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The State of the Innovation Union report, which is
published together with the present Research and
innovation country profiles, shows that despite the
deep economic recession we are currently facing,
research and innovation remains alive and well in
Europe. This is good, as a competitive European
economy with high-quality jobs can only be based on
innovative products and services.

The strength of this report is that it looks at the overall

picture and individual country performances. With a

similar analytical structure for each country, policy makers and stakeholders can compare and reflect in a
transparent manner. The research and innovation system in each country is described in a comprehensive form
based on the very latest official statistics from Eurostat, OECD and other major data sources. They cover the
entire innovation cycle, from input of investment and skilled workforce to the economic impact of innovation on
structural change and international competition.

Looking at the facts and figures, the picture is mixed. We can identify ‘Innovation Leaders’ that are showing the
way by boosting investment in research and development. Others are only now taking steps to reform their
research and innovation systems, improving efficiency and effectiveness. The report shows the challenges each
country is facing, but also their technology strengths and innovation opportunities. Slowly, the European
economy is transforming into a knowledge-based Innovation Union.

However, the path from ideas to market is still not a smooth one. We have made progress on some big ticket
items like the Unitary Patent and new rules for venture capital. We are on track to fulfil the commitments taken
under Innovation Union. Yet there is still much to be done both at the European and at the national level. This is
the case for reform of research and innovation systems as well as for funding. The EU still lags behind major
players such as the US, Japan and South Korea in terms of R&D investment relative to GDP. There are also
large differences between EU Member States in funding and innovation performance. We are not closing the gap
between the top performers and those that are less innovative.

It is worth reminding ourselves every now and then exactly what the goal of the EU’s Europe 2020 strategy is: a
smart, sustainable and inclusive economy. In order to achieve this we need to make the European Union a more
knowledge-based, more competitive economy. This requires us to monitor research and innovation performance,
not as an end in itself, but in order to design policy and funding that best contribute to creating growth and jobs
in Europe.

Maire Geoghegan-QuinnEuropean
Commissioner for Research, Innovation and Science



Introduction

The Europe 2020 strategy relies to a large extent on efforts made at country level, to which
European instruments can contribute. Progress towards a European Innovation Union® is
therefore closely linked to the performance of Member States in mobilising reforms of R&l
systems, investing in knowledge and making structural changes towards more knowledge-
intensive economies.

As highlighted in the Commission’s Communication on the State of the Innovation Union
2012, an effective innovation policy requires a combination of three crucial dimensions:
Europe needs to reform, invest and transform. In the current period of economic crisis,
reforms to achieve greater efficiency are urgent and feasible; alongside these reforms, there
need to be continuous investment and smart fiscal consolidation to lay the groundwork for the
recovery. However, the crisis has also highlighted more structural weaknesses in the
European economy. Our future beyond the crisis depends on having the capacity to transform
the structure of the economy towards more knowledge-intensive and innovative industries and
services.

Figure: Innovating out of the crisis
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The Research and Innovation country profiles provided in this publication constitute a key
policy tool for stakeholders and policy makers and cover these three dimensions. These
country profiles facilitate the framing of policies and the elaboration of national strategies
based on factual evidence. They were first published in June 2011 as part of the Innovation
Union Competitiveness report,” providing policy makers and stakeholders with concise,
holistic and comparative overviews of research and innovation (R&I) in individual countries.

! State of the Innovation Union 2012, Accelerating change
% Link: ec.europa.eu/iuc2011.




This 2013 publication is an updated and extended version of the country profiles published in
2011 with particular emphasis on thematic and sector-based analysis.

The country profiles cover the whole innovation cycle: the main policies concerning
investment in R&I, performance and reforms of the R&I system, hot spots and specialisation
in science and technology, new R&I policy strategies, dynamics of fast-growing innovative
firms, upgrading of manufacturing industries, the contribution of high-tech and medium-tech
industries to the trade balance, and the overall link between innovation and progress towards
Europe 2020.

As in 2011, the performance of individual countries is benchmarked against the EU average
and against a group of other European countries with similar knowledge and industrial
structures. The benchmarking employs the same methodology that was used in 2011, thus
ensuring comparability over time. The policy analysis draws on the policy assessments
already published as part of the Europe 2020 process® in the Commission staff working
document assessing the National Reform Programmes, and also on the supporting Country-
Specific Recommendations.

The statistical data and evidence of policy reforms have been verified with each Member
State and associated country. Each country profile, however, does not constitute a policy
statement but rather is an objective analysis by the Commission services. In order to ensure
cross-country learning and comparability, Eurostat and OECD data have been used,
complemented by data from some other sources®.

% See methodological notes at the end of this document.



Key findings
1. The need for reforms for a more efficient research and innovation system

One of the Europe 2020 targets is to reach an R&D investment intensity of 3% in the EU.
Governments and firms are investing strongly in research and development. However, the use
of these resources will not be effective if they are not invested in a first class research and
innovation system that is capable of transforming ideas into innovation and spurring the
development and deployment of technologies for industry and society. A more efficient R&I
system means generating the best possible output from invested input; a more effective
system means attaining more relevant outcomes for the economy and society. The objectives
of efficiency and effectiveness should therefore be actively pursued and must cover the whole
research and innovation cycle.

There is no ideal or absolute model for an R&I system. Its specific configuration will not be
optimal if it is not tailored to the industrial, social and cultural setting at national and regional
level. However, many features of a system can be transposed from one setting to another with
slight adaptations, notably from other countries with similar patterns.

The country profiles show that some countries excel more than others at science and
technology (S&T) for the same level of public investment. In some countries, the challenge
for efficiency starts at the reforms needed to achieve scientific and technological excellence.
Growing investment has raised levels of excellence in S&T in many countries, but the degree
of improvement may still be lower than the EU average. For other countries the main
challenge is to trigger fast-growing innovative enterprises and international competitiveness
by disseminating knowledge.

The synthesis table below illustrates these findings. The first column shows the latest levels of
R&D intensity of each country and its growth over the last decade. This input can be seen
alongside two new composite indicators on research excellence and on structural change
towards a more knowledge-intensive economy.’ Finally, an effective innovation system
should have an effect on international competitiveness and on the trade balance of more
sophisticated products and services. The last column, based on a recognised methodology
used by the OECD, provides important insights into the competitiveness of a country. In order
to interpret it, parallel information on the trends in absolute values of exports is made
available in each country profile.

* For an overview of these composite indicators, see the methodological notes at the end of this document.
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Table: Overview of R&I performance in Member States and Associated countries

. . . Knowledge-intensity of HT&MT contribution
R&Dzlgﬁnﬂtyl Excelle;(():foln S&T elcnoie(;(rr?ifc ec?ngomy ¢ to trade balance
. 10 2011
Country growth _|mpact_of ,
value ratel value growth rate innovation value growth rate value growth rate
(2000-2011) (2005-2010) 2010-2011 (2000-2010) (2000-2011)
EU &‘]mea“ 2.03 +0.8 47.86 +3.09 0.612 48.75 +0.93 42 +4.99%
AT | Austria 2.75 +3.25 50.46 +4.51 0.556 42.4 +2.78 3.18 +20.24%
BE Belgium 2.04 +0.35 59.92 +3.5 0.599 58.88 +1.06 2.37 +10.39%
BG | Bulgaria 0.57 +1.06 24.65 +3.4 0.234 29.45 +3.65 -4.78 n.a.
HR | Croatia 0.75 -2.72 12.25 +2.31 0.353 n.a n.a. 2.98 +133.23%
CY | Cyprus 0.48 +6.24 271.77 +0.17 0.558 44.11 +3.27 1.72 -0.83%
cz gz;ﬂgnc 1.84 +4.23 29.9 +4.58 0.497 39.58 +2.91 3.82 +42.62%
DK | Denmark 3.09 +4.64 77.65 +3.41 0.713 54.95 +1.64 -2.77 n.a.
EE Estonia 2.38 +13.31 25.85 +11.7 0.450 46.48 +2.94 -2.7 n.a.
Fl Finland 3.78 +1.12 62.91 +2.71 0.698 52.17 +0.49 1.69 +33.50%
FR France 2.25 +1.02 48.24 +3.54 0.628 57.01 +0.63 4.65 +1.66%
DE Germany 2.84 +1.28 62.78 +3.88 0.813 44.94 +1.04 8.54 -0.70%
EL Greece 0.60 +0.56 35.27 +2.53 0.345 32.53 +2.52 -5.69 n.a.
HU | Hungary 1.21 +4.64 31.88 +2.03 0.527 50.23 +1.87 5.84 +9.04%
IE Ireland 1.72 +4.07 38.11 +5.39 0.690 65.43 +1.94 2.57 +26.26%
IT Italy 1.25 +1.69 43.12 +3.56 0.556 35.43 +1 4.96 +8.13%
LV Latvia 0.70 +4.15 11.49 -0.15 0.248 34.38 +3.96 -5.42 n.a.
LT Lithuania 0.92 +4.13 13.92 +2.62 0.223 35.28 +5.04 -1.27 n.a.
LU | Luxembourg 1.43 -1.34 19.84 +1.29 0.589 64.75 +1.4 -3.35 n.a.
MT | Malta 0.73 +4.68 17.53 +4.07 0.350 54.45 +2.67 0.92 -14.37%
NL | Netherlands 2.04 -0.45 78.86 +2.72 0.565 56.22 +0.48 1.68 +53.81%
PL Poland 0.77 +1.6 20.47 +4.45 0.313 31.78 +1.65 0.88 +37.56%
PT | Portugal 1.50 -0.16 26.45 +4.23 0.387 41.04 +3.18 -1.2 n.a.
RO | Romania 0.48 +2.53 17.84 +7.81 0.384 28.35 +5.86 0.38 n.a.
SK Slovakia 0.68 +0.41 17.73 +3.85 0.479 31.64 +0.07 4.35 +32.26%
Sl Slovenia 2.47 +12.46 27.47 +3.99 0.521 45.9 +4.25 6.05 +14.72%
ES Spain 1.33 +3.56 36.63 +3.66 0.530 36.76 +2.65 3.05 +23.73%
SE Sweden 3.37 -0.96 77.2 +3.58 0.652 64.6 +1.41 2.02 -1.97%
UK E?r:ge(;’om 1.77 -0.23 56.08 +2.27 0.621 59.24 +1.2 313 +4.83%
IS Iceland 311 +1.7 38.8 +9.22 0.485 n.a n.a. -13.57 n.a.
IL Israel 4.40 +0.31 77.13 +2.68 n.a. n.a n.a. 5.42 +8.62%
NO | Norway 1.70 +0.66 51.77 +11.61 0.433 39.99 +2.22 -17.38 n.a.
CH | Switzerland 2.87 +1.9 97.59 +3.42 0.837 70.05 +2.11 8.44 +2.69%
TR Turkey 0.84 +5.82 13.79 +2.52 0.315 18.6 +0.92 -2.22 n.a.

Source: European Commission, DG Research and Innovation, Economic Analysis Unit (2012)

Notes: 'R&D intensity: EL: 2007; CH: 2008; IS: 2009; IL: 2010. Average annual growth rate is calculated for the period
2000-2011, or between the latest available data (considering the breaks in the series for certain countries): CH:2000-2008;
DK:2007-2011; EL:2001-2007; FR:2004-2009; HR:2002-2011; HU, MT:2004-2011; 1S:2000-2009; IL, NL, TR:2000-2010;
PT:2008-2011; SI:2008-2010; SE:2005-2010; NO:2001-2011.

2Cz: 2001-2011; CY,AT: 2004-2011; FI: 2003-2011; NL: 2007-2011; HR, IE, PL, IL: 2008-2010. These countries have
positive values only for the periods mentioned above, the rest of the values are negatives. For countries with negative values
of the HT&MT products' contribution to the trade balance, in the period 2000-2011, the average annual growth rate cannot be
provided. The EU value is the weighted average of the values for the Member States.

At EU level, growing investment in R&D has had a positive impact on S&T, structural
change and competitiveness. The most successful Member States have managed to increase
the scientific quality and economic impact of their science through innovation, while others
still face efficiency problems or problems related to the inadequate impact of public
investment.



EU Member States and associated countries have launched ambitious policy reforms with the
aim of making their R&I systems more efficient and more effective in line with the
objectives of the European Research Area.> Many of these reforms were initiated before the
economic crisis, but have since been extended and deepened.

The economic crisis has shown that there is a need for stronger integration of research and
innovation in broader industrial and macro-economic policies. New innovation bills have
been launched in several countries and many countries are linking innovation to broader
reform packages on entrepreneurship, the business environment and the labour market. Most
Member States have designed or implemented legislative changes increasing the autonomy of
universities. Others have introduced new employment conditions for public sector researchers
that allow them to work with the private sector and commercialise their scientific and
technological findings. Efficiency is being promoted through a better balance between
institutional and project-based funding and a general move towards competitive funding.
Performance-based institutional funding is being linked to scientific excellence,
internationalisation, and collaboration with business on science and technology.

However, there is still room for improvement. Only a handful of countries have put in place
effective mechanisms for allocating funding that give strong incentives to excellence, while
such reforms are clearly having an impact on the efficiency of the public R&I systems of
these countries. Institutional block funding for universities and public research organisations
is often allocated without reference to any performance criteria, and when criteria are used
they do not always cover key features such as cooperation with industry or dissemination of
results. Individual research actors may still have limited incentives to engage in Europe-wide
networking or competition if financial returns are absorbed by the funding institutions.
Institutions have limited incentives to strive for excellence or to cooperate with private sector
actors when neither their institutional funding nor the evaluation of their work is linked to the
results achieved. Equally worrying is the fact that, despite progress in student mobility, too
few universities and public research organisations recruit foreign professors or recognise the
international professional experience gained by their staff.

In these times of crisis and reduced funding, strategic priority setting and the establishment
of technology profiles are gaining increased attention. Most Member States, including the
larger ones, are engaged in the strategic priority setting of specific science and technology
profiles. They use a combination of criteria for their choices: dialogue with industry on their
needs for new knowledge and technologies, dialogue with stakeholders on major societal
challenges in the country and beyond, and efforts to streamline the national priorities with
thematic priorities at the EU level, in particular the FP7 and the upcoming Horizon 2020. In
most Member States, it is the national government that leads the dialogue on strategic priority
setting. In some countries the private sector takes the lead while in others regions or public
research organisations are responsible for their own priority setting in dialogue with industry.

The approach to priority setting can often be substantially improved. In several Member
States there are glaring inconsistencies between scientific specialisation and technological
specialisation, indicating both a mismatch and an insufficiency of collaboration between the
public and the private sectors. Other Member States are facing the need to diversify and to
develop specialised human resources and technology for new industries. Such changes have
come about following major changes in global value chains that have affected domestic

® A reinforced European Research Area Partnership for Excellence and Growth, COM(2012) 392final,
17.7.2012.



employment in multinational firms. And while the number of graduates in science and
engineering has gone up considerably over the last decade, gaps remain in some knowledge-
intensive economies that are faced with the gradual retirement of large numbers of researchers
and engineers. Many higher education institutions are revising their courses and curricula to
ensure that the qualifications and skills of future professionals are better suited to labour
market needs, in particular to the needs of growing industries in areas addressing societal
challenges such as health, clean energy and environment.

2. The need for continuous investment in knowledge

The EU still lags behind the United States and Japan in overall R&D intensity; China is
rapidly catching up. The EU has set an R&D intensity target of 3% for 2020, which is below
the Japanese target of 4% but in line with those of the United States and China. The funding
allocated to research and innovation in the EU Framework Programme for Research and EU
Structural Funds has increased substantially since 2000, and further increases are expected for
the period 2014-2020. However, efforts are also needed at Member State level to achieve
national R&D intensity objectives, despite the economic crisis.

Figure: R&D Intensity trends and targets

R&D intensity trends and targets
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Notes: (1) South Korea: (i) The projection is based on an R&D intensity target of 5,0% for 2020; (ii) There is a break in series between 2007
and the previous years.
(2) Japan: (i) The projection is based on an R&D intensity target of 4,0% for 2020; (ii) There is a break in series between 2008 and the
previous years.
(3) United States: (i) The projection is based on an R&D Intensity target of 3.0% for 2020; (ii) R&D expenditure does notinclude most or
all capital expenditure.
(4) EU: The projection is based on an R&D Intensity target of 3.0% for 2020.
(5) China: The projection is based on an R&D Intensity target of 2,5% for 2020.

Since the onset of the current crisis, many Member States and associated countries have been
engaged in smart fiscal consolidation that prioritises investment in R&I. Public and private



investment in R&D increased up to the start of economic crisis. When, in 2008 or 2009,
depending on the country, the impact of the crisis started to be felt in public funding, some
governments chose to implement a countercyclical strategy, keeping up investment in R&D
and incentivising the private sector to follow suit. In fact, most Member States have
maintained or increased their investment in R&D despite fiscal constraints. In many Member
States this strategy has worked well, in particular in countries where the private sector is
knowledge-intensive and internationally competitive. These countries were affected by the
crisis for a shorter period of time and have staged a stronger economic rebound.

However, in a few countries the countercyclical strategy did not sufficiently stimulate
private investments to generate a rebound. This occurred mainly in those countries where the
economy suffered persistent liquidity constraints combined with lower demand for knowledge
by business. Unfortunately, the latest information collected from the Member States shows
that the number of countries maintaining or increasing their efforts in R&D investment is
falling. The importance of staying at the forefront and engaging in smart fiscal consolidation
must therefore be emphasised now that some countries might be tempted to lower the priority
they give to public investment in knowledge creation.

With increasing fiscal constraints and cuts in national research budgets, in particular in the
most crisis-affected Member States, the relative importance of EU funding for research and
innovation is increasing. Before the crisis, EU funding represented more than 20 % of project-
based funding in Europe, and this has increased since then thanks to higher annual budgets in
the Seventh Framework Programme for Research and Technological Development (FP7). The
increased budgets for research, innovation and entrepreneurship in the Structural Funds for
2014-2020 and in the upcoming Horizon 2020 are likely to boost this innovation-triggering
effect further. This impact is enhanced by the fact that in the 2011-2012 period a larger
number of Member States revised how they implement their Structural Funds in order to
better incentivise R&I investment by the private sector.

Overall, European enterprises have slightly increased their investments in R&D as a share
of GDP since 2008. They also expect to increase their investment in R&D globally by an
annual average of 4% over the period 2012 — 2014. However, there are large differences
between Member States and between industrial sectors and actors. Some countries are
suffering cuts in R&D investment by the private sector, in particular by SMEs. Larger
international corporations tend to increase their level of investment but not necessarily in their
country of origin, confronting innovation leaders with the challenge of knowledge
specialisation and cluster building on a global scale. As regards sectors, many countries have
seen an increase in R&D intensity in more traditional medium-tech industries (metals, rubber
and plastics, food products) and in growing markets that are influenced by societal challenges
such as waste treatment and the need for clean energy and water.

3. The need for structural change towards a more knowledge-intensive economy

Europe needs to restructure its economy to be more flexible and better adapted to the multi-
polar economy that is emerging from the crisis. This requires Europe to adapt to broad
societal challenges and to position itself vis-a-vis new technological models and new growth
markets. In other words, we need to increase our capacity to channel knowledge, creativity
and technology into innovative, internationally competitive products and services that respond
to societal needs.



Overall, the European economy has a lower level of knowledge intensity than the economy of
the United States, although it is catching up slightly. As in the United States, the proportion of
manufacturing sectors in the overall economy has decreased (leftward move in the graph),
with the exception of the construction sector before the bursting of the property bubble in
2008. In the period 1995-2008, the EU did achieve a slight R&D-driven upgrade in many
manufacturing sectors, including the more strategic high-tech and medium-high-tech sectors
(in red). However, momentum was lost in important sectors such as electricity and water,
electrical machinery, and office, accounting and computing machinery.

Figure: Structural change in the EU manufacturing
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The United States is encountering similar structural challenges to the EU with relatively
modest knowledge-driven structural changes, a reduction in the economic weight of the
manufacturing industry and a dominant construction sector. In fact, the way in which the
manufacturing sectors in the two blocs evolved over the 13-year period before the economic
crisis is surprisingly similar. The trend was different in only a few sectors. In the EU, the
motor vehicle, pulp and paper, and rubber and plastics sectors have upgraded more than in the
United States, while the United States economy has seen more of an upgrade in ICT and
health-related sectors such as office, accounting and computing machinery, medical precision
and optical instruments and the larger radio, TV and communication equipment sector.



Figure: Structural change in the US manufacturing
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Each individual country profile tells a different story as regards industrial upgrading and
structural change. However, one striking finding in this country-based report is that Europe’s
economic landscape is developing much more than commonly perceived. The challenge is to
develop strategies and policies to guide this change in a direction that will create good quality
and sustainable jobs over time and across Europe.

Some countries have achieved a knowledge upgrade in traditional sectors such as wood, basic
metals and textiles. R&D intensity in the high-tech and medium-high-tech sectors has not
increased in all countries, although it has done in the most dynamic countries of the last
decade. There are also interesting trends of new (or renewed) industries growing in value
added and in knowledge intensity. This has been the case primarily in the recycling, electrical
machinery and publishing and printing industries. The construction sector has been dominant
in most European countries and the level of R&D intensity in that sector went up in many of
these countries (albeit from relatively low levels) in the period up to the economic crisis.
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Member States with the highest performing research and innovation systems, backed up by
considerable and growing investment, have not only high but increasing levels of knowledge
intensity in their economies (see also the previous overview table on R&I performance).
However, some of these countries are being tested by the speed of economic globalisation and
their competitiveness is falling in relation to high-tech and medium-tech goods. This
illustrates that there is no guarantee that currently held competitive advantages will last. For
this reason, even the best performing Member States may need to pursue an ambitious policy
to increase their R&D intensity further and to improve even more the effectiveness of their
R&I systems.

The country profiles also illustrate the catching-up process that has taken place over the last
decade. Countries in eastern and southern Europe have in general a lower knowledge-intensity
in their economies, but they have almost all managed to work towards structural change, as is
evidenced by rising levels of international competitiveness in high-tech and medium-tech
goods. The few exceptions are correlated with very low R&D intensities and mediocre
performance in science and technology.

Innovation-driven structural change must be analysed at sector and industry level and
linked to strategic technological capacity and to areas where there is growing global demand.
Adapting the dynamics of business and innovation to growing markets in the post-crisis
period will have an impact on technological development, given the crucial role of
technologies in both product and process innovation. Incremental innovation is likely to
happen inside each area of technology. However, more radical innovation can be expected
when different technologies converge, for example in the area of clean energy technologies,
renewables as strategic raw materials, technologies addressing water scarcity, mobility
technologies and ICT for sustainable and smart cities. There is thus a strong need to review
policies and framework conditions to ensure that they are oriented to these types of
technologies and the ways in which they converge.

