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KEY QUESTIONS WE ARE ADDRESSING

» How is the EU performing in scientific output and quality?
» How is EU science contributing to the grand societal challenges?

» In which areas is EU science more specialised?

KEY MESSAGES

ﬁ\f} What did we learn?

The European Union remains a scientific
powerhouse as it produces about 20%
of the world’s best science despite having
just 6 % of the world’s population.

China is the global leader, not only in terms
of volume of scientific publications, but also
in the top 10% most-cited publications.
However, the US is still leading in the top
1 9% most-cited publications and impact.

Southern and eastern European countries
are catching up in terms of scientific output
and scientific quality.

The EU is ahead of its global competitors in
sharing scientific output. Over 39% of EU
publications are freely available under at
least one open-access publishing pathway.

EU science is targeted to address societal
challenges, particularly in health, and to
foster the green and digital transitions.

What does it mean
for policy?

For the EU to ensure scientific excellence
and remain a key scientific player on
the global stage, the effectiveness and
performance of EU public research systems
must be increased through stronger R&l
investments and policy reforms.

At the same time, it is crucial to continue
reinforcing less-developed national and
regional research systems in order to
narrow the current knowledge gap between
EU countries.

Acknowledging open access to scientific
knowledge as a key priority, efforts must be
stepped up to lift existing barriers, to create
the conditions and to adopt the necessary
policies for making the European scientific
system more open in knowledge sharing
and collaboration.
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1. Scientific output

The EU accounts for 19.6% of the total
number of publications registered in
Scopus, with almost 620000 publications
in 2020. Despite the increase in absolute
numbers, the EU lost 0.3 percentage points in
relative terms compared to 2019. As Figure
6.1-1 shows, China takes the lead with a share
of 22.49% of publications. The EU ranks second
and the United States is in third position, with a
share of 15.6%. Other important contributors
to scientific production were Japan and South
Korea, with a combined share of 5.6%, and
Brazil, the Russian Federation, India and South
Africa (BRIS) with a combined share of 11.49%.
Other advanced economies were also relevant
in the worldwide landscape, in particular the

United Kingdom (3.8%), Australia (2.1%) and
Canada (2.29%). In the EU, the biggest econ-
omies had the largest shares, with Germany,
Italy, Spain and France all above 2%. Ger-
many’s world share is comparable to that of
the United Kingdom (just below 49%) following
the significant decline they have both experi-
enced since 2000, when the United Kingdom
accounted for 7.5% of the total publications
and Germany for 6.5%.

Figure 6.1-1: World share of scientific publications?, 2020
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The EU, the United States and China jointly
produce more than 60% of the scientific
output worldwide. This has been the case for
the last 20 years, with China gradually gaining
the leading position (Figure 6.1-2). In 2000,
China’s publication output amounted to 5.9%
of world production, placing it in fifth position
(Figure 6.1-2). China overtook the United States
in 2016 and the EU in 2019 (Elsevier's Scopus
database). This incredible increase affected the
relative position of the United States, which has
lost 13 percentage points since 2000, and to
a lesser extent the EU, with a decline of only
7 percentage points. One reason could be the
EU’s specialisation in less-technological fields
such as health and social sciences, where China
is still lagging. Interestingly, China’s increase
from 2019 to 2020 was significantly lower than

the year before (only 0.4 percentage points,
compared to 1.3 percentage points from 2018
to 2019). It is not yet clear whether this slow-
down is linked to the COVID-19 pandemic or to
other policy related factors, such as the recent
measures taken by the Chinese government to
urge its researchers to publish in home-grown
journals (Nature editorial, 2020). In contrast,
both the United States and the EU saw their
shares dropping at a slower pace, 0.3 percent-
age points in 2020, possibly due to the increase
in the volume of scientific publications in areas
where both have an advantage.

Figure 6.1-2: World shares of scientific publications™, 2000-2020
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Four large EU Member States together
(Germany, Italy, Spain and France) produced
almost 60% of the total EU publications in
2020. Within the EU, the shares of scientific pub-
lications vary significantly, and to a large extent
depend on the size of the country (Figure 6.1-3).
However, the shares have changed significantly in
the last 20 years. Southern and eastern European
countries have increased their share over 2000-
2020, in contrast to some of the most populated
countries such as Germany and France. The
countries with the largest absolute increase in
their shares are Spain, Italy, Poland and Portu-

gal. On the other hand, the highest growth rates
in terms of publication shares were recorded in
small countries with a low overall publication
volume, e.g. Malta (432%), Cyprus (388%) and
Luxembourg (589%), although fast growth was
also observed in Portugal (167 %) and Romania
(1179%).

Figure 6.1-3: Share of each EU Member State within the EU for scientific
publications'”, 2000 and 2020
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Comparisons of research productivity
across countries lead to different results,
depending on the metric used for standar-
disation. If we compare publications per USD
billion GDP, the BRIS countries perform best, fol-
lowed by China, while the US scores last. If we
compare publications per million population, the
US is at the top, followed by the EU; and if we
compare publications per researcher, the results

are very similar, with a slight advantage to the
EU. Therefore, the choice of the unit for com-
parisons must be taken into consideration and
results must always be interpreted cautiously.

In 2020, the EU led globally in the do-
mains! of economics and social sciences
and of arts and humanities. These domains
comprise fields such as historical studies, and

Figure 6.1-4: World shares (%) of scientific publications per country
and scientific field?, 2020
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economics and business, which represent a
small share of the articles published annual-
ly worldwide. To a lesser extent, the EU also
leads in the fields of clinical medicine and of
biomedical research. Figure 6.1-4 shows that
the United States leads in the domain of health
sciences, particularly in the field of public
health and health services. In contrast, China
leads in applied and natural sciences, espe-
cially in the fields of engineering, enabling and
strategic technologies and of chemistry.

Approximately one in four EU publications
are in the scientific field of clinical medi-
cine, in which the EU leads globally. Its
share within EU publications is still the high-
est, despite a dramatic drop of 8 percentage
points since 2000 (Figure 6.1-5). Other scien-
tific fields that have lost prominence over the
years are physics and astronomy, chemistry,

and biomedical research. In contrast, there has
been an increase in the share of publications
in the fields of information and communication
technologies, enabling and strategic technolo-
gies, social sciences, and economics and busi-
ness. More recently, there has been an increase
in the share of publications related to earth
and environmental sciences. The changes in
the shares of the publications over time may
reflect to a certain extent the EU’s trajectory
towards the green and digital transitions.

Open access means making scientific pub-
lications freely available so that anyone
can read and reuse them. This free ex-
change of knowledge encourages creativity
and promotes research excellence. There are
various types of open-access publishing but
the two most common are ‘gold’ and ‘green’.
Gold open access means immediate access

Figure 6.1-5: EU share of publications per scientific field, 2000, 2010 and 2020
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to an article in an online journal. Green open
access involves publishing in a traditional sub-
scription journal as usual then self-archiving in
a publicly and freely accessible repository after
an embargo period set by the publisher.

The EU is ahead of its global competitors
in applying open access. Over 39% of total
EU publications are freely available under at
least one open-access publishing pathway
(gold, green or other). The United States,
Japan, Canada and South Korea are close-
ly behind, with shares ranging from 38% to

3509%, whereas China’s share is much lower
and accounts for 23% of the total scientific
production of the country.

The shares vary significantly among EU
Member States. The highest share was re-
corded in the Netherlands (58 %) and the low-
est in Romania (25 %). Nevertheless, open-ac-
cess scientific publications have increased for
22 of the 27 Member States over the last
decade, particularly for Finland, Austria and
Hungary.

Figure 6.1-6: Open-access scientific publications® with digital object identifier
(DOI) as % of total scientific publications with DOI, 2009 and 2019
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Open science makes R&l systems more
efficient and creative, and reinforces sci-
entific excellence and society's trust in
science?. The first international framework on
open science was adopted by 193 countries
at UNESCO’s General Conference in November
20213, The European Commission has already
taken steps towards open science. In the New
European Research Area adopted in September
2020, the Commission commits to:

» launch, via the Horizon Europe Programme,
a platform for peer-reviewed open access
publishing;

» analyse authors’ rights to enable sharing
of publicly funded peer-reviewed articles
without restriction;

» ensure a European Open Science Cloud that
is offering findable, accessible, interoperable
and reusable research data and services
(Web of FAIR);

P incentivise open science practices by
improving the research assessment system.

The Horizon 2020 programme is in a lead-
ing position among funding programmes
in terms of the level of open access
achieved. The estimated level of compliance
with the open-access policy for scientific pub-
lications under Horizon 2020 stands at 83 9%,
which is among the top open-access success
rates of funders globally (European Commis-
sion, 2021a). The average open-access rate
among Horizon 2020 publications has in-
creased steadily over the duration of the
programme, from just over 659% of peer-re-
viewed publications in 2014 to 86 % in 2019.
However, the shares differ between Hori-
zon 2020 programmes’ scientific fields and
specific disciplines. For example, the percent-
age of open-access publications was highest
within medical and health sciences, as well
as in natural sciences.

2 Anew ERA for Research and Innovation’ (COM(2020) 628 final)
3 https://en.unesco.org/news/unesco-sets-ambitious-international-standards-open-science
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Box 6.1-1: Effect of COVID-19 on scientific publications

The pandemic did not affect the overall volume of scientific publications, but it had an
impact on the shares between countries and scientific fields. In 2020, the number of publi-
cations continued to increase worldwide, but at a lower rate (5.6 % on an annual basis, compared
to 7.1% in 2019). This is still higher than the average increase of 5.4% over 2000-2010 (see
Table 6.1-1). The United States and the EU had the biggest increase, mainly due to their publica-
tions in health-related scientific fields, where both are strong.

Table 6.1-1: Growth rate in the volume of the scientific publications
(%, fractional counting)

EU China United ;] IET.EL World
States (Brazil, + South
Russia, India Korea
and South
Africa)

2019 24 138 09 9.4 11 7.1
2020 36 75 3.8 2.8 0.5 56
2000-2020

Average growth 3.8 129 2.1 8.4 2.3 54

Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation — Common R&l Strategy and Foresight Service — Chief Economist Unit based on Science-Metrix
using the Scopus database.

Scientists published well over 100000 articles on the coronavirus pandemic in 2020
(Else, 2020). The timeline between the submission of a paper and its publication shortened,
particularly for papers about COVID-19. Studies on the pandemic were prioritised, with the goal
of getting them into the public domain as quickly as possible, which raised some concerns about
the quality of the underlying research (Sloane and Zimmerman, 2021). However, during the early
phase of the pandemic, scientists from the US and the EU reported a sharp decline in time spent
on research. This decline in research activity also impacted scientific output, with a clear gender
bias. The growth in submissions from female authors trailed behind growth from male authors
across all subject areas, at least during the first half of 2020. These negative impacts on time
spent on research were short-lived. A year later, scientists reported only minor differences
compared to the pre-pandemic total work time (Gao et al,, 2021).

407
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2. Scientific excellence

China now has the highest share of the
top 10% most-cited scientific publica-
tions worldwide, overtaking the United
States. China has continued to improve the
quality of its scientific output, as demonstrat-
ed by the impressive increase in the share of
the top 10% most-cited scientific publica-
tions, from 2.8% in 2000 to 23.3% in 2018.
The US, which was still the global leader in
2016, lost its leading position after declining
by almost two percentage points. The EU fell

to a third place after losing about two percent-
age points. However, the United States still
leads in the top 10% most-cited publications
per million population (159.7 against 104.5
for EU and 37.7 for China) and per researcher.
From the EU countries, Germany contributed
4.2 % to the global top 10% most-cited pub-
lications, followed by Italy (3.29%) and France
(2.4 %).

Figure 6.1-7: World share of top 10% most-cited scientific publications'”, 2018
(citation window: 2018-2020)
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Similarly to the scientific volume, China’s
remarkable improvement in the quality of
scientific output over time has primarily
affected the ranking of the United States
and, to a lesser extent, the EU. Jointly,
the three leading global players (China, the
EU and the US) have steadily produced about
709% of the top 109% most-cited publications

over the years (Figure 6.1-8). Another note-
worthy finding is the moderate positive trend
of the BRIS countries. Other countries, such
as Australia, Canada and especially the United
Kingdom also contributed significantly to the
109% most-cited publications.

Figure 6.1-8: World share of top 10% highly cited scientific publications, 2000
(citation window: 2000-2002) to 2018 (citation window: 2018-2020)
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The EU has the highest share of publications and in particular in chemistry, in enabling and
among the top 10% most-cited only in the strategic technologies, in engineering and in
fields of biology and historical studies. The information and communication technologies
United States leads in the domain of health sci-  (Figure 6.1-9).

ence and its underlying scientific fields, where-

as China leads in applied and natural sciences,

Figure 6.1-9: World shares of the top 10% most-cited publications by country/
region and scientific field", 2018
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Southern and eastern European countries
are catching up in terms of scientific qua-
lity. Except for Bulgaria, all EU Member States
with share of less than 2% saw an increase
in their contribution to the European share of
the top 10% most-cited publications. Among
those with shares above 2% (left-hand panel
of Figure 6.1-10), Italy, Spain, and Poland im-
proved their share in quality of scientific publi-
cations the most. On the other hand, Germany

has lost 4.9 percentage points since 2000,
and France 6.6 percentage points, falling to
the third position after Italy. The Netherlands,
despite a small decline compared to 2000, pro-
duced almost 109% of the European top 10%
most-cited scientific publications, followed by
Sweden, whose share declined from 7% in
2000 to 5% in 2018.

Figure 6.1-10: Share of each EU Member State within the EU for the top 10% most
cited scientific publications®, 2000 vs 2018
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The United States has the highest per-
centage of publications in the top 10%,
followed by Australia and Canada (Figure
6.1-12). The remarkable improvement in the
quality of Chinese publications is reflected in
the share of publications appearing in the top
10% most-cited publications worldwide. In
2008, only 6% of Chinese publications were
in the top 10%. Ten years later, this percentage
had almost doubled (11.1% in 2018), placing
China in fourth position. The EU fell to fifth place
with nearly 10%, which in absolute numbers re-
flects a stable performance over the last decade.

Within the EU, the percentage of publi-
cations in the top 10% most-cited
publications varies between 15 and 2%.
This indicator measures the quality of the
publications for a given country and year. It

is calculated as the ratio of the number of
publications included in the top 10% most-
cited worldwide, over the total number of
publications of the country that year. The
Netherlands leads globally with 15% of
its publications among the top 10% most-
cited, ahead of other global leaders, such as
Switzerland and the United Kingdom (Figure
6.1-11). Denmark takes the second position
within the EU (13.7%), followed by Sweden
(12.7%). Germany, the biggest European
contributor to the top 10% most-cited
publications, scores above the EU average
(10.5%), but below other global competitors
such as Canada and Australia. Despite some
improvement, the gap between northern and
southern/eastern European countries persists.

Figure 6.1-11: Top 109% highly most-cited scientific publications, 2008 and 2018
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China overtook the EU in the world share
of top 1% most-cited publications, and is
approaching the US. The EU, with a global
share of 18.49%, is in third position, followed
by the United Kingdom with a share of 6.8 %,
(Figure 6.1-12). Germany has the highest
share among the EU countries with 4.0%, fol-
lowed by Italy (2.69%), which climbed up one

position, overtaking France (2.29%). Australia
also stands out with a share of 3.4%, which
is above the share of Japan and South Korea
combined. The BRIS, despite their small share,
have been improving over time.

Figure 6.1-12: World share of top 1% most-cited scientific publications, 2018
(citation window: 2018-2020)
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The United States preserved its leading
position in the top 1% most-cited pub-
lications. However, since 2000, it has lost
about 20 percentage points in the world share
of top 1% most-cited publications (Figure 6.1-
13). In contrast, the United States still records
the highest number of top publications per

million population (19.1), well ahead of the EU,
which comes second with 9.4, and China, which
comes third with 3.8. Therefore, there can be
no doubt that the US still leads the world in
terms of research impact.

