some key social and economic chal-

lenges. This will require making difficult political 
choices and confronting acute trade-offs that 
are expected to have an immense impact on our 
societies and economies. 

Foresight studies on European R&I have 
identified 11 key disruptive areas over 
a time perspective of 20–30 years (Box 
2.4-1 and Figure 2.4-7). These potential key 
areas of change are divided into three subsec-
tions: 1. World of global tensions; 2. Technology 
and society; and 3. R&I for future ecosystems.

Figure 2.4-7  Exploring potential futures in key areas of change
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Science, research and innovation performance of the EU 2024
Source: European Commission, Directorate-General for Research and Innovation (2023): Horizon Europe Strategic Plan 
2025-2027 Analysis
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7 The metaphor stems from poet Isaiah Berlin, who elaborates on a fragment by the Greek poet Archilochus, 
who wrote ‘The fox knows many things, but the hedgehog knows one big thing.’ It should be noted that this 
metaphor can be interpreted in different ways.

In today’s rapidly changing world, the use of strategic foresight exercises is 
more relevant than ever. Foresight enables groups, leaders and organisations to 
prepare, shape, anticipate future trends and increase the robustness of policy to future 
risks. It is becoming an increasingly important tool contributing to better-informed 
political processes, governance and decisions based on the best possible under-
standing of drivers of future trends and resulting scenarios. The interest in foresight 
has grown at both national and European level as part of a response to current - and 
potentially forthcoming - challenges.  Harnessing the power of collective intelligence 
through strategic knowledge exchange and dialogue is key to reach a new shared 
understanding of the bigger picture of tomorrow. By distilling new insights across 
different horizons, and encouraging development of collaborative and anticipatory 
strategies, collective foresight can inform decisions affecting the future in a structured 
way. One particular strength of collective foresight comes from engaging with a wide 
spectrum of relevant actors, such as experts and stakeholders. Appreciating diversity 
and embracing differences can lead to a more critical understanding of the whole 
system and to more dependable solutions.

The metaphor of the Fox and Hedgehog7 bridges the gap between risk and 
foresight. The Fox and the Hedgehog represent two distinct views of the world (Berlin, 
1953). The Hedgehog has a single and broad understanding of the world and uses it 
as a framework for interpretation. In contrast, the Fox, knows many small details and 
uses a broad range of experiences and knowledge to navigate complexity. Both strat-
egies have advantages when it comes to making decisions under uncertainty (Logan et 
al., 2024). However, in foresight, the Hedgehog’s possibly rigid and singular approach 
might be surpassed by the Fox’s flexible and varied way of thinking (Tetlock, 2005). In 
R&I policy, integrating the flexibility and openness of the Fox with the strategic focus 
and coherence of the Hedgehog can help to promote R&I and address challenges with 
wisdom and agility. 

The EU has played an important role in driving foresight for decades, working 
hand-in-hand with Member States and associated countries. The European 
Commission’s growing efforts to embed strategic foresight into EU policymaking was 
reflected in the appointment of Executive Vice-President Maroš Šefčovič in 2019 as 
the first ever member of the College of Commissioners in charge of strategic foresight. 
Since then, the EU has developed a set of initiatives and processes across its institu-
tions, including the publication of annual strategic foresight reports as well as a Future 
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EU’s ability to act in the world — the decline of which has been a core concern for the 
EU since the Gonzales report of 2010 — and the EU’s pursuit of the twin green and 
digital transition in line with the EU’s sustainability objectives.

The EU has also increased the use of foresight exercises and activities in 
various policy areas. R&I foresight under the Horizon Europe programme has 
aimed at exploring future trends, opportunities and challenges in key disruptive 
sectors. Its objective has been to inform political processes by using both possible 
and plausible predictions of future developments. In the context of more traditional 
R&I policy, where there is considerable uncertainty about both the directions and 
the expectations of R&I, key questions concern the significance of the objectives, 
the extent to which there are trade-offs between them, and the extent to which 
such trade-offs are determined by current structures and technologies. 

The Russian invasion of Ukraine dramatic-
ally underscored that the world system is 
at a crossroads and may evolve towards 
a new bipolar or multipolar configuration, 
with important implications for global 
governance and its institutions. The EU’s 
relationship with the US and the extent to 
which the US engages with global issues and 
in global governance institutions are critical 
for the EU’s future. The EU’s foresight activities 
have explored scenarios with high and low 
levels of global engagement from the United 
States, and high and low levels of global 
agency for the EU.8 These scenarios put the 
EU’s pursuit of digital leadership into context, 
as the US is the de facto leader in many 
such technologies, followed by China. The EU 
faces a critical investment gap – in which, for 
example, the annual R&D budget of Amazon 
is more than four times that of the annual 
budget for the EU framework programme for 
research and innovation. 

8 European Commission (2023e), Reference foresight scenarios: Scenarios on the global standing of the EU in 2040, Publica-
tions Office of the European Union, Luxembourg. https://publications.jrc.ec.europa.eu/repository/handle/JRC132943

The indispensable digital transition of the 
EU economy and society could be framed as 
a battle for leadership, or as participation 
in a global digital and sustainable transi-
tion. The choice of strategic framing affects the 
chosen approach to key policy directions for R&I, 
especially as regards international cooperation 
and global regulatory frameworks. Framing the 
EU as – at least partly – a follower, rather than 
a global leader, could make the strategic orien-
tations more conducive to global collaborations 
for global challenges. 
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The internal coherence of the EU is signifi-
cant for its ability to act in the global 
scene, and promoting this internal coher-
ence is a very important function of R&I 
policy. In addition, recognising the significance 
of the relationship with the US has important 
implications for the extent and forms of R&I 
cooperation with the US. Recognising the 
importance of R&D for defence and security 
raises important concerns about the security of 
the R&I process, as well as the possibility of the 
leakage of strategically important capabilities 
through R&I projects.

Building resilience cannot happen when 
operating in silos. Instead, a collabora-
tive approach that fosters global scientific 
communication is crucial (Homer-Dixon et 
al., 2022). As the past has shown, enhancing 
global research networks that link researchers, 
institutions, and industries across the world, 
is fundamental for achieving preparedness 
through R&I, as it leads to effective communi-
cation and facilitates resource-sharing. For 
instance, during COVID-19, co-funding from 
the public sector was essential for health-
care companies to rapidly deploy an effective 
vaccine (World Economic Forum, 2024). Imple-
menting science, technology and innovation 
(STI) policies can play a pivotal role by providing 
incentives to strengthen and expand networks 
in ‘normal times’, along with continued support 
for investments in critical infrastructures and 
technologies (OECD, 2022).

Leveraging the potential of R&I requires 
a multifaced perspective. When tackling 
current challenges, maintaining a forward-
looking perspective is crucial and can lead 
to more durable and beneficial outcomes. 
Committing to groundbreaking initiatives 
typically represents a prolonged and some-
what risky investment (World Economic Forum, 
2024). Furthermore, investing in R&I can also 
result in possibilities for future growth and 
adaptability (Atanassov et al., 2019), thereby 
strengthening resilience and preparedness. 
The effectiveness of this dual approach also 
becomes evident when looking at COVID-19. 
While nations rebuild health systems post-
COVID-19, emphasis lies also on addressing 
workforce challenges and strengthening resili-
ence against future pandemics. In the same 
vein, investing in R&I emerges as one practical 
and strategic approach for a more adaptive 
future (OECD, 2024).
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