Historically, Europe has been strong in systemic transition technologies while conceding
ground in pervasive technologies to the United States and the rising East Asian economies.
However, the economic crisis has had a strong mobilisation effect on the United States and
China with regard to several systemic transition technologies, in particular renewable energy,
environmental and new material technologies. The EU’s share of world PCT patents in green
energy and environmental technologies is decreasing while the shares of both the United
States and the Asian economies are increasing and are now higher than that of the EU. China
is accelerating the wide deployment of several of these technologies. The EU has not adapted
its technological specialisation to these growing global markets and remains focused on
traditional European industries such as food and agriculture, construction and automobiles.
Only a few EU Member States, mainly in western and northern Europe, have large-scale and
visible scientific and technological capacity in areas such as health, new materials, energy,
environment, ICT and biotechnologies.

European countries and countries outside of Europe have strong international and regional
dimensions to their R&I systems and their industries are part of global value chains. EU
policies and instruments (for both supply and demand) increasingly influence the national
R&I systems of Member States. At the same time, Structural Funds for research, innovation
and entrepreneurship reinforce the regional dimension by building regional capacity and
boosting diversification. Smart specialisation in science and technology opens up new
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possibilities for intra-European knowledge flows and trade in related areas and industries and
would support economic convergence between EU Member States and regions.

Several Member States have set up cluster policies and in many cases promoted the
development of science and technology parks or clusters. Clusters are found in the
automobile, food, biotechnology, energy, and ICT sectors, among others. However, there
have been only very few cases of the emergence of real innovation-driven clusters in
Europe. And so far, no European cluster has had a transformation impact as effective as that
of Silicon Valley. At the European level, more can be done both to agglomerate clusters and
to enhance knowledge flows between related clusters located in different European countries,
thus enhancing dispersion of knowledge in the single market. As in the United States, the
most dynamic clusters in Europe are geographically concentrated, with the main
concentrations located in central and northern Europe. However, related clusters do exist in
other locations, providing opportunities for structural change through technology flows,
absorption and adaptation in new European industry.

The following country profiles provide verified information in a structured way that will help

guide countries in pursuing ambitious strategies in R&I, integrating reforms, and making
changes to investment policies and structures.
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Austria
The challenge of further enhancing the innovation base of a knowledge-intensive economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Austria. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 2.75% (EU: 2.03%; US: 2.75%) 2010: 50.46 (EU:47.86; US: 56.68)
2000-2011: +3.25% (EU: +0.8%; US: +0.2%) 2005-2010: +4.51% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.556 (EU: 0.612) 2010: 42.4 (EU:48.75; US: 56.25)
2000-2010: +2.78% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Energy, Environment, Transport technology 2011: 3.18% (EU: 4.2%; US: 1.93%)
2000-2011: +20.24% (EU: +4.99%; US:-10.75%)

Austria has expanded its research and innovation system over the last decade with investments in
research and innovation growing more quickly than the EU average. These efforts have been translated
into a high and growing level of excellence in science and technology and clear strengths in key
technologies for energy, environment and transport. The Austrian economy is characterised by
specialised niche players, which are in constant need of innovation, in particular technological
innovation, in order to remain leaders in their market segment. The level of innovation in Austrian
firms is hence relatively high. Overall, according to several indicators on trade, firm innovations and
patent revenues from abroad, the Austrian economy is, partly for structural reasons, less knowledge-
intensive than many other EU Member States. However, the indexes on structural change and on the
trade balance both point towards an upgrading of knowledge-intensity and linked to that an increase of
competitiveness.

Nevertheless, the efforts to boost research need to be maintained, given the specialisation of the
Austrian economy in a limited number of knowledge-intensive sectors where international competition
is strong. This includes for example transport technology, biotechnology and the energy sector. The
economic crisis has hit Austria less than other Member States and the unemployment rate is currently
the lowest in the EU. To maintain its competitiveness and hence its favourable economic position,
Austria is depending on an on-going high rate of innovation.

Austria's research and innovation policies are addressing these challenges by means of educational
reform, improved governance of the R&D sector, by establishing new research centres of excellence,
by setting up a more effective system of public research funding and more generally by promoting a
further increase in the already high level of public and private investment in R&D.
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Investing in knowledge

Austria - R&D intensity projections, 2000-2020 )
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Data: DG Research and Innovation, Eurostat, Member State

Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) AT: This projection is based on a tentative R&D intensity target of 3.76% for 2020.
(3) EU: This projection is based on the R&D intensity target of 3.0% for 2020.

Austria has set a national R&D intensity target of 3.76%, one percentage point above the performance
in 2011 and the third highest national target among EU Member States. In the past decade, R&D
intensity in Austria has progressed faster than the EU average - reaching 2.75% in 2011. Overall,
Austria is almost on track to achieve its national R&D intensity target, if the recent slowdown in R&D
investment growth can be overcome.

Public spending on R&D as a % of GDP has shown a clear upward trend in Austria since 2002 and
increased also during and after the recession of 2009, despite budgetary constraints. Also business
R&D as a % of GDP has expanded strongly in the last decade and is now among the highest in
Europe. However, in recent years, progress in private spending has decelerated, with a stagnation in
the share of GDP and no increase in absolute spending in real terms during the recession of 2009 and
only a moderate increase in 2011.

Austrian research and innovation are also benefitting from support from the EU budget, via co-funding
for private and public R&D investment as well as other innovation, training and entrepreneurial
activities. Main instruments are the Structural Funds and the 7" Framework Programme for Research.
For the ERDF programme period 2007-2013, nearly € 500 million has been allocated from the EU
budget to activities related to research, innovation and entrepreneurship in Austrian regions
(corresponding to over 70% of the ERDF resources allocated to Austria). Austria still has scope to
increase its funding of R&D from the 7" Framework Programme. The success rate of Austrian
applicants is 21.7%, slightly lower than the EU average success rate of 22%. Up to mid-2012, over
2000 Austrian participants had been partners in a FP 7 project, with a total EU financial contribution
of € 710 million.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of the Austrian R&I system. Reading
clockwise, it provides information on human resources, scientific production, technology valorisation
and innovation. Average annual growth rates from 2000 to the latest available year are given in
brackets.

Austria, 2011 @

In brackets: average annual growth for Austria, 2000-2011 @
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Notes: (1) The values refer to 2011 or to the latest available year.
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The graph shows that the Austrian R&I system is balanced, with a good performance in all areas:
human resources, scientific production, technology development and innovation. Progress has in
general also been good. However, some warning signals come from falling innovation in SMEs and
declining shares of R&D investments by foreign firms.

In the field of human resources for research and innovation, Austria performs at or above EU average
and progress has been good since 2000. Tertiary attainment has been traditionally low in Austria, with
many graduates classified as post-secondary, non-tertiary (ISCED 4), but a relatively high share of
Austrian students study science and technology subjects and an above average proportion of them
graduate at the doctoral level. Despite a strong inflow of foreign students, notably from Germany,
Austria still has a lower share of foreign doctoral students than comparable countries. Highly-skilled
graduates are relatively well absorbed into the Austrian economy, as evidenced by the relatively high
number of business enterprise researchers and, linked to that, the good performance of Austria in the
field of patent applications. Austria does not significantly outperform the EU average in high-quality
scientific publications, nor in success in international competitions for EU Framework programme
funds to R&D. There is a high share of Austrian universities among the good performers in major
international rankings, but Austrian universities are not well represented at the very top of such
rankings. Austria has improved public-private cooperation considerably in the past, both in scientific
production and in contract research by business enterprises cooperating with public research
organisations and now performs above the EU average in this field. Austria also performs well as
regards innovation in SMEs.
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Austria's scientific and technological strengths

The maps below illustrate several key science and technology areas where Austrian regions have real
strengths in a European perspective. The maps are based on the number of scientific publications and
patents produced by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Energy Technological production
Scientific production Construction and construction technologies Technological production
Scientific production Environment Technological production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Automobiles Technological production

Scientific production Other transport technologies Technological production

Scientific production New production technology Technological production

As shown by the maps above, in terms of scientific production, only a few Austrian regions perform at
high output levels and the number of high performance sectors, specifically environment, food and
agriculture and information and communication technologies (the latter two not illustrated on the
maps), is limited. This is partly due to the relatively small size of Austrian regions - the average
population of an Austrian NUTS 2 region is less than half the EU NUTS 2 average. Leading regions
(L&nder) in Austria in terms of scientific production in these fields are Steiermark (Styria) and Vienna.

In terms of technology patenting, which is more closely linked to business innovation, the relative
position of Austria is much better than in scientific production, with many Austrian regions among the
top quarter in Europe, notably in the fields of energy, construction and construction technologies,
environment, automobiles and other transport technologies and in new production technology. This
reflects economic structures and the areas where Austrian enterprises are innovative and have a strong
market position. The comparison between scientific output in terms of publications and patenting thus
shows a certain imbalance, since the strong fields for the Austrian science base are not necessarily the
same as the sectors where Austrian firms have the strongest technology development. Moreover,
Austria's performance in terms of scientific output is relatively low compared to the EU average and is
concentrated in specific fields and regions, whereas in relation to patenting there is good performance
over many fields and regions. It will be a challenge for the future to bring scientific output in Austria
to the same level as patenting, and also to ensure the long term sustainability of innovation.
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Policies and reforms for research and innovation

Austria formulates R&D policies from a relatively favourable position in terms of overall R&D
intensity. While research is among the priority areas in public spending, the share of private sector
expenditure on R&D in total R&D expenditure has fallen from 71 % in 2007 to 68 % in 2011, thus
putting at risk the achievement of the ambitious Europe 2020 R&D intensity target of 3.76 %. Among
the factors explaining the recent low growth in private spending are the economic crisis and a shortage
of venture capital. However, the government has taken steps to stimulate additional private sector
spending on R&D. Between August and November 2011 on the initiative of the Austrian Ministry for
Transport, Innovation and Technology (bmvit) 22 of the larger Austrian companies, representing more
than one fifth of business enterprise research spending in Austria, have committed themselves to
increase R&D spending by 20% by 2015.

The Austrian RTDI Strategy ‘Becoming an innovation leader’, which was published in 2011, contains
many initiatives to improve the performance of the research and innovation system. These include
initiatives to strengthen the links to the education system, to increase the share of tertiary graduates, to
promote high quality research infrastructure and fundamental research and to use public procurement
to promote innovation.

The Austrian government has set up a Task Force for the implementation of the RTDI strategy. The
initiatives of the RTDI Strategy are echoed and enhanced in the 2012 National Reform Programme
and the Euro Plus Pact commitments. The most prominent measure is the simplification of the tax
regime for R&D activities to a single tax credit raised from 8 % to 10 %. In addition, the cap on the
amount which could be subcontracted while remaining eligible for tax credit rises from € 0.1 million
to € 1 million. These measures are budget neutral and are expected to encourage subcontracting to
research centres and universities. On the other hand, this approach favours established activities more
than the breakthrough research needed for an economy like Austria's. Moreover, whereas the National
Reform Programme of 2012 lists numerous initiatives in the field of research and innovation, it still
lacks clear prioritisation and details of players and budgets and implementation timetables and it does
not address the need for a closer integration of the Austrian R&I system within the European Research
Area.

As regards sustainability of economic activities, which plays an important role in the acceptance of
innovation by the public and which in itself can be a source of innovation, the National Energy
Strategy from 2010 aims at increasing efficiency, energy security and the share of renewables.
Funding is available for the greening of industries and an action plan was set up in October 2010 for
Green Public Procurement. In 2011 a strategy paper to promote electrical mobility was prepared and in
2012 a resource efficiency action plan (REAP) was adopted.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

Austria - Index of economic impact of innovation @
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Overall, Austria's employment is slightly more oriented towards knowledge-intensive sectors than the
EU average. Austria's scores on the indicators "PCT patents application per billion GDP" and
"Contribution of medium and high-tech products exports to trade balance" is also above EU average,
reflecting the very good innovation performance of its manufacturing sector. Austria's low score on
the summary index is strongly influenced by a very low score on the indicator "Knowledge-intensive
services export as % of total services exports”, which is explained by the dominance in its services
export of the tourist sector, which is classified as non-knowledge-intensive.

The recent economic crisis has been less severe on Austria than on other EU Member States with the
result that the conditions for innovation have faced fewer challenges in Austria than in most other EU
countries, although the availability of business financing has decreased in 2009. In 2010, according to
enterprise surveys’ Austria was among the middle performers in the EU as regards the ease of access
to loans and the availability of venture capital. Austria currently also ranks in the middle group of EU
member states in the World Bank's index Ease of doing business. However, Austria ranks low
regarding the time needed to start a business, since the number of administrative procedures required
for setting up a business is still relatively high. There are on-going efforts to reduce the administrative
burden on enterprises.

Expenditure on R&D is high by European standards, but Austria may not be sufficiently exploiting
and maintaining its innovative potential. One reason for this is an underdeveloped venture capital
market (venture capital represented 0.04% of GDP in Austria in 2011 compared to an EU average of
0.35%), which suffers from an unfavourable legal framework and from structural and other problems
of the Austrian VC market (e.g. small size and limited differentiation, general reluctance to invest in
early stages, uncertainty concerning the treatment of non-incorporated companies as VC funds etc). In
addition, the education system faces the challenge of providing the skills required as a basis for
innovation and competitiveness, but the low tertiary attainment rate and the general demographic
development might lead to a scarcity of skilled people in the long term.

® See Methodological note for the composition of this index.
" World Economic Forum, The Global Competitiveness Report 2012-2013, pages 97-98 and 482
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented in the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
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Austria is one of the EU countries having a high contribution of manufacturing industry to total value
added (around 19% compared to an EU average of 16%). In parallel, Austrian manufacturing industry
has clearly increased its knowledge-intensity in high- and medium-high-tech sectors as well as in the
medium-low and low-tech sectors (with the notable exception of chemicals, other transport equipment
and the electricity, gas and water sector).

As in many other European countries, one of the largest sectors in the economy is the construction
sector, but unlike other EU countries, the construction sector did not increase its share of the economy
in the years leading up to the economic crisis, while its research intensity improved slightly. Research
intensity has mostly increased in high-tech and medium-high-tech sectors, with in most cases positive
results when it comes to value added. However, despite an increase in research intensity, the
manufacturing of radio, TV and communication equipment has declined in importance, partly as a
result of a reclassification of the activities of a large Austrian manufacturing firm, which was until
2006 attributed to this sector and probably also due to a shift of production to low wage countries. The
chemicals and chemical products sector, on the other hand, has increased in economic importance
despite a decline in research intensity. As regards electrical machinery and medical, precision and
optical instruments an increase in research intensity has been accompanied in Austria by a growth in
value added.
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Competitiveness in reaping income of global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Austria between 2000 and 2011

Change in the contribution to trade balance (in % points)

Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The Austrian economy is characterised by a relatively small contribution of agriculture to GDP and a
comparatively high share of manufacturing industry in total value added. The service sector, including
a relatively large tourism sector, also has an above EU average share of the economy. The strongest
growth in value added over time tends to occur in the service sector.

As shown by the graph above, Austria succeeded in improving its trade balance for most of its high-
tech and medium-tech products over the period 2000-2011. A limited number of medium-tech
products showed a stagnation or slight decline in their contribution to the trade balance. On the other
hand, the trade balance improved significantly in the electrical machinery, apparatus and appliances
sector — the high-tech sector, where R&D intensity has increased most over the last decade .

Overall Austria has improved its total factor productivity faster than the EU average over the last
decade, a sign of innovation in line with the balanced and expanding R&I system and the upgrading of
its manufacturing sector. Progress has also been made in technologies addressing societal challenges
such as health and the environment and on all of the Europe 2020 targets. However, compared to other
EU Member States, Austria shows a relatively low tertiary education attainment rate. Furthermore, this
rate is progressing only slowly. The picture improves if post-secondary, non-tertiary education
(ISCED 4), which Austria considers equivalent to tertiary education, is included. Furthermore, the
high employment rate and the low rate of early leavers from education and training show that Austria
makes good use of its human capital.
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Table on key indicators

2000]2001J2002[2003[2004|20052006[2007[2008[2009[2010/2011|2012] Average EU Rank
AUSTRIA annual |average @|within
growth @ EU
%
ENABLERS
Investment in knowledge
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S&T excellence and cooperation
Composite indicator of research excellence ; 8 8 . |405] ; 50.5 4.5 47.9 8
Scientific publications within the 10% most cited
scientific publications worldwide as %of total scientific | 9.9 | 9.6 | 9.5 | 10.4|10.4|10.5/10.7|11.4|10.9 12 10.9 9
publications of the country
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FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
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service exports
Contribution of high-tech and medium-tech products to
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Factors for structural change and addressing societal challenges
Composite indicator of structural change 322| : : : : |37.8] : : 1 |424 2.8 48.7 16
Employment in knowledge-intensive activities
(manufacturing and business services) as %of total 13.8|14.2|14.4]|14.0 0.5 13.6 13
employment aged 15-64
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SMEs introducing product or process innovations as % 294 478 39.6 422 26 384 10
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPSE 0.47]0.46]|0.42]10.47]0.50/0.44]0.47]0.59|0.61 3.2 0.39 4
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.55]0.73|0.67]0.80|0.62]0.64]0.77]0.76 | 0.62 1.6 0.52 6
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
Employment rate of the population aged 20-64 (%) 71.4]1715|71.8|72.0|70.8|71.7|73.2|74.4|75.1|74.7|74.9|75.2| : 0.9 68.6 5
R&D Intensity (GERD as % of GDP) 1.93]2.05]2.12|2.24|2.24|2.46 |2.44]|2.51]|2.67]2.71|2.79 | 2.75 3.3 2.03 5]
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, SI, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) The value is the difference between 2010 and 2000. Anegative value means lower emissions.
(8) The values for this indicator were ranked from lowestto highest.

(9) Values in italics are estimated or provisional.
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Belgium
The challenge of fostering innovation-based competitiveness through the business economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Belgium. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 2.04% (EU: 2.03%; US: 2.75%) 2010:59.92 (EU:47.86; US: 56.68)
2000-2011: +0.35% (EU: +0.8%; US: +0.2%) 2005-2010: +3.5% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.599 (EU: 0.612) 2010:58.88 (EU:48.75; US: 56.25)
2000-2010: +1.06% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Food and agriculture, ICT, nanotechnologies, new | 2011: 2.37% (EU: 4.2%; US: 1.93%)
materials, biotechnology, environment 2000-2011: +10.39% (EU: +4.99%; US:-10.75%)

Belgium has a very high quality research system, as reflected by its third highest score among all EU
Member States on the S&T Excellence index. Belgium has been able to exploit this strength to its
economic advantage in several sectors. A particularly good performance is visible in the bio-
pharmaceutical sector, where high scientific quality, business investment, product innovation and trade
performance reinforce each other. Moreover, several service sectors, such as computer-related and
other business services, strongly contribute in Belgium to a structural change towards a more
knowledge-intensive economy, notably through the growth of innovative firms.

However, despite these very positive sectoral dynamics, Belgian R&D intensity stagnated in the
period 2000-2011 and there was even a decline in business expenditure on R&D, especially between
2001 and 2005. This is due to a de-industrialisation trend, which has notably affected several high-
tech and medium- high-tech manufacturing sectors. The de-industrialisation trend has been
accompanied by a rapid deterioration of the Belgian trade balance since 2002, showing that the
strengths of the services and of the bio-pharmaceutical sectors cannot alone support the
competitiveness of Belgium.

There is a consensus in Belgium about the critical importance of fostering the innovation-based
competiveness of Belgian businesses. This has been reflected in the development of sophisticated and
comprehensive policy mixes at national and regional levels and in significant budgetary efforts in
favour of R&D from all political entities, especially between 2005 and 2009. At federal level, fiscal
incentives for R&D are an important tool. In the Walloon Region the focus has been on supporting a
limited number of competitiveness poles (a cluster approach). In the Flemish Region, the willingness
to address through innovation some specific societal challenges is a main driver of research and
innovation policy. In the Brussels Capital Region, an updated innovation strategy including a ‘smart
specialisation’ approach has been launched in 2012.
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Investing in knowledge
Belgium - R&D intensity projections, 2000-2020 1)
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Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, Member State
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(3) BE: This projection is based on a tentative R&D intensity target of 3.0% for 2020.
Belgium is not on track to reach its R&D intensity target for 2020 of 3%. After a peak in 2001 at
2.07%, Belgian R&D intensity decreased to 1.83% in 2005. This decrease was due to a fall in business
R&D intensity (from 1.51% in 2001 to 1.24% in 2005). Business R&D intensity partially recovered in
2006-2008, up to 1.34%, and in 2011 slightly increased further, up to 1.37%, but this remains still well
below its 2001 peak. However, thanks to an increase in public R&D intensity since 2000 (public R&D
intensity was 0.52% in 2000, 0.55% in 2007 and 0.65% in 2011), overall R&D intensity in 2008-2011
was again close to its 2001 peak. Since 2010, public investment in R&D has been stable and a 5%
increase is expected for 2013. However, the growing role of fiscal incentives must be stressed. If
coupled with a reorientation of business investment in Belgium, this may foster R&D business
intensity and hence help Belgium to improve its trend to meet the headline target.

The decrease in business R&D intensity during the last decade is linked to a strong reduction of R&D
activities in Belgium in two industry sectors: radio, TV and communication equipment, and chemicals
and chemical products (excluding pharmaceuticals). In 2000, radio, TV and communication equipment
(18%), chemicals and chemical products (excluding pharmaceuticals) (17%) and pharmaceuticals
(16%) accounted for slightly more than half of Belgian business R&D expenditure (BERD). Since
then, these three sectors have experienced diverging trends. While pharmaceuticals-related R&D
expenditure has more than doubled, representing 28% of total Belgian business R&D expenditure in
2009, the R&D expenditure of the two other sectors has declined. R&D expenditure decreased by 8%
in the case of chemicals and chemical products (excluding pharmaceuticals) and by 62% in the case of
radio, TV and communication equipment, reducing their shares in BERD in 2009 to respectively 11%
and 5%. The service sector "Computer and related activities" has on the contrary become increasingly
important, accounting for 8% of BERD in 2009, compared to 4% in 2000.

Belgium has been very successful in the EU Framework Programme. Up to early 2012, slightly over
3350 Belgian participants had been partners in an FP7 project (a success rate of 24%), with a total EC
financial contribution of € 1.0 billion. Regarding the other main source of EU funding, the FEDER
Regional Funds, in the programming period 2007-2013, a total of € 643 million (31.2% of the total
FEDER fund to Belgium) was allocated to research, innovation and entrepreneurship in the Belgian
regions.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of Belgium's R&I system. Reading
clockwise, it provides information on human resources, scientific production, technology valorisation
and innovation. Average annual growth rates from 2000 to the latest available year are given in
brackets.

Belgium, 2011 @

In brackets: average annual growth for Belgium, 2000-2011 @
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(-1,4%)

_______ New doctoral graduates (ISCED 6)
___________ per thousand population aged 25-34
- . (6,9%)

Business enterprise researchers
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(0,1%)

Employment in knowledge-intensive
activities (manufacturing and
business services) as % of total
employment aged 15-64
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Public expenditure on R&D
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business enterprise as % of GDP
(2,0%)
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(4,7%)

EC Framework Programme funding
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(1,1%)

’ Foreign doctoral students
(ISCED 6) as % of all doctoral
students (4)
(1,5%)
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Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) The values refer to 2011 or to the latest available year.
(2) Growth rates which do not refer to 2000-2011 refer to growth between the earliest available year and the latest available year
for which comparable data are available over the period 2000-2011.
(3) Fractional counting method.
(4) EU does notinclude DE, IE, EL, LU, NL.