Figure 6.1-13: World share of top 1% most-cited scientific publications'”, 2000
(citation window: 2000-2002) to 2018 (citation window: 2018-2020)
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Note: ¥Scientific publications within the 1 % most-cited scientific publications worldwide as % of total scientific publications of
the country; fractional counting used. ?BRIS: Brazil, Russia, India and South Africa.
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About 0.9 % of all EU publications belongs
to the top 1% most-cited publications.
While the EU performance has remained stable
over the last 10 years, the United States has
shown a significant decrease over the same
period. In contrast, in an impressive upward
trend, China overtook Japan, South Korea, the
EU and Canada to rank third in 2018, only be-
hind Australia and the United States. The global
leader in this indicator remains Switzerland,

with 1.7% of its publications being among
the top 1% most-cited globally. The Nether-
lands is third in the global league (the US is
second) and first among the EU countries, fol-
lowed by Denmark. Another noteworthy finding
is the sharp rise of Luxembourg, which now
scores ahead of the EU average. Nevertheless,
given the small number of publications, results
should be interpreted with caution.

Figure 6.1-14: Top 1% most-cited scientific publications™, 2008 and 2018
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Note: WShare of scientific publications within the 1% most-cited scientific publications worldwide by the total number of

scientific publications of the country; fractional counting used

Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-1-14.xlsx
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Evidence from other metrics on the scien-
tific quality and impact, such as the Cita-
tion Distribution Index (CDI), the h-index
and the Nature index, confirm the lead
of the US, the EU’s stable position and
China’s remarkable improvement. The im-
pact of EU publications in terms of citations has
been stable over the last two decades and just
above the world level. This stability in the CDI
4 (Lando and Bertoli-Barsotti, 2014), (Campbell
et al, 2016) is a positive result compared to
the decreases in scores observed for countries
such as Japan, Canada, South Korea and the
United States. The highest growth in CDI score
was recorded for China. China had one of the

lowest CDI scores in 2000 (-11.0) but managed
to improve and become on a par with the world
level and to close the gap with the EU in 2018.
From these observations, combined with de-
creasing citation impact scores between 2010
and 2018 for publications from countries such
as Canada, South Korea and the United States,
it is safe to conclude that Chinese publications
are now widely read and used by researchers
throughout the world. Chinese gains in citation
impact may have come at the expense of these
other countries’ relative influence (European
Commission, 2021b). The evolution of the CDI
is shown in Figure 6.1-15.

Figure 6.1-15: Citation Distribution Index, 2000-2018
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4 The principle is to define, for an entity (e.g. a country) with a given number of citations, an ideal citation distribution that
represents a benchmark in terms of number of papers and number of citations per publication, and to obtain an index that
increases in value when the real citation distribution approaches its ideal form. To prepare this indicator, Science-Metrix
divides all publications in a given research area, document type and year into 10 groups of equal size, or ‘deciles’, based on
their normalised citation scores.



The leading position of the United States
in scientific performance and impact is
confirmed by the h-index. The h-index is a
country’s number of articles (the value h) that
have received at least h citations. It quantifies
both a country’s scientific productivity and sci-
entific impact and it is also applicable to scien-
tists, journals, etc. The h-index is often used to
measure and rank the scientific performance
and impact of countries, journals and even re-
searchers. In 2020, the United States was still

at the top of the league, followed by the United
Kingdom and Germany. In total, four EU coun-
tries are in the top ten global positions (Ger-
many, France, Italy and the Netherlands)>.

The Nature Index also confirms the leading
position of the United States in scientific
impact. The Nature Index measures publica-
tion outputs in 82 selected journals covering
life sciences, physical sciences, chemistry, and
earth and environmental sciences. The first

Figure 6.1-16: Nature Index 2020 (leading countries)®”
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-1-16.xlsx

5 Scimago Journal and Country Rank. https://www.scimagojr.com/countryrank.php
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year of the COVID-19 pandemic brought an end
to China’s run of high growth in output®. After
growing 15.5% from 2018 to 2019, China’s ad-
justed Share’ in the Nature Index slowed to a
1.19% increase from 2019 to 2020, by far its
slowest growth since at least 2015. Therefore
China remains significantly behind the United
States, followed by Germany, the United King-
dom and Japan (Figure 6.1-16). At the same
time, the Chinese Academy of Sciences is clearly
the leading institution, with a Share of 1886.71
(number of publications in 2020, using fraction-
al counting), more than twice that of its nearest
competitor, Harvard University, with 927.26.

There is a positive correlation between the
public budget allocated to R&D and the
scientific impact measured by the share
of top 10% most-cited publications, simi-
lar to the direct relationship between spending
on research and scientific output. For example,
the Netherlands, Denmark, Sweden, Finland,
Ireland, Austria and Germany enjoy higher
levels of public investment in R&D than the
EU average, as well as better scientific results
(Figure 6.1-17). Although this relationship can-
not be interpreted as causal, it is an indicator
to be considered in R&l policymaking.

Improvement in the access to excellence
and prioritisation of R&D investments are
two main priorities of the European Re-
search Area. Horizon Europe, the European
Union’s research framework programme for
2021 to 2027, supports researchers to carry
out basic and applied research and promotes
collaborations within the EU to deliver R&I ad-
dressing the social and economic challenges of
today. Through its Widening Participation and
Strengthening the European Research Area
part, Horizon Europe supports the less-per-
forming Member States to valorise research
findings and connect their ecosystems. An-
other flagship component of Horizon Europe
is the European Research Council (ERC), which
encourages the highest quality research in
Europe through competitive funding that com-
plements other funding activities in Europe,
such as those of national research funding
agencies.

6 https;//www.natureindex.com/news-blog/nature-index-annual-tables-twenty-twenty-one-country-comparisons-difficult-year

7 Nature Index’s metric is Share, a fractional count based on an institution’s or location’s contribution to an article. Adjusted
Share is used when comparing data over time, to take account of a small variation in the number of articles published in

the Nature Index journals year by year.
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Figure 6.1-17: Government Budget Appropriations to R&D (GBARD) and
top 109% most-cited scientific publications, 2018
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Box 6.1-2: European Research Council

Since the ERC launched its first call in 2007,
it has funded over 10000 of the best scien-
tists in Europe. The aim of the ERC is to allow
its grantees to pursue ground-breaking, high-
gain/high-risk research leading to advances at
the frontiers of knowledge.

Since 2007, ERC-funded researchers have
won nine Nobel Prizes, four Fields Medals and
eleven Wolf Prizes. In February 2022, two ERC
grantees were awarded the latest Wolf Prize
in Physics for pioneering contributions to
ultrafast laser science and attosecond
physics®.

Every year the ERC asks a group of independ-
ent experts to look at the results of the projects
that the ERC has funded in the past.

The latest such exercise found that 81% of
projects funded by the ERC resulted in a sci-
entific breakthrough or major advance®.
Over 200000 scientific publications have been
produced by ERC grantees recording the results
of their work. Publications by ERC grantees are
cited by other scientists seven times more than
average, indicating their significance within their
fields.

ERC-funded projects have already generated
over 2000 patent and other IPR applications
and created over 400 start-up companies. Out
of 42 recipients of the European Innovation
Council's new Transition fund, 25 originated
from research funded by the ERC.

Figure 6.1-18: European Research Council, After 15 Years, a Success Story
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3. Societal Grand Challenges and Sustainable

Development Goals

In terms of scientific output, China is leading
in all Horizon 2020 Societal Grand Challen-
ges!! (SGCs) except for health, where the eight
percentage-point increase over 2010-2020 was
not sufficient to overtake the United States and
the EU. EU researchers are the authors of about

20% of scientific publications for all the SGCs
worldwide, except for energy and secure soci-
eties, where the shares are lower (17 % and
159% respectively). The US’s publication share
declined substantially for all SGCs in the last
10 years. Other noteworthy findings are the

Figure 6.1-19: World shares (%) of scientific publications” by country/region and
Horizon 2020 Societal Grand Challenges, 2010 (interior) and 2020 (exterior)
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Note: PFractional counting methods.

Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-1-19.xlsx

11 The six SGCs analysed in this report are: 1) health, demographic change and wellbeing; 2) food security, sustainable agricul-
ture and forestry, marine and maritime and inland water research and the bioeconomy; 3) secure, clean and efficient energy;
4) smart, green and integrated transport; 5) climate action, environment, resource efficiency and raw materials; 6) secure
societies — protecting the freedom and security of Europe and its citizens.




increased contribution of the BRIS countries, with
an average increase across the six SGCs of 4 per-
centage points, and the widening of the scientific
base of the rest of the world, i.e. countries beyond
those analysed individually, with an average in-
crease of 5 percentage points in the publication
share.

The EU has the second-highest world
share of the top 10% most-cited publi-
cations in all Societal Grand Challenges.
Ten years ago, the EU was leading in energy
and in food and bioeconomy (Figure 6.1-20).

The massive improvement in the quantity and
quality of the Chinese output in these fields
has forced the EU to second position. Chinese
researchers are leading as regards the most-
cited publications related to energy (with a
3909 share). The United States is undoubtedly
the global leader in health-related most-cited
publications with a 30% share, despite the loss
of 12 percentage points since 2008.

Figure 6.1-20: World shares (%) of the top 10% most-cited scientific publications”
by country/region and Horizon 2020 Societal Grand Challenges, 2008 (interior)
and 2018 (exterior)
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Over the years, the EU has maintained
its specialisation in health and, to a large
extent, in climate and environment. In
contrast, in food and bioeconomy, the EU has
progressively become less specialised, scoring
below the world average since 2014. On the
other hand, transport has shown the opposite

pattern, with the EU gradually becoming more
specialised. However, as Figure 6.1-21 shows,
this upward trend slowed down significantly af-
ter 2014. In energy-related publications, the EU
is lagging behind and is much less specialised
than the world average.

Figure 6.1-21: EU Specialisation Index™ (Sl), 2000-2020
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Compared to the United States, the EU cialisation level of the United States in 2020.
specialises in publications on climate However, the EU has remained systematically
and environment, food and bioeconomy, below the United States in health.

and energy. Over time, the EU has improved

in transport, and almost reached the spe-

Figure 6.1-22: EU Specialisation Index (SI)Y’ compared to the United States,
2000-2020
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Compared to China, the EU is more
specialised in health-related scientific
output and on a par in food and bioecon-
omy despite the dramatic decline since
2000. In climate and environment, the EU has
gradually declined, and it lost its competitive

edge over China in 2016. In contrast, the EU
has increased its specialisation in transport,
particularly in 2011, but has not yet reached
Chinese levels. In energy, the EU is significant-
ly less specialised than China, with very little
progress in the last 20 years.

Figure 6.1-23: EU Specialisation Index (SI) compared to China, 2000-2020
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(e.g. one of the SGCs), relative to the intensity in a reference entity (e.g. the world) for the same research area. In other words,
the SI of a country in a given research domain portrays how much emphasis that country allocates to research in that domain
relative to the world’s equivalent. Comparisons are meaningful only between countries of similar size.
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Sustainable development is at the heart
of European policy. The European Union
through its political leadership took the deci-
sion to lead the sustainability transition and
accelerate the achievement of the Sustainable
Development Goals (SDGs), as outlined in ‘The
European Green Deal’*? and the Commission
Staff Working Document ‘Delivering on the

UN’s Sustainable Development Goals’ (Euro-
pean Commission, 2020). While the Societal
Grand Challenges (SGCs), introduced in Horizon
2020, represent complex, multi-level, multi-di-
mensional problems that require concerted
efforts by various actors to be successfully
addressed, the SDGs go a step further and of-
fer ‘the blueprint to achieve a better and more

Figure 6.1-24: Specialisation Index for each SDG', 2020
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-1-24.xlsx

12 https:/eur-lex.europa.eu/legal-content/EN/TXT/?qid=1576150542719&uri=COM%3A2019%3A640%3AFIN
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sustainable future for all’*®. They also address
global challenges, including poverty, energy,
climate change, inequality, economic growth,
environmental degradation, peace and justice.

In 2020, publications covering SDG 3, on
health, and SDG 7, on energy, accounted
for the largest share of SDG-related pub-
lications in the world, 49% and 14%
respectively. The effect of the pandemic
on scientific output worldwide is again dem-
onstrated by the increase in the share of
health-related publications by 6 percentage
points compared to 2019. The EU has been
involved in roughly 20% of the world’s total
publications in each SDG. China has the lead
in energy-related publications, confirming pre-
vious findings when using different classifica-
tions.

The EU is more specialised in terms of
scientific output in SDGs 8 - Decent work
and economic growth, 9 - Industry, innov-
ation and infrastructure, 12 - Respon-
sible consumption and production, and
13 - Climate action. The US has the lead in
SDG 1 - No poverty, SDG 3 - Good health and
well-being, SDG 4 - Quality education, SDG 5
— Gender equality, SDG 10 - Reduced inequal-
ities and SDG 16 - Peace, justice and strong
institutions. Finally, China is more specialised
in SDG 6 - Clean water and sanitation and SDG
7 — Affordable and clean energy.

Between the EU countries, the levels and
areas of specialisation vary significantly.
Table 6.1-2 presents the Specialisation Index
for each SDG by EU Member State. The Mem-
ber States have been sorted and grouped by
their overall volume of scientific publications
related to the SDGs. The first group includes
countries with less than 1000 publications,
the second with 1000 to less than 5000, the
third with 5000 to less than 15000, and the
last group includes the countries with the most
SDG-related publications.

Compared to the world averages, almost
all EU countries are specialised in SDG 8,
SDG 9 and SDG 12, followed by SDG 11,
SDG 13 and SDG 4'¢ (Table 6.1-2). In con-
trast, only a few countries are specialised in
SDG 6 - Clean water and SDG - 7 Affordable
and clean energy. As expected, the largest
countries in terms of scientific output show
low specialisation levels across most categor-
ies, with only a few categories having high
specialisation scores. For example, France is
specialised only in two SDGs, SDG 3 - Health
and well-being and SDG 14 - Life below water.
Similarly, Germany shows specialisation in SDG
9 - Industry, innovation and infrastructure and
SDG 13 - Climate action.

13 https://www.un.org/sustainabledevelopment/sustainable-development-goals/

14 SDG 8 - Decent work and economic growth, SDG 9 — Industry, innovation and infrastructure, SDG 12 — Responsible con-
sumption and production, SDG 11 — Sustainable cities, SDG 13 - Climate action and SDG 4 - Quality education.
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Table 6.1-2: Specialisation index per EU Member State and SDG", 2020
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Only 16 of the top 100 universities
included in the Times Higher Education
University Impact Ranking 2021 are lo-
cated in the EU*>. The Times Higher Education
Impact Rankings measure universities’ overall
success in delivering the United Nations Sus-
tainable Development Goals. It uses indicators
across four areas: research, stewardship, out-
reach and teaching. In 2021, 1 239 institutions
across 98 countries submitted data, compared
to 859 institutions in 2020. This shows that
the Times Higher Education University Impact
Ranking has gradually become an important
tool for universities to monitor their progress

in delivering the SDGs. The European univer-
sity with the highest position is Aalborg from
Denmark, and the overall leader is Manchester
University (UK). Ireland is the EU Member State
with the largest number of universities (5) in
the top 100, followed by Spain with 4. Portugal,
Italy and Sweden are the remaining EU Mem-
ber States with universities represented in the
top 100. Outside the EU, the United Kingdom is
the single country with the most universities in
the top 100 (20), followed by Australia (17). The
United States is lagging with only 9 universities
but improving compared to the 2020 ranking.