The overall shape of the graph highlights the strong performance of the Belgian research and
innovation system. Belgium scores higher than the EU average for the vast majority of the indicators.
In particular, Belgium has a high quality public research and higher education system, characterised by
a strong international openness. The quality of the Belgian research system is evidenced by the high
share of its scientific publications within the top 10% most cited scientific publications worldwide?,
the strong position of Belgium in the context of the EU R&D Framework Programmes, as well as its
attractiveness for foreign doctoral students®. Its international openness is further evidenced by the
highest "Collaboration Index"*° of all the EU Member States (1.33). Belgium also performs well above
the EU average for the two indicators on cooperation between public research institutions and firms
(co-publications and business funding of public R&D), confirming the quality of the public scientific
and technological base and highlighting its relevance for businesses.

As shown on the graph, a weak point of the Belgian research system is a share of science and
engineering graduates in the population aged 25-34 that is lower than the EU average. Combined with
the overall ageing demographic in Belgium, this raises the question of how Belgium will be able to
assure for the future the pool of highly skilled human resources necessary to keep an innovation-based
economy running. However, the share of S&E graduates has rapidly increased in recent years.

8 13. 6%, well above EU average of 10. 9% - this is the third best EU performance.

® Belgium has proportionally the third largest inflow of doctoral students from other Member States: 12% of doctoral students
come from another Member State.

10 Index calculated by Science-Metrix, based on the number of co-publications while taking into account the size of national
scientific output.
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Belgium’s scientific and technological strengths

The maps below illustrate six key science and technology areas where Belgium has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Food, agriculture and fisheries Technological production
Scientific production Information and Communication Technologies Technological production
Scientific production Nanosciences and Nanotechnologies Technological production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Materials Technological production

Scientific production Biotechnology Technological production

Scientific production Environment Technological production

The maps in the left column above show a high volume of scientific production in some Belgian
provinces in food, agriculture and fisheries, ICT, nanoscience and nanotechnologies, biotechnology,
and environmental science and technologies. It is mainly in the provinces of Flemish Brabant and
Eastern Flanders that these high volumes of scientific production are visible on the maps, reflecting
the presence in these provinces of the two largest Belgian universities: Leuven and Ghent. In all the
fields mentioned above, Belgium also displays high scientific excellence (based on citations, with
Average Relative Citations above 1.35 and a share of scientific publications within the 10% most-cited
above 13%), with the notable exception of nanoscience and nanotechologies. Other fields where
Belgian scientific production is excellent include science related to materials, new production
technologies, construction, other transport technologies, and security. The number of scientific
publications has been increasing very rapidly in the case of construction technologies.

Maps on the right side show high volumes of patenting in all six fields in the vast majority of Belgian
provinces, revealing clear synergies between scientific strengths and technological innovativeness. In
most of those fields, both Flemish and Walloon provinces exhibit high volumes of patenting. The
maps show that in these key technological fields nearly the whole of Belgium is part of a transnational
knowledge-intensive macro-region which includes also parts of the Netherlands and parts of Germany.
Based on patenting activities, Belgium is the most specialized EU Member State in materials and the
second most specialised (after Denmark) in biotechnology. Construction is also a strong technological
specialisation area for Belgium. Biotechnology is the area with the strongest growth of patenting
activities since 2000.
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Policies and reforms for research and innovation

In Belgium, policies and funding for research and innovation are mainly in the hands of the Regions
and the Communities, but the federal authorities still play an important role in some specific areas
(e.g. space) as well as through fiscal instruments. The existing consensus in Belgian political circles
about the importance of research and innovation as a key source of economic growth, has led to
significant budgetary efforts from all political entities. Between 2000 and 2010, government budget
appropriations for research and development (GBAORD) increased by 37% in real terms. This growth
was notably driven by strong increases since 2000 in the Flemish budget for R&D (which represents
about half of GBAORD). The Walloon budget for R&D has also strongly increased since the launch
of the Walloon "Marshall Plan" in 2005. The growth of public funding of R&D since 2000 reinforced
proportionally all R&D performing sectors: between 2000 and 2009, public funding of R&D
performed by higher education increased by 60%, public funding of R&D performed by other public
research organisations increased by 42% and public funding of R&D performed by businesses
increased by 45%. Moreover, in recent years the federal government has developed powerful R&D tax
incentives (in particular a 75%"" payroll tax exemption for researchers), leading to a situation where
foregone revenues due to R&D tax incentives are almost equivalent to the amount of direct public
funding of business R&D. Taking into account both forms of support, public support for business
R&D represents in Belgium a higher share of GDP (0.17%) than in most other EU Member States.

After slight decreases in 2009/2010, GBAORD has been stable in 2011/2012 and may grow again in
2013, taking into account the decision by the Flemish government to increase its R&I budget by at
least € 200 million between 2011 and 2014 and the willingness of the other entities to preserve the
allocations for R&D despite difficult budgetary situations.

The way public funding of research is organised contributes both the quality and the openness of the
Belgian research system. Firstly, about half of public funding is allocated through project-based
competition (this is one of the highest rates in the EU), secondly, 12% of public funding is
transnationally coordinated (this is the highest share among the MS for which information is
available), in particular through participation in Europe-wide actions such as ESA, Article 185
initiatives, Joint Technology Initiatives with national funding, and ERA-NET's joint calls*2.

All Belgian regions have developed strategic innovation approaches covering all major aspects of a
successful innovation strategy. In the Walloon Region the focus has been on supporting a limited
number of competitiveness poles (a cluster approach); in 2011, € 125 million was allocated to the
R&D projects of competitiveness poles under the "Marshall 2.Green™ plan. New approaches have been
developed under the so-called 'Creative Wallonia' Plan as in the field of support to market take-up for
new products and services (technologically based or not) and the promotion of cultural and creative
industries. In the Flemish Region, the willingness to address through innovation major economic and
societal challenges is a main driver of research and innovation policy. Flanders also has a policy of
developing strategic research centres able to provide high quality service to businesses™. In 2011, the
competence poles for industrial design, logistics, materials research and mobility have been extended
and a new competence pole for sustainable chemistry has been created. A particular investment fund
(TINA fund) with € 200 million at its disposal has been set up in order to help reform the Flemish
economy through innovation. In the Brussels Capital Region, an updated innovation strategy,
including a ‘smart specialisation’ approach, has been launched in 2012. To improve innovation
financing, the Region created a fund to support young innovative companies (Brustart).

11 Increased to 80% since 1 January 2013

12 Belgium also participates in several research infrastructure projects as part of the ESFRI roadmap. Its main contribution to
the implementation of the ESFRI roadmap is as lead partner on the MYrrHA European Fast Spectrum Irradiation Facility:
Belgium will contribute 40% of the construction costs as part of a broad international consortium.

13 IMEC for instance is selling its service to industrial players from all over the globe.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators™.

Belgium - Index of economic impact of innovation @
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Belgium's score on this index is comparable to the average scores of the EU and of the reference group
of countries. However, Belgium's score results from different situation in each indicator composing
the index.

On the positive side, knowledge-intensive sectors provide more jobs in Belgium than (on average and
proportionally) in other Member States. Moreover, thanks to excellent trade performance in a range of
research-intensive products, the contribution of medium and high-tech product exports to the Belgian
trade balance has strongly increased in the last decade.

On the negative side, Belgium's score is lower than EU average on the indicators “Share of
knowledge-intensive exports in services exports” and “Sales of new to market and new to firm
innovations as % of turnover”. However, the low score of Belgium on the indicator “Share of
knowledge-intensive exports in services exports” is largely explained by high volumes of export in
some logistics, transport and trade related services which are linked to the geographical intermediation
role of Belgium and which are classified as non-knowledge-intensive. Moreover, the low score of
Belgium on the indicator “Sales of new to market and new to firm innovations as % of turnover” is
explained by the fact that Belgium is strongly specialised in sectors with long innovation cycle as
pharmaceuticals or chemicals and strongly under-specialised in sectors with short innovation cycle as
IT™. As the low scores of Belgium on these two indicators reflect some specificities of the industrial
structure of Belgium not related to any underperformance, the situation of Belgium in terms of
economic impact of innovation is more positive than the image given by the index.

While the Belgian research and innovation system seems to be effective in generating economic
impacts in the sectors in which R&D investments are concentrated, the key issue for Belgium is to
broaden its innovation base beyond those sectors. All Belgian regions have developed some efforts in
this direction (see last paragraph on previous page). However, Belgium needs more growing
innovative firms to fasten the renewal of its economic fabric and speed-up the transition towards a
more knowledge-intensive and innovation-driven economy.

14 See Methodological note for the composition of this index.

13 Due to differences in innovation cycle, the share of innovative products introduced the last three years in the turnover is
about 10% for global innovation leaders in pharmaceuticals or chemicals vs. more than 60% in IT hardware: see
http://iri.jrc.ec.europa.eu/docs/survey/2012/Survey2012.pdf
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
Belgium - Share of value added versus BERD intensity - average annual growth, 1998-
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Notes: (1) High-Tech and Medium-High-Tech sectors are shown in red. 'Other transport equipment' includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.

(2) 'Basic metals’, 'Electrical machinery and apparatus’, ‘Fabricated metal products’, 'Food products and beverages', 'Motor Vehicles',

‘Office, accounting and computing machinery, 'Other manufacturing', 'Other transport equipment’, Publishing and printing’,
‘Pulp, paper and paper products’, ‘Radio, TVand communication equipment’, ‘Recycling’, Textiles', 'Tobacco products’, 'Wearing
apparel and fur': 1998-2008.

The graph also points at some of the factors behind the evolution of business R&D intensity described
in the section "Investing in knowledge". The shares in total Belgian value-added of nearly all
manufacturing sectors declined between 1998 and 2009. This evolution reflects the trends toward a
more service-oriented economy, and is similar to the one observed at the level of the EU as a whole. It
has however been more pronounced in Belgium, where manufacturing now accounts for 14% of gross
value added compared to 19% in 2000. High-tech and medium-high-tech sectors have not been spared
from this trend: in particular, the radio, TV and communication equipment sector, which in 2000 was
the sector contributing the most to BERD, has been strongly affected. Thus, although the sectoral
R&D intensities of most of the manufacturing sectors have been stable or increasing, the negative
impact of the de-industrialisation trend on the evolution of overall Belgian business R&D intensity has
been overwhelming. Foreign multinationals, which represent nearly 60% of BERD, played a key role
in these dynamics: for instance, decisions to disinvest in Belgium from foreign firms active in the
radio, TV and communication equipment sectors explain the above mentioned trends in this sector.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Belgium between 2000 and 2011
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Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Since 2002, the Belgian trade balance has deteriorated rapidly, mainly due to loss of market shares on
global markets, to the extent that it now constitutes an important emerging risk for the Belgian
economy. The improving services balance has not been sufficient to offset the decline in the goods
balance, from a surplus of 4.3% of GDP in 1995 to a deficit of 2% of GDP in 2011. This negative
evolution was especially strong in labour-intensive and mainstream industries, where it is linked to a
cost-competiveness issue for Belgium.

At the same time, the contribution of high-tech and medium-tech (HT & MT) products to the trade
balance has increased. This increase has been driven by excellent performance in pharmaceuticals
exports as well as by positive evolutions across a wide range of HT&MT products, notably plastics
and other chemical materials and products. The increase of the overall contribution of HT & MT
products to trade balance would have been even more impressive without the strong deteriorations of
the trade balances in road vehicles and, to a lesser extent, in telecommunication apparatus. The trade
balance deterioration in these sectors is due to the sharp reduction of the volume of activities of these
industries in Belgium (visible on the bubble graph in the previous section), including through the
closure of some factories.

It is thus clear that the strengths of the Belgian research and innovation system have to some extent
played a counter-balancing and mitigating role vis-a-vis the Belgian cost-competiveness issue in the
manufacturing sector. Since 2000, total factor productivity has remained rather constant in Belgium.
Between 1996 and 2007 it was close to 0 but for goods it increased 10% and for services it decreased
by 6.5%. The employment rate has increased slightly. Belgium is making progress on the other Europe
2020 targets, in particular in the field of the environment, although there is room for further progress.
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Key indicators for Belgium
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, S, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(8) The values for this indicator were ranked from lowest to highest.

(9) Values in italics are estimated or provisional.
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Bulgaria
Seizing the economic growth potential of innovation — policy coordination and strategic planning

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Bulgaria. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 0.57% (EU: 2.03%; US: 2.75%) 2010:24.65 (EU:47.86; US: 56.68)
2000-2011: +1.06% (EU: +0.8%; US: +0.2%) 2005-2010: +3.4% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.234 (EU: 0.612) 2010:29.45 (EU:48.75; US: 56.25)
2000-2010: +3.65% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Agriculture, Nano- and Biotechnology, ICT and 2011: -4.78% (EU: 4.2%; US: 1.93%)
Energy 2000-2011: n.a. (EU: +4.99%; US:-10.75%)

Bulgaria has in the past decade increased its R&D expenditure in nominal terms in line with the strong
growth of its GDP, with only slight setbacks during the current crisis. After slowly increasing from
0.09% of GDP in 2002 to 0.16% of the GDP in 2009, business expenditure on R&D has surged to
0.3% of GDP in 2011, matched by sustained catching up in levels of excellence in science and
technology, but also innovation. The economy is also steadily catching up to EU-level averages in
terms of high-technology and medium-technology sectors, albeit from low levels. There have also
been some recent positive policy developments with the adoption of national strategies for research
and innovation, as well as the recent establishment of a ranking of universities, which will better
inform resource allocation.

However, multiple challenges remain if Bulgaria is to be able to fully benefit from the knowledge
economy. Bulgaria has low levels of knowledge-intensive economic activity, and its overall structure
has not changed substantially over the last decade. Bulgaria's participation rate in FP7 is much below
potential and working conditions are not attractive for highly productive researchers. Consequently,
both public and private R&D investments are hampered by a lack of skilled human resources. A
substantial increase in R&D spending, both in absolute and relative terms, is a prerequisite if Bulgaria
is to raise its economic competitiveness and secure high-quality jobs.

Tackling these challenges is crucial to achieving sustainable economic growth in the future. A new
mechanism for effective collaboration and coordination between the structures and institutions that
support the executive in conducting scientific and innovation policy in Bulgaria is under development.
Recent progress made in securing private investment in ICT and pharmaceuticals should be capitalized
upon. Bulgaria has a strategic focus to move up the value chain and away from a sectoral
specialisation in low technologies. This will require increased public investment in researchers and
infrastructures as well as fostering an environment that is conducive to collaborations between
universities and business (implementing what is already in the National Development Programme
"Bulgaria 2020"). Moreover, more focus should be placed on incentives for excellence and
internationalisation, in particular through an increase in the part of public funding which is allocated
competitively, transparently and based on merit. Further support should also be given to research and
innovation collaboration platforms such as technology parks and clusters; the drive to create Sofia
Tech is a valuable reference point in this regard. At regional level, more support from the Structural
Funds should be channelled towards research and innovation infrastructures.
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Investing in knowledge

Bulgaria - R&D intensity projections, 2000-2020 1)

3.5 1

EU @ - target
3.0 1 PR
> 4
/’
-
Pl
25 4 P
P
- EU -trend
’ —
=’— _————_
—— /

=
3]
\

R&D intensity (%)

L d
P
L d
e
Pl
1.0 - -
- :
’,’ Bulgaria - trend
/‘——————————
0.5 4 “—mm

0.0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: DG Research and Innovation - Economic Analysis Unit

Data: DG Research and Innovation, Eurostat, Member State

Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(3) BG: This projection is based on a tentative R&D intensity target of 1.5% for 2020.

In June 2010, the Bulgarian government adopted a national R&D investment target of 1.5 % of GDP
by 2020. R&D intensity has not changed significantly over time: it was 0.51% in 2000 and was 0.57%
in 2011. Moreover, the 2011 public budget for science remained at 0.3% of GDP, despite a planned
increase in absolute terms. Therefore, although R&D expenditure in Bulgaria has been increasing, a
further dramatic increase would be required if Bulgaria is to reach its 2020 R&D intensity target. The
public sector has historically been the main research funder and performer: in 2011 it provided 38.8%
of total R&D funding, a substantial crisis-related drop from pre-2010 levels. For example, the
Academy of Sciences saw a ~40% cut in its initially approved budget.

After slowly increasing from 0.09% of GDP in 2002 to 0.16% of GDP in 2009, business R&D
intensity surged to reach 0.3% of GDP in 2011. Business expenditure on R&D more than doubled
from € 55 million in 2009 to € 117 million in 2011 surpassing total public expenditure on R&D. In
2011 business enterprise expenditure on R&D accounted for 53 % of total R&D expenditure in
Bulgaria compared to an EU average of 62%. This encouraging sudden increase is attributable to
investments by ICT and pharmaceutical companies, but there are doubts as to whether this extremely
positive trend can be sustained. The low level of R&D intensity is due to the economic crisis and the
lack of demand for development of innovation on the domestic market

Some general trans-national funding initiatives partially complement national R&I funding. The
allocated Regional Development and Cohesion Funds support for the 2007-2013 period amount to €
310.6 million for Research and Innovation and related activities and € 292 million for support of
innovation in SMEs. The level of Bulgarian participation in the Framework Programmes is low. As of
February 2012 Bulgaria ranks 20" among EU Member States both in terms of number of applicants
(0.91 % of the EU total) and requested EC contribution (0.55 % of the EU total). The applicant
success rate of 17,2 % is lower than the EU average (21.2 %) as is the EC financial contribution
success rate of 10,8 % (EU average 20,4 %). Bulgaria received € 64.5 million of FP7 funding, of
which € 16.3 million went to SMEs. Adjusted for population, this comes to eight euro per capita, a
value comparable to those of Poland and Slovakia.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of Bulgaria's R&I system. Reading
clockwise, it provides information on human resources, scientific production, technology valorisation
and innovation. Average annual growth rates from 2000 to the latest available year are given in
brackets.

Bulgaria, 2011
In brackets: average annual growth for Bulgaria, 2000-2011 @
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Even if its overall position in the Innovation Union Scoreboard is rather low, Bulgaria being among
the modest innovators, there are some encouraging signs in the disaggregated dimensions. Most
important is the fact that Bulgaria is the "EU catching-up leader”, with a 9% growth in innovation
performance in 2011 (and ~6% in 2010), albeit from a low level. Bulgaria also scores relatively high
on the quality of its Human Resources and in Firm Investments. As the graph above shows, Bulgaria is
significantly lower than the EU average for all dimensions except, as would be expected for a catching
up innovator, in terms of EU funding and in terms of foreign business expenditure on R&D. Of
particular concern is the low level of public-private scientific co-publications and the very small
number of business enterprise researchers, which are in a sense related, as well as the very limited
number of PCT applications compared to the EU average.

Moreover, Bulgaria still faces major challenges in key policy dimensions related to European
Research. Bulgaria has been experiencing massive outflows of researchers and highly skilled people:
for example, in 2010 the number of Bulgarian students at graduate level who went to the United States
was higher than the corresponding numbers for Poland and Romania. There is therefore an urgent need
to enhance the quality of the higher education system and to address the failure to channel skilled
people into domestic employment. In 2010 a new Academic Staff Development Act aimed at
supporting the career development of researchers was adopted. Bulgaria is slowly catching up in terms
of increasing the excellence and internationalisation of its universities and public research
organisations. The overall number of scientific co-publications based on collaborations between
Bulgarian and other ERA country researchers is one of the lowest in Europe, suggesting that the
country is not sufficiently benefitting from international knowledge flows, despite having several
bilateral cooperation agreements with over 12 EU and Third countries which promote joint scientific
projects, exchange of research staff and support co-publications. Bulgaria's most significant co-
patenting partners are Germany, Switzerland and Belgium.
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Bulgaria's scientific and technological strengths

The Bulgarian R&I system is faced with the typical dilemma of a catching up innovator with limited
resources. Some efforts have been aimed at defining some key areas of focus on which to build a truly
excellent research base upon which to further base a framework of support for innovation. In order to
concentrate resources, the National Science Fund has decided, under the 2012 call for proposals, to
support predominantly fundamental and applied research projects as well as experimental
developments in the priority areas defined in the National Research Strategy. However, not enough is
currently being done in Bulgaria to properly direct scarce resources, the result being that they are
spread too thinly.

The maps below illustrate five key science and technology areas where Bulgaria has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Food, agriculture and fisheries Technological production

Scientific production Nanosciences and nanotechnologies Technological production

Scientific production Information and Communication Technologies Technological production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Biotechnology Technological production

Scientific production Energy Technological production

The maps above are selected based on existing or emerging regional clusters in scientific or
technological production. These are in the areas of agriculture, nano- and biotechnology, ICT and
energy. Furthermore, based on citations and the impact of scientific publications, Bulgaria also shows
strength in the area of transport. Nevertheless, current trends indicate a lack of clarity in the country's
areas of specialisation that should be addressed with smart specialisation strategies. In order to define
the country's areas of Smart Specialization, the Government has signed a service agreement with the
Word Bank and set up an inter-institutional working group including representatives of all interested
ministries, regional authorities and social partners.

Overall, patenting in Bulgaria is behind most European countries, most probably still affected by the
post-communism decline, when activity in its traditional industries (metallurgy, chemicals, heating
and medicine) was scaled back. Although these industries are nowadays limited to technological
upgrades with foreign capital (rather than in-house development), there are signs of intensification,
fuelled by R&D intensive FDI, in other areas, primarily in ICT as seen in the maps above.

Scientific production is increasing but not strongly enough for Bulgaria to improve its global standing.
The impact of this research has also increased, and is currently comparable to regional peers such as
Romania and Croatia, but is behind Poland. In general, scientific publications are mainly concentrated
in the field of pure sciences. Co-authorship with foreign researchers has increased to over half of all
publications, the main partners being in Germany, France and Italy, but also in the United States and,
more recently, in Poland and Spain.
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Policies and reforms for research and innovation

There have not been any notable changes in the innovation policy mix, programmes and measures in
Bulgaria between 2009 and 2011. Institutional fragmentation continues to present a challenge to policy
implementation: R&I policies remain within the authorities of two different ministries that have
different policy-making mechanisms and policy implementation structures. Nevertheless, there has
been some collaboration: for example the joint consultation for the elaboration of the National
Strategy of Scientific Research to 2020 (NSSR2020). The Strategy, incorporating for the first time
important science, technology and innovation policy guidelines into one document, was adopted in
2011. The adoption of a new Law on Innovation, as well as a new Higher Education and Science Law,
should be treated as a priority. In order for both the national and Europe 2020 objectives to be
achieved, all strategy documents, as well as their implementation measures, should be harmonised and
jointly developed by all stakeholders. The measures should include standardisation, public
procurement rules, regulations, etc.

The lack of up to date statistical and qualitative data on the implementation of research and innovation
policy and measures is another general weakness that affects policies and reforms. Evaluation is
performed ad-hoc and irregularly, and statistical data are produced with a time lag of several years. A
positive step is the newly introduced university rating system (launched in 2010), which is intended to
serve as a tool for discretionary state funding based on the universities’ achievements. Progress has
been made in establishing evaluation systems and rules for initiating policy and structural changes in
all innovation and research-related institutions based on the recommendations from the evaluations.
The NSSR2020 foresees as one of its measures the introduction of scientific activity evaluation of
research organisations, which will help the State to design better policy measures. A draft of the
"Regulation for the monitoring and evaluation of the research carried out by universities and research
organizations™ is expected to be adopted soon.

In 2008, for the first time, the ratio between national institutional (direct subsidies for public research
organisations) and competitive funding was almost equal. National competitive funding usually does
not have strict thematic or sectoral focus, or it tends to focus on the support of 6-7 areas per one open
call. It should be noted, however, that several of the sectors listed as priorities in the NSSR2020
currently receive less than 1% of government budget appropriations or outlays on R&D.
Notwithstanding the existence of a national roadmap for research, specific R&I cross-border or
regional programmes and support schemes have been limited so far, as have been plans for
involvement in any ESFRI projects. HEIs provided a minute 0.20% of the total R&D funding in 2011,
while total higher education expenditure on R&D (HERD) which amounted to € 22.5 million in 2011
accounted for only 10.2% of total R&D expenditure in Bulgaria. The main change in R&D
expenditure trends, in 2011, was the increase in R&D investment from abroad. The share of R&D
financed by abroad, which was in the range of 5-8% for the 2000-2009 period, increased to 43.9% in
2011. The main competitive public R&D funding instruments are the National Innovation Fund (NIF)
and the National Science Fund (NSF). Due to considerations related to overlapping with EU funding
programmes, the NIF has not distributed any funds since 2008, when it reached a budget of € 10.3
million. The NSF’s budget peaked in 2009 (€ 51.1 million), but government cuts in 2010 have
substantially reduced it to € 13 million.

The level of cooperation between companies and R&D institutions and universities is still low. A
number of measures aimed at building a favourable environment and encouraging the interaction
between universities and business are foreseen in the National Youth Strategy 2010-2020, the
“Bulgaria 2020” Programme, the NSSR 2020, and are supported by a scheme launched under the
Operational Programme “Development of Human Resources”, which has also been used to fund
training for some researchers. There are no specific policy measures aimed at promoting public-private
knowledge transfer or spin-offs. Mobility of research staff between the public and private sectors is
rare and is in general not supported by specialised programmes for fostering inter-sectoral mobility.
The majority of Bulgarian enterprises do not have research units and are not attracting research staff
from the public sector. In order to promote private investment in R&lI, the state should further develop
and implement instruments such as start-up funding schemes, support for clusters, technology centres
for the commercialisation of patents, while financial engineering instruments, guarantees and venture
capital funds should be further enhanced.

38



Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators™.

Bulgaria - Index of economic impact of innovation @
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

The graph above shows that raising the economic impact of innovation constitutes a challenge for
Bulgaria and currently leaves a lot of room for improvement. There is a need to support future growth
in the economy as well as employment by harnessing the power of innovation to create new and
sustained high value-added exports. This is of paramount importance because Bulgaria's exports have
stagnated in terms of quality and product sophistication. There is agreement among policy makers that
exports would play a pivotal role in achieving a robust recovery, but for this to happen, exports must
become more diversified and more innovation-based and the share of high-technology goods must
increase. The economic crisis seems to have accelerated Bulgaria’s structural change towards more
advanced and knowledge-intensive industries and sectors, as demonstrated by the sizeable gains in
exports by technology-driven and mainstream manufacturing industries. However, Bulgaria is still
catching up with respect to competitiveness. Much of the innovation that businesses are currently
engaged in is related to catching-up and the upgrading of technology through acquisitions and FDI in
the most research-dynamic sectors. For example, in 2007 one fifth of all inward business investment in
R&D in Bulgaria originated from the chemical industry, with the majority of the investment coming
from outside the EU.

The World Bank (WB) has assessed private innovation based on the World Bank's enterprise survey,
and concluded that Bulgarian firms which innovate grow 1.5 times faster and create more jobs than
their non-innovating counterparts. But this powerful engine is hampered by insufficient access to the
external finance needed for long-term R&I investments. Over the past years, SMESs have encountered
difficulties in financing innovative projects due to high interest rates and credit rationing, while start-
ups have not been able to find appropriate funding. Bulgaria has also experienced the largest increase
in the EU in unsuccessful loan applications - from 3 % in 2007 to 36 % in 2010 (Eurostat). Moreover,
the regulatory environment is not stable and predictable for companies as legislative acts change very
often. National harmonisation with EU legislation is sometimes complex and contradictory. In the WB
Doing Business 2012 survey, Bulgaria's ranking worsened for the second consecutive year (from 57 in
2010 to 59 in 2011), pointing to excessive red tape and inefficiencies, including difficulties with
permits, access to electricity, contract enforcement, and the insolvency framework.

16 See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.

Bulgaria - Share of value added versus BERD intensity - average annual growth, 1999-
2006
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Source: DG Research and Innovation - Economic Analysis unit
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Notes: (1) High-Tech and Medium-High-Tech sectors are shown in red. ‘Other transport equipment’ includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.
(2) 'Basic metals and fabricated metal products': 2004-2006.
(3) Electrical and optical equipmentincludes: 'Office, accounting and computing machinery, 'Electrical machinery and apparatus’,
‘Radio, TV and communication equipment and '‘Medical, precision and optical instruments’.

The manufacturing sector plays a slightly bigger role in Bulgaria than in the EU as a whole. This is
mainly due to specialisation in labour-intensive industries (e.g. textiles and clothing, leather and
footwear), and in capital-intensive industries (e.g. cement, refined petroleum and non-metallic mineral
products). The primary sector is larger than the EU average due to the higher share of agriculture and,
in general, the economy is dominated by sectors with low and medium-low technology intensity (DG
Enterprise, 2012). The graph shows the large relative weight of textiles, metals and agricultural
products in the economy, as well as the large share of value-added growth that they still represent.
Two of the high-tech sectors have seen their shares of value added decrease over time (i.e. machinery
and equipment, and chemicals, although BERD intensity increased in the case of machinery and
equipment), whereas the electrical and optical equipment sector has increased its weight.

Overall there is a positive trend in the evolution of Bulgaria's economic structure. The Composite
Indicator on structural change (DG Research and Innovation, 2012) also reflects this by showing
steady improvement over time, the largest increase being from 2005 to 2009. There appears to be a
general consensus that while improvements are evident and the manufacturing and export sectors are
gradually shifting towards higher value-added and a more high-tech mix, this change is not happening
fast enough to sustain competitiveness levels in the globalized economy.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance

for Bulgaria between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: The data for "Radioactive & associated materials" refers to the period 2000-2004 and those for "Arms & ammunition" refers to the period 2002-2011.
"Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.

"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

So far, the Bulgarian economy has been associated with marketing and organisational innovation but
not with technological innovation. Its economic specialisation has been based on low costs and a
cheap labour force. The latest strategy documents call for measures to strengthen high value added and
technology intensive sectors. There are already some encouraging data to show that this is happening,
in particular a reduction of employment in low-tech sectors such as processing and apparel
manufacturing coupled with employment growth in ICT. Another positive sign is that several medium-
tech products (in particular products in machinery and transport-related sectors) are increasing their
weight in Bulgaria's trade balance, as illustrated in the graph above. Although Bulgaria has a negative
trade balance, both overall and in high-tech and medium-tech products, the export of medium-tech
products has grown in absolute numbers since 2008.

Nevertheless, Bulgaria is still in the process of catching up with the EU average for a series of
indicators related to competitiveness (see Key indicators for Bulgaria, below). The trends shown by
these indicators are reminiscent of the larger shifts in the economy that have been outlined above, and
point to the moderate pace of positive change. For example, while total factor productivity has
increased by 13% since 2000 compared to 3% for the EU, employment in knowledge intensive
activities is still rather low. Bulgaria has also made some strides in patenting in crucial sectors such as
health and environment-related technologies. Overall, Bulgaria is making good progress on several of
the Europe 2020 targets, although from a lower level than other EU Member States. A worrying sign
is the falling employment rate and the growing share of population at risk of poverty following the
economic crisis.
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Key indicators for Bulgaria
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Composite indicator of research excellence : : : : 209 : 24.7 34 47.9 20
Scientific publications within the 10% most cited
scientific publications worldwide as %of total scientific | 2.7 | 28 | 3.3 | 29| 36 | 41| 48| 36 26 -0.6 109 27
publications of the country
Internatvlonalsmentlflc co-publications per million o1 a7 | 92 | 135] 158 | 175 180 208 199 | 218] 211] 205 77 300 25
population
Publlc-pnvate scientific co-publications per million 20 27 36l 35| 21 200 53 26
population
FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
PCT patent applications per billion GDP in current PPS€ | 05| 06 | 06| 05| 04 | 05| 05| 04 0.3 0.3 : : -5.0 3.9 24
License and patent revenues from abroad as % of GDP : : : : 0.03 ] 0.02]0.03]0.02|] 0.02 |0.02]0.03]0.03 3.1 0.58 22
Sales of new to market and new to firm innovations as 125 103 142 76 81 14.4 23
%of turnover
- i i 0
Knowledge intensive services exports as %total 117 | 150l 1671 205| 225 |21.9] 2628 148 151 17
service EXpOI’tS
Contribution of high-tech and medium-tech products to
the trade balance as %of total exports plus imports of |[-8.42| -9.52 |-9.50]-9.38|-10.86|-9.89|-9.31|-7.83| -7.43 |-5.99]|-4.84|-4.78 o 4200 25
products
Siobicfeializeogercductiivteiaiccereny/y 100 103 | 206| 200| 113 | 125 127 | 128| 117 | 109] 120] 223 223] 13© 103 7
2000 =100
Factors for structural change and addressing societal challenges
Composite indicator of structural change 20.6 : : : 2471 : : : |295 37 48.7 26
Employment in knowledge-intensive activities
(manufacturing and business services) as %of total 8.2 86| 86| 84 0.8 136 26
employment aged 15-64
. . = = -
SMEs introducing product or process innovations as % 149 178 207 166 18 384 24
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPSE 0.02| 0.02 10.02]0.03| 0.03 |0.05/0.02|0.00| 0.03 6.5 0.39 21
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.02] 0.07 | 0.05]0.04]| 0.04 |0.06]|0.06]0.02| 0.04 9.2 0.52 22
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
Employment rate of the population aged 20-64 (%) 55.3| 54.8 |55.8|58.0| 60.1 |61.9]|65.1|68.4|] 70.7 |68.8]|65.4]63.9 13 68.6 21
R&D Intensity (GERD as % of GDP) 0.51] 0.46 | 0.48]0.48]| 0.49 |0.46]0.46]0.45| 0.47 ]0.53]|0.600.57 1.1 2.03 25
Greenhouse gas emissions - 1990 = 100 55| 57 | 55 | 50| 58 | 58 | 50| 62| 60 | 52| 54| : 1D 85 59
Share ofrgnewableenergyln gross final energy 96 | 95| 961 93 98 |119]|138 6.2 125 11
consumption (%)
Share of population aged 30-34 who have successtully (1 {5 o) 53] 236) 252 [24.9[25.3( 260 271 |27.0|27.7] 273 15 346 | 20
completed tertiary education (%)
Sharegfpopulatlonatrlskofpovertyorsomal 61.3)60.7|38200| 46.2| 41.6| 491 87 242 27®
exclusion (%)

Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,
rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, S|, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(8) The values for this indicator were ranked from lowest to highest.
(9) Break in series between 2001 and the previous years. Average annual growth refers to 2001-2011.
(10) Break in series between 2008 and the previous years. Average annual growth refers to 2008-2011.

(11) Values in italics are estimated or provisional.

Country-specific recommendation in R&I adopted by the Council in July 2012:
"Improve the access to finance for start-ups and SMEs, in particular those involved in innovative

activities."
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Croatia
The challenge of structural change for a more knowledge-intensive economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Croatia. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and

shows the evolution of the weight of knowledge-intensive sectors and products and services.

Research

Investment and Input
R&D intensity

2011: 0.75% (EU: 2.03%; US: 2.75%)
2000-2011: -2.72% (EU: +0.8%: US: +0.2%)

Performance/economic output

Excellence in S&T
2010:12.25 (EU:47.86; US: 56.68)
2005-2010: +2.31% (EU: +3.09%;US: +0.53)

Innovation and
Structural change

Index of economic impact of innovation
2010-2011: 0.353 (EU: 0.612)

Knowledge-intensity of the economy
2010:n.a (EU:48.75; US: 56.25)
2000-2010: n.a. (EU: +0.93%; US: +0.5%)

Competitiveness

Hot-spots in key technologies
Healthcare sector; Food processing and agro-
business; Energy technology; Electronics and

HT + MT contribution to the trade balance
2011: 2.98% (EU: 4.2%; US: 1.93%)
2000-2011: +133.23% (EU: +4.99%; US:-10.75%)

Advanced materials and Digital techniques

Croatia is building up its research and innovation system. Although starting from a low level, its
science and technology excellence has clearly improved after 2005. Efforts are still needed to enhance
R&D investment and to build up capacities in key technology areas and to improve international
competitiveness and trade by producing more technology-intensive goods.

Since 2000, Croatia has restructured its science (and education) system with the objectives of turning
the country into a knowledge based society and of strengthening the country's research capacity as a
lever for economic development. Driven its determination to join the EU, Croatia has taken steps to
strengthen its national research capacity by taking measures and adopting polices that are compatible
with EU policy on the European Research Area. Croatia, however, has been slow to implement the
envisaged actions and lacks reliable statistics and the administrative capacity to monitor and follow-up
the envisaged reforms. Croatia has also suffered from the economic recession.

The new Government elected in December 2011 continued the efforts to reform the science system by
proposing amendments to the Act on Scientific Activity and Higher Education aimed at creating an
adequate legislative framework for a more programme-based and competitive funding of research
institutes (adoption by Parliament foreseen before end of 2012).

A new R&D strategy and a "National Innovation Strategy is under preparation for the period 2013-
2020.
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Investing in knowledge
Croatia - R&D intensity projections, 2000-2020 @)
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Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.in the
the case of the EU and for 2002-2011 in the case of Croatia.
(2) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(3) HR: An R&D intensity target for 2020 is not available.
In 2011 Croatia had an R&D intensity of 0.75% and a business R&D intensity of 0.33%. Croatia's
R&D intensity decreased from 0.90% in 2008 to 0.75 % in 2011. This was mainly due to an overall
slowdown of the national economy during the last four years, which was additionally affected by the
global financial and economic crisis. Croatia did not meet its own national target of 1% by 2010.
Accordingly, Croatia has opted to first reform the science system before setting new targets. Total
R&D expenditure (GERD) which amounted to € 330 million in 2011 decreased by 3.2% between 2004
and 2011. Croatia's R&D intensity of 0.75% in 2011 was well below the EU average of 2.03% and has
decreased at an average annual rate of 2.7% over the period 2002-2011.

Regarding EU funding, Croatia participates in FP7 as an associated country. It has a good level of
participation (an average success rate close to 18%) which has amounted to about € 50 million of EU
funding for Croatian research entities since the beginning of FP7. Croatia is particularly successful
under the scientific themes in which it is also strong at national level i.e.. healthcare, ICT,
biotechnology and transport. Participation of SMEs is also good: out of 225 applicants 57 (or more
than 25%) were selected for funding. Croatia is a full member of the Eurostar initiative. Croatia is also
a member of COST and EUREKA.

As a Candidate Country, and since December 2011, an Accession Country, Croatia is eligible for EU
support under the Pre-Accession Instrument (IPA) and has used that instrument in support of research
and innovation capacity building such as the creation of the Business Innovation Centre of Croatia
(BRICO) which is a dedicated institution for the promotion of research and innovation in SMEs. The
latter is a good demonstration that Croatia is concentrating its efforts on innovation and creating links
between the public and private sectors. Croatia wll become a member State on 1 July 2013 and will
then have access to the Structural Funds and notably the European Regional Development Fund
(ERDF) and the European Social Fund (ESF) for R&I capacity building purposes. BRICO will be the
ggency in charge of the competitiveness axis under the Structural Funds.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of Croatia's R&I system. Reading clockwise,
it provides information on human resources, scientific production, technology valorisation and
innovation. Average annual growth rates from 2000 to the latest available year are given in brackets.

Croatia, 2011 @

In brackets: average annual growth for Croatia, 2000-2011 (@
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and engineering per thousand
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(9,7%)

Business R&D Intensity (BERD as Ty New doctoral graduates (ISCED 6)
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publications per million population 1 per thousand GERD (euro)
(14,4%) ' (27,6%)
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]
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PCT patent applications per billion (0.9%)
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(-7,6%)
Croatia  ===== Reference Group (BG+PL+RO+HR+TR) EU

Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) The values refer to 2011 or to the latest available year.
(2) Growth rates which do notrefer to 2000-2011 refer to growth between the earliest available year and the latest available year
for which comparable data are available over the period 2000-2011.
(3) Fractional counting method.
(4) EU does notinclude DE, IE, EL, LU, NL.
(5) TR is notincluded in the reference group.

This graph shows that Croatia is lagging behind the EU average on most key research and innovation
indicators but it is doing well or better than several other Member States and Associated Countries
with a similar knowledge and economic structure. Croatia is performing above the EU average in
attracting business R&D from abroad, although this is also linked to the low total business R&D in the
country. Croatia faces a particular challenge in improving private-public cooperation and in valorising
and commercialising research generated by publicly funded institutes.

Human capital building in S&T is below the EU average. Croatia still has a large scientific diaspora.
The lack of attractive research infrastructures and good research management is leading to a further
increase in brain drain. The MSES and the Agency for Mobility have, however, stepped up efforts on
human capital building by actively supporting the principles of the European Charter for Researchers
and the Code of Conduct for Recruitment of Researchers. In total, nine Croatian institutes have been
accredited for HR excellence in research. Croatia is participating in the work of the Steering Group on
Human Resources and Mobility (SGHRM). The Croatian Researchers Mobility Portal was launched in
2009.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Croatia between 2000 and 2011

Change in the contribution to trade balance (in % points)

Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Croatia is a net importer with a trade deficit in the order of € 8 billion in 2010 compared to about € 3.5
billion in 2001. Following the economic crisis, trade volume decreased significantly in 2009, 2010
and 2011 but exports in high-tech and medium-tech products continued to grow. Croatia is, for
example, a net exporter of goods and products in which its research capacity is also strong such as
fertilizers, plastic products in primary forms, electrical machinery and transport equipment. The graph
above shows that important sectors such as road vehicles, electrical and specialised machinery have
increased their contribution to the Croatian trade balance.

Croatia's employment rate has fallen since 2008 as a result of the economic crisis. The share of
renewable energy in total energy consumption has slightly increased over the last years. However,
Croatia's performance on energy efficiency and reducing the level of CO2 by stimulating the use of
renewable energy is still at a low level, which is also reflected in the Croatian research capacity under
the FP7 environment theme.
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Key indicators for Croatia

2000]2001[2002[2003[2004|2005[2006{2007[2008]2009]2010]2011)2012] Average EU
CROATIA annual |average ®
growth @
%0
ENABLERS
Investment in knowledge
= GDGROTE] @RRGNENSS (EEE0(E) [ Tesel 055]|0.60|0.64[072[0.76]0.80]0.92|1.35 138 169
population aged 25-34
: : : -
Ef”égsss enterprise expenditure on R&D (BERD) as % 041]|038|0.44|036|027|033]0.40]034]033]033 22 126
= = G

th;"c SYEEEITe e [RAD (EQYERD s [HERD) & Uisi 055]|059|0.61|051[0.47]0.48|050|0.51]0.42]0.41 31 074
Venture Capital as % of GDP : : : : : : :

S&T excellence and cooperation
Composite indicator of research excellence : : : : 110.9] 12.2 2.3 47.9
Scientific publications within the 10%most cited
scientific publications worldwide as %of total scientific | 1.9 | 1.9 231 21| 24| 28| 30| 31| 3.2 6.7 10.9
publications of the country
Internat_mnal scientific co-publications per million 81 | 8a | o7 | 1a0] 1721 194 210 233] 247 203| 334 388 153 300
population
Publlc-prlvate scientific co-publications per million 16| 18| 23] 27| 27 144 53
population

FIRM ACTIVITIES AND IMPACT

Innovation contributing to international competitiveness
PCT patent applications per billion GDP in currentPPS€ | 1.3 | 12| 18| 16| 14|12 11| 09| 0.7 ] 06 : : -7.6 3.9
License and patent revenues from abroad as %of GDP : : : : ]10.10]0.16]0.0910.07]0.06 | 0.05] 0.05] 0.04 -12.9 0.58
Sales of new to market and new to firm innovations as 130 14.4 105 5.2 144
% of turnover
- i i 0,
Knov'vledge intensive services exports as %total 1391148l148l 168l 160l 120l 15.0 13 451
service exports
Contribution of high-tech and medium-tech products to
the trade balance as %of total exports plus imports of |-3.06|-2.79]-3.25|-4.07|-2.21|-2.46|-2.27|-1.22] 0.23|-0.44| 2.12| 2.98 - 4,200
products
Growth of total factor productivity (total economy) - 100 103 206 | 107 209 | 120[ 120 122 ] 109 201 201 ] 202 202] 1@ 103
2000 =100
Factors for structural change and addressing societal challenges
Composite indicator of structural change 320| : : : ©|37.1 : : : 382 1.8 48.7
Employment in knowledge-intensive activities
(manufacturing and business services) as %of total 95| 92| 99103 2.6 13.6
employment aged 15-64
. : : z -
SMEs introducing product or process innovations as % 283 315 304 18 384
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPSE 0.00]0.00|0.00]0.00]0.00]0.00|0.02|0.00]0.01 6.9 0.39
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.12]0.24]0.40]0.48]0.23]0.36|0.25|0.05] 0.07 6.1 0.52
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES

Employment rate of the population aged 20-64 (%) : : |58.4158.3]59.6|60.0|60.6|62.3]62.9|61.7]58.7]57.0 -0.3 68.6
R&D Intensity (GERD as % of GDP) 0.96]0.96]1.05]0.87]0.75]0.80]0.90]0.85]0.75] 0.75 -2.7 2.03
Greenhouse gas emissions - 1990 = 100 : : : : : : : : : : : :
Share of rgnewable energy in gross final energy 15211411138l 124) 1221 132|146 07 125
consumption (%)
SN @l po[’“'.a“on age ?0’34Wh° v SHEeEssil 16.2|16.9|16.8|17.4|16.7|16.7| 18.5]20.6|24.3]| 24.5 4.7 346
completed tertiary education (%)
Share gf population at risk of poverty or social 313327 45 242
exclusion (%)

Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over

the period 2000-2012.
2) EU average for the latest available year.
3
4
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Values in italics are estimated or provisional.