Table 6.1-3: Global performance of EU universities against the UN SDGs
in the Times Higher Education University Impact 2021

Position in ranking Name Country Comparison with 2019
6 Aalborg University Denmark up from rank 97
8 University College Cork Ireland up from rank 21
20 University of Bologna Italy down from rank 9
21 University of Coimbra Portugal new
22 University College Dublin Ireland up from rank 58
23 University of Southern Denmark Denmark new

41 KTH Royal Institute of Technology Sweden down from rank 7
49 University of Gothenburg Sweden down from rank 6
50 University of Limerick Ireland down from rank 35
53 NOVA University of Lisbon Portugal new
57 Trinity College Dublin Ireland down from rank 28
82 National University of Ireland, Galway Ireland new
83 Polytechnic University of Valencia Spain new
90 University of Barcelona Spain down from rank 34
92 University of Jaén Spain new
98 Comillas Pontifical University Spain down from rank 86

Science, Research and Innovation Performance of the EU 2022

Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Times

Higher Education

15 https://www.timeshighereducation.com/impactrankings#!/page/1/length/25/sort_by/rank/sort_order/asc/cols/undefined
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Figure 6.1-25: Number of universities by country/region in the top 100 Times
Higher Education University Impact Rankings, 2020 and 2021
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Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation — Common R&l Strategy and Foresight Service — Chief Economist Unit, based on Times
Higher Education
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-1-25 xlsx




4. Conclusions: the European Union remains

a scientific powerhouse

The EU, with almost 620000 publications
in 2020, has the second highest share of
scientific output worldwide. The EU is lead-
ing globally in the domains'® of economics and
social sciences, and arts and humanities, which
comprise significantly fewer publications than
other domains, such as health science, led by
the US, or applied and natural science, where
China has the lead. Due to this specialisation
in less-technological fields, the EU has been
less affected by the incredible increase in Chi-
nese scientific output, which has cost the United
States 13 percentage points since 2000 and
the EU only 7 percentage points Within the EU,
the shares of scientific publications vary signifi-
cantly, and to a large extent depend on the size
of the country, although southern and eastern
European countries have increased their share
over 2000-2020.

Over the last 10 years, the EU has
emerged as the leading promoter of open
science. With over 39% of publications free-
ly available under at least one open-access
publishing pathway (gold, green or other),
the EU is ahead of its global competitors. De-
spite the differences in the shares between
the Member States, open-access scientific
publications have increased for 22 of the 27
Member States over the last decade. Recent
studies showed that countries increased their
proportion of international collaboration and
open-access publications during the pandemic,
especially countries with lower GDP and, pre-
dictably, smaller-sized science systems (Lee
and Haupt, 2020). Therefore it is essential for
the EU to continue efforts to make the Euro-
pean scientific system more open, which will
allow researchers across Europe unrestricted
access to knowledge.

16 Each domain includes several scientific fields.

China’s rapid improvement in the quality
of scientific output has forced the EU to
third place in the global share of the top
10% and top 1% most-cited publications.
Still, the EU’s scientific publications account for
21% and 18.49% of the top 10% and the top
1% most-cited worldwide, respectively. Sim-
ilarly to scientific volume, China’s remarkable
improvement in the quality of the scientific
publications has primarily affected the United
States, which, however, preserved its leading
position in the top 1% most-cited publications.
The leading position of the United States in sci-
entific quality and impact is particularly evident
in health-related scientific fields, where the EU is
also strong. Between the EU Member States, the
share of their publications included in the top
109% most-cited worldwide varies between 15
and 29%, with the Netherlands leading globally,
ahead of Switzerland, the United Kingdom and
the United States.

The EU’s contribution to the scientific
publications in each of the Societal Grand
Challenges worldwide is about 20%, ex-
cept for energy and for secure societies,
where the shares are lower. In terms of
quality, the EU has the second-highest world
share of the top 10% most-cited publica-
tions in all Societal Grand Challenges. China is
leading in both scientific output and quality in
all SGCs except for health, where the United
States remains at the top, despite a significant
decline over the last ten years. Moreover, the
EU is showing specialisation in health-related
scientific publications at the world level com-
pared to China, although not to the United
States, which dominates the scientific output
in this domain.
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KEY QUESTIONS WE ARE ADDRESSING

» How good is researchers’ mobility in the EU?

» How is international collaboration developing?

KEY MESSAGES

%} What did we learn?

At the EU level, the share of job-to-job
mobility remains low at almost 7 %. However,
there has been an increase in mobility in the
last 10 years in all Member States except
Czechia, Sweden and Romania.

Between 2010 and 2020, the EU share
of public-private co-authored scientific
publications increased from 8.5% to
9.19%, placing the EU above the United
States and behind only Japan.

In 2020, international co-publications
accounted for more than 50 % of scientific
publications in most EU Member States.
Between 2010 and 2020, the share of
international scientific co-publications
increased in all Member States, except
Bulgaria.

The EU and the United States were
each other’s primary partners for patent
applications filed under the Patent
Cooperation Treaty (PCT) with a foreign
co-inventor in 2018.

» How well-represented is the EU in public-private collaborations?

What does it mean
for policy?

Continuing divergence between the EU
Member States on researcher mobility
patterns calls for a better understanding
of drivers and barriers to international
and job-to-job mobility, as well as the
implementation of policies to foster brain
circulation.

To increase scientific productivity and
knowledge transfer, there is a need
to reinforce international scientific
collaboration and promote further
collaboration in patenting.

There is a need to strengthen the capacity
of the business sector to engage in
R&l collaborations with academia and
research centres, in particular in high-
tech sectors, and in countries with less-
performing research systems.
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1. Researchers’ mobility

Mobility of researchers across jobs can
be an important driver for knowledge
transfer and knowledge diffusion. More
generally, inventors’ mobility has been deemed
central to knowledge transfer and is an im-
portant source of learning for hiring organisa-
tions (Lenzi, 2013). At the EU level, the share
of job-to-job mobility has remained small at
almost 7 %, despite an increase between 2010
and 2020. Within the EU, there are significant
differences in the mobility patterns of human
resources in science and technology (Figure
6.2-1). While Lithuania, Denmark and Cyprus
registered more than 109% of human resources

in science and technology (HRST) changing jobs
from one year to the next in 2020, less than
2% did so in Romania.

Except for Czechia, Sweden and Roma-
nia, all other Member States reported
an increase in job-to-job mobility in the
last 10 years. Mobility increased the most
in Estonia, Croatia and Hungary. Despite the
increase in the 10-year period, most Member
States experienced a decline between 2019
and 2020, in particular Sweden and Portugal.
This drop could be partly explained because
of people preferring to remain in their current

Figure 6.2-1: Job-to-job mobility™ of human resources in science and technology®
as a% of total HRST, 2010, 2019 and 2020
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Science, Research and Innovation Performance of the EU 2022
Source: Eurostat (online data code: hrst_fl_mobsex)
Notes: ¥The movement of individuals between one job and another from one year to the next. This does not include inflows into
the labour market from a situation of unemployment or inactivity. “’HRST: Persons with tertiary education and/or employed in
science and technology. ®'No data available for UK 2020. “Figures for Ireland not available.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-1 xlsx




jobs rather than moving, due to the COVID-19
pandemic, and the related reduction in job
openings. According to the results of the OECD
Science Flash Survey 2020' (OECD, 2021),
COVID-19 has also limited the international
mobility of researchers, who expected the
crisis to negatively affect their job security and
career opportunities.

Another important channel of knowledge
diffusion concerns the mobility of re-
searchers across countries. Data from the
MORE study (European Commission, 2021)
suggests the presence of strong differences
between EU Member States in terms of inflow
of researchers, measured by the number of for-
eign researchers working in a country, and the
share of researchers having obtained their PhDs
abroad (Figure 6.2-2). These indicators are also

proxies for the attractiveness of the national
research system to researchers. It is import-
ant to highlight that several factors can impact
the mobility of researchers, such as working
conditions, career prospects and cultural and
linguistic aspects. Several studies (Franzoni et
al, 2012; Geuna, 2015; IDEA Consult, 20133,
2013b; Janger et al., 2019) confirm these rea-
sons.

Overall, smaller countries and/or those
performing better in R&I show a relative-
ly high inflow of researchers and a high-
er share of researchers who obtained a
PhD abroad. Among this group of countries,
Luxembourg, Switzerland and Cyprus display
the highest percentages (Figure 6.2-2). On
the other hand, other small countries, such
as Malta and Iceland, report a relatively high

Figure 6.2-2: International mobility of researchers
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share of researchers with PhD obtained abroad
but a much lower share of foreign employed
researchers. An extreme case is Greece, which
shows a relatively high share of researchers who
obtained a PhD abroad but has a very small share
of foreign researchers. At the same time, a group
of more innovative European countries such as
Denmark, Norway, Netherlands, Ireland and Aus-
tria are characterised by relatively high influx of
researchers, as well as a relatively high share of
mobile PhDs. However, given the survey-based
nature of the data and the cultural and local
specificities of each national research system, the
results must be interpreted with caution.

The analysis of scientific publications over
a 15-year period shows a similar trend in
the outflow of researchers. Using scientific
publications data (Figure 6.2-3), it is possible to

calculate the share of researchers that left the
country at some point. Similarly to the trend ob-
served for researchers’ inflows, smaller and/or
more innovative countries, such as Luxembourg,
Switzerland, Cyprus and Ireland, report the high-
est shares of researchers who left the country
over 2005-2020. Given the high level of per-
formance of some of those countries’ research
systems, this pattern should not be seen simply
as a brain drain phenomenon, but as a way for
researchers to improve their research careers
by moving to another country. Within the EU,
the eastern countries have the lowest shares
of researchers that were mobile in the last 15
years. Outside the EU, Canada has the highest
share, while China reports the lowest perform-
ance. Once again, the method applied demands
a cautious interpretation of the resuilts.

Figure 6.2-3: Share of researchers leaving the country¥’ at some point
during the period 2005-2020

25

20

%

—
o

)]

ol I ‘||||““‘

3 2 S & &@@os’&&@ @ P RN @ D@ @O R PR S NP
oo &&& @é‘o kS &, % OIS 0000 Q‘o L0 Q¢
&L RS RS B AN Q & 3@ & P & e‘ Q

cgf‘i,b"’:@*‘ WO ég\o d\ % 4 ,,x B \0 éé‘ (,« Qﬁ"';ooé‘ e&g“&q?& N4 ‘odfo\oi\ 69('@ ) \0@1\ \&? 1& xS

- §

\‘\cﬁ\\)o“' [ Ny V\ S &(\“\.@b
S S
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Source: DG Research and Innovation — Common R&l Strategy and Foresight Service — Chief Economist Unit based on Science-

Metrix using Scopus database

Note: M'To investigate the mobility of individual researchers, Scopus author IDs (AUIDs) were selected as unique identifiers
for individual researchers. AUIDs are generally quite precise and allow for the identification of sets of publications related
to unique researchers. One drawback is that they are not as precise for common names, which mostly affects Chinese and
Korean researchers, as well as researchers with highly frequent English names. In addition, because an AUID relies partially on
institutional affiliations, mobility may cause a rupture in the portfolio of publications of researchers, resulting again in a split
of the output between the original AUID and a new distinct AUID assigned after moving, again impacting the measurement of
mobility. Therefore, the indicator will tend to underestimate mobility because of the aforementioned issues.

Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-3 xlsx
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The mobility of researchers, based on
bibliometric data, suggests that many
European countries are suffering a brain
drain. This is particularly the case of most
eastern and southern European countries, such
as Italy, Greece, Hungary and Poland, for which
the outflow of researchers outstrips the inflow
when calculating the ratio between the inflow
and outflow of researchers in Europe during the
last 20 years to and from the rest of the world
(Figure 6.2-4). These results might be explained
by poor career conditions and unattractive re-
search systems that have led researchers to
look for better conditions abroad. In contrast,
the inflow of researchers outpaces the outflow
in most northern and western European coun-
tries (including Switzerland, Luxembourg, Nor-
way and the United Kingdom). As regards EU
countries only, most Member States report a
ratio of researcher inflow over outflow below
1, suggesting that the number of researchers
who left the country over the period considered
was lower than the number of researchers who
entered it. This might be explained by the fact
that in most EU Member States, the top des-
tination for European researchers is not an-
other Member State but a country outside the
EU such as the United States, which is a top
destination (data not shown). In addition, the
outflow of European researchers to the United
States is higher than the inflow of American
researchers to the EU. These results are con-
firmed by other studies such as Khan (2021).

Mobility patterns are influenced by several
factors, such as the dynamics of labour
markets, security of research careers and
ease of changing jobs, as well as other
external factors (e.g. a pandemic or an
economic crisis). The report on research-
ers’ mobility flows in Marie Sktodowska-Curie
Actions (MSCA) investigates mobility determin-
ants, looking at push and pull factors at three
levels: individual (such as career prospects and
conditions), organisational (such as peer support
and infrastructure), and systemic (such as level

of openness/closedness of the research sys-
tems). The study shows that the most advanced
R&I systems remain the most attractive for re-
searchers but also that the MSCA are effective
at attracting and retaining European talent, as
well as attracting European researchers back
to Europe and supporting return mobility, par-
ticularly towards widening countries. Based on
these findings, the study does not recommend
reintroducing return grants for researchers. In-
stead, it provides a set of policy recommen-
dations aimed at enhancing the quality and
attractiveness of the less advanced R&l sys-
tems, including their capacity to support more
balanced flows of researchers (PPMI, 2022).

The mobility of researchers is positively
correlated with the share of international
scientific co-publications. As reported in
Figure 6.2-5, a high level of researcher mobil-
ity can lead to a higher level of international
collaboration. When researchers move to other
countries, they usually keep ties with their
place of origin, increasing the level of collab-
oration between home and reception countries.
At the same time, a high level of international
collaboration might lead to a more attractive
research system, thereby attracting more re-
searchers and promoting mobility.
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Figure 6.2-4: Map of inflow and outflow ratio of researchers™ during
the period 2001-2020? by country
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Figure 6.2-5: Share of mobile researchers vs share of international co-publications
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-5 xlsx

Overall, international scientific co-pub-
lications have a higher citation impact
than scientific publications. The higher
the citation impact of international scientific
co-publications, the higher the quality of the
scientific production. Several studies have
examined the effect of international mobility
on scientific productivity, providing evidence
that international mobility increases the num-
ber of publications (Netz et al., 2020). Another
study suggests substantial gains from mobility

on scientific output, with mobility inducing a
long-lasting increase in a researcher’s publica-
tions by 329% and citations by 63% (Ejermo
et al, 2020). In 2018, the United States had
the highest average relative citations of inter-
national co-publications, followed by China,
Canada and the EU (Figure 6.2-6). Within the
EU, the Netherlands, Denmark and Sweden
topped the ranking, while Bulgaria, Slovakia
and Latvia were the worst performers.
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Figure 6.2-6: Average of relative citations (ARC)", 2018
(citation window 2018-2020)
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2. International collaboration

Cross-border research and collaboration
among researchers are important chan-
nels of knowledge flow and knowledge
transfer. International collaboration via scien-
tific co-publications improves scientific quality
since researchers achieve greater impact and
citations from their international collabora-
tions. International co-publications gain, on
average, more citations than domestic co-pub-
lications (Puuska et al., 2014).

In 2020 in most EU Member States, more
than 50% of scientific publications were
international co-publications. (Figure 6.2-
7) The share increased between 2010 and
2020 in all selected countries, except Bulgaria

and Ukraine. This growth was significant in the
three Baltic countries, Estonia, Lithuania and
Latvia, where the share increased by more
than 20 percentage points. Countries such as
Luxembourg and Iceland, due to their small but
innovative research systems, show the highest
shares, with around 80% of their publications
being international. As seen previously, these
results might also be linked to the internation-
alisation of universities measured as the share
of foreign researchers, which for these two
countries is very high.

Among the international partners, Canada
tops the list of selected countries with a
share of 57 %, followed by the EU with 56 %.

Figure 6.2-7: Share of international scientific co-publications per total scientific
publications'”, 2010 and 2020
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China comes last, with around 22% of its
scientific co-publications being international.
When excluding intra-EU publications, the EU
is at 379%, which is slightly below the share
of the United States (39%) but above that of
Japan and South Korea. Even though big coun-
tries tend to collaborate less with international
partners due to their internal large research
systems, there are still some exceptions such
as Canada, the United Kingdom, France and
Germany, for whom more than 50% of their
publications are international co-publications
(Figure 6.2-7).