EU is the weighted average of the values for the Member States.
The value is the difference between 2012 and 2000.
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Cyprus

A new integrated innovation strategy to valorise opportunities of a small service-oriented economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Cyprus. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Research

Investment and Input

R&D intensity
2011: 0.48% (EU: 2.03%; US: 2.75%)
2000-2011: +6.24% (EU: +0.8%; US: +0.2%)

Performance/economic output

Excellence in S&T
2010: 27.77 (EU:47.86; US: 56.68)
2005-2010: +0.17% (EU: +3.09%;US: +0.53)

Innovation and
Structural change

Index of economic impact of innovation
2010-2011: 0.558 (EU: 0.612)

Knowledge-intensity of the economy
2010: 44.11 (EU:48.75; US: 56.25)
2000-2010: +3.27% (EU: +0.93%; US: +0.5%)

Competitiveness

Hot-spots in key technologies
New production technologies, Construction, ICT

HT + MT contribution to the trade balance
2011: 1.72% (EU: 4.2%; US: 1.93%)
2000-2011: -0.83% (EU: +4.99%; US:-10.75%)

In the last decade, Cyprus has achieved a significant increase in its R&D intensity, which has led to
improved excellence in science and technology. Cyprus has also managed to increase the knowledge-
intensity of its economy to a level approaching the EU average.

Research and innovation presents some challenges to policy makers. A main bottleneck of the R&I
system is the low number of human resources for research activities. This is due to the weak demand
from business and industry. There is a sharp contrast between the high number of tertiary education
graduates which has grown by 80% between 2000 and 2010 and the very low number of human
resources for research. This is partially explained by a still unfavourable environment for research
activities which leads to a substantial brain-drain of S&T graduates to other countries, mainly the
United Kingdom and the United States. In addition, business involvement in research and innovation
is very limited mainly due to the lack of big companies and the absence of high-tech industrial
activity. The business sector is focused on services and is dominated by very small enterprises that
have not developed an innovation culture.

The government has introduced financial incentives for business R&D and new support schemes for
innovation such as innovation vouchers. There is also a strong emphasis on the importance of a
stronger cooperation between the higher education system and industry. Currently, there is a too broad
research orientation that lacks prioritisation and an integrated R&I policy. The National Research and
Innovation Strategy (2011-2015) is under preparation. The Cyprus authorities consider that the
absorption capacity of Cyprus in the field of R&D is limited and that it is better to encourage the
development of existing products in an innovative way. Non-technological innovation as well as
innovation in services could be real options for Cyprus.
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Investing in knowledge

Cyprus - R&D intensity projections, 2000-2020 1)
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Source: DG Research and Innovation - Economic Analysis Unit

Data: DG Research and Innovation, Eurostat, Member State

Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(3) CY: This projection is based on a tentative R&D intensity target of 0.5% for 2020.

The research and innovation system in Cyprus is relatively new. It has evolved mainly over the last
two decades and it relies predominantly on public expenditure. In 2009, 69% of total R&D
expenditure (GERD) was financed by government, the highest percentage in the EU and considerably
above the EU average of 34.9%. There is indeed a persistent problem of underinvestment in research
and innovation by the business sector. Business R&D expenditure (BERD) as a % of GDP was equal
to 0.09% in 2010, the lowest level in the EU. In its National Reform Programme Cyprus set a very
modest R&D intensity target of 0.5% for 2020, the lowest R&D intensity target in the EU, and in fact
this target had been reached in 2010. However, the R&D intensity decreased to 0.48% of GDP in
2011. The economy is not oriented towards high value-added products and services. Cyprus has been
affected by the financial crisis with the result that the R&D budget and several measures related to
innovation have been put on hold during the process of fiscal consolidation.

In the last decade, a significant increase of public RTDI funding has taken place across various
disciplines without focusing on the limited number of scientific fields where the national innovation
system could be expected to excel. There is a low involvement of firms in research and innovation
activities in terms of participation and expenditure on R&D and innovation. In 2010 only 17.5% of
total R&D expenditure (GERD) was performed by business enterprise compared to an EU average of
61.5%. This share has decreased from 22.8% in 2008.

Conversely, research performed by the higher education sector has increased over the same period
from 43.7% to 49.6% of GERD, a value which is more than twice the EU average. In 2010 the
government budget for R&D amounted to 0.46% of GDP to be compared with the EU average of
0.76%. In 2009, 12.1% of R&D was financed from abroad compared to an EU average of 8.4%. The
main source of foreign funding has been the EU Framework Programme for Research and
Technological Development (FP7). Cyprus is successful in raising funds from the FP7. Around one
third of the EU funds raised by Cypriot participants through the FP7 up to February 2012 were
directed to SMEs i.e. € 18.7 million out of € 52.55 million. Cyprus has most FP7 collaborative links
with the United Kingdom, Germany and Greece.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of Cyprus's R&I system. Reading clockwise,
it provides information on human resources, scientific production, technology valorisation and
innovation. Average annual growth rates from 2000 to the latest available year are given in brackets.

Cyprus, 2011
In brackets: average annual growth for Cyprus, 2000-2011 @

New graduates (ISCED 5) in science
and engineering per thousand
population aged 25-34

(4,0%)
Business R&D Intensity (BERD as New doctoral graduates (ISCED 6)
% of GDP) per thousand population aged 25-34
(3,4%) (5,7%)

SMEs introducing marketing or
organisational innovations as % of
total SMEs

(-6,6%6)

Business enterprise researchers
(FTE) per thousand labour force
(5,6%)

Employment in knowledge-intensive
activities (manufacuring and
business services) as % of total
employment aged 15-64
(0,6%)

SMEs introducing product or
process innovations as % of total
SMEs
(-4,3%)

Scientific publications within the

Public expenditure on R&D 10% most cited scientific

(GOVERD plus HERD) financed by
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e Cyprus EU

Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) The values refer to 2011 or to the latest available year.
(2) Growth rates which do not refer to 2000-2011 refer to growth between the earliest available year and the latest available year
for which comparable data are available over the period 2000-2011.
(3) Fractional counting method.
(4) EU does notinclude DE, IE, EL, LU, NL.

The graph above shows that in the case of Cyprus FP7 funding per GERD is much higher than the EU
average. The graph also shows that two other indicators, BERD financed from abroad (as percentage
of total BERD) and employment in knowledge-intensive activities (as percentage of total employment
aged between 15 and 64 years), have higher values than the EU average. The biggest gaps between
Cyprus and the EU average occur for BERD as % of GDP, public expenditure on R&D financed by
business enterprise as % of GDP, and PCT patent applications per GDP. These findings underline the
conclusion that there is a significant underinvestment in research and innovation activities, affecting
mainly the business sector.

Research policy has a strong international dimension and is well aligned with the ERA pillars. ERA
policy is seen as an opportunity to integrate the small national R&I system into the broader European
market and in this context internationalisation of the research system is a high priority. The national
scientific landscape does not provide space for large research infrastructures. However, due to the
strong performance of its ICT and computing base, Cyprus puts particular emphasis on e-
infrastructure. Cyprus participates actively in the FP7 and recent results confirm a successful
participation in the ICT programme, in particular.
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Cyprus' scientific and technological strengths

The maps below illustrate six key science and technology areas where Cyprus has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Information and Communication Technologies Technological production
Scientific production Energy Technological production
Scientific production Materials Technological production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Construction Technological production

Scientific production Biotechnology Technological production

In terms of research output, Cyprus is underperforming. In 2010 Cyprus had the fourth lowest number
of scientific publications in the EU ahead of Luxembourg, Latvia, and Malta. However, Cyprus had
the second highest average annual growth rate in the EU after Luxembourg in numbers of scientific
publications between 2000 and 2010. The level of PCT patent applications is very low with Cyprus
well below the EU average. The situation concerning PCT patent applications in societal challenges is
even Worse.

Bibliometric indicators between 2000 and 2009 on information and communication technologies
(ICT), as a FP7 thematic priority, show that Cyprus has one of the highest specialisation index values
at 2.59. In addition the collaboration index in information and communication technologies (ICT) for
Cyprus at 1.44 is at the highest level in the EU.

The growth index for Cyprus in the field of materials (excluding nanotechnologies) is also very high.
Cyprus together with Israel and Denmark has the highest ARIF score (the average of relative impact
factors) in this field.

Cyprus produced the most collaborative publications in the EU, relative to its size, in the FP7 research
theme of new production technologies (with a Collaborative Index value of 1.82). It has the second
highest growth index value (3.84) behind Lithuania for scientific publications in the field of
construction and construction technologies. Cyprus together with Lithuania and Turkey is amongst
the most specialised countries in this field.
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Cyprus has a very high ARC score (the average of relative citations) of 2.29 for scientific publications
on energy, meaning that these publications are cited more than twice as often, on average, than the
world level in this research area. In addition, 21.2% of Cypriot scientific publications in the field of
energy are in the top 10% most cited publications in this field. This is one of the highest levels in the
EU.

A quantitative analysis of the numbers of EPO patents (2000-2010) by applicant classified by FP7
thematic priorities shows that Cyprus achieved good results in the fields of information and
communication technologies (ICT), new production technologies, construction technologies,
materials, and energy and environment. These are areas in which Cyprus also had its best outputs in
terms of scientific publications over the last decade.

Policies and reforms for research and innovation

The new R&l strategy currently in preparation should better address the main challenges of the R&lI
system. These include a more focused employment of the limited financial resources to ensure smart
specialisation, better prioritisation, an increased involvement of SMEs in R&I activities and more
career opportunities for researchers. In the new research and innovation strategy, research priorities
will target a broad spectrum of multi-thematic research projects in the following pre-selected fields:
manufacturing technologies, information and communication technologies, sustainable development,
health and bio-sciences and social sciences.

The low level of innovation in Cyprus is linked to its particular economic structure which has a limited
capacity to increase private research and innovation. The Government is making efforts to support a
more active involvement of businesses in innovation activities by introducing new subsidy schemes
for enterprises.

The European Commission recommended in 2012 that the government should take further measures to
reinforce occupational mobility towards activities of high growth and high value added and to address
youth unemployment, with an emphasis on work placements in companies and promotion of self-
employment, as well as appropriate policy measures on the demand side to stimulate business
innovation. As the service sector is significantly more developed than industry, measures in favour of
non-technological innovation could be a useful option to take into consideration.

The Research Promotion Foundation was established in 1996 to promote the development of scientific
research, technology and innovation. The National Framework Programme (2008-2010) is a medium-
term development mechanism aiming at the development of research and innovation sector of the
Cypriot economy. It covers the main research and innovative activities that have been supported and
financed by the Research Promotion Foundation and the Structural Funds of the European Union. The
budget for new calls for proposals was around € 14.5 million in February 2011.

To date, Cyprus has allocated only around 18% of available Structural Funds (2007-2013) under the
Operational Programme for 'Sustainable development and Competitiveness' to knowledge society and
innovation. As a result of a limited institutional capacity to absorb these funds, the Cypriot authorities
have indicated their intention to redirect a part of this already limited share to other priorities.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

Cyprus - Index of economic impact of
innovation @)
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

The performance of Cyprus on four out of the five indicators composing this index is slightly above
the EU average: contribution of high- and medium-tech products to the trade balance, knowledge-
intensive services exports, employment in knowledge intensive activities, sales of new-to-market and
new-to-firm products. The resulting index value is below the EU average due to the very low
performance of Cyprus in patents inventions.

Business demand is still low and special efforts would be needed to develop an innovation culture
among firms. Policies promoting innovation are recent and have a relatively limited impact. Support
for innovation is mainly based on traditional direct funding. Venture capital schemes and other less
traditional financial incentives are almost non-existent. The government intends to use public
procurement as a demand side policy to drive innovation. The adoption of pre-commercial
procurement is expected to act as an important stimulus for innovation. However, commercial
exploitation of knowledge is difficult to increase further without a significant increase in demand.

A scheme of innovation vouchers is a relatively new measure which is being used to stimulate a more
active involvement of SMEs in innovation activities in collaboration with research organisations. The
Research Promotion Foundation (RPF) supports the strengthening of links between the academic and
business sectors in coordination with the Business Support Centre of Cyprus which is a member of the
Enterprise Europe Network. Recent measures supported by the RPF aim to bridge the gap between the
supply and demand of innovation through a mechanism of intermediation between research
institutions and SMEs. In 2009-2010, an "innovation clusters” measure targeted the creation of
cooperation networks between enterprises, public research organisations and intermediaries.

17 See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.

Cyprus - Share of value added versus BERD intensity - average annual growth, 1998-
2009
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‘Other manufacturing’: 2005-2009; 'Radio, TV and communication equipment: 2006-2009,

The Cypriot economy is dominated by very small sized family-run enterprises with limited export
orientation. This economic structure does not favour R&D. The economy of Cyprus is dominated by
the service sector, mainly tourism, transport and finance, with manufacturing representing only around
7%. SMEs which provide mostly low value added support services are unlikely to invest in research
and innovation. Most firms tend to concentrate on low value added products and services and do not
take risks on new products or export markets.

The graph above shows that manufacturing industry in Cyprus is largely dominated by low and
medium-low-tech sectors (which are less research intensive) and mainly by the construction sector
followed by the electricity, gas and water sector and the food products, beverages and tobacco sector.
Structural changes towards more research-intensive economies are in general driven by high and
medium-high-tech manufacturing sectors. In Cyprus, there are three such sectors: machinery and
equipment, chemicals and chemical products, and electrical machinery and apparatus. Three
manufacturing sectors have an increased their weights in the economy: construction, other non-
metallic mineral products, and fabricated metal products which also had the highest growth in research
intensity.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Cyprus between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The Cypriot economy is currently facing the challenge of strengthening its external competitiveness
and fostering growth. The deteriorating outlook for growth and increasing unemployment are
challenges for Cyprus’s economy which grew by a modest 0.5 % in 2011. GDP is projected to contract
by 0.8% in 2012 due to a fall in domestic demand, traditionally the main driver of growth, and to the
weaker external environment, in particular persistent financial market uncertainty. The large exposure
of the financial sector to Greece and the banks' need for recapitalisation have increased the cost of
financing and have limited the availability of finance to the private sector. Conversely, the external
sector has made a positive contribution to growth.

The graph above shows that most high-tech and medium-tech industries have increased their
contribution to Cyprus's trade balance over the period 2000-2011. Those industries which significantly
improved their contribution are medical and pharmaceutical products, electrical machinery, and
telecommunications. In contrast, the contributions of the road vehicles industry, fabrics woven of man-
made textile materials and other transport equipment have significantly diminished.

Cyprus is making progress towards most of the Europe 2020 targets, with the exceptions of the targets
for greenhouse gas emissions and the share of the population at risk of poverty. Technology
development is oriented towards societal challenges such as environment and health, but there is a
falling number of environment-related patents. Total factor productivity in the Cypriot economy
stagnated between 2000 and 2008, after which it decreased markedly during the economic crisis.
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Key indicators for Cyprus
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Country-specific recommendation in R&I adopted by the Council in July 2012:

"Take appropriate policy measures on the demand side to stimulate business innovation."
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The Czech Republic
Improving the output of the science base to foster business R&I investment

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in the
Czech Republic. They relate knowledge investment and input to performance or economic output
throughout the innovation cycle. They show thematic strengths in key technologies and also the high-
tech and medium-tech contribution to the trade balance. The table includes a new index on excellence
in science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 1.84% (EU: 2.03%; US: 2.75%) 2010:29.9 (EU:47.86; US: 56.68)
2000-2011: +4.23% (EU: +0.8%; US: +0.2%) 2005-2010: +4.58% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.497 (EU: 0.612) 2010:39.58 (EU:48.75; US: 56.25)
2000-2010: +2.91% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Automobiles, transport, construction, materials, 2011: 3.82% (EU": 4.2%; US: 1.93%)
energy and environment 2000-2011: +42.62% (EU": +4.99%; US:-10.75%)

Public funding of R&D and the available pool of S&E graduates are in line with the level of
development of the Czech economy although the level of excellence in S&T is markedly lower than
the EU average (with the exception of S&T in other transport and energy) and is catching up only very
slowly, which impacts negatively on the ability of the Czech innovation base to expand to its full
potential. As a result, business investment in R&D is relatively low in relation to the structure of the
economy (size of the manufacturing sector in general and of HT and MT sectors in particular) and the
innovation performance of the country is sub-optimal. The situation is, however, improving as
evidenced by the structural change towards a more knowledge-intensive economy and the fast-rising
contribution of HT and MT sectors to the trade balance. The latter has increased much faster than the
EU average in spite of a sharp improvement in the total trade balance over the same period.

Despite progress, the main challenge for the Czech research and innovation system remains therefore
the insufficient quality of the scientific and technological output of the science base, which is notably
linked to an inadequate system for evaluating research and allocating public R&D funding. Despite a
public R&D intensity of 0.72%, similar to the EU average, the level of S&T excellence and the
amount of intellectual property assets produced remain, in relative terms, well below the EU average.

Another persistent weakness of the Czech research and innovation system is the low extent of
cooperation between the science base and the business sector originating from a combination of poor
absorptive capacity of domestic firms, a lack of incentives to support collaboration between
universities and firms and the shortage of scientific and engineering skills. This is evidenced notably
by the extremely low shares of the R&D carried out by universities and by the government sector that
are funded by business - 1% and 3.4%, respectively. According to innovation surveys, neither
universities nor public research organisations are considered by firms as key partners for their
innovation activities. These challenges are linked to the overdue reform of the higher education system
and to the persistent weaknesses of the current system for evaluating research performance and
allocating public R&D funding to higher education and research institutions. The Czech Republic
International Competitiveness strategy for 2012-2020 plans to address several of these issues, as
described in the following parts of the present country profile.
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Investing in knowledge
Czech Republic - R&D intensity projections, 2000-2020 @)
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Data: DG Research and Innovation, Eurostat
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
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R&D intensity rose steadily from 1.17% in 2000 to 1.49% in 2006 at an average annual growth rate of
4.1%, before falling to 1.41% in 2008 and rising again to 1.84% in 2011. In 2011, the Czech Republic
set a target for public funding of R&D of 1% of GDP by 2020. This indicator currently stands at
0.70%, very close to the EU average and significantly higher than in most other EU-12 Member
States. The government budget for R&D has so far been protected during the economic crisis (€ 1053
million in 2011) but there is currently no multiannual funding framework to ensure that it will
continue to increase.

The relatively good performance of the Czech research and innovation system in terms of business
expenditure on R&D (BERD reached 1.11% of GDP in 2011) is largely due to a strong manufacturing
sector (24% of total value added in 2009) with a marked industrial specialisation in innovative sectors
(such as 'motor vehicles' and ‘electrical equipment’), combined with an increasing level of R&D
financed from abroad (0.28% of GDP in 2010). However, BERD is highly concentrated in a few
multinational corporations that accounted for 55% of total BERD in 2009. Whereas BERD performed
by domestic companies almost doubled from € 284 million in 1998 to € 487 million in 2009, inward
BERD increased six fold during the same period. This reflects the country’s rising attractiveness for
foreign R&D activities and highlights the growing role played by foreign firms in the Czech research
and innovation system. Medium-high-tech (MHT) manufacturing and knowledge-intensive services
account for the larger share of total inward BERD. The share of inward BERD in high-tech industries
almost doubled from 2002 to 2009 (16%) and the share of inward BERD in knowledge-intensive
services almost tripled between 2002 and 2009 (22%). During the same period, the share of inward
BERD decreased in the MHT sectors, as exemplified by the motor vehicles sector where it went down
from 65% in 2002 to 37% in 20009.

About € 5.8 billion of Structural Funds are earmarked for research, innovation and entrepreneurship in
the Czech Republic in the current programming period (2007-2013). This represents 22.1% of total
ERDF Structural Funds. Structural Funds are therefore one of the largest sources of public funding of
R&D in the Czech Republic. Up to 2010, 34.3% of these funds had been absorbed. The success rate of
Czech entities in FP7 (20%) is only marginally lower than the EU average (22%) but, if overall
progress in quality was significant, their share of the total funding (0.72%) — which corresponds to
more than € 164 million - could still be improved when compared to the share of the Czech Republic
in total EU investment in R&D (0.95%).
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of the Czech R&I system. Reading
clockwise, it provides information on human resources, scientific production, technology valorisation
and innovation. Average annual growth rates from 2000 to the latest available year are given in
brackets.
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The Czech innovation system displays a complex pattern of relative strengths and weaknesses
affecting both its input and output. While it currently scores lower than the EU average on most S&T
indicators, it has been catching up with the group of innovation followers™ and outperforms its
reference group in terms of new graduates in science and engineering, business R&D intensity,
researchers employed by the business sector and innovation in SMEs. The region of Prague is amongst
the EU regions with the highest share of researchers (full-time equivalent) in total employment
(superior to 1.8%) and is the EU leader in terms of the share of the labour force employed in a S&T
occupation (more than 50%). Other relative strengths include international co-publications, non-R&D
business expenditure and HT and MT exports. The number of international scientific co-publications
has surged over the last decade, in particular in partnerships with Germany, the United Kingdom,
France, Italy and Slovakia, which is evidence of increased scientific networking within the ERA.

The S&T output of the Czech innovation system is critically weak in terms of high impact scientific
publications, PCT patents and attractiveness to foreign doctoral students (other than Slovaks). Other
marked weaknesses highlighted in the IU scoreboard include public R&D expenditure, access to
venture capital and license and patent revenues from abroad. There are also relatively few co-
inventions of patents, which may hint at potential weaknesses in the capacity to engage in international
technological networks.

181U scoreboard 2011: http://www.proinno-europe.eu/inno-metrics/page/country-profiles-czech-repucblic

60


http://www.proinno-europe.eu/inno-metrics/page/country-profiles-czech-repucblic

The Czech Republic's scientific and technological strengths

The maps below illustrate six key science and technology areas where the Czech Republic has real
strengths in a European context. The maps are based on the number of scientific publications and
patents produced by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Automobiles Technological production
Scientific production Other transport Technological production
Scientific production Construction Technological production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Materials Technological production

Scientific production Energy Technological production

Scientific production Environment Technological production

There is a considerable diversity in the Czech Republic amongst regional innovation performances,
ranging from low to medium-high®®. Overall, other transport, construction, materials, energy, and
environment are the five areas where the Czech Republic combines a strong scientific output in terms
of the number of scientific publications and a strong technological output in terms of the number of
patent applications. In the case of other transport and energy this combination is further reinforced by
the quality of the scientific output. While the automobiles sector also features a strong technological
output, the corresponding scientific field displays weak outputs. Food, agriculture and fisheries stands
out as an area of strong scientific specialisation with many publications but has poor scientific impact
and little technological output.

In terms of EPO patent applications the Czech Republic and all regions lag significantly behind the
European average - in particular in ICT and biotech applications - and on average only 4.9% of Czech
scientific publications are amongst the 10% most cited worldwide. Energy, aeronautics and space and
transport stand out as scientific fields where the Czech Republic displays a high degree of scientific
excellence and of international collaboration. This is also true to a lesser degree for research on
biotech, materials and new production technologies. However, with the exception of materials science,
these are not areas of high specialisation in the Czech science base.