European-level funding programmes and
initiatives such as MSCA contribute to the
high figures and trends. These programmes
also have an important role in promoting inter-
national cooperation to tackle societal chal-
lenges?. A recent report on the contribution of
EU R&I funding to COVID-19-related research
shows that out of the analysed publications
(1 419), 56% were internationally co-auth-
ored (European Commission, 2021). Further-
more, earlier framework-programme evalu-
ations show that international cooperation in
MSCA projects significantly contributes to the
advancement of certain new and emerging
research areas that are highly relevant for
tackling particular global challenges common
to Europe and its neighbouring countries (Euro-
pean Commission, 2019). However, some east-
ern EU countries, such as Poland, Romania and
Bulgaria, can improve further.

2 InHorizon 2020, 39 % of all researchers involved in MSCA were from third countries, accounting for nearly 50 % of all inter-
national participations in Horizon 2020. This translated into funding 13 420 researchers from 1 300 organisations in more

than 100 countries.
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Box 6.2-1: Research trends on the Sustainable
Development Goals and alignment with
SDG 17 on international partnerships

Paul Khayat, Simon Provencal and David
Campbell
Science-Metrix

The 17 Sustainable Development Goals (SDGs),
part of the United Nations’ 2030 Agenda for
Sustainable Development, are interconnected
goals that aim at achieving a better and more
sustainable future for all. Given the increasing
emphasis placed by the European Commission
on achieving the SDGs (e.g. through Horizon
2020 and Horizon Europe), three policy briefs
examined how European research, at the level
of the European Union (EU) and the ERA, in com-
parison to key international comparators (the
United States, China, Japan and South Korea),
contributed to research for the SDGs. This was
achieved by relying on sets of scientific publi-
cations covering each of the SDGs (except SDG
17) in Scopus database. These data sets were
constructed by Science-Metrix using advanced
keyword-based queries designed to capture
literature relevant to each SDG’s underlying
target. They were then grouped by the People
(SDGs 1-5, Brief H), Prosperity (SDGs 7-11
and 16, Brief I) and Planet (SDGs 6 and 12-15,
Brief J) thematics.

Among the seventeen SDGs, SDG 17 on ‘part-
nerships for the goals’ cuts across all other
SDGs and is intended, in part, to promote in-
clusive collaborations among a broad range
of actors (e.g. North-South co-publications)
-To assess whether SDG-related research at
the level of the EU/ERA (and comparators) is
aligned with SDG 17 on ‘partnerships for the
goals’ the policy briefs examined the evolution
in the proportion of international co-publica-
tions along North-North and North-South axes
in research related to the SDGs. Here, North
and South were interpreted in terms of income

level rather than geographic distribution, with
North corresponding to high income (according
to the World Bank) and South corresponding to
low income. Two indicators based on co-publi-
cations were used: (1) share of co-publications
with high- or low-income countries, and (2)
diversity of international partners, particularly
among low-income countries.

Given the much larger research output of
high-income versus low-income economies,
the international co-publication rates of all pre-
sented regions/countries in 2019 were much
higher with the former than the latter group
in all SDGs. Among international comparators,
the EU and the ERA were the most active in
co-publication with high-income countries
(which includes co-publications between EU or
ERA members), having comparable co-publica-
tion shares of 40% to 60%. These co-publi-
cations predominantly involved collaborations
with major European scientific contributors
such as the United Kingdom, Germany, Italy,
Spain, France and the Netherlands, as well as
the United States and China.

In parallel, the EU and the ERA co-published
16% or less of their SDG-related publica-
tions with low-income countries (Figure 6.2-8).
Among the top 10 largest EU scientific con-
tributors, France and Belgium were consistent-
ly among the top countries having the high-
est shares of co-publications with low-income
countries in all SDGs.

Relative to the selected international compar-
ators, the EU and ERA were leading in co-pub-
lication activity with low-income countries in
SDG 3 (Figure 6.2-8). In the other SDGs, the
smallest contributors to the SDGs in output size
among selected comparators (i.e. Japan and
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Figure 6.2-8: Share of co-publications and annual growth (CAGR) of the EU and
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South Korea) displayed the highest co-publica-
tion shares with low-income partners — Japan
led in 13 SDGs and South Korea in 2 SDGs
(SDG 7 and SDG 15). The EU’s share of co-pub-
lication with low-income countries was higher
than that of the other major scientific contribu-
tors — China in all SDGs, and the United States
in most SDGs (except in SDGs 5, 8 and 12).

Over the past decade (since 2011-2013), the
growth in co-publication shares of each pre-
sented region/country has generally evolved
at a faster pace with low-income compared
to high-income countries. At the level of the
EU, the co-publication growth with low-in-
come countries has been particularly dynamic
in some SDGs, reaching about 8% to 11% in
SDGs 3 and 4 (People), SDGs 7, 9, 11 and 16
(Prosperity) and SDG 13 (Planet) (Figure 6.2-8).
However, despite the relatively good placement
of the EU along the collaboration dimension
with low-income countries, it did not exhibit the
fastest annual growth since 2011-2013. In-
stead, China experienced the sharpest growth
in most SDGs, as did South Korea in SDGs 3, 16
and 14. Given China’s co-publication growth, it
may also soon become a key figure in scientif-
ic collaborations with low-income countries in
these SDGs.

The growth in co-publication activity with the
low-income group over the past decade was
largely due to an increase in the proportion of
new, low-income countries active in SDG re-
search (from 55 to 60 countries on average
in the period 2011-2013, to about 70 coun-
tries in 2017-2019). It was also influenced by
an increase in the intensity of co-publication
links with developing countries. In general, the
co-publication activity of EU Member States
was not distributed evenly across the low-in-
come countries but was instead dominated by
a handful of countries. It is not surprising that,
in all SDGs, India was consistently the leading
(or a top leading) partner with most individual
EU countries. Apart from India, other low-in-
come countries had large bilateral links with
EU countries in specific SDGs, including Kenya,
Ethiopia, Vietnam, Ukraine, Pakistan, Moroc-
co, Egypt, Tunisia, Algeria, Nigeria and Ghana
(data not shown; for further details, see the full
Policy Briefs H, | and J).
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Figure 6.2-9: Share of participations from associated countries in Horizon 2020
as % of all associated countries’ participation
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-9.xlsx
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With applicants from 147 countries, Hori-
zon 2020 promoted broad international
collaboration. Concerning the associated
countries (Figure 6.2-9), Switzerland, with its
strong R&l system, was the most active asso-
ciated country, with 5 137 participations - i.e. a
share of 389% of all associated countries. Nor-
way, Israel and Turkey, followed, accounting for
239%, 17% and 9%, respectively. The asso-
ciated countries with the lowest participation
(equal or less than 19%) were Tunisia, Moldova,
Georgia, Montenegro and Albania. Concerning
the non-associated third countries (Figure 6.2-
10), the United States came on top, accounting
for 28%. In far second place came China with
99%, followed by Canada (7 %), Australia (5 %),
South Africa (4 %) and Brazil (4%). Overall, the
top 10 participating non-associated third coun-
tries, which also includes Japan, India, Russia
and Argentina, gathered 68% of these partici-
pations, with a low level of participation from
many developing economies.

Albeit at a lower extent than scientif-
ic publications, international collaboration
can also occur in patent applications. Patent
applications with a foreign co-inventor are
also an important vehicle of knowledge dif-
fusion, which in this case, is much closer to
the market and allows the diffusion of new
technologies. Motives to collaborate are ac-
cess to complementary knowledge or access
to research facilities, instruments or results,
allowing international knowledge flows in
co-patents (Frietsch et al., 2009).

With an average of 7747 patent applica-
tions, the United States had the highest
number of patent applications filed with
a foreign co-inventor under the PCT in
2016-2018. The EU came second, with an
average of 5988 patent applications, followed
far behind by China (2649) and Japan® (1 206).
In relative terms (as a share of the total num-
ber of patents), Figure 6.2-11 shows that

despite having a lower absolute number of
co-patent applications, Canada has the high-
est share (an average of almost 30% during
2016-2018) among the selected international
competitors . The United States came second,
with an average of 139, and the EU third, with
129%. China, Japan and South Korea all come
next with shares of 5% or less.

Within the EU, there is significant vari-
ability, both in terms of shares, absolute
figures and variations over time. In rela-
tive terms, Luxembourg came top, with almost
60% of its patent applications taking place
with a foreign co-inventor. Conversely, Italy
had the lowest share, with an average of 16%
in 2016-2018. Generally, the countries with
highest absolute numbers, such as Germany,
France or United Kingdom, had the lowest
shares, while the countries with low absolute
numbers had the highest shares. However,
Switzerland and Belgium, which have relative-
ly high figures of both absolute numbers and
shares of patent applications with a foreign
co-inventor, are notable exceptions.

Over time, most EU countries have in-
creased their shares, in particular Croatia
and Slovenia. However, some countries re-
corded significant declines, such as Romania,
Portugal and Bulgaria. It is important to high-
light that for some countries the absolute num-
ber of patents is very small, which consequent-
ly increases their volatility. Among the selected
competitors, all countries showed stable per-
formance. China was the only exception, with a
significant decline in its share between the two
periods considered.

3 Although Japan is one of the main patent applicants, as shown in Chapter 6.3.
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Figure 6.2-11: Share (%) of PCT patents with foreign co-inventor(s) in total number
of patents'”, 2006-08 and 2016-18, and total number of patents with foreign
co-inventor(s), 2016-18
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Source: DG Research and Innovation — Common R&l Strategy and Foresight Service — Chief Economist Unit, based on OECD

(international co-operation in patents) data
Notes:

WPCT patents at the international phase designating the European Patent Office. Full counting and priority date used.

Countries with fewer than 10 patent applications were excluded. Average of 3 years used to reduce volatility. “EU figures
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-11 xlsx

In 2018, the United States had the highest
absolute number of patent applications
filed under PCT with a foreign co-invent-
or from the EU. In relative terms, however,
this accounted for only 36% of the total pat-
ent applications with a foreign co-inventor for
the United States. Figure 6.2-12 shows the top
15 countries with the highest absolute number
of patent applications filed under the PCT with

an EU foreign co-inventor. Out of the 15 coun-
tries, the EU was co-inventor for more than
50% of patent applications in 2018 for only
Switzerland (67 %), Norway (539%) and Liech-
tenstein (59%). Over time, the share of the EU
as foreign co-inventor declined for most of the
countries selected and increased only for Nor-
way, Canada, Israel and India.

Z'9 ¥3



Figure 6.2-12: Share of patent applications filed under the PCT® with the EU as
foreign co-inventor, top 15 countries, 2008 and 2018
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-12 xlsx

The EU and United States were each
other’s primary partners for patent ap-
plications filed under PCT with a foreign
co-inventor in 2018. However, the EU repre-
sented less than 40% of patent applications
with a foreign co-inventor for the United
States, while the United States co-inventors
accounted for 469% of EU patent applications
(Figure 6.2-13). For the EU, the second main
partner was Switzerland, with 169%, followed
by the United Kingdom with 129%. For the

United States, China was the second main
partner, with a share of almost 20% and an
impressive increase since 2008, followed by
the United Kingdom with 119%. For China, the
picture is slightly different: the United States
was its main partner in 2018, with a share of
499, while the EU came far behind with 22 9%,
followed by Japan with 13%.
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Figure 6.2-13: Top three main partners of patent applications filed under PCT®) with
a foreign co-inventor (%) for the EU, United States and China, 2008 and 2018
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-13 xlsx

In absolute terms, with the exception of
the EU-United Kingdom pair, all remaining
pairs increased patenting collaboration
during 2008-2018. The decline in collabo-
ration between the EU and the United Kingdom
was compensated by an increase in collabora-
tion between the EU and the United States and
Switzerland, as well as with China, Japan and

India (data not shown). Collaboration improved
the most between China and the United States,
with an increase of 247 %, and between China
and Japan, with an increase of 8779%. In rela-
tive terms, only China became more important
to the United States, and Japan became more
important to China.
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3. Public-private cooperation

Collaboration between public research-
performing institutions and the business
sector is one of the most important
channels for knowledge diffusion and
valorisation. Motivations among companies
for engaging in industry-university cooper-
ation are: access to key research staff, com-
plementary research activity and relevant
results; providing promising new areas of ap-
plied R&D; avoiding wasteful experimentation;
offering an understanding of novel directions
on inventions and technological innovations;
and augmenting the capacity to solve complex
problems (e.g. Rosenberg, 1990; Fleming and
Sorensen, 2004; Tijssen, 2012). The number of
public-private co-authored scientific publica-
tions is an indicator to assess the level of col-
laboration between public research institutions
and companies. A public-private co-publication
involves several actors, including businesses’
R&D departments (or R&D staff in other pri-
vate-sector organisations), and offers several
opportunities, such as co-authoring a research
publication with partners in a public-sector or-
ganisation, including the academia. This type of
collaboration represents a successful channel
for knowledge transfer (‘knowledge spillover’).

Between 2010 and 2020, the share of
public-private co-authored scientific pub-
lications increased from 8.5% to 9.1% in
the EU. As reported in Figure 6.2-14, this small
growth enabled the EU to overtake the United
States in this period. However, the increase
was not enough to overtake Japan, which re-
mains the best-performing country among
the selected international competitors, with a
share of 10.7%. Although China continues to
lag, it showed a significant improvement (from
5.1% to 7.7 %) during the same period.

Within the EU, there are significant differ-
ences between the Member States. Aus-
tria ranks first, with a share of 14.7%, while
Poland is the least-performing Member State,
reporting a share of 4.9%. Outside the EU,
Switzerland and Iceland stand out with shares
above 139%, whereas Turkey falls behind with
a share of less than 3%. Countries with high-
er business R&D expenditure tend to have a
higher share of public-private co-publications
(as shown by the high correlation between the
two variables), as enterprises procure public
research-oriented institutions to perform re-
search, leading to more scientific publications.
This research is then applied by the enterprises
to develop new products or processes.

Over time, most EU Member States have
seen a rise in the share of public-pri-
vate co-authored scientific publications.
Greece and Latvia showed the biggest
improvements, whereas Cyprus and Fin-
land experienced the biggest declines. In
absolute terms, all countries except Japan
reported an increase in the number of public
-private co-publications between 2010 and
2020. However, this growth was smaller than
the overall growth in scientific production in
countries such as Cyprus, Denmark, South
Korea and Norway, explaining the declines
reported in Figure 6.2-14.
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Figure 6.2-14: Share of public-private co-authored scientific publications in total
scientific publications'”, 2010 and 2020
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Note: “Full counting method used. Accordingly, weighted averages are used for computing the share country aggregates. Both

public and private entities are counted.

Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-14.xlsx

Generally, public-private cooperation is
more frequent in the fields of applied
sciences, natural sciences and health
sciences. Figure 6.2-15 shows the share of
public-private co-publications by fields of sci-
ence and technology. Overall, natural and ap-
plied sciences are the areas characterised by

the highest shares of collaboration, in particular
in the fields of engineering and technologies.
Japan is leading public-private collaboration in
most fields but mainly in built environment and
design, with 22%, and engineering, with 18%.
The EU stands out in the health sector, while the
United States is the strongest in ICT.




Figure 6.2-15: Share (%) of public-private co-authored scientific publications (in
total scientific publications) per field of science and technology'’, 2020
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EU innovative enterprises tend to colla-
borate more with universities than with
research institutes. A different indicator to
assess the level of collaboration between the
business sector and public research-oriented
institutions is the share of innovative enter-
prises that co-operated on R&D and other in-
novation activities with universities (or other
higher education institutions, HEI) and gov-
ernment, public or private research institutes*.

Results from the Community Innovation Survey
(CIS) suggest that 12 9% of EU innovative enter-
prises cooperate on R&D with universities or
other HEI, while only 6.3 % cooperate with gov-
ernment, public or private research institutes.

There are significant differences in the
level of collaboration across the EU
Member States. During 2016-2018, Den-
mark reported the highest level of cooperation

4 In the available data, it is not possible to separate private research institutes from other public research institutions. How-
ever, the number of private research institutes is relatively small in the EU.
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between innovative enterprises and universi-
ties, with a percentage of 31%. Conversely,
Romania performed very poorly, with a share
of less than 2% (Figure 6.2-16). The data
also suggests that a higher share of innov-
ative enterprises does not necessarily lead
to higher collaboration. For instance, Ireland,

which ranks low in terms of innovative enter-
prises, has the second-best performance in
terms of cooperation, both with universities
and research institutes. On the other hand,
Cyprus, reporting the second highest share
of innovative enterprises, is a country where
they cooperate the least.