1% Corresponding resp. to Severozapad and Prague
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Policies and reforms for research and innovation

Recent reforms are intended to put the Czech innovation system on path to converge with the EU
innovation followers by 2020. The Czech Republic International Competitiveness Strategy for 2012-
2020, which includes the new National Innovation Strategy (NIS), aims to strengthen the importance
of innovation as a source of competitiveness for the Czech Republic. It builds on the ambitious reform
programme presented in the 2011 and 2012 NRPs to increase the effectiveness of the national research
and innovation system, including the quality of its output and the links between the science base and
the business sector. This includes amending the Investment Incentives Act to offer investors (as of
July 2012) tax incentives for creating or upgrading manufacturing facilities, R&D centres and business
support centres; amending the Income Tax Act so that private firms can (as of January 2014) deduct
from their taxable income the cost of R&D activities contracted out; launching new programmes to
stimulate cooperation between R&D institutions and industry in sectors such as transport, energy and
environment through the ALFA Programme of the Technology Agency (which also supports the
development of Competence Centres); developing a new evaluation methodology to ensure that long-
term R&D financing is based on excellence/quality and that support is focused on the best research
teams; creating a fund to improve access to venture capital for financing innovation; reforming the
tertiary education system and improving researchers' career prospects, especially for top scientists, in
order to prevent brain drain.

The implementation of the International Competitiveness Strategy is coordinated by an
intergovernmental Steering Committee which is also responsible for the National Innovation Strategy.
However, the governance of the national research and innovation system would benefit from a
clarification of the respective roles of this Steering Committee and of the Council for R&D and
Innovation which advises the Prime Minister on related matters.

The national R&D target currently only covers public funding of R&D. The lack of commitment to an
overall R&D target, encompassing both public and private R&D intensity, could jeopardise the
adoption (and/or endanger the rigorous implementation) of important policies and measures to
incentivise private R&D investment. There are also important delays in implementing the planned
reforms which may lead to a loss of attractiveness for domestic and foreign R&I investors. This is
particularly the case for the overdue modernisation of the higher education system which is a
prerequisite to a change of attitude of academia towards the business sector with whom it should start
developing stronger collaborations®.

A broad set of priorities for applied research, development and innovation had been defined for the
period 2009-2011 by the Council for R&D and innovation, covering in particular biological and
ecological aspects of sustainable development; molecular biology and biotechnologies; sources of
energy; smart materials; competitive engineering; information society; security and defence. As part of
the revision of the National R&D&I policy 2009-2015, the Government adopted in July 2012 a new
set of better targeted priorities focusing on six major societal challenges (competitive knowledge
economy, sustainable energy and material resources, environment for quality life, social and cultural
challenges, healthy people and secure society). The priorities were identified on the basis of the work
of expert panels and cover the period up until 2030. A detailed plan of implementation (starting in
2014) will be submitted to the Government by July 2013.

2 The proposed Higher Education Act was rejected in June 2012
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

Czech Republic - Index of economic impact of innovation @
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

According to this index, the Czech Republic underperforms its reference group and is clearly below
the EU average. The country ranks 17" due in particular to its poor performance in “patent
applications per GDP" and "share of knowledge intensive services in total export of services". These
marked weaknesses reflect the still insufficient innovation orientation of the national economy and are
only partly compensated by a strong performance in terms of the "contribution of medium and high-
tech product exports to the trade balance" and the "sales of new to market and new to firm innovations
as % of turnover of firms".

Recent policies and reforms — including the extension of the R&D tax incentives, the setting up of a
seed fund and the Government's recent approval of a joint stock company to support the creation of
SMEs and the development of innovative and technologically oriented enterprises — can contribute to
establishing a more stable and predictable legal framework for developing innovation activities. At
present the main instruments available for supporting the growth of innovative SMEs are two loan
guarantee schemes (one of them is funded through OP Enterprise and innovation) and the more recent
pre-seed fund. The capacity to transform the Czech Republic into a strong innovation-oriented
economy by 2020 will ultimately depend on the capacity to implement the recent and planed reforms
quickly and effectively.

2 See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented in the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.

Czech Republic - Share of value added versus BERD intensity - average annual growth,
1995-2009
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Source: DG Research and Innovation - Economic Analysis unit
Data: OECD
Notes: (1) High-Tech and Medium-High-Tech sectors are shown in red. 'Other transport equipment’ includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.

(2) 'Publishing and printing': 1996-2009; 'Recycling': 2000-2009.
The graph above shows that the weights in the economy (horizontal axis) and/or the BERD intensities
(vertical axis) of almost all manufacturing sectors in the Czech Republic have increased substantially
since 1995. This trend concerns all the HT and MHT manufacturing sectors (colored in red) - in
particular motor vehicles, electrical machinery and apparatus and machinery and equipment - which

are all contributing to the overall increase of total BERD in the Czech Republic.

This reflects to a large extent the attractiveness of the country for foreign investors, with 55% of
BERD performed by foreign-owned affiliates. The share of inward BERD doubled over the period
1999-2009. Around 80% of this inward BERD comes from EU-owned firms out of which half comes
from German-owned firms. With shares of inward BERD in total BERD of more than 85%,
pharmaceuticals and motor vehicles are the manufacturing sectors that show the highest degree of
internationalisation. The dominance of foreign affiliates in HT and MHT sectors is reflected by the
absence of Czech firms amongst the EU top 1000 R&D investing firms. In the manufacturing sector,
the share of inward BERD in total BERD (about two thirds) is slightly higher than the share of the
value added created by foreign affiliates, indicating that foreign-owned affiliates investing in the
Czech Republic also invest in R&D and that their R&D intensity is equal or above that of domestic
firms. In other words, inward BERD follows FDI.

22 EU Industrial R&D Scoreboard
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Czech Republic between 2000 and 2011

IIII..II-___Y__T____j_r_----

Change in the contribution to trade balance (in % points)

B e & L © s < o o > © o 5 < © & > & . &
I ¢ (& P ‘&\9&”@ e g S & & & @%“"F R gty NS
S L RS RO A R T S K AN & & T S @ & & I & &
SN C . PR S AP N - IR SRt G P PR P
S &S SIS S R N S I Sl S s SR & N
S & & F & E F 0 T S E &Y 55 o [SEEC
S & 8 L & (F & E S PN PSS MY O NN 5 & &
&S & > & & ¢ P & P N ¢ @ TS SRS &
& ¢ s T P o & & & & S s
&
= =& & & & o g & S <&
& & 3 SN ST & 5
<8 o = 5 & SEPr Sl
S «s¥ <® N <

Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products” refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The trade balance in high-tech (HT) and medium-tech (MT) products of the Czech economy improved
considerably between 2000 and 2010. At the beginning of the period the country was running a mild
trade deficit to which HT/MT products were contributing. Starting in 2004, HT/MT sectors literally
pulled the trade balance out of the red, more than offsetting trade losses in other sectors. Since 2007
the HT/MT trade surplus has been maintained at a very high level and helped the country weather out
the economic crisis. HT and MT products have therefore played a critical role in redressing the trade
balance of the Czech economy and now constitute the backbone of its trade surplus, indicating a
relative HT/MT trade specialisation.

The graph above shows the increase of this positive contribution for the majority of HT and MT
products. The largest increases are for telecommunications and sound-recording and reproducing
apparatus; office machines and automatic data-processing machines; general industrial machinery and
equipment; and road vehicles. This shows that the trade balance situation of these products has
improved even faster than the overall trade balance of the Czech Republic, indicating an increasing
trade specialisation of the country in these products. This is also true to a lesser extent for professional,
scientific and controlling instruments; other transport equipment; machinery specialised for particular
industries;, plastics in non-primary form; and chemical materials and products.

The industries corresponding to these products have largely upgraded their R&D intensities and, with
the exception of chemicals, they have been growing faster than the Czech economy on average (see
graph in previous section), highlighting a mutually supporting pattern of trade and value added
specialisation. In contrast, the trade balance in electrical machinery, apparatus and appliances has
stagnated despite an increasing research intensity effort and share in the economy.

After an initial sharp increase by 20% from 2000 to 2006, total factor productivity has remained stable
in the Czech Republic (table below) which is the 4™ best performance in the EU. Regarding the
Europe 2020 targets, the country's best ranking is attained for the risk of poverty (1*) and the worst for
the level of tertiary education among the 30-34 years old. The employment rate is high, greenhouse
gas emissions have been decreasing, backed up by clear growth in renewable energy and
environmental technologies.
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Key indicators for the Czech Republic

exclusion (%)

2000[2001[2002[2003[2004[2005]2006[2007[2008J2009[20102011|2012 Average EU Rank
CZECH REPUBLIC annual |average @|within
growth @ EU
(%0
ENABLERS
Investment in knowledge
I A RITEES (G2 e (e 059|0.68]0.84[0.95[1.03]|1.12|1.17[131[1.37]1.38] 1.32 8.4 169 | 16
population aged 25-34
- - - v
g’fégsss enterprise expenditure on R&D BERD) as % | 701470 [ .70 0.73{ 0.75| 0.86 | 0.7 | 0.92| 0.67 [ 0.88] 0.96 | 1.12 43 126 | 11
i i 0
ggt;nc expenditure on R&D (GOVERD + HERD) as %of o 461 46| 0.44 [ 0.46]| 0.45 [ 0.49] 0.51{ 0.56 | 053] 0.58 [ 0.58] 0.72 41 0.74 9
Venture Capital ® as %of GDP 0.19]0.04]0.03]0.00]0.01]0.01|0.00]0.05|0.02]0.04]0.03]0.12 3.9 0359 | 13@
S&T excellence and cooperation
Composite indicator of research excellence : : : : :|23.9] : 29.9 4.6 47.9 15
Scientific publications within the 10% most cited
scientific publications worldwide as %of total scientific | 43| 3.9| 41| 44| 47| 50| 54| 48| 55 3.1 109 21
publications of the country
I SRS G Ul (e il 190 | 178 193 273 | 311 | 344 | 390 | 423 | 442 | 466 | 509 | 529 9.8 300 18
population
Publ|c-pr|vate scientific co-publications per million 26| 28| 31| 33| 34 70 53 13
population
FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
PCT patent applications per billion GDP in current PPS€ | 06 | 06| 06| 0.7 | 0.7 | 07| 08| 10| 1.0 | 09 : : 3.8 3.9 18
License and patent revenues from abroad as % of GDP : ! : : |0.03]0.03]0.02]0.02]0.03]0.05]0.05] 0.05 5.9 0.58 20
Sales of new to market and new to firm innovations as 55l - l1asl - |7l - 153 03 14.4 6
%of turnover
- i I 0
Knov.vledge intensive services exports as %total 208l31.612971 2031301 | 293] 273 46 451 15
service exports
Contribution of high-tech and medium-tech products to
the trade balance as %of total exports plus imports of |-0.26|0.11|3.05|0.71|1.743.02|3.74|3.52|3.77| 3.53| 3.42] 3.82 = 4200 7
products
Sgggt_hfgéma”amrpmduc""'ty(mta'economy)' 100 | 102 103] 106 | 110 | 115 | 120| 124 | 124 | 110| 121 122] 120 20© 103 4
Factors for structural change and addressing societal challenges
Composite indicator of structural change 29.7] : : : ]35.0] : : : 1 |39.6 2.9 48.7 18
Employment in knowledge-intensive activities
(manufacturing and business services) as %of total : : : : : : : : |11.2)11.3|11.8|12.3 3.3 136 17
employment aged 15-64
: , - - v
SMEs introducing product or process innovations as % as5] . la20] ¢ lsa9] . 330 12 384 15
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPSE 0.0210.03]0.02]0.060.06|0.06|0.06]0.10| 0.09 231 0.39 17
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.0810.11]0.1040.1040.100.11}0.13]0.13| 0.11 4.3 0.52 17
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
Employment rate of the population aged 20-64 (%) 71.0171.2|716]70.7|70.1}70.7|71.2]172.0|72.4|70.9]|70.4]70.9| : 0.0 68.6 9
R&D Intensity (GERD as %of GDP) 1.17]1.16]1.1511.2001.20|1.35]/1.49]1.48|1.41|1.47|1.55]|1.84 4.2 2.03 11
Greenhouse gas emissions - 1990 = 100 74| 74| 72| 74| 75| 75| 76|76 | 73|69 71| : 3™ 85 8®
Share of r.enewable energy in gross final energy 6116116574176 385! 92 71 125 18
consumption (%)
Share of population aged $0-34 who have successtully |15 71153(156]126(12.7|13.0]131[133]15.4|17.5| 20.4| 238 51 346 | 22
completed tertiary education (%)
Share of population at risk of poverty or social 19611801158l 153 1401 14.4] 153 40 24.2 1@

Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard

Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, S|, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(8) The values for this indicator were ranked from lowest to highest.
(9) Values in italics are estimated or provisional.

Country-specific recommendation in R&I adopted by the Council in July 2012:

"Adopt the necessary legislation to establish a transparent and clearly defined system for quality
evaluation of higher education and research institutions. Ensure that the funding is sustainable and

linked to the outcome of the quality assessment.™
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Denmark
Innovation for productivity addressing societal challenges

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Denmark. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 3.09% (EU: 2.03%; US: 2.75%) 2010:77.65 (EU:47.86; US: 56.68)
2000-2011: +4.64% (EU: +0.8%; US: +0.2%) 2005-2010: +3.41% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.713 (EU: 0.612) 2010:54.95 (EU:48.75; US: 56.25)
2000-2010: +1.64% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Energy, Environment, Food, Biotechnology, 2011: -2.77% (EU: 4.2%;  US: 1.93%)
Health 2000-2011: n.a. (EU: +4.99%; US:-10.75%)

Denmark has considerably expanded its research and innovation system over the last decade and
currently has the third highest R&D intensity among EU Member States. Denmark is also one of the
most efficient European countries in terms of quality of scientific output per unit of public R&D
investment. In Denmark public R&D investment has been at the level of 1% of GDP since 2009 and
the Danish scientific production system is of high quality and efficient in terms of quality citations per
invested public money. Nevertheless this good research performance has not yet fully translated into
increased competitiveness and productivity in the Danish economy.

In the last decade Denmark experienced a lower productivity growth, especially in construction and in
services, than other knowledge-intensive countries, and even experienced falling levels of productivity
during the economic crisis over the period 2007-2010%. Furthermore, value added in high-tech and
medium-high-tech manufacturing sectors plus high-tech knowledge-intensive services as a % of total
value added has been lower than the EU average since 2000. Other remaining challenges are weak
competition in some sectors and relatively poor innovation performance, despite a favourable
innovation environment. There is thus a need for a better valorisation of knowledge by enterprises and
for boosting innovation to enhance productivity, growth of firms and structural change.

The Danish government has identified the trend of slow productivity growth as a serious economic
challenge and in response has developed a new national innovation strategy which focuses on the five
Danish regions and their innovation efforts. A Productivity Commission was furthermore established
in spring 2013 in order to examine the reasons for the slow growth of productivity in Denmark and for
answering specific questions on ways to make the Danish economy more productive and competitive.
The current policy focus is on expanding public-private cooperation, reinforcing cluster dynamics and
finding new solutions to link the supply of innovation closer to public demand (through public
procurement of innovative products and services) and to private demand (firm-to-firm technology
markets). At the level of human resources, there is a determined effort to enhance creativity and
entrepreneurship throughout the education system, including adult education.

8 Measured as change in GDP per person employed
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Investing in knowledge
Denmark - R&D intensity projections, 2000-2020 @)
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Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, Member State
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011 in the
the case of the EU and for 2007-2011 in the case of Denmark.
(2) DK: This projection is based on a tentative R&D intensity target of 3.0% for 2020.
(3) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(4) DK: There is a break in series between 2007 and the previous years.

In the context of Europe 2020, Denmark set a national R&D intensity target of 3% for 2020. However,
this target has already been achieved in 2009. In 2009, Denmark also achieved its objective of
reaching a public R&D investment level of 1% of GDP. This target was achieved following an
increase in the government budget for R&D of 8.9% over the period 2009-2011. ** A high share of the
EU regional structural funds available to Denmark was allocated to research and innovation (over
34%). However, Denmark was less successful in obtaining funding from the EU research framework
programme.?

Having reached a public R&D intensity level considered optimal by the government, efforts are
currently being focused on how to foster innovation in the business sector. Over the last decade,
business R&D intensity has increased in Denmark to reach the level of the United States. In 2010,
business expenditure on R&D increased by 5% (in nominal terms), in line with GDP growth thus
leaving business R&D intensity unchanged. R&D expenditure by the major research-intensive firms in
Denmark increased by 11% over the same period. R&D investment in Denmark is mainly carried out
by Danish firms; foreign inward business enterprise research and development spending accounted for
less than 7% of total BERD in 2007, while outward business R&D was insignificant.

Denmark still has a lower intensity of business R&D investment than other innovation leaders. Part of
the reason is linked to Denmark's economic structure which has a relatively high share of medium-tech
and low-tech sectors. However, over the last decade R&D intensity has increased in high-tech/medium
high-tech and medium—Ilow-tech/low-tech sectors.?® At the same time there was a decreasing R&D
intensity in some traditional sectors of the Danish economy, such as food products, medical
instruments, and machinery and equipment. Moreover, the weights of many of the high-tech and
medium-high-tech sectors in the Danish economy have decreased.?’

2 In the 2011 budget there was an increase for R&D of 4.7%. According to a recent survey (ERAC) the 2012 budget
increased by 3.5%. However, a decrease of 3.6% is expected in the 2013 budget.

% Mainly due to a low application rate. The financial contribution success rate was the 5™ highest in the EU.

%6 For most of the relevant sectors of the Danish economy, business R&D intensity increased over the last decade

%" particularly noticeable for the Radio, TV and communication equipment sector.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of the Danish R&I system. Reading
clockwise, it provides information on human resources, scientific production, technology valorisation
and innovation. Average annual growth rates from 2000 to the latest available year are given in
brackets.

Denmark, 2011 M

In brackets: average annual growth for Denmark, 2000-2011 @
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Denmark's research and innovation system benefits from a high level of funding, strong scientific
production, and good human resources and mostly performs above the EU average. Denmark has a
high tertiary education attainment rate and performs near the EU average on new graduates in science
and engineering per thousand populations. A weaker point concerns the number of new doctoral
graduates and there is also a lower share of foreign doctoral students than in the EU as a whole.
Denmark has a high performance on business enterprise researchers in the labour force and there is a
focus on technologies well adapted to the Danish industry profile (environmental technologies, health
technologies, biotechnologies). Denmark's scientific production is strong and the country has one of
the world's highest levels of scientific excellence (a share of 14.9% of total national scientific
publications in the 10% most highly-cited scientific publications in the world) and the trend over the
last ten years has been towards a greater quality.

Denmark is well integrated in scientific and cooperation networks across Europe, and also in
technological cooperation networks. However, Denmark's scientific cooperation with other European
countries®®, benefiting from the emerging European Research Area, is more intensive and broader in
scope than its technological cooperation. A potential for enhancing the internationalisation of SMEs is
suggested by the low share of Danish SMEs participating in the FP7 programme. The funding received
under the EC framework programme in relation to total research spending in Denmark is also below
the EU average.

% Denmark's main scientific cooperation partners are the United Kingdom, Germany, Sweden and the Netherlands, but
Danish scientists also cooperate extensively with researchers in Southern European countries.
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Denmark's scientific and technological strengths

The maps below illustrate six key science and technology areas where Denmark has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Energy Green energy  Technological production
Scientific production Environment Technological production
Scientific production Food, agriculture and fisheries  Technological production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010

71



Scientific production Biotechnology Technological production

Scientific production Health Technological production

Scientific production Materials Construction technologies Technological production

Denmark shows a stronger performance in patenting than in scientific production. It has a high number
of patent applications per inhabitant and it also has a growing number of highly-cited patents
(reflecting technology breakthroughs). In scientific production Denmark only excels in food and
agriculture, while in technological production (patenting) it has clear strengths at European level in
energy (in particular green energy), environment, food and agriculture, biotechnology, health (in
particular medical technologies) and construction technologies. Other fields of technology strengths
include electrical machinery, engines, pumps and turbines, plastic products, and audio-visual products.

Denmark has scope for enhancing scientific strengths in areas related to these technology fields
(mainly industry-led), as shown by the maps above. The high share of total Danish scientific
publications in the 10 % most cited scientific publications worldwide shows that the quality of Danish
scientific output is world-class. A weakness can be seen in the scale of scientific and technological
production as science, technology and industry clusters need both high quality and a critical mass.
There are opportunities to be found in an active use of European-wide instruments, such as the ESFRI
infrastructure, in networking or smart specialisation scaling up dynamics and in enhancing potential
clusters through the use of EU Structural Funds.
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Policies and reforms for research and innovation

Denmark has recently launched reforms to boost innovation, in particular through the Danish
Globalisation Strategy, the Business Innovation Fund and the proposal "Strengthening innovation in
business". Furthermore, the 2010 "Enterprise package" has been extended to 2011 and a new
"Competition package" was launched in 2011 with 40 initiatives to promote competition and
productivity. Denmark has set a target for reducing the administrative burden for business. Although
this target was met in 2010, the government has launched a new strategy for reducing the
administrative burden still further. Denmark, already a leading country when it comes to e-
government, has launched a new e-government strategy in 2011. From the end of 2012 all new
enterprises will be equipped with basic tools for digital communication with the authorities.

In 2009 and 2010, new innovation policy measures have been introduced in Denmark targeting private
R&D investment, including increased public procurement of eco-innovations, support for large
demonstration facilities, the launch of the Renewal Fund and a risk capital fund. Finally, the "Energy
Strategy 2050", a long-term and broad national strategy for energy for the horizons 2020 and 2050, is
also relevant in this context as it contains measures for boosting innovation in an area, which is a
central challenge for Denmark and a global business opportunity for Danish firms. Furthermore, Our
Future Energy, an energy agreement for Danish energy policy 2012-2020, was launched in March
2012. In December 2012 Denmark has adopted a new broad innovation strategy. This includes the
identification of areas where Denmark has competitive advantages, in line with the EU Horizon 2020
programme.

There is a good opportunity for active supply-side and demand-side innovation in the areas where
Denmark has competitive advantages, such as wind energy, organic chemistry, pharmaceuticals and
biotechnologies. Such strategies should from the beginning be connected to European instruments, in
particular the European Innovation Partnerships, Horizon 2020 and ESFRI infrastructures. This
would create stable and long-term framework conditions for the Danish industry to invest strategically
in research and innovation.

Finally, an increase in R&D intensity would probably make it easier for Denmark to maintain its
position among the most innovative and knowledge-intensive economies in the world. The mid-term
review of the Europe 2020 objectives (in 2014-2015) could constitute an opportunity in this respect.
Other Nordic countries (Sweden, Finland) have set R&D intensity targets of 4% and competitors in
Asia have R&D intensity targets of up to 5% (South Korea). Given the low productivity growth in
Denmark and the need for an evolution towards more broad innovation activities in firms, including
investment in intangibles, Denmark would benefit in particular from combining the strategic focus of
its innovation policy with increased public investment in R&D.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.
Denmark - Index of economic impact of innovation @)
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Danish SMEs are relatively dynamic, pursuing technology development with a higher intenstiy of
patent applications in young firms than is found in the United States and with a high share of SMEs
with new-to the-market products. The index of economic impact of innovation is at a clearly higher
level than in the EU as a whole and close to the reference group of countries. A relative weakness in
Denmark is a lower contribution to the trade balance of medium and high-tech product exports.

The quality of the innovation environment for firms in Denmark is well above the EU average.
Denmark has good administrative support for business, a determined policy to promote creative and
entrepreneurship skills in primary and secondary schools and a relatively high public procurement
culture for advanced technology products as perceived by business leaders.

However, in some areas Denmark is lagging behind other innovation leaders, in particular in private
funding of innovation (venture capital investment for the expansion and replacement phase, the
presence of business angel groups and the perceived ease of access to loans), in some aspects of
entrepreneurship (e.g. the fear of failure rate) and in the intensity of local competition and perceived
buyer sophistication. Market mechanisms and indirect funding of R&D through tax incentives have
played a larger role in Denmark than direct funding of business R&D, features which distinguish
Denmark from the other Nordic countries.

The Danish business environment is marked by a wide range of competition-friendly regulations (it is
ranked 5" out of 183 economies on the ease of doing business indicator*®®). The innovation
environment for firms in Denmark is well above the EU average and Denmark's R&D investment
target of 3% of GDP had already been achieved in 2009. Compared to other innovation leaders,
Denmark has a higher share of SMEs among its companies coupled with a relatively high business
R&D intensity within SMEs. Denmark therefore has a clear potential to further increase its technology
development via a structural change towards a higher share of knowledge-intensive sectors. In fact
over the last ten years Denmark has caught up rapidly in terms of patent applications, license revenues
and employment in knowledge-intensive activities.

% See Methodological note for the composition of this index.
% Source: World Bank Doing Business survey 2012.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates with the upgrading of knowledge in different manufacturing industries.
The position on the horizontal axis illustrates the changing weight of each industry sector in value
added over the period. The general trend to the left-hand side reflects the decrease of manufacturing in
the overall economy. The sectors above the x-axis are sectors whose research intensity has increased
over time. The size of the bubble represents the share of the sector (in value added) in manufacturing
(for all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.

Denmark - Share of value added versus BERD intensity - average annual growth, 2001-
2006
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Source: DG Research and Innovation - Economic Analysis unit
Data: OECD
Notes: (1) High-Tech and Medium-High-Tech sectors are shown in red. ‘Other transport equipment' includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.
(2) 'Publishing and printing': 2002-2006.

As shown by the graph above the share of value added of high-tech and medium high-tech sectors (red
circles) in the Danish economy has decreased since 2001, despite a general increase in R&D intensity
(R&D intensity declined only in machinery and equipment, and medical, precision and optical
instruments). The only high-tech or medium-high-tech sector with an increase in its share of value
added was electrical machinery and apparatus. In general productivity growth has been low. The
Danish government recognises as a major challenge the need to increase the number of innovative
companies and to accelerate productivity growth in the manufacturing and services sectors.

One possible reason for the low productivity growth is a relatively lower level of innovation in Danish
manufacturing enterprises, a level which is far below the levels of other Nordic countries. Underlying
factors can be linked to the weaker dimensions of Denmark's innovation environment (risk funding,
entrepreneurship, competition and market sophistication) and to the limited internationalisation of
Danish technology development and firms. However, it can also be linked to Denmark's industrial
structure, which would have to change towards more knowledge-intensive sectors and larger firms to
make it more innovation oriented. In this respect fast growing innovative firms represent a key asset
and future potential for Denmark as has been illustrated in the previous part of this profile.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Denmark between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products” refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Within the framework of an increasing Danish export surplus, the contribution of the majority of high-
tech (HT) and medium-tech (MT) products to Denmark'’s trade balance has not changed significantly
between 2000 and 2010. However, inside the important sector of machinery and equipment there are
several product categories, including power generating machinery and machinery specialised for
particular industries, which showed a significant growth in their contributions to the trade balance.
Electrical machinery and apparatus, a sector that has improved its research intensity, also expanded its
contribution to the trade balance. Hence, there is an increasing specialisation of the country in the
above mentioned products. The contribution of medicinal and pharmaceutical products to the trade
balance has decreased significantly between 2000 and 2010. Overall the share of high-tech exports in
total exports is below the EU average, but there is a relatively high share of knowledge-intensive
services in service exports.

The Danish economy is characterised by a relatively low productivity growth, both in the services and
the manufacturing sectors. Possible explanations are an economic structure with a high share of
services, which tend to have lower productivity growth than manufacturing industries, a low level of
local competition due to the small size of the market and an insufficient level of innovation in relation
to the country's potential. Total factor productivity has hardly grown since 2000 implying that there
was little contribution from innovation and human capital development to productivity growth. The
employment rate and the quality of human capital, as evidenced by the tertiary education attainment
rate of the population, are high in Denmark, but there was little progress on these indicators in recent
years and even a decline since 2005. However, Denmark has improved its performance as regards the
other Europe 2020 targets in recent years.
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Key indicators for Denmark
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EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the period

2000-2012.
(2) EU average for the latest available year.

(3) Break in series between 2007 and the previous years. Average annual growth refers to 2007-2011.
(4) Break in series between 2002 and the previous years.
(5) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(6) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, SI, SK, These Member States were notincluded in the EU ranking.
(7) EU is the weighted average of the values for the Member States.
(8) The value is the difference between 2012 and 2000.
(9) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(10) The values for this indicator were ranked from lowest to highest.
(11) Break in series between 2003 and the previous years.

(12) Values in italics are estimated or provisional.
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Estonia
The challenge of upgrading Estonian industry by research and innovation

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Estonia. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input Performance/economic output

Research R&D intensity Excellence in S&T
2011: 2.38% (EU: 2.03%; US: 2.75%) 2010:25.85 (EU:47.86; US: 56.68)
2000-2011: +13.31% (EU: +0.8%; US: +0.2%) 2005-2010: +11.7% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.45 (EU: 0.612) 2010:46.48 (EU:48.75; US: 56.25)
2000-2010: +2.94% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Energy, Environment, Food and agriculture 2011: -2.7% (EU: 4.2%; US: 1.93%)
2000-2011: n.a. (EU: +4.99%; US:-10.75%)

The development and performance of the Estonian research and innovation system over the past two
decades has been outstanding, with policies driven by quality, excellence and competition. The
development of R&I policies and of the system have been inspired by what is done in the Nordic and
other European countries. This has worked so far, but in the longer run will not be sufficient. A further
challenge for Estonia will be to develop its R&I system in ways that will make a difference for the
economy at large, as demonstrated by the large remaining gaps illustrated in the table above, both in
terms of quality of its science base and in its capacity to generate products competitive on the
international market.

A rather significant challenge affecting the R&I system derives from the Estonian industrial sector,
which is largely driven by basic subcontracting manufacturing. Therefore any effort to upgrade the
role of Estonian industry in the global value chains, by R&I means is of utmost importance for raising
productivity and the added value of the economy. This implies developing a broad range of supply and
demand policies. In addition, as economic restructuring, diversification and transition to higher value-
added output is taking place, skills shortages are becoming apparent creating the need to adapt
university curricula and specialisations to the emerging economic fields. Moreover, the fragmentation
of R&I could be addressed by governance related measures. The small size of the country is reflected
in the small number of companies, lack of economies of scale or critical mass in many areas of
research.

Through its policies, Estonia has been able to turn its small size into an advantage by means of
specialisation. The two key strategies in place: "Knowledge-based Estonia 2007-2013" (the R&l
Strategy) and "Europe 2020" (on general economic development in response to the Europe 2020
agenda) are ambitious and appropriately focused on guiding the country's development by strong
commitment to sustainable economic development through R&I. This is expected to address the issue
of a research and innovation system which, although performing remarkably well during the last two
decades, has remained rather detached from a vast part of the Estonian economy. Therefore a further
focus on areas that dominate the Estonian economy today now becomes necessary.
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Investing in knowledge

Estonia - R&D intensity projections, 2000-2020 1)

6.0 1
Estonia —trend,
5.5 - /
5.0 /
45 /
4.0 /
S
235 /7
2 /
2 Estonia @ -target
£30 1 7 ="
5] —-——e
o _‘_—‘:,—’ EU O - target
2.5 A - -
-
a =
2.0 — EU -trend
1.5 1
1.0 1
0.5

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, Member State
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011 in the
case of the EU and for 2000-2010 in the case of Estonia.
(2) EE: This projection is based on a tentative R&D intensity target of 3.0% for 2020.
(3) EU: This projection is based on the R&D intensity target of 3.0% for 2020.

Estonia had an R&D intensity of 2.36%>" in 2011, with a steep increase from 1.63% in 2010. The
increase is significantly due to the private R&D sector expenditures, which doubled in 2011 compared
to 2010 in absolute numbers. In relative terms, the business expenditures for R&D as percentage of
GDP represent 1.40% in 2011, from 0.82% in 2010, with a remarkable overall annual growth rate of
24.4 between 2000 and 2011. Public expenditures on R&D reached a share of 0.87% of GDP in 2011.
With an ambitious 3% R&D intensity target for 2020 (with a 2% milestone in 2015), Estonia takes a
decisive commitment for achieving a key feature for an ambitious growth path towards a knowledge-
based society.

The Estonia 2011 strategy foresaw a major boost in 2011 provided by front-loaded EU structural funds
estimated at up to 1.2% of GDP. Currently 24.7% of the total Structural Funds available to Estonia is
allocated to research, innovation and entrepreneurship, which is very close to the overall 25% average
at EU level. The current rate of absorption of the funds dedicated to R&I and entrepreneurship is
57.1%. Notwithstanding the high level of public funding of R&D, reaching the 2020 R&D intensity
target will depend both on the ability to attract R&D intensive foreign direct investment and a further
significant growth in business R&D. Business R&D expenditure as a percentage of GDP has already
increased from 0.14% in 2000 to 0.64% in 2009 to 0.81% in 2010. The expected leverage effect of the
front-loaded EU structural funds for business R&D will be closely monitored.

The total number of Estonian participants in the 7" Framework Programme is so far 342 (out of 1567
applicants). They have in total received € 552 million. The rate of participant success is 21.83%,
which is slightly below the EU average rate of success of 21.95%.

% According to Eurostat provisional data for 2011
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of Estonia's R&I system. Reading clockwise,
it provides information on human resources, scientific production, technology valorisation and
innovation. Average annual growth rates from 2000 to the latest available year are given in brackets.
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The graph above shows a performance above the EU average both in SMEs introducing innovation
and in funding from the EC Framework Programme. However, Estonia remains for the time being
below the EU average in all four large dimensions of its R&I system: human resources, scientific
production, technology development and innovation. In the field of human resources for research and
innovation, Estonia is suffering from a low number of new doctoral graduates and business enterprise
researchers. The number of foreign doctoral students is particularly low, which however, could be
explained by the small size of the country.

These indicators point at the need to enhance the quality of the higher education system and to address
the non-absorption of highly-skilled graduates in firms. Estonia has improved its scientific quality and
production but still faces the challenge of increasing the excellence and internationalization of its
research institutions. Estonia has improved its performance in public-private cooperation although it
still performs well below the EU average. Knowledge valorisation takes place in clusters, where
SMEs, larger firms and public research organisations cooperate and compete. Business R&D intensity
and PCT patent applications have increased, although they still remain below the EU average.
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Estonia’s scientific and technological strengths

The maps below illustrate six key science and technology areas where Estonia has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Food, agriculture and fisheries Technological production
Scientific production Energy Technological production
Scientific production Environment Technological
production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Information and Communication Technologies Technological
production

Scientific production Nanosciences and nanotechnologies Technological
production
Scientific production Biotechnology Technological production

As illustrated by the maps above, Estonia has strong regional scientific and technological capacity in
the fields of food, agriculture and fisheries, energy, and environment, as well as technological capacity
in ICT, nanosciences and nanotechnologies, and biotechnology.

Regarding Estonia's scientific specialisation index, not visible in the maps above, the main scientific
fields are energy, environment, food and agriculture while scientific quality is highest in transport, and
food and agriculture (as reflected by the share of scientific publications in the 10% most cited
scientific publications worldwide). In terms of technology specialisation, the main technology sectors
are biotechnologies, new production technologies, nanotechnologies, environment and security.
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Policies and reforms for research and innovation

Estonian research and innovation policy is based on collaboration led by the Research and
Development Council. The council has an advisory nature and involves representatives of the public
R&I sector, industry, the Ministry of Education and Research, and the Ministry of Economic Affairs
and Communications. The two ministries are responsible for the implementation of economic policy,
and research and innovation policy.

The Estonian authorities are addressing the challenges indicated at the beginning of this assessment
through two key strategies that are already in place: "Knowledge-based Estonia 2007-2013" which is
the Research and Innovation Strategy and "Europe 2020", a general economic development strategy in
response to the Europe 2020 agenda. The strategies are ambitious and correctly focused on guiding the
country's development by strong commitment to sustainable economic development through research,
development and innovation, but they would have benefited from a more narrow sectoral focus and
detailed objectives. Whereas the development and performance of the research and innovation system
has been remarkable during the last two decades, it appears to have remained rather detached from a
vast part of the economy. Therefore a further focus on areas that dominate the Estonian economy
today has now become necessary. The development of a comprehensive innovation strategy consistent
with industrial perspectives would help to identify knowledge-intensive sectors that could raise the
country's position on the value chain.

Regarding the particular challenge of skills shortage, the Government is trying to foresee future needs
of different skills as well as attempting to reverse the brain drain by building up incentives for
Estonian researchers to return to the country after having gained important professional experience
abroad.

Overall cooperation between public sector research and business will need to be further encouraged. In
general, public actors (i.e. universities and existing excellence centres) do not have sufficient
incentives to promote the commercialisation of research results. Eight competence centres focused on
industrial research and the creation of innovative products, have been created with the aim of
promoting cooperation between academia and business. The Government plans to evaluate their
activity, with a view to adjusting the financial support in relation to the actual progress.

The recent international peer review undertaken within the European Research Area Committee
(ERAC) - providing input to the government for the renewal of the R&I strategy for 2014-2020 —
highlighted less budgetary intensive measures such as knowledge transfer and suggested public-
private schemes instead of direct funding tools. Estonia was recommended to further harness its R&lI
policy to drive structural change in the economy. The ongoing strategy process was recommended to
be used to develop a more coherent and systemic policy mix. Increased funding was considered rather
as a tool to extend the overall reach and variety of innovation instruments to non R&I performing
companies. Currently, in the absence of a coherent strategy, it was noted that Structural Funds can
even contribute to the complexity. Developing the new national R&I strategy by taking closely into
account EU policy and funding instruments might have major synergies for a country with limited
resources but relatively good administrative capacity.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

Estonia - Index of economic impact of innovation @)
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Estonia has a slightly lower economic impact of innovation than its reference group. In particular, the
economy is still less knowledge-intensive in terms of employment and trade. In this context, the
Competence Centres and the innovation vouchers intended to encourage R&I activities in SMEs are
steps in the good direction (the vouchers have been extended both in terms of value, currently € 4000
per voucher, and target group with the list of R&D providers extended to include competence centres).
These measures increase the possibility of attracting foreign companies to Estonia and provide a
stimulating environment and networks for innovative firms, boosting knowledge transfer between
academia and businesses. Finally, the recent “start-up Estonia” pilot scheme is a new, supplementary
policy instrument to motivate young people to start businesses.

Estonia has an average position among EU Member States and a favourable position among new
Member States regarding the perception of end business users on availability of both venture capital
and access to loans, as well as on financing through local equity markets. The perception of end users
regarding both government procurement of advanced technology products and intensity of local
competition situates Estonia yet again in a leading position among new Member States and around the
EU average. The share of public procurement advertised in the Official Journal relative to GDP was
8.40, i.e. ranking third in Europe after Bulgaria and Latvia. Estonia is also in third place in the EU
regarding net foreign direct investment (FDI) inflows relative to GDP (according to 2008 data),
immediately after Cyprus and Ireland. According to the Eurobarometer® the greatest fears of
Estonians when starting a business are the uncertainty of not having a regular income, the risk of
losing their property and the possibility of going bankrupt.

%2 See Methodological note for the composition of this index.
% Eurobarometer: Entrepreneurship in Europe and beyond, 2010
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented in the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.

Estonia - Share of value added versus BERD intensity - average annual growth, 2005-
2009
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Source: DG Research and Innovation - Economic Analysis unit
Data: OECD
Notes: (1) High-Tech and Medium-High-Tech sectors are shown in red. 'Other transport equipment' includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.
(2) 'Pulp, paper and paper products', 'Rubber and plastics’, 'Wood and cork (except furniture)': 2006-2009.

Estonia is one of the countries that are catching up fast in terms of manufacturing industry: in 2011,
manufacturing production represented 17.3% of total value added (compared to an EU average of
15.6%). Estonia is improving its competitiveness and has a clear potential to join the group of higher
income countries specialised in labour-intensive industries®. In terms of trade and industry
specialisation, Estonia is specialised in the manufacturing of electronic products, fabricated metal
products, motor vehicles, electrical equipment, and machinery and equipment.

The graph above synthesises the structural change of the Estonian manufacturing sector over the
period 2005-2009. It shows that the economic expansion has been to a certain extent related to lower-
tech sectors or large consumer goods and services, in particular, coke, refined petroleum and nuclear
fuel, and electricity, gas and water. However, there has been an increase in R&I investment in several
industrial sectors of the Estonian economy, both in low-tech and traditional sectors such as rubber and
plastics, textiles, wearing apparel and fur, and also in the high-tech sectors of office, accounting and
computing machinery, medical, precision and optical instruments, and machinery and equipment.

* DG Entreprise, Industrial Performance Scoreboard, 2012
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Estonia between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.

"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The Estonian trade balance for all high-tech (HT) and medium-tech (MT) products combined was
negative over the last decade; however, there is an increasing trend. At the same time there is a relative
stagnation for the total trade balance over the same period. The data suggest a relative shift towards
HT and MT in the trade balance of Estonia over the last few years.

The graph above shows the high-tech and medium-tech industries that have improved their
contributions to the Estonian trade balance. This is particularly true for electrical machinery, road
vehicles, general industrial machinery, machinery specialised for particular industries, and power
generating machinery and equipment. In contrast, industries such as telecommunications and
medicinal and pharmaceutical products are making decreasing contributions to the trade balance,
indicating a possible loss in relative world competitiveness for these sectors. Over the last 15 years,
the Estonian economy has made relative gains in world competitiveness as a result of innovation. This
is shown by indicators such as knowledge-intensive services exports as % of total service exports. The
composite indicator on structural change ranks Estonia in 17" place in the EU over the period 2000-
2010 (see table below).

Estonia had a rather flat evolution of total factor productivity over the last decade, and is ranked 16th
in the EU in this respect. Greenhouse gas emissions increased up to 2007 but then progressively
declined and by 2009 were under the level of 2000. Estonia has also succeeded in increasing the share
of renewable energy in gross final energy consumption and is currently ranked 6™ in the EU for this
indicator. The employment rate increased from 67.4% in 2000 to 70.4% in 2011.
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Key indicators for Estonia
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population
Publlc»prlvate scientific co-publications per million 1922 26| 28] 25 66 53 18
population
FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
PCT patent applications per billion GDP in currentPPS€ | 1.2 | 1.1 | 08| 1.2 ]| 1.0| 06 | 15| 20| 20| 2.3 8 : 7.6 3.9 12
License and patent revenues from abroad as % of GDP : : : : 10.03]0.04|0.04|0.05|0.11]0.13]0.11]0.10 17.5 0.58 17
Sales of new to market and new to firm innovations as 119 137 102 123 05 144 15
%of turnover
-] i i 0,
Knovyledge intensive services exports as %total 208l303l33213751376|37.1] 374 39 451 10
service exports
Contribution of high-tech and medium-tech products to
the trade balance as %of total exports plus imports of |-5.68|-6.00|-7.75|-8.64|-5.65|-4.61|-3.83|-4.18]-2.77]-1.53]-3.00]-2.70 - 4,200 22
products
Sgg‘g‘_hl";;m”acmr PRI (]| CETang)= 100 | 103 | 105 | 107 | 120 123| 115 117 ] 108| 97 | 102| 206 | 205] 5@ 103 | 13
Factors for structural change and addressing societal challenges
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(manufacturing and business services) as %of total 951102 9.8 |10.7 4.2 13.6 20
employment aged 15-64
i i i i 0
SMEs introducing product or process innovations as % 16.4 458 43.9 456 03 384 7
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPS€ 0.01]0.00/0.0040.23]0.00/0.00/0.00]0.17]0.13 319 0.39 14
Health-related technologies - patent applications to the
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EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
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R&D Intensity (GERD as % of GDP) 0.6010.70]0.72]0.77]0.85]0.93]1.13]1.08|1.28] 1.43]1.63]2.38 13.3 2.03 7
Greenhouse gas emissions - 1990 = 100 42 | 43| 42| 46 | 47 | 45 | 44 | 52 | 48| 40 | 50 | : g8® 85 4@
Shareofrgnewableenergylngrossflnal energy 1841751611171 1892301243 47 125 6
consumption (%)
Share of population aged 30-34 who have successfully | 5o o[ g 5155 1]27.6(27.4[30.6|32.5|33.3] 34.1 [ 35.9] 200] 40.3 25 346 i@
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) EU is the weighted average of the values for the Member States.
(4) The value is the difference between 2012 and 2000.
(5) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(6) The values for this indicator were ranked from lowest to highest.

(7) Values in italics are estimated or provisional.

Country-specific recommendation in R&I adopted by the Council in July 2012:
"Link training and education more effectively to the needs of the labour market, and enhance

cooperation between businesses and academia. Increase opportunities for low skilled workers to
improve their access to life-long learning. Foster prioritisation and internationalisation of the research

and innovation systems."
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Finland
Towards a Digital Service Economy by Broadening the Innovation Base

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Finland. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 3.78% (EU: 2.03%; US: 2.75%) 2010:62.91 (EU:47.86; US: 56.68)
2000-2011: +1.12% (EU: +0.8%; US: +0.2%) 2005-2010: +2.71% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.698 (EU: 0.612) 2010:52.17 (EU:48.75; US: 56.25)
2000-2010: +0.49% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
ICT, Environment, Materials, Energy, Security, 2011: 1.69% (EU: 4.2%; US: 1.93%)
Food & agriculture, Health 2000-2011: +33.50% (EU: +4.99%; US:-10.75%)

Finland has one of the world's highest R&D intensities. The country also performs very well in terms
of scientific and technological excellence, with a strong positive evolution. The Finnish economy is
knowledge-intensive, and has achieved an impressive and continuous change towards a stronger high
and medium-high-tech specialisation. The country has several hot-spot clusters in key technologies at
European and world scale, in particular in ICT, environment, materials, energy, security, and food and
agriculture.