Figure 6.2-16: Share of innovative enterprises that co-operated on R&D and other
innovation activities, 2016-2018
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-2-16.xlsx

China has the highest percentage of pub-
lic R&D expenditure financed by the pri-
vate sector, i.e. 12%. Despite the decline
between 2009 and 2019, China remains the
country accounting for the highest share of
public R&D expenditure financed by business
enterprises, followed by South Korea, with
8%, and the EU with 7.5% (Figure 6.2-17).
The United States and Japan fell behind,
with shares below 49%. Within the EU, only
five countries perform above the EU aver-
age, notably Germany (reporting the same

share as China), Bulgaria, Romania, Belgium
and Netherlands, while important differences
persist between the remaining EU countries.
While most Member States experienced sharp
declines over 2009-2019 (in particular Hun-
gary, Lithuania and Slovakia), other Member
States such as Bulgaria, Italy and Estonia saw
significant increases. At the EU level, the share
remained roughly stable (Figure 6.2-17).
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Figure 6.2-17: Public expenditure (GOVERD + HERD) on R&D financed by business
enterprise sector as % of total public expenditure on R&D
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MSCA support for university-business
cooperation impacted positively on both
participating businesses (SMEs and large
businesses) and individual MSCA fellows’
career development, according to a study
linked to the ex-post and mid-term evalua-
tion of the FP7 and H2020 R&I programmes.
Additionally, MSCA support was found to have
a broader impact on R&l ecosystems and
inter-sectoral cooperation (European Com-
mission, 2017). In particular:

» around 479% of all business beneficiaries
indicated that as a result of their project at
least one job (FTE equivalent) was created
in their organisation;

» business participation significantly increased
the chance of a patent application being
registered as a result of the MSCA project;

> as a result of the MSCA, the vast majority
(899%) of businesses started to collaborate
with at least one new academic organisation.
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4. Conclusions: mobility of researchers and collaboration
are essential engines for knowledge flows

There is a divergent pattern in researcher
mobility observed across Member States
both in terms of geographical mobility
and across jobs. At the EU level, the share of
job-to-job mobility of human resources in sci-
ence and technology from one year to the next
has remained small at almost 7% in 2020,
despite an increase between 2010 and 2020.
Across the EU, the share varies from more
than 10% in Lithuania, Denmark and Cyprus to
less than 2% in Romania. Except for Czechia,
Sweden and Romania, all other Member States
had an increase in mobility in the last 10 years.

Smaller countries and/or those with
better-performing R&I tend to show high-
er levels of researcher mobility. Using sur-
vey-based data, Luxembourg, Switzerland and
Cyprus display the highest percentages of both
inflow of researchers and researchers who ob-
tained a PhD abroad. Using bibliometric data,
the same countries report the highest shares
of researchers who left the country over 2005-
2020. However, many European countries ap-
pear to be suffering a brain drain, with the out-
flow of researchers outstripping the inflow of
researchers from the rest of the world.

Collaboration between public research-per-
forming institutions and the business sec-
tor is one of the most important channels
for knowledge diffusion and valorisation.
Between 2010 and 2020, the EU share of pub-
lic-private co-authored scientific publications
increased from 8.5% to 9.1%, placing the EU
above the United States and only behind Japan.
Within the EU, there are strong differences, from
14.7% in Austria to 4.9% in Poland. Results
from the CIS suggest that EU innovative enter-
prises tend to collaborate more with universi-
ties than research institutes, with significant
differences in the level of collaboration across

the EU Member States. Denmark reported the
highest level of cooperation between innovative
enterprises and universities, with a percentage
of 319%; while Romania performed very poorly,
with a share of less than 2%. In terms of public
R&D expenditure financed by the private sector,
China has the highest share at 129%, compared
to 7.5% in the EU.

Cross-border research and collaboration
among researchers are important channels
of knowledge flow and result in higher cit-
ation impacts. In 2020, more than 509% of the
scientific publications in most EU Member States
were international co-publications, with Luxem-
bourg as the top performer. Between 2010 and
2020, this share increased in all Member States,
except Bulgaria. This growth was quite import-
ant in the three Baltic countries, Estonia, Lithu-
ania and Latvia, where the share increased by
more than 20 percentage points.

With an average of 7747 patent applica-
tions, the United States had the highest
number of patent applications filed under
the PCT with a foreign co-inventor in 2016-
2018. The EU came second, with an average of
5 988 patent applications, followed far behind
by China (2649) and Japan (1206). In relative
terms, however, Canada had the highest share
(an average of almost 30% during 2016-2018).
Second came the United States, with an average
of 139%, and third the EU with 12%. In 2018,
both the EU and the United States were each
other’s primary partners for patent applications
filed under PCT with a foreign co-inventor. The EU
was also the main partner for Switzerland (67 %),
Norway (53%) and Liechtenstein (59%). Over
time, the share of the EU as a source of a foreign
co-inventor increased for Norway, Canada, Israel
and India.
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KEY QUESTIONS WE ARE ADDRESSING

» How is the EU performing in terms of innovation output?

» What is the economic impact of innovation in the EU?

KEY MESSAGES

ﬁé} What did we learn?

Among European businesses, the ability
to innovate is related to firm size. Large
companies have a higher propensity to
innovate than SMEs, especially regarding
the development of innovative products.

The EU continues to lag behind Japan and
the United States in the innovation output
indicator. One of the main drivers is patent
intensity, for which the EU also falls behind
China and South Korea.

The innovation divide persists across
Member States, with Germany accounting
for more than 40% of patent applications
filed under the PCT in the EU in 2018.

The EU was the top patent applicant in
the fields of climate and environment
(239%), energy (22%) and transport (28%)
worldwide in 2018.

The share of exports of medium and high-
technology products in the EU remained stable
over the years, while the share of exports of
knowledge-intensive services declined.

What does it mean
for policy?

It is important to continue supporting
European IP policy and foster a stronger
knowledge-valorisation policy for societal,
environmental and economic impact. In
addition to improving innovation systems,
the EU must encourage structural reforms
that upgrade the technology profiles of
Member States and address the persistent
innovation divide.

The EU needs to strengthen innovation
capacity across Member States, especially
in the high-tech economic sectors.

The EU has the human capital and science
base, but can be more effective in translating
it into innovations and commercialising
innovation output.
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1. Innovation Performance

Measuring the innovation performance
of the EU is essential for improving ex-
isting and designing new R&l policies for
economic growth and sustainable devel-
opment. A key principle of the Oslo Manual
(OECD/Eurostat 2018) is that innovation can
and should be measured. To this end, the man-
ual provides guidelines for collecting and inter-
preting data on innovation to facilitate interna-
tional comparisons. The Community Innovation
Survey (CIS)!, which is the reference survey on
innovation in enterprises in the EU, EFTA and
the EU Candidate Countries, is based on the
Oslo Manual. The survey was introduced in
1992 and has become a regular biennial data
collection.

EU innovation performance has increased.
According to the 2021 European Innovation
Scoreboard (EIS), all EU countries improved
their innovation performance in 20202 Howev-
er, most of the underlying data refers to the
pre-pandemic period and does not account
for the COVID-19 shock. Sweden is the most
innovative country in the EU, followed by Fin-
land, Denmark and Belgium. The distribution
of EU countries in the four performing groups®
clearly indicates the persistent innovation gap
between north-west and south-east Europe
(Figure 6.3-1).

The Global Innovation Index (GIl) 2021
finds that investment in innovation has
shown remarkable resilience during the
COVID-19 pandemic, but varies across sec-
tors and regions (WIPO, 2021). As discussed
in other parts of this report, scientific output,
public R&D support, IP filings and venture capital
(VC) deals continued to grow in 2020. According
to the GIl 2021, the majority of the top 25 most
innovative economies continue to be from Eu-
rope. Switzerland, Sweden, and the United King-
dom are among the top five.

https://ec.europa.eu/eurostat/web/microdata/community-innovation-surve

For most indicators, the reference year lags one or two years behind the year to which the EIS refers.

3 Innovation Leaders are all countries with a relative performance in 2021 above 125 % of the EU average in 2021. Strong
Innovators are all countries with a relative performance in 2021 between 100% and 125 % of the EU average in 2021.
Moderate Innovators are all countries with a relative performance in 2021 between 70% and 100 % of the EU average in
2021. Emerging Innovators are all countries with a relative performance in 2021 below 70 % of the EU average in 2021
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Figure 6.3-1: European Innovation Scoreboard 2021 - Performance of EU Member
States’ innovation systems
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Source: European Innovation Scoreboard 2021, European Commission (2021)
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-1 xIsx

The propensity to innovate is higher for
large companies than for SMEs. This pat-
tern is observable in all EU and neighbouring
countries (Figure 6.3-3). Estonia, Belgium and
Greece report the highest share of innovative
large enterprises (more than 90%), performing
well above the EU average of 78%. The highest
shares of innovative SMEs (above 65%) can be
found in Estonia, Cyprus, Belgium and Germany.

Intra-country differences in the shares of inno-
vative large companies and SMEs varies signifi-
cantly within the EU, ranging between 48 p.p. in
Bulgaria and 8 p.p. in Ireland. Large differences
suggest that innovation is performed by a few
large, possibly multinational companies, while
the majority of the SMEs are not innovative.




Figure 6.3-2: Map of share of innovative enterprises (humber of innovative
enterprises as % of total number of enterprises), 2016-2018

il —~—F——
0 200 400 600 800km

Percentage

=6

B 50-<61

[ 38-<50

[ ] 26-<38

[ 1<2

- Data not available

Canarias (ES)

9 rl - - .
:—,—ﬂnﬁoﬂ -

0 100 - 0 20°° 0 20

Guadeloupe (FR)  |Martinique (FR)
&
4

Guyane (FR) Réunion (FR) Mayotte (FR)

-

3“

0 10
Acores (PT)

Science, Research and Innovation Performance of the EU 2022

Source: Eurostat - Community Innovation Survey 2018, (online data code: inn_cis11_bas)
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-2.xIsx

In 2018, 50% of EU firms reported inno-
vation activities, showing an increase of
2 percentage points (p.p.) compared with
2016. Based on the Community Innovation Sur-
vey, more than half of Member States showed
an increase in their share of innovative enter-
prises compared with the period 2014-2016.
For 14 Member States, this share is higher than
the EU average. Estonia and Cyprus are the
countries with the highest shares (73.1% and
68.2%, respectively), followed by Belgium and
Germany (both with 67.8%).

On the opposite side, Romania and Poland show
the lowest performances, reporting only 15%
and about 249% of innovative companies, re-
spectively. Italy and Sweden experienced an
increase of 9 p.p. over the period 2016-2018.
Portugal recorded a dramatic decline of 29 p.p,,
which may not entirely reflect a decrease in the
innovativeness of the country, as other method-
ological factors need to be examined*.

4 For example, changes in the questionnaire and the order of the questions, changes in way the survey was conducted etc.
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Figure 6.3-3: Share of innovative enterprises by size class", 2016-2018
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Source: DG Research and Innovation, Chief Economist - Common Strategy & Foresight Unit based on Eurostat - Community

Innovation Survey 2018 (online data code: inn_cis11_bas)

Note: ¥SMEs are firms with 10-249 employees, large companies 250 employees or more.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-3 xlsx

Most companies engage in a combination
of product and business process innova-
tion activities. The EU share of product and/
or business process innovative enterprises only
(regardless of any other innovation activities)
is about 479% and varies significantly among
Member States, from 68% in Cyprus to 14% in
Romania. In contrast, the shares of companies
engaging in one type of innovation, either prod-
uct or business, are significantly lower (see Fig-
ure 6.3-4). Product innovation is a new or im-
proved good or service that differs significantly
from the firm’s previous goods or services and
that has been introduced to the market. A busi-
ness process innovation is a new or improved
business process for one or more business
functions. According to the revised Oslo Manual,
business process innovation merges marketing
and organisational innovation.

The average share of companies undertak-
ing only product innovations activities in
the EU is 5.5%. Estonia and Sweden report-
ed the highest share (about 139%), while Cyprus
and ltaly showed the lowest performance (less
than 39%). The share of companies carrying out
activities targeting only business process innova-
tions is significantly higher and averages around
16.7% at EU level. Belgium leads with a share of
32.19%, followed by Austria and Germany.

467

€9 ¥3l



Figure 6.3-4: Share of innovative enterprises by type of innovation activity,

2016-2018
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Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Eurostat -
Community Innovation Survey 2018 (online data code: inn_cis11_bas)
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-4.xlsx

Developing product innovation with mar-
ket novelties (profile I) is limited to a few
large firms with internal competences.
Data from the innovation profiling (Box 6.3-1)
shows that about 11 % of all enterprises in the
EU are in-house innovators with market nov-
elties (Profile I). These enterprises are most
frequent (one in three) among larger enterpris-
es (250 or more employees), which represent
about 4% of the reference total.

Within European businesses, the capa-
bi-lity to innovate is mostly related to
firm size characteristics. Figure 6.3-5 shows
that enterprises of Profile | and II, i.e. product
innovators, are more common among large

enterprises. Similarly, non-innovators of Pro-
files VI and VII are significantly more frequent
among small enterprises, which represent the
vast majority of European businesses (almost
809% of the reference total). Profiles Ill and IV
are not sensitive to the size of the enterprises.
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Figure 6.3-5: Distribution of enterprises by size class and innovation profile®”
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-5.xlsx

The propensity of an enterprise to invest
in new technologies is related to the size
and the type of innovative activity. The
acquisition of new technology represents an
important source of embodied knowledge for
innovation in enterprises. On average, only one-
fifth of enterprises invested in new embodied
technologies, with the propensity to invest in-
creasing significantly with firm size. Figure 6.3-
6 shows, for each of the innovation profiles, the
shares of enterprises that purchase new tech-
nology, which was not used in enterprise be-
fore. About half of the product innovators with

market novelties purchased new technologies.
Medium-sized firms that internally develop
new products with market novelties tend to
purchase new technologies more than the big
firms with product innovators without market
novelties (Figure 6.3-6).
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Figure 6.3-6: Share of firms which purchased new technology that was not used in
enterprise before by size class and innovation profile®”
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Box 6.3-1: Innovation profiling

DG Eurostat

Innovation in businesses involves a range of
activities requiring multiple capabilities. With
different characteristics and innovation abil-
ities, enterprises can contribute to econom-
ic growth and social development in various
ways. In this perspective, the profiling of en-
terprises according to their innovation behavior
may improve our knowledge of the diversity of
the innovation patterns.

Using Community Innovation Survey (CIS) mi-
crodata, analysed in collaboration with most
National Statistical Offices, it is possible to
identify seven mutually exclusive innovation
profiles.

The logic followed in developing the profiles is in
line with policy purposes, focusing on the condi-
tions that allow innovation to occur in businesses,
rather than on the characteristics of successful
innovators. The process identifies enterprises
with and without innovation activities at the first
level. The second level distinguishes enterprises
that have implemented an innovation during the
CIS reference period, or not. Finally, at the third
level, it focuses on the innovation capabilities of
enterprises, including the presence and level of
R&D activities, innovation cooperation, the pres-
ence of ongoing or abandoned innovation efforts,
and the innovation potential of companies that
have not introduced innovations.

Figure 6.3-7: Combining the Community Innovation Survey core variables:
innovation profiling
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Seven innovation profiles:

I - In-house product innovators with market novelties, including all enterprises that introduced a product innovation that was developed by the enterprise and that was not previously offered
by competitors.

1I - In-house product innovators without market novelties, including all enterprises that introduced a product innovation that was developed by the enterprise but that is only new to the
enterprise itself.

1II - In-house business process innovators, including all enterprises that did not introduce a product innovation, but that did introduce a business process innovation that was developed by
the enterprise.

IV - Innovators that do not develop innovations themselves, including all enterprises that introduced an innovation of any kind but did not develop it themselves (enterprises without
significant own innovation capabilities).

V - Innovation active non-innovators, including all enterprises that did not introduce any innovation but that either had ongoing or abandoned innovation activities.

VI - Non-innovators with potential to innovate, including all enterprises that did not introduce any innovation, and which had no ongoing or abandoned innovation activities but that did
consider to innovate.

VII - Non-innovators without disposition to innovate, including all other enterprises, those that neither introduced an innovation nor had any ongoing or abandoned innovation activities nor
considered to innovate.
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2. Innovation output

Innovation output is the result of innova-
tion activities within an economy. Several
indicators, from composites to single indica-
tors, can be used to measure innovation output.
In its latest edition, the Global Innovation Index
(GIl) used several metrics, from indicators on
knowledge creation and diffusion to intangi-
ble assets, to produce its innovation output
sub-index. For several years now, the Euro-
pean Commission has published a composite
indicator that aims to measure the extent to
which ideas from innovative sectors can reach
the market, providing better jobs and making
Europe more competitive. The innovation out-
put indicator aggregates four components to
measure innovation output: patents, employ-
ment in knowledge-intensive activities, trade
in knowledge-based goods and services, and
innovativeness of high-growth enterprises.

In 2020, the EU lagged behind the US
and Japan in terms of innovation output.
These results are mainly due to weak EU per-
formance in the components related to patent
applications, employment in knowledge-inten-
sive activities, and trade in knowledge-inten-
sive services. Between 2011 and 2020, the EU’s
performance improved, helping to close the gap
with US (Figure 6.3-8). However, the gap with
Japan grew. Despite a small improvement in
some of the indicator's components (namely,
the innovativeness of high-growth enterprises,
employment in knowledge-intensive activities

and trade in knowledge-based goods), the over-
all EU performance did not suffice to catch up
with Japan. These results are in line with the
European Innovation Scoreboard, according to
which the EU lags behind Japan and the US; and
with the Gll, in which Japan and the US perform
particularly well in the output sub-index.

Ireland, Finland and Sweden are the top
three EU countries in terms of innovation
output. While Ireland underperforms in the
component of patent applications, it is the top
performer in the components of trade in knowl-
edge-intensive services and innovativeness of
high-growth enterprises. Finland and Sweden, on
the other hand, are very strong in terms of patent
applications. Conversely, Romania, Lithuania and
Croatia reported the lowest performance in 2020.
A more detailed analysis of the performance per
component is presented in section 3 — Economic
Impact of Innovation. Between 2011 and 2020,
the innovation performance improved in 22 out of
the 27 EU Member States, especially in Portugal,
Ireland and Finland. Performance declined slight-
ly in Germany, Denmark, Slovakia and France,
and stagnated in Czechia. The strong progress of
Portugal was mainly due to a significant increase
in employment of fast-growing enterprises.
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Figure 6.3-8: Innovation output indicator, 2011 and 2020
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which exclude trade within EU countries, are shown on the graph. The value for European comparison for 2020 is 105.2.

Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-8.xIsx

Patent data provides a useful way to
measure innovation performance. Around
809% of the patent applications filed under the
PCT> worldwide came from Japan, China, the
EU and the US (Figure 6.3-9). However, the dis-
tribution of the share of applications among
them changed over time. While the EU and the
US accounted for 319% and 389% of worlds’
patent applications in 2000 respectively, their
share declined to 19% and 22% in 2018. In
contrast, China is the country with the largest
increase over time, especially after 2008, over-
taking both the EU and Japan in 2017. If the
trend shown in Figure 6.3-9 continues, China
will overtake the US in coming years. Unlike
scientific publications, for which the rise of
China was mostly at the expense of the US
(see Chapter 6.1), in the case of patent appli-
cations, the rise of China and Japan came at
the expense of both the US and the EU.

The sectoral distribution of patent ap-
plications varies between the four glob-
al players. On the one hand, the EU applies
for proportionally more patents in the medium
and low-tech sectors, such as the automotive
and machinery sectors. On the other hand, Chi-
na and the US apply for proportionally more
patents in high-tech fields such as the phar-
maceutical and other chemistry sectors (pol-
ymers, materials or nano-technology) and in
knowledge-intensive services like IT (despite
the fact that knowledge-intensive services
represent a very low share worldwide). Finally,
Japan appears to be stronger mainly in the
medium-tech sector. ©

5 The Patent Cooperation Treaty (PCT) is an international patent law treaty which assists applicants in seeking patent pro-
tection internationally for their inventions. By filing one international patent application under the PCT, applicants can
simultaneously seek protection for an invention in a large number of countries.

6 See Chapter 2.2- Zoom Out: Technology and Global Leadership for more details.

473

€9y



Figure 6.3-9: World shares (%) of patent applications filed under PCT", 2000-2018
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Source: DG Research and Innovation - Common R&! Strategy and Foresight Service - Chief Economist Unit based on Science-

Metrix using EPO PATSTAT database

Notes: WPatent Cooperation Treaty (PCT) patents, at the international phase designating the European Patent Office. Fractional
counting method, inventor's country of residence and priority date used.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-9.xlsx

There exists a clear regional divide in pat-
ent applications in the EU (Figure 6.3-10).
In the EU, Germany accounted for over 40%
of patent applications filed under the PCT in
2018. France came a distant second with a
share of 17 9%, followed by Italy (8 %) and Swe-
den (7 9%). Unlike scientific publications, patent
applications in the EU are considerably more
concentrated, with 95% coming from only
10 Member States. However, there is a simi-
lar trend to that of scientific production, with
eastern and southern EU Member States like
Portugal, Italy, Spain and Poland increasing
their share between 2000 and 2018, while
countries like Germany, Netherlands, Sweden
and Finland lost ground.

Although looking at the world share is
important, using relative terms provides
a better comparison across countries. In
this case, Japan and South Korea topped the
ranking with more than 10 patent applications
per billion GDP in 2018. Trailing in third place,
the US had four patent applications, followed
closely by China, the EU and Canada (Figure
6.3-11). Over time, despite their already high
share, both Japan and South Korea managed
to improve enormously, with 5 and 4.6 more
patent applications per billion GDP, respective-
ly. However, the impressive growth (3150%)
came from China. It overtook both EU and Can-
ada, having increased considerably from a very
low level in 2008. The EU and the US on the
other hand showed a small decline.
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Figure 6.3-10: EU share of patent applications filed under PCT by Member State,
2000 and 2018

a) Shares of 1 % or above

b) Shares below 1 %
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Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Science-

Metrix using EPO PATSTAT database

Notes: “Patent Cooperation Treaty (PCT) patents, at the international phase designating the European Patent Office. Fractional
counting method, inventor’s country of residence and priority date used.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-10.xlsx

Within the EU, performance varies consid-
erably across Member States, with a per-
sistent regional divide. While northern and
western EU countries like Sweden, Finland and
Germany perform well, southern and eastern
countries like Romania, Croatia and Poland per-
form poorly. Between 2008 and 2018, about
half of the Member States reported a stagna-
tion or decline in the share of patent applica-
tions per billion GDP (Figure 6.3-11). Among
those, Finland displayed the biggest drop, with
-2.3 patent applications per billion GDP, fol-
lowed by Sweden and Denmark, both with -1.7.
In percentage terms, however, Ireland declined
by 47% and Croatia 42%. Conversely, Portu-
gal and Cyprus increased the most during the
same period.

It is important to highlight that patenting
is affected by several structural factors.
These include: the share of the manufacturing
sector in the economy as manufacturing com-
panies tend to patent more than service-sector
companies (EPO and EIPO, 2019); the techno-
logical intensity of both the manufacturing and
the service sectors; the size distribution of the
enterprises (larger enterprises tend to have
higher patent propensity); and the location of
the company’s headquarters (patenting tends
to be carried out in countries with favourable
legislation).
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Figure 6.3-11: Patent applications filed under the PCT® per billion GDP (PPS €), 2008
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-11 .xlsx

Particularly novel patented innovations
will be the subject of greater citation. For
this reason, the number of citations received
by a patent (forward citations) has been used
in the literature as a measure of the innova-
tive output embodied in the technology (Alan
C. Marco, 2007). In addition, an analysis of
patent citations is a core methodology in the
study of knowledge diffusion (Alcacer, 2006).
Outside the EU, South Korea is the top per-
former, with 1.7 % of its patent applications to
the EPO among the top 1% most cited patent
applications worldwide (Figure 6.3-12). Canada
(1.29%) is in second place, followed by the EU
(19%). The US is next with a share of less than
19%, followed by Japan and China. However, in
absolute terms, the EU has the highest number
of patent applications overall due to a Euro-
pean bias in using the EPO. Among the top 10
EU countries with the highest number of patent

applications to the EPOQ, Italy has the highest
share. On the opposite side, Sweden is the EU
country with the lowest share.

Between 2006 and 2016, patent quality
in the EU has remained stable. On the oth-
er hand, Japan showed a significant decline and
South Korea and the US a considerable increase.
Out of the 10 EU countries analysed, both Finland
and Austria displayed a substantial increase. The
figures suggest that, despite the lower number of
patent applications overall, countries like South
Korea, Spain, Belgium or Norway, are able to
have, proportionally, more patent citations, than
countries with a bigger number of patent appli-
cations. The only exceptions are Italy and Swit-
zerland with high numbers of patent applications
of higher quality.
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Figure 6.3-12: Top 1% most cited patent applications to the EPO®*, 2016 and 2006
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Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Science-

Metrix using EPO PATSTAT database

Note: WPatent counts are based on the priority date, the inventor's country of residence and fractional counts. This indicator
represents the WIPO technology field and year normalised counts of the number of patents cited by other patents. This indicator
is normalised by year and WIPO technology field to account for variations in patterns of citations between fields and years. Only
the top 10 EU countries in terms of patent applications to the EPO were considered. Countries ranked by the number of patent

applications to the EPO in 2016.

Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-12 xlsx

The world’s number of patent applications
filed under the PCT increased in all Societal
Grand Challenges over time. The Societal
Grand Challenges, defined under Horizon 2020,
are one way of assessing how innovation con-
tributes to addressing sustainability and the chal-
lenges our society is facing. Between 2000 and
2018, the fields with the highest number of pat-
ent applications filed under the PCT were transport
and food and bioeconomy. In 2018, they recorded
more than 25000 and more than 20000 patent
applications, respectively. Health came third with
around 12000 patent applications in 2018.

All three fields have a high propensity for pat-
enting’. Despite a decline between 2012 and
2015, due to a change in the methodology, en-
ergy was the field that increased the most in
relative terms (+2889%). Transport showed the
second-largest percentage increase (2809%),
and the largest growth in absolute terms, with
about 18 500 more patents in 2018 than in
2000, overtaking food & bioeconomy in 2010.

7  EPO and EIPO (2019), IPR-intensive industries and economic performance in the European Union.




Figure 6.3-13: Total number of patent applications filed under the PCT in the world
by Horizon 2020 Societal Grand Challenge”, 2000-2018
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Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Science-
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Notes: WPCT patents at the international phase designating the European Patent Office. Fractional counting, inventor’s country
of residence and priority date used.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-13 xlsx

The EU was unable to match the level of
growth seen worldwide. Figure 6.3-14 shows
that the number of patent applications in the
EU has remained stable over time, especially
in the fields of food and bioeconomy, climate
and environment, and energy. The only excep-
tion is transport, which continued to increase
significantly, overtaking food and bioeconomy

in 2004. In relative terms, however, four fields
(energy, health, security and transport) more
than doubled their number of patent applica-
tions. Food and bioeconomy and climate and
environment increased by 53% and 55 %,
respectively, between 2000 and 2018.
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Figure 6.3-14: Total number of patent applications filed under the PCT" in the EU
by Horizon 2020 Societal Grand Challenge, 2000-2018
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-14.xlsx

The EU remained the top worldwide patent
applicant in the fields of climate &
environment (239%), energy (22%) and
transport (289%). However, the analysis per
SGC, displayed in Figure 6.3-15, shows that the
EU experienced significant losses in the world
shares in all fields between 2008 and 2018.
The biggest decline was in transport, with mi-
nus 11 percentage points (p.p.), despite an in-
crease in the absolute number of patent ap-
plications over the same period. The US, while
maintaining leadership in the fields of health
and food & bioeconomy, followed the same
pattern, with an even stronger decline, espe-
cially in security (-15 p.p.), health (-14 p.p.) and
energy (-13 p.p.).

China increased its world share in all
fields. However, unlike scientific production,
where it leads in almost all fields, China only
topped the rank in security, with an impres-
sive increase of more than 28 p.p., from 3% in
2008 to 319% in 2018. China’s performance
also improved significantly in the energy sector,
with an increase of more than 17 p.p. Japan, de-
spite being weak in scientific production, stands
out strongly in technology output, with impor-
tant shares in the societal challenges of health,
energy, and transport.
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Figure 6.3-15: Share in the world (%) of patent applications filed under the PCT®
by country/region and Horizon 2020 Societal Grand Challenge, 2018 (exterior)
and 2008 (interior)
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Figure 6.3-16: EU specialisation index!¥ compared to the world by Horizon 2020
Societal Grand Challenge, 2000-2018
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Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Science-

Metrix using EPO PATSTAT database

Notes: YSpecialisation refers to the intensity in the EU for a given societal challenge relative to the intensity in the world for the
same societal challenge. Fractional counts and date of application used.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-16.xlsx

Compared with the world, the EU is more
specialised® in the fields of energy, cli-
mate and environment, food and bioeco-
nomy and transport. These results might be
explained by the very strong patent-intensity
automotive sector in some Member States
(such as Germany), as well as by some strong
performance in renewables and energy-effi-
ciency sectors (Hoogland et al, 2021). On the
other hand, the EU is less specialised than the
world in the fields of health and security.

Between 2000 and 2013, the EU improved
substantially in food and bioeconomy, with a
stagnation after that year. To a lesser extent,
the EU became progressively more specialised
in energy and climate and environment, espe-
cially since 2007, when the European Com-
mission launched its Communication to limit
climate change®. Compared with scientific publi-
cations, the EU appears to be stronger in the so-
cietal challenge of climate and environment, with
both specialisation indexes above world level.

8 The Specialisation Index (Sl) is an indicator of intensity in a given entity (e.q. Belgium) for a given area (e.g. health patents),
relative to the intensity in a reference entity (e.g. the world or the entire output as measured by the database) for the same
area. In other words, when a country is specialised in a given area, it places more emphasis, compared with the reference
entity, on that area at the expense of others. An index value above 1 means that a given entity is specialised relative to
the reference entity, whereas an index below 1 means the entity is not specialised. Specialisation is therefore said to be a
zero-sum game: the more an entity specialises somewhere, the less it does elsewhere. To ensure that it is a real zero-sum
game, the application or registration numbers used to compute the Sl are based on fractional counting.

9  Communication from the Commission to the Council, the European Parliament, the European Economic and Social Commit-
tee and the Committee of the Regions - Limiting global climate change to 2 degrees Celsius - The way ahead for 2020 and
beyond. EUR-Lex - 52007DC0002 - EN - EUR-Lex (europa.eu)
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The EU is also more specialised in sever-
al challenges when compared with both
the US and China. In particular, the EU is
more specialised than the US in the challeng-
es of energy, climate & environment, food &
bioeconomy and transport (Figure 6.3-17). In
addition to those, the EU is also more spe-
cialised than China in health (Figure 6.3-18).
However, the EU is less specialised than both
countries in the challenge of security. Over
time, when compared with the US, and es-
pecially in the last years, the EU progressed
in the field of energy, but lost ground in food
& bioeconomy. Compared with China, energy
and food & bioeconomy have been relative-
ly stable, while secure societies and health
have declined.

The EU holds a competitive advantage in
health over China and in energy and cli-
mate & environment over the US. When
combining the specialisation indexes of sci-
entific publications (analysed in Chapter 6.1)
with patent applications in health, the EU is
more specialised than China in both cases.
This gives the EU a competitive edge over
China in that field. The same applies to the
US for the fields of energy and climate & en-
vironment, in which the EU shows a compet-
itive edge, as both specialisation indexes, in
scientific production and patent applications,
are significantly above 1.

Non-technological innovation is a major
factor of competitiveness and productivity
growth in the economy, notably in the ser-
vice industries. However, the measurement of
non-technological innovation and of innovation

Figure 6.3-17: EU specialisation index!* compared with the United States by Horizon
2020 Societal Grand Challenge, 2000-2018
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Notes: YSpecialisation refers to the intensity in the EU for a given societal challenge relative to the intensity in the United States
for the same societal challenge. Fractional counts and date of application used.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-17 xlsx

X
>
v
-
m
£
o
("}



Figure 6.3-18: EU specialisation index™ compared with China by Horizon 2020
Societal Grand Challenge, 2008-2018
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same societal challenge. Fractional counts and date of application used.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-18.xlsx

Read more in Chapter 13 - Part 2 on The green and digital twin transitions across
EU regions (Julie Delanote, Ludovica Massacesi, Désirée Riickert, Christoph Weiss, EIB)

It is shown that the EU is a global leader for patenting activities at the crossroads of
digital and green technologies. It also found that less developed and transition EU
regions have a relatively high share of patents in green-digital technology domains:
they hold fewer patents than more developed EU regions, but have a strong focus on
green and digital innovation.

€9 HE.I.dVI.



in the service industries is currently very poor, as
traditional data sources like R&D or patents do
not apply to these types of innovations (Millot,
20009). For this reason, data on other types of in-
tellectual property rights such as trademark® and
community design!! applications can help assess
non-technological innovation. In particular, trade-
marks constitute a rich and easily accessible data
source; they are highly correlated with various in-
novation variables (patents, share of innovative
sales); and they are present in almost every sector
of the economy. Trademark data are then likely
to convey information on two key (overlapping)
aspects of innovation that are not well covered
by traditional indicators: innovation in the service
sectors and marketing innovation (Millot, 2009). In
addition, trademark analysis can contribute in cap-
turing relevant aspects of innovation phenomena
and the process of industrial change (Mendonca
et al, 2004); and trademarks for brand creation
relate more often to product innovation (Flikkema
et al, 2019). On the other hand, design innovation
is a pillar of product differentiation, especially in
crowded marketplaces (Sarlangue, 2021).

The innovation divide among EU Member
States is less pronounced in trademarks
and community design applications than in
patent applications. Although the most inno-
vative countries, like Denmark and Finland, are
top performers in patent applications and also in
trademarks and community designs, small coun-
tries like Malta, Cyprus, Estonia or Luxembourg
tend to perform particularly well in one or both
types (trademarks and community designs) of
IPRs (Figures 6.3-19a and 6.3-20a). This might
be due to the innovation capacity of firms in less
technology-oriented sectors, favourable legis-
lation, easy procedures and attractive taxation
systems for IPR applications.

The relative importance of some sectors in the
economy also plays a significant role. For exam-
ple, high propensity sectors for trademarks like
business services and advertisement have a
substantial share in Luxembourg, while the gam-
ing and software sectors are relevant in Malta.
Comparing countries of similar size, Italy stands
out with a good performance in both types of IP,
primarily due to its strong fashion and alcoholic
beverages sectors, for which both community de-
signs and trademarks are important.

China is the top performer in both types of
IP applications. Using data from the World In-
tellectual Property Office (WIPQ), the EU comes
third in terms of community designs, well be-
hind China and South Korea. In terms of trade-
marks, the EU lags behind Japan and Canada.
In contrast with patent applications, the EU per-
forms better than the US in the two types of IP
analysed (Figures 6.3-19b and 6.3-20b).

Over time, the EU improved in trademark
applications, but declined in community de-
signs. Most Member States reported an increase
in their application intensities, especially for
trademarks. Significant improvements were seen
in Malta, Estonia and Cyprus for trademarks, and
in Denmark and Estonia for community designs.
China, despite showing a similar trend, reported a
much larger degree of variation, with a big drop
in community designs, but an impressive rise in
trademarks - i.e. from an intensity similar to that
of Canada and South Korea in 2014, to more
than double this in 2020.

10 A trademark is a sign capable of distinguishing the goods or services of one enterprise from those of other enterprises.
Trademarks can be words, pictures, stylised words, logos, a colour or colour combination, a shape, a sound or a combination

of those signs. (source: WIPO)

11 Aregistered Community design (RCD) is an exclusive right that covers the outward appearance of a product or part of it. It
covers the visual appearance of a product, part of a product and/or its ornamentation, i.e. a design covers the appearance
of a product but cannot protect its functions, which fall under the regime of patent protection. (Source: EUIPO)
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Figure 6.3-19a and 6.3-19b: Community design applications

a) Community design applications to the EU Intellectual Property Office (EUIPO)
per billion GDP (PPS), 2010 and 2020
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Figure 6.3-20a and 6.3-20b: Trademark applications

a) Trademark applications to the EU Intellectual Property Office (EUIPO) per billion GDP (PPS),
2010 and 2020
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b) Trademark applications to the World Intellectual Property Office (WIPO) per billion GDP (PPS),
2014 and 2020
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Figure 6.3-21: Share of innovative enterprises that applied for IPR, 2016-2018
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Countries are ranked by their share of innovative enterprises.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-21 .xlsx

Overall, trade secrets? and trademarks
were the most commonly used IPR by
innovative enterprises in the EU for the
period 2016-2018. Based on the Communi-
ty Innovation survey data, countries with the
highest share of innovative firms (such as Es-
tonia, Cyprus and Germany) are characterised
by the largest use of trade secrets and trade-
marks (Figure 6.3-21). These findings might be
explained by the fact that trade secrets and
trademarks can be applied to both products/
services and processes that are new to the
market and new to the firm (Wajsman et al,
2017), thereby increasing the scope of these
types of IP for innovation protection.

Regarding patent applications by innovative en-
terprises, Germany, France, Austria, and Finland
have the highest values, with shares between
10% and 15%, in line with previous findings.
Despite having the highest share of innovative
enterprises, Estonia shows very low shares of
these enterprises applying for IP other than
trademarks. As mentioned before, differences
in the dominant economic sector to which in-
novative companies belong and variations in
IPR legislation can explain the variation across
countries.

12 Trade secrets are intellectual property (IP) rights on confidential information which may be sold or licensed. In general, to
qualify as a trade secret, the information must be: commercially valuable because it is secret; be known only to a limited
group of persons; and be subject to reasonable steps taken by the rightful holder of the information to keep it secret, in-
cluding the use of confidentiality agreements for business partners and employees. (Source: WIPO)
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3. Economic impact of innovation

Innovation is a key driver of economic
growth. The link between innovation and
economic growth and the impact of innova-
tion on productivity have been investigated by
many economists and are analysed in chapter
4.1. Innovative products and processes tend
to generate more output with the same in-
put (i.e. increase productivity). As productivity
rises, businesses profits rise, more goods and
services are produced, wages increase, and
consumers can buy more - in other words,
the economy grows. However, in some cases,
it has been noticed that large investments in
innovation-related activities have generated
little economic return in terms of new prod-
ucts, competitiveness, growth and employment
(Edquist and McKelvey, 1998). Research on this
phenomenon, known as the ‘innovation para-
dox’, suggests that the increasing dependence
on a small number of large firms can negative-
ly affect the long-term productivity potential of
national economies (Fragkandreas, 2021). This
section provides evidence on the economic im-
pact of innovation in EU Member States and
selected global competitors.

In 2018, the share of turnover from new
or significantly improved products in the
EU was 12.99%, slightly higher compared
with 2016 (+ 0.4 p.p.). The highest shares
are recorded in southern European countries
such as Greece (23 %), Italy (16.9%) and Spain
(16.19%). Compared with the previous report-
ing period 2014-2016, 19 out of 27 Member
States showed an increase in their shares.
Greece achieved the largest improvement
(7 p.p.), followed by Sweden (+ 5 p.p.) and Den-
mark (+ 5 p.p.). On the opposite side, Slova-
kia dropped by 9 p.p., and Ireland by 6.5. Lux-
embourg, a strong innovator according to the
latest edition of the EIS, is ranked last in this
indicator. Similarly, the Netherlands, despite its
strong innovation system, ranks fourth.

The more innovative enterprises, the
more the turnover from innovation. Figure
6.3-23 shows that the level of innovation of an
economy, measured by the share of innovative
enterprises, is positively correlated with the
economic output of the innovation activities,
measured by the share of turnover from inno-
vation. Exceptions such as Spain, Romania and
others (where the share of turnover from inno-
vation corresponds to a low share of innova-
tive enterprises) may indicate that innovation
is performed mainly by a few large companies,
while most SMEs do not innovate. The opposite
trend (i.e., share of innovative enterprises cor-
responding to a relatively low share of turnover
from innovation) observed, for example, in Es-
tonia or Luxembourg, may be linked to the type
of innovation and the economic sectors of the
innovative enterprises.
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Figure 6.3-22: Map of share (%) of turnover of innovative enterprises from new
or significantly improved products®, 2016-2018

-

)
_ Canarias (ES)

Guadeloupe (FR)

Martinique (FR)

%

0 200 400 600 800km
, Vv S
D
N = = =
-0 100 ’,/ 0 20°7 0 20
Percentage Guyane (FR) Réunion (FR) Mayotte (FR)
[ ]<s - .
[ ]s8-<10 5
B 10-<12 !
Bl 12-<15 ¥ \\& — — .
I -5 . B 0100 |0 20 0 10 j
[ Data not available Malta Acores (PT)
’ A
-, F
@
P

=
0 10

Madeira (PT)

Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation - Common R&l Strategy and Foresight Service - Chief Economist Unit based on Eurostat -

Community Innovation Survey 2018 (online data code: inn_cis11_prodt)

Note: YTotal turnover of new or significantly improved products as a percentage of total turnover.
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Figure 6.3-23: Share of innovative enterprises compared with percentage
of turnover from innovation
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Source: DG Research and Innovation - Common R&! Strategy and Foresight Service - Chief Economist Unit based on Eurostat -
Community Innovation Survey 2018 (online data code: inn_cis11_prodt and inn_cis11_bas)
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Scientific evidence shows that medi-
um-and-high-technology products are
positively associated with economic
growth, productivity and welfare (Bello et
al,, 2022). The indicator on the exports of me-
dium-and-high-technology products as a per-
centage of total product exports measures the
technological competitiveness of a country, but
also reflects the ability to commercialise the
results of research and innovation products.
On the other hand, the indicator on exports of
knowledge-intensive services aims to capture
the competitiveness of the services sector, by
reflecting the ability of an economy to export
services with high levels of value added and
successfully take part in knowledge-intensive
global value chains. Both indicators are part of
the innovation output indicator.

In 2020, about 62% of total EU exports
concerned medium-and-high-technol-
ogy products. The EU is third among its
global competitors in the exports of medi-
um-and-high-technology products as a per-
centage of total product exports (excluding
intra-EU trade). Although the EU share has
improved since 2011 by 3 pp.3 it has not
reached the levels of Japan and South Korea,
both leading with 73.4% thanks to their strong
ICT and automotive sectors. However, the EU
remains ahead of the US and China.

13 Theincrease in MHT export share between 2011 and 2020 is mainly driven by an increase in the total value of MHT exports.

No COVID-19 effect was detected.
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Within the EU, Slovakia and Hungary report
the highest share (both above 70%), fol-
lowed by Czechia and Germany. The high per-
formance of these countries, except for Germany,
results mainly from the presence of foreign-af-
filiated companies in the automotive, machinery,
and electrical and electronic equipment sectors,
which jointly dominate their exports. Noteworthy

are the increases in Cyprus, Bulgaria, the Neth-
erlands, Slovakia, Malta, Ireland, and Denmark
(with more than 10 p.p. since 2011). Another
important finding is the stagnation in exports of
medium-and-high-technology products as a per-
centage of total product exports for the major EU
economies: Germany, France, Italy, and Spain.

Figure 6.3-24: Exports of medium-and-high-technology products as a % of total
product exports, 2011 and 2020
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et al, 2022)

Note: ¥'Two sets of values are available: for worldwide and for European comparison. The values for worldwide comparison are
shown in the graph. The value for EU comparison for 2020 is 57.7 %.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-6-3-24 xlsx




In 2020, 67 % of EU services exports were
knowledge-intensive. Due to a decrease of
4.5 p.p. since 2011, the EU lost second position
and fell behind Japan, the US and South Korea,
but remained ahead of China. Interestingly, the
better performance of the EU, when exclud-
ing intra-EU trade, indicates that the share of
knowledge-intensive services exported outside
the EU is proportionally larger than the share
of knowledge-intensive services exported to

EU Member States (Bello et al, 2022). The
top-performing countries globally with shares
between 89% and 949% are Ireland, Cyprus
and Luxembourg, followed by the UK. Within
the EU, all but four Member States (Malta, the
Netherlands, Sweden, and Denmark) have in-
creased their performance since 2011. The EU
countries experiencing the largest increase are
Bulgaria, Spain, and Cyprus. By contrast, the
largest drop was observed in Malta.

Figure 6.3-25: Exports of knowledge-intensive services as a % of total service
exports, 2011 and 2020
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The creation of jobs in knowledge-
intensive activities remains a challenge
for the EU.In 2020, employment in knowledge-
intensive activities in business industries as
a percentage of total employment was less
than 159%, well below South Korea, Japan
and the US (Figure 2.3-26). Israel is the global
leader, with 34 9% of its employment in knowl-
edge-intensive activities. Among EU Member
States the top performers are Luxembourg
(26.3%) and Ireland (22.3%). The EU average

showed a small increase since 2011, reflecting
the improvement in all Member States, except
Germany (which recorded a slight decreasing
trend). Malta and Estonia experienced the
largest increases, with 3.7 p.p. and 3.4 p.p,, re-
spectively, followed by Cyprus, Latvia and Lith-
uania. The structure of the economy has a sig-
nificant impact on this indicator. Countries with
strong financial and/or ICT service sectors tend
to perform better than the rest.

Figure 6.3-26: Employment in knowledge-intensive activities in business industries
as a% of total employment, 2011 and 2020
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Member States’ capacity to rapidly trans-
form their economies in response to new
socio-economic needs varies significant-
ly. The employment share in the fast-growing
enterprises in innovative sectors is used as a
proxy to measure this capacity. In 2019, Ire-
land was the top EU performer (10.8%), fol-
lowed by Malta (8.2%) and Hungary (8.19%)
(Figure 6.3-27). Looking at the evolution over
the period 2011-2019, most EU countries im-
proved their performances, leading to a 1 p.p.
increase in the EU average. Ireland is again at
the top of the ranking, reporting the highest
growth over the period considered. Finland and

Portugal follow. Conversely, the most signif-
icant drops are observed in Slovakia, France,
Denmark, and Czechia. Interestingly, countries
with strong innovation systems (according to
the European Innovation Scoreboard) such as
Belgium, Austria, and France score very low
in this indicator, while countries experiencing
strong economic changes (e.g., Eastern Mem-
ber States, Ireland or Greece) have better
scores and growth performance. This pattern
may suggest that the indicator captures both
the dynamism of the economy and the overall
performance of innovative sectors (101).

Figure 6.3-27: Employment in fast-growing enterprises in the top 50% most
innovative sectors as a% of total employment, 2011 and 2020
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Source: European Commission, DG Joint Research Centre based on Eurostat (online data code: bd_Spm_r2 )(Bello, M. et al, 2022)
Note: “Number of employees in high growth enterprises measured in employment (growth by 10% or more). ?Data for 2020
were in some cases partly available. Thus, for calculating the composite indicator, missing data have been estimated by
replicating the data of the closest available year, (Bello, M. et al, 2022).
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4. Knowledge valorisation

Knowledge valorisation is becoming
increasingly important. In its latest Com-
munication A new ERA for Research and
Innovation**, the European Commission calls
for ‘strengthening innovation ecosystems for
knowledge circulation and valorisation’ by de-
veloping and testing a ‘networking framework
in support of Europe’s R&l ecosystems’, as well
as by updating and developing ‘guiding prin-
ciples for knowledge valorisation and a code
of practice for the smart use of intellectual
property’. Collaboration, mobility and fur-
ther investment are identified as key aspects
to achieve a strong system for knowledge
creation and valorisation.

Knowledge valorisation encompasses
several dimensions. In the literature, knowl-
edge valorisation is a broader concept than
innovation because the latter only refers to
a successful introduction into the market. In
contrast, knowledge valorisation also includes
the often long lasting chain of processes
that starts with first thoughts about market
introduction and the research/development
steps needed to reach this goal. There is also
a broader conceptualisation of knowledge
valorisation, namely as a complex and inter-
active process in which knowledge is made
ready and available, and in which interac-
tion between knowledge institutes and firms
is crucial in all stages (Geenhuizen, 2010).
Knowledge valorisation, the transfer of knowl-
edge from R&D organisations to other parties
envisaging the creation of social and economic
value from it, is fundamentally driven by the
fact that industrial economies need to change
their development paradigm from one based
on resources exploitation to a new one based
on knowledge and innovation (Ala et al., 2014).

In addition, a single focus on the economic di-
mension neglects other important impacts of
research, such as the impact of knowledge on
the general public and societal welfare (van
de Burgwal, 2019).

Knowledge valorisation is sometimes
confused with knowledge transfer. How-
ever, whereas knowledge transfer highlights
the formal transfer of academic knowledge to
parties in the commercial sector for economic
benefit, knowledge valorisation takes a broad-
er scope and looks at the creation of societal
value from knowledge by translating research
findings into innovative products, services,
processes and/or business activities (van de
Burgwal, 2019). As the European Commis-
sion’s Expert Group defined it: ‘Knowledge
Transfer (KT) aims to maximise the two-way
flow of technology, IP and ideas. In turn this
enables companies (existing and new) or oth-
er non-academic organisations and the public
sector, to drive innovation leading to economic
and social benefit and enables publicly funded
research organisations (PROs) to advance re-
search and teaching.” (Campbell et al., 2020).

Countries with higher business expendi-
ture in R&D tend to have higher patent
applications. In 1942, Schumpeter indicated
that R&D is an activity rewarded by the pos-
session of a patent that generates profits for
its owner. And in 1990, economist Paul Romer
admitted that a patent is an instrument for
encouraging R&D and the transfer of scientific
knowledge.

14 COM(2020), Communication from the Commission to the European Parliament, the Council, the European Economic and
Social Committee and the Committee of the Regions: A new ERA for Research and Innovation. EUR-Lex - 52020DC0628 -

EN - EUR-Lex (europa.eu)

X
>
o
-
m
E]
o
W



In other words, by assuming business invest-
ment in R&D as knowledge input and patents
as knowledge output, patents can be consid-
ered a return on investing in R&D (Mohnen,
2019). This suggestion is confirmed by the
strong correlation between business R&D in-
tensity and patent intensity (Figure 6.3-28).
South Korea, and to a lower extent Switzer-
land, Germany and Denmark follow exactly
the trend line, with both high levels of busi-
ness expenditure in R&D and high levels of
patent applications. On the lower side, a group
of countries like Cyprus, Lithuania, and Turkey
show both low levels of business expenditure
in R&D and low levels of patent applications.

Japan, with relatively high patent inten-
sity, seems to make the most out of its
business investment in R&D. The same can
be said for some EU countries like Finland,
Sweden, and to some extent, Estonia. On the
other hand, Israel seems unable to translate
its relatively high business expenditure in
R&D into more patent applications. The same
situation is seen in EU countries like Czechia,
Belgium, or Poland. Economic structure might
be an important factor in explaining those re-
sults, with sectors with low patent propensity
investing more in R&D, and vice-versa. The
EU, with a similar level of patent intensity to
that of China and the US, but lower business
R&D intensity, seems to make more out of its
business expenditure in R&D than those two

Figure 6.3-28: Patent applications filed under the PCT per billion GDP (in PPS€), 2018
and business R&D intensity, 2017
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countries. Similarly, the relative importance of
some sectors in the economy play a role. Ac-
cording to the latest Industrial R&D Investment
Scoreboard?®®, the top US R&D performers are
companies in the ICT sector, while in the EU
the top R&D performers are companies in the
automotive and pharmaceutical sectors, which
are patent intensive, but less R&D intensive.

More efforts are needed to bridge the
gap between basic research, innovation
and marketable solutions. When looking at
Figure 6.3-29, even though the EU has a large
qualified workforce and strong collaboration
between academia and the business sector,
the US and China outperform it in terms of

patent applications. Equally worryingly, de-
spite the enormous scientific production of
the EU, especially in comparison with the US,
its quality is proportionally lower than that of
China and the US. In addition, the EU fails to
excel in the share of high-tech exports, es-
pecially in comparison with China. If the EU
wants to catch up and become more com-
petitive internationally, it needs to promote
a culture of knowledge valorisation in its R&l
system, ensuring that knowledge-based in-
stitutions manage their intellectual capital ef-
fectively, and by improving the links between
academia, industry, citizens, and policymakers.

Figure 6.3-29: Knowledge valorisation approach, latest available year
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15 European Commission (2021), The 2021 EU Industrial R&D Investment Scoreboard.
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Read more in Chapter 15 - From Lab to Market: Evidence from Product Data

(Gaétan de Rassenfosse, EPFL)

‘One key piece of information that scholars and analysts have been missing so far con-
cerns how science translates into actual products’. Understanding how scientific results
reach the market is essential to better understand the dynamics underpinning innovation
ecosystems, and to provide more targeted policy instruments and incentive schemes.

The chapter investigates this issue, providing a method to trace ideas as they progress
from the lab to consumers. The analysis provides interesting insights on the factors
that facilitate technological transfers from academic level to full market deployment,
with a focus on the European science landscape.

A strong valorisation policy relies on a
toolbox of instruments that acknowledg-
es different knowledge valorisation chan-
nels (European Commission, 2020). Many
strategies, instruments and measures have
been developed at European, national, and re-
gional level by private and public players, to
enhance knowledge transfer and valorisation.
In the context of the 2021 consultation on the
guiding principles for knowledge valorisation,
stakeholders pointed out the need for an ex-
tended policy incorporating a new direction:

» Academia-industry connections and the
interaction of innovative companies in
different sectors provide key channels for
knowledge diffusion and valorisation. The
EU Framework Programmes and Member
States support these collaborations through,
for example, collaborative research or
public-private partnerships. Digital solutions
such as platforms provide new opportunities
for industry cross-fertilization and for
better linking the various actors in the
innovation system. However, to maximise
this collaboration, entrepreneurial practices,
processes and skills need to be developed.

» Ensuring the valorisation of R&l-based
knowledge assets is today a much broader
activity based on co-creation between many
actors, including local communities and
citizens, in the socio-economic ecosystem.
Without citizen engagement even the
best-designed valorisation strategies and
activities would not achieve the highest
impact or support the economic, social and
ecological transition in a way that includes
all EU communities or regions.

» Intellectual property fosters innovation,
creativity and knowledge sharing as the
basis for progress, growth and employment.
IP protection is a tool to balance the interests
of both society and innovators. Nevertheless,
the report contains recommendations for
broadening the scope from management
of intellectual property to intellectual
asset management to cover results and
products generated by R&I activities more
broadly (e.g. publications, data, know-
how, processes, practices, technologies,
inventions, software etc.).
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» A modemn valorisation policy requires a
change of focus from management of
intellectual property in knowledge transfer
activities, to knowledge valorisation and
value-creation. It is vital to consider the
broadest possible societal utilisation of
intellectual assets generated by R&I activities
and to include elements such as policy uptake,
standardisation (see Box 2), tacit knowledge,
social sciences, humanities and arts.

In addition, examining and sharing experienc-
es and best practices of knowledge valori-
sation is a powerful way to improve national
and European strategies. The EU Knowledge
Valorisation Platform!® connects players
across the EU, enabling them to share
their knowledge and experiences in putting
excellent research results and data to practical
use. The platform promotes cross-border peer
learning and sharing of best practices. It pro-
vides a forum to stimulate cooperation across
borders and sectors by involving all knowledge
valorisation actors, from academia and industry
to policy-makers and civil society. It enables the
exchange of knowledge and expertise to support
the design, implementation and evaluation of
policies, investments and measures.

16 Stakeholder consultation on the guiding principles for knowledge valorisation — Report of the results https:/ec.europa.eu/
info/research-and-innovation/research-area/industrial-research-and-innovation/eu-valorisation-policy/knowledge-valorisa-

tion-platform_en

X
>
v
-
m
£
o
("}



Box 6.5-2: The important role of standardisation

Standards help to bridge the gap between
research and market and increase the proba-
bilities of market uptake of technological in-
novations. Standardisation has an important
role in R&l investment agendas as it helps
pave the way for large-scale deployment of
new and strategic technologies. Horizon Eu-
rope, the new Framework Programme for R&I
for 2021-2027, will support valorising R&l
results through standardisation to the high-
est possible extent.

As emphasised in the European Green Deal
and in the New Industrial Strategy for Eu-
rope, developing new standards, coupled
with increased EU participation in interna-
tional standardisation bodies, is essential to
boosting the competitiveness and resilience
of European industry and to building a sus-
tainable future. Standards will help to val-
orise and channel scientific discoveries and
inventions to the green and digital transition
and the EU’s open strategic autonomy.

The EU Standardisation Strategy stresses the
untapped potential of EU-funded pre-norma-
tive research in supporting future trends in
standardisation, by allowing new technolo-
gies to create opportunities for our industries.
The role of Horizon Europe is underlined as it
entails a strong anticipation of standardisation
needs and strong linkages between strategic
priorities and pre-normative research.

The Commission is assessing how to better
support researchers and innovators partic-
ipating in EU-funded R&D&I projects take
part in standardisation activities. It launched
the Standardisation Booster, a platform to
help beneficiaries — whose Horizon 2020 and
Horizon Europe research results are likely to
lead to the revision or creation of a stand-
ard - test the relevance of their results for
standardisation. Engaging the research and
innovation community early on in standards
development also provides an opportunity to
build expertise and skills in standardisation.

Today, researchers, spin-offs and start-ups
often do not consider standardisation a prior-
ity: they are not always aware of the benefits
of standardisation, they do not have the nec-
essary resources or they consider that time
spent on standardisation activities is not suf-
ficiently rewarded. A consistent approach to
facilitate standardisation activities and raise
strategic awareness among researchers and
innovators will be promoted by a dedicated
European code of practice for researchers on
standardisation.
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https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0102
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0102
https://ec.europa.eu/docsroom/documents/48598

5. Conclusions: innovation capacity in the EU
is strong, but improvements are needed

Between 2020 and 2021, innovation per-
formance, as measured by the European
Innovation Scoreboard, improved for most
Member States and the EU in general.
Nevertheless, the performance gap between
north-western and eastern and southern EU
countries persists. Globally, despite improve-
ments since 2014, the EU is still underper-
forming compared with South Korea, Canada,
Australia, the US, and Japan, mainly due to low
intellectual property applications and R&D ex-
penditure by the business sector. Europe’s insuf-
ficient patent intensity has been flagged by the
innovation output indicator as the main reason
for the EU falling behind Japan and the US.

Patent data are a useful tool to measure
innovation performance. In 2018, around
809% of patent applications filed under the PCT
worldwide came from Japan, China, the EU and
the US. Over time, China showed the largest
increase, overtaking both the EU and Japan in
2017. If the trend continues, China will over-
take the US in the coming years. In terms of
patent applications per billion GDP, in 2018,
Japan and South Korea toped the ranking, fol-
lowed by the US, China and the EU. However, it
is important to highlight that patenting is af-
fected by structural factors such as the share
of the manufacturing sector in the economy, or
the technological intensity of the manufacturing
and service sectors.

The innovation divide persists across
Member States, with Germany accounting
for more than 40 % of patent applications
filed in the EU under the PCT in 2018.
France came a distant second, with a share of
17 %, followed by Italy (8 %) and Sweden (7 %).
In relative terms, northern and western EU
countries like Sweden, Finland, and Germany
perform very well, while southern and eastern

EU countries like Romania, Croatia, and Poland
perform poorly. In addition, in the 2008-2018
period, about half of the Member States re-
ported a stagnation or decline in the share of
patent applications per billion GDP. However, in
terms of contributions to the EU total, eastern
and southern EU Member States like Portugal,
Italy, Spain, and Poland increased their share
between 2000 and 2018, while countries like
Germany, the Netherlands, Sweden, and Finland
lost some ground.

The EU remained the top patent applicant
in 2018 in the fields of climate & environ-
ment (23 %), energy (22 %) and transport
(289%) worldwide. However, the EU expe-
rienced significant losses in the world shares
in all fields between 2008 and 2018. The US,
while maintaining leadership in the fields of
health and food & bioeconomy, followed the
same pattern, with an even stronger decline.
China, on the other hand, increased its
world share in all fields, but unlike scientific
production, where it leads in almost all fields,
China only topped the ranking in security. Ja-
pan, despite being weak in scientific production,
stood out strongly in technology output, with
important shares in the societal challenges of
health, energy, and transport.

The EU holds a competitive advantage in
health over China, and in energy and cli-
mate & environment over the US. When
combining the specialisation indexes of scien-
tific publications with those of patent applica-
tions in health, the EU is more specialised than
China in both cases. The same applies to the
US for the fields of energy, and climate & envi-
ronment, as both specialisation indexes, in sci-
entific production and patent applications, are
significantly above 1.
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Non-technological innovation is a major
factor of competitiveness and produc-
tivity growth in the economy, notably in
the service industries. Data on other types
of intellectual property rights, such as trade-
mark and community design applications, can
help assess non-technological innovation. The
innovation divide among Member States is less
pronounced in trademarks and community de-
sign applications than in patent applications.
Small countries like Malta, Cyprus, Estonia, and
Luxembourg perform particularly well in both
trademark and community designs applications.
Over time, most Member States reported an in-
crease in their applications intensities, especially
for trademarks.

The share of EU companies engaging in
innovation activities increased to 50% in
2018, but the discrepancies between
Member States are significant. Innovation is
particularly important for large companies, as
almost 80% of them reported innovation ac-
tivities. In the EU, large companies are driving
product innovations, as one in three in-house
product innovators with market novelties be-
long to this category (250 or more employees).
This represents about 4% of the total number
of enterprises. For SMEs, important hampering
factors to innovation are high costs, lack of in-
ternal finance and lack of qualified employees.
However, the impact of these factors varies
significantly across Member States (Community
Innovation Survey, 2018).

The EU remains one of the key global man-
ufacturers of medium-and-high-technology
products, behind South Korea and Japan. In
2020, these represented about 62 % of total EU
exports (excluding intra-EU trade). The EU per-
forms less well in exports of knowledge-inten-
sive services. With 67% in 2020 and a gap of
about 15 p.p. with the top scorer, the EU ranks
behind Japan, the US, and South Korea. However,
regarding patent applications, the EU applies for
proportionally more patents in the medium and

low-tech sectors; while China and the US apply
for proportionally more patents in the high-tech
sectors in knowledge-intensive services.

More efforts are needed to bridge the gap
between research, innovation and mar-
ketable solutions. Although the EU has a
large, qualified workforce and strong collabo-
ration between academia and business, the US
and China outperform it in patent applications.
If the EU wants to become more competitive
internationally, it needs to promote a culture of
knowledge valorisation in its R&I system, ensure
that knowledge-based institutions manage their
intellectual capital effectively, and improve the
links between academia, industry, citizens and
policy-makers.

A modern policy requires a change of
focus from managing intellectual prop-
erty in knowledge transfer activities, to
knowledge valorisation and value crea-
tion. It entails broadening the scope from in-
tellectual property management to intellectual
asset management, to cover more results or
products generated by R&l. Furthermore, it
needs to address all ecosystem actors involved
in R&I activities, including local communities
and citizens. Finally, it must develop an entre-
preneurial mindset with its practices, processes
and skills.
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