However, Finland's competitive position is facing challenges and its large export businesses have
suffered. Considering its high level of R&D inputs, the country has a relatively low contribution of
high-tech and medium-high-tech goods to the trade balance. Within the past few years, the decline of
the important electronics (telecommunications) sector in particular, has created pressure for structural
change in Finland. The decline of this sector is expected to be reflected in a decrease in business R&D
investments - previously dominated by Nokia. Consequently, as part of the Europe 2020 strategy, the
Council recommended to Finland to continue efforts to diversify its business structure, in particular by
hastening the introduction of planned R&I measures to broaden the innovation base in order to
strengthen productivity growth and external competitiveness. The extent to which the business and
public sectors will be capable of absorbing new innovations from the ICT sector - and more concretely
the available highly-skilled human resources - is considered a determinant for new growth.

To address these challenges, the Finnish government has intensified the reform of the national innovation
system. In addition to general efforts in enhancing the efficiency and improving the internationalisation
of its innovation system, current and planned policy reforms are targeted at increasing the number of
high growth innovative firms as the major source of future employment growth. The introduced
temporary R&D tax incentive from 2013 to 2015 represents a novelty in Finland and targets SMEs and
cooperatives. Furthermore, a new tax incentive for private investors into start-ups has been introduced to
increase the volume of domestic venture capital market. These actions are expected to support especially
knowledge- and innovation-based young growth enterprises. The Finnish Government has also recently
fostered innovation and country's transfer to a digital service economy by releasing non-sensitive public
data.
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Investing in knowledge

Finland - R&D intensity projections, 2000-2020 @
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Source: DG Research and Innovation - Economic Analysis Unit

Data: DG Research and Innovation, Eurostat, Member State

Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) FI: This projection is based on a tentative R&D intensity target of 4.0% for 2020.
(3) EU: This projection is based on the R&D intensity target of 3.0% for 2020.

Total R&D expenditure (combining public and private R&D spending) decreased to 3.78% of GDP in
2011 (3.87% of GDP in 2010) which is, nevertheless, the highest value in the EU and close to
Finland’s national target for 2020 of 4 %. Public R&D investment is however expected to decline in
2012 and 2013, while the on-going decline of the R&D intensive ICT sector will have a negative
impact on business R&D intensity. The public R&D budget for 2012 remained at around € 2 billion.
According to the Government's multiannual budget framework adopted in March 2012 it will decrease
by 1-2% in real terms by 2015. However, due to the R&D tax incentives put in place by end of 2012,
the situation may change significantly as the total public support to R&D (direct and indirect) could
increase by up to 5% (in real terms) in 2013 compared to 2012.

Finland is the top performer in the EU in terms of business R&D spending (2.67% of GDP in 2011).
Aside from the electronics sector, many manufacturing and services sectors have increased their R&D
intensities. However, business R&D investments are still highly concentrated in Nokia and a few other
large firms. This makes the current good economic position more vulnerable than it appears.
Moreover, high growth firms remain slightly less involved in R&D activities than the business sector
as a whole.

Public and Private R&D investment receives co-funding support from the European budget. During
the ERDF programming period 2007-2013, € 862 million are planned to be allocated to research,
innovation and entrepreneurship in the Finnish regions (over half of all ERDF funds for Finland). The
share of structural funds allocated to R&I has increased during recent years and 50.7% of the funds
had been already committed by the end of 2010. Finland also has the objective to increase its
participation in the 7th Framework Programme. Up to mid-2012, almost 1700 Finnish entities had
participated in an FP7 project, with a total EC financial contribution of € 558 million and a success
rate of 22.42% (slightly above EU average of 21.95%).
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An effective research and innovation system building on the European Research Area

The spider graph below provides a synthetic picture of the strengths and weaknesses in the Finnish
R&I system. Reading clockwise, the graph provides information on human resources, scientific
production, technology valorisation and innovation. The average annual growth rates from 2000 to the
latest available year are given in brackets under each indicator.
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Finland has overall a strong innovation performance and outperforms its reference group in terms of
highly-skilled human resources, public and private investment in R&D and patent applications.
However, the share of new doctoral graduates was lower in Finland than in the reference group in
2011. The main weakness of the Finnish innovation system lies in its low level of internationalisation
(affecting both the public and private sectors): Finland performs below the EU average on inward
BERD, share of foreign doctoral students and participation in EU excellence driven funding
programmes. Another relative weakness lays in non-R&D related innovation, in particular the share of
SME's introducing marketing and organisational innovations, where Finland also remains slightly
below the EU average.

The on-going restructuring of the ICT sector is both a challenge and an opportunity for Finnish SMEs,
as much of future innovation and growth depend on them. In 2011, the share of Finnish SMEs
introducing product and process innovations was about at the same level with that of the reference
group whereas the share of SMEs introducing marketing and organisational innovations was slightly
lower than even the EU average. The graph does not fully take into account the on-going structural
reforms that are expected to affect in particular the number of business sector researchers and business
R&D intensity. In addition, the effect that the expected loss of R&D jobs in the private sector and the
subsequent capacity to attract foreign researchers will have on linkages in the R&I system is
unknown..
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Finland's scientific and technological strengths
The maps below illustrate six key science and technology areas where Finland has real strengths in a

European context. The maps are based on the numbers of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production Information and Communication Technologies  Technological production
Scientific production Environment Technological production
Scientific production Nanoscience, nanotechnologies Materials Technology production

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Scientific production Energy Technological production

Scientific production Security Technological production

Scientific production Food, agriculture and fisheries  Technological production

Finland has well performing hot-spot clusters in the following broad sectors: ICT (incl. services),
environment (in particular environmental technology), materials (construction technology, metallurgy,
nanosciences and new production technologies), energy, security, food and agriculture. Most regions
in South and South-West Finland are performing well in all of these fields whereas other regions,
especially in Northern Finland, are well represented in ICT, environmental technologies, materials and
security. Apart from the above clusters, Finland has intensive patenting in machine tools, health,
medical technology, pharmaceuticals and biotechnologies. In terms of technological specialisation
world-wide, Finland stands out in the ICT and security fields whereas its scientific specialisation is
dominated by the following fields: ICT, food and agriculture, environment and construction. In terms
of scientific quality (as measured by highly-cited publications), Finnish research excels in nine fields
including food and agriculture, security, environment and energy. It is also relevant to consider the
matching between science and technology (mainly business-driven) in two of the fields where Finland
has major technological strengths, ICT and security: in ICT, scientific and technological
specialisations are converging whereas in the security field science quality and technological
specialisation are already in line. Overall, a relatively clear correspondence is visible between
scientific output and technological specialisation. However, the innovation base should be broadened
to take full advantage of scientific quality. In this regard Finland would benefit from a diversification
strategy.
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Policies and reforms for research and innovation

The Finnish Research and Innovation policy reforms are outlined at the strategic level by the Prime
Minister led Research and Innovation Council. The current policy guidelines cover 2011-2015 and
despite a change of government in 2011, they are well in line with the more operational government
programme, an indication of the overall continuity of Finnish policy. Due to exceptionally strong
structural change in some key industrial sectors, most recently in the ICT field, the government is
adapting and frontloading the measures to address the most urgent challenge namely the re-
employment of R&I professionals, especially in the ICT sector, for sustainable growth.

The Ministry of Science, Education and Culture and the Ministry of Employment and the Economy
are jointly preparing an operational and interlinked policy programme concerning Research and
innovation with a view to introducing new measures to be taken into a mid-term review of the
government programme in early 2013. The focus is expected to be on high-growth innovative
enterprises and their framework conditions. The R&I incentives for SME's and private investors are
new departures in the Finnish R&I policy. The strategy of the main public R&I funding agency
(TEKES) has already been changed accordingly. There will also be a likely set of proposals for
enhancement of research activities.

In 2012, the National Reform Programme also foresaw the mid-term revision of the current demand
and user-driven innovation policy Action Plan 2010-2013. An independent expert group set by the
Research and Innovation Council of Finland released a report concerning the structural reorganisation
of government research institutions (PROs) in September 2012. The latter is considered important
especially in the context of public sector innovations to societal challenges and enhancement of
evidence-based decision-making. In the midst of domestic reforms, the relative weaknesses in
internationalization (the challenges of attracting foreign experts and investments and linking into
international R&I cooperation) are paid an increased attention as well. Finally, the beginning of 2013
will also see the conclusion of a high-level report on Finland's model for sustainable growth.

As regards sectors, the government has set up a Finnish ICT cluster expert task force to assess by the
end of 2012 the potential for utilising ICT know-how in other industries in Finland, including the
public sector. Also the four other Government strategic growth targeted programmes (environment,
forest, welfare, creative industries) build heavily on the increased role of ICT — the traditional main
driver of the country's productivity growth. If successful in boosting growth in other sectors, ICT is
believed also to have the potential to diversify the Finnish economy while making a contribution to
important external trade (i.e. services in manufacturing). The opening up of public data is strongly
supported.

Finland’s innovation policy and measures in general are geared towards speeding up the development,
commercialization and take up of new technologies. Key Enabling Technologies (KETs) are an
integral part of public technology and innovation programmes funded by Tekes, and the Technical
Research Centre of Finland (VTT). Finnish universities have competencies in all KETs. A new
strategic programme on promoting Finnish clean-tech business has been launched in 2012 and other
sectoral programmes will follow. Finally, specific measures provide support for the
internationalization of the Finnish R&I system. For example, foreign-established companies are
eligible for the Tekes funding and the mechanism for the public funding of universities is under
revision with a view to supporting their internationalization. Most universities are introducing reforms
of doctoral education and tenure track systems for teaching and research personnel, with the aim of
enhancing the attractiveness of an academic career. The funding allocated to the tenure track system is
decided by the universities themselves. The new funding model of universities is in operation in 2013.
The structural development scheme of polytechnics will be implemented in 2014. Overall, the number
and scale of reforms described in the 2012 Europe 2020 National Reform Programme (NRP) signal
the continuous commitment to a broad and ambitious innovation policy to ensure growth and jobs for
the ageing society in a globalised world.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators™®.

Finland - Index of economic impact of innovation @)
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Finland performs well above the EU average but slightly below the reference group in terms of the
economic impact of innovation. Finland's relative weakness lays in a less knowledge-intensive export,
in particular a lower knowledge-intensive service exports as share of total exports.

The stimulation of high-growth innovative companies in Finland remains a key policy priority in the
new Government Programme. Despite Finland’s technological sophistication, its current performance
in nurturing high-growth companies could be improved and in fact Finland is lagging behind its own
objectives in this regard. This challenge is recognised by the Finnish authorities and new policies are
expected in 2013.

The government’s decision to introduce R&D tax incentives from 2013 is a new initiative in Finnish
R&D policy. This is in line with the new strategy of Tekes (Finnish Funding Agency for Technology
and Innovation) to focus more on high risk innovative high-growth companies. Tax incentives will
help start-ups and companies seeking primarily private financing and advice (a tax incentive for
private investors). The government is also considering a separate tax incentive for companies making
better use of their intellectual property rights (patent pool).

The focus of public R&D&I funding is being shifted to SMEs which are growth-oriented, job creating
and are successfully establishing international connections. Several specific policy measures have
been taken recently, such as: (1) A new joint service “Growth Track™ provided by business
development organisations, which is intended for enterprises aiming at rapid growth and
internationalization; (2) the introduction by Tekes of a programme for funding young, innovative
companies; (3) the renewal of Finnvera’s (Export Credit Agency of Finland) export guarantees
schemes; (4) the expansion of the Vigo Accelerator Programme to six areas. (5) the focusing by Tekes
of one third of company funding on young innovative enterprises (6) the wider use of financial
engineering instruments to maximise the benefits of the EU Structural Funds.

% See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.

Finland - Share of value added versus BERD intensity - average annual growth, 1995-
2009

10
Pulp, paper & paper

products Other transportequipment

Blectrical equipment &
motorvehicles @

Basic metals
Other manufacturing

Publishing & printing Construction
Leather products
Textiles
Rubber & plastics

Machinery & equipment
Wearing apparel & fur

BERD intensity - average annual growth (%), 1995-2009 (2)
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tobacco products
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Share of value addedin total value added - average annual growth (%), 1995-2009 (2)

Source: DG Research and Innovation - Economic Analysis unit
Data: OECD
Notes: (1) High-Tech and Medium-High-Tech sectors are shown in red. 'Other transport equipment’ includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.
(2) 'Leather products’, 'Textiles', 'Wearing apparel and fur: 1995-2007.
(3) Electrical equipment and motor vehicles includes: ‘Office, accounting and computing machinery, 'Electrical machinery and apparatus’,
‘Radio, TV and communication equipment and 'Motor vehicles'.

The Finnish manufacturing sector has achieved a clear upgrading of its knowledge-intensity over the
last decade. Finland has undergone a period of important economic restructuring and has evolved from
having a primarily pulp and paper and machinery driven manufacturing sector towards being a
producer of electronics and now increasingly software and services. Simultaneously the services
sector, including business services, has grown significantly. The three most R&D intensive
manufacturing sectors (red bubbles) have maintained their contributions to value added in the Finnish
economy remarkably well. Electrical equipment and machinery have continuously increased their
R&D investments, although R&D investment growth in the chemicals sector has been slower.
However, the recent ICT sector reorganisation is expected to reduce its share in both value added and
BERD intensity whereas the shares of different R&D intensive IT services are expected to increase.

With regard to traditionally less R&D intensive industries (the other bubbles), the high R&D
investment growth in the pulp and paper sector signals important efforts by the sector to renew itself
by innovation. Some traditional Finnish pulp and paper companies have repositioned themselves close
to the energy business. Similar renewal by R&D can be observed in basic metals — a sector leading the
mining boom in the most rural parts of Finland. Finally, the graph illustrates that the economically
important construction sector has increased R&D investments steadily. Since 2007 the government has
been supporting the renewal of traditional manufacturing sectors with a specific public—private
instrument (Strategic Centres for Science, Technology and Innovation).
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Finland between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit

Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Many Finnish industry sectors have increased their contribution to the trade balance, which is a sign of
improved competitiveness in global markets. Also in real terms, the Finnish trade balance in HT and
MT products grew significantly over the period 2000-2008, followed by a sharp fall both in imports
and exports. This positive evolution of the HT and MT trade balance up to the economic crisis is
consistent with the increased knowledge-intensity in most Finnish manufacturing sectors as shown in
the previous graph. Different types of machinery (electrical, specialised and power-generating) have
managed to improve their contribution to trade the most, reflecting their strong average annual growth
of business R&D intensity over the last 15 years. The outstanding exception is the telecommunication
sector (led by Nokia), which despite a strong fall in exports from 2009 onwards however still makes
the second largest contribution to the Finnish trade balance in absolute numbers (after sector
machinery specialised for different industries, and slightly before the sector for power-generating
machinery).

The continuous improvement in Finland's competitiveness in most sectors is also reflected in its
productivity level. As shown in the table below, Finland's total factor productivity is stable but with a
room for improvement in its growth rate compared to other EU Member States. Technologies are
oriented towards societal challenges (here environment and health), but there is a worrying decline in
health-related technologies. Finland is making progress on all of the Europe 2020 objectives, including
a slightly growing employment rate, better environmental protection with a higher share of renewable
energy and more young people completing tertiary education. However, in 2011, a share of the Finnish
population at risk of poverty or social exclusion slightly increased.
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Key indicators for Finland

2000[2001}2002}2003]2004]2005[2006{2007[2008{2009[{2010{2011|2012} Average EU Rank
FINLAND annual |average @|within
growth ® EU
(%0
ENABLERS
Investment in knowledge
esioialofadua e l(SEERE petioLsand 271]|2.75|2.71| 2.74| 3.07]| 3.07| 2.96 | 3.07| 2.96| 2.89 ]| 2.56 06 1.69 4
population aged 25-34
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S:’Zg‘sss enterprise expenditure on R&D (BERD)as % |5 3715 36 2.35| 242 2.42| 246 | 2.48| 2.51| 2.75 | 2.81 ]| 272 | 2.67 11 1.26 1
: : =
Zg’;"c expenditure on R&D (GOVERD + HERD) as %of | o5 {6 64f 0 99]0.99] 1.01]0.99[0.98|0.94]0.93] 1.10]| 1.15| 1.15 19 075 1
Venture Capital ® as %of GDP 0.19]0.15]0.20] 0.20] 0.07| 0.10] 0.11] 0.46 | 0.25| 0.21] 0.22] 0.20 0.2 035“ | 8@
S&T excellence and cooperation
Composite indicator of research excellence : : : : |55.0] : : 62.9 2.7 47.9 4
Scientific publications within the 10% most cited
scientific publications worldwide as %of total scientific | 11.7]11.4|11.9|11.4|11.1|11.5|11.4|11.8|115 -0.2 10.9 7
publications of the country
o auonalSCientiCeppUbICUES/PR N IS 558 | 502 | 530 | 776 | 855 | 909 | 980 [1089[1124|1187]1266[1323 8.2 300 5
population
Publlc-prlvate scientific co-publications per million 107 | 107 106 | 102 ] 98 21 53 4
population
FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
PCT patent applications per billion GDP in current PPS€ | 12.1]11.7|10.7|10.6|11.6|10.9|11.6|10.3| 9.5 |10.2| : : -1.9 3.9 2
License and patent revenues from abroad as % of GDP : : : : ]0.44]0.62]0.51]0.52]0.54]0.73]0.98] 1.22 15.6 0.58 3
Sales of new to market and new to firm innovations as 14.9 157 156 153 05 14.4 5
% of turnover
- i i 0,
Knovyledge intensive services exports as %total 195126111711 24.4] 200] 3791 35.9 107 451 1
service exports
Contribution of high-tech and medium-tech products to
the trade balance as %of total exports plus imports of |-0.58|-0.11|-0.32| 0.17|-0.03|1.44|1.39|1.66|3.56|2.41]2.01] 1.69 - 4,209 15
products
S(')g‘:)“_hfg;ma”am” RloductiblCela econeny) 100| 101 | 201 | 203 | 106 | 108 | 110 2124 ] 121 ] 103 106 | 208 | 207] 7© 103 10
Factors for structural change and addressing societal challenges
Composite indicator of structural change 4971 H : :|517] : : : |52.2 0.5 48.7 10
Employment in knowledge-intensive activities
(manufacturing and business services) as %of total 155]15.2]15.1]15.3 -0.5 13.6 7
employment aged 15-64
- : = = -
SMEs introducing product or process innovations as % 37.0 447 M8 448 32 384 9
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPS€ 0.4410.5910.49]0.43]0.39]0.49]0.52]0.45]0.51 1.9 0.39 5
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.75]0.85]0.67]0.72|0.66|0.65]0.65] 0.55| 0.56 3.6 0.52 9
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
Employment rate of the population aged 20-64 (%) 716|72.6|72.6|72.2|72.2|73.0173.9|748|75.8|73.5|73.0]73.8] : 0.3 68.6 7
R&D Intensity (GERD as % of GDP) 3.35]13.32|3.36|3.44|3.45|3.48|3.48]3.47]3.70|3.94]3.90]3.78 1.1 2.03 1
Greenhouse gas emissions - 1990 = 100 98 | 106 | 109 | 120 | 114| 98 | 113 | 111 | 100| 94 | 106 g g™ 85 20@
Shareofrgnewableenergymgross final energy 2012871299205 31.1131.1| 32 17 125 3
consumption (%)
Share of population aged 30-34 who have successfully [ o 31 41 6141 2 41.7|43.4|43.7|46.2| 47:3| 457 45.9| 45.7| 46.0 12 346 4
completed tertiary education (%)
SV @ eI EWIET E GSLS G (i O Soelt] 172]|172|17.1|17.4|17.4| 169 16.9| 17.9 0.6 242 | 6@
exclusion (%)

Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, SI, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) The value is the difference between 2010 and 2000. Anegative value means lower emissions.
(8) The values for this indicator were ranked from lowest to highest.

(9) Values in italics are estimated or provisional.

Country-specific recommendation in R&I adopted by the Council in July 2012:
"In order to strengthen productivity growth and external competitiveness, continue efforts to diversify
the business structure, in particular by hastening the introduction of planned measures to broaden the

innovation base..."”
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France
The challenge of structural change for a more competitive economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
France. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 2.25% (EU: 2.03%; US: 2.75%) 2010:48.24 (EU:47.86; US: 56.68)
2000-2011: +1.02% (EU: +0.8%; US: +0.2%) 2005-2010: +3.54% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.628 (EU: 0.612) 2010:57.01 (EU:48.75; US: 56.25)
2000-2010: +0.63% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Energy, ICT, Materials, Nanotechnologies, New 2011: 4.65% (EU: 4.2%; US: 1.93%)
Production Technologies, Environment 2000-2011: +1.66% (EU: +4.99%; US:-10.75%)

France is among the research-intensive countries in the world. It has a large, relatively strong and
competitive science base, is well equipped in large world-class research infrastructures, and is well
connected in Europe and internationally. France has, however, the potential to do better in terms of
top-end research and high-impact scientific work.

The level of business R&D intensity remains relatively low in France in comparison with other R&D-
intensive countries and has not increased substantially over the last decade. This reflects primarily the
sectoral composition of the economy, where high-tech manufacturing sectors represent only a modest
share. This is also the result of an insufficient engagement of enterprises of intermediate size in R&D
activities. France has therefore the potential to reap much larger economic benefits from its scientific
and technological strengths. In terms of human capital for R&I, the proportion of students pursuing
doctoral studies is lower in France than the EU average. The innovation system would benefit from
better promotion of research careers as well as better career opportunities for doctorate holders in the
business sector and in the non-academic public sector. To have more of the best talents in doctoral
studies and to have more doctorate holders in enterprises is the best way to improve the link between
public research and enterprises, and to boost the French economy in innovative sectors. Finally, as
successful innovation requires much more than scientific skills, it is important to further develop and
expand innovation and entrepreneurship education programmes in higher-education curricula.

In recent years, France has substantially transformed its research and innovation (R&I) system so as to
shape it according to some of the best international standards and practice - new funding and
evaluation agencies and mechanisms®, Péles de Compétitivité, autonomy of universities, amplified
research tax credit (CIR), programme Investissements d'Avenir and the strengthening of public-private
cooperation and the valorisation of research results. These transformations are still unfolding and the
positive effects of the reform on France's R&I capacity and performance and on the economy at large
are expected to grow over time.

! Agence Nationale de la Recherche, OSEO, Agence d'Evaluation de la Recherche et de I'Enseignement
Supérieur
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Investing in knowledge
France - R&D intensity projections, 2000-2020 @)
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Data: DG Research and Innovation, Eurostat, Member State
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011 in the
the case of the EU and for 2004-2009 in the case of France.
(2) FR: This projection is based on a tentative R&D intensity target of 3.0% for 2020.
(3) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(4) FR: There is a break in series between 2004 and the previous years and between 2010 and the previous years.

France has set a national R&D intensity target for 2020 of 3%. In 2011, France's R&D intensity was
2.25%, with an average annual growth rate of 1% over the period 2004-2009° slightly above the EU
annual average growth rate over the whole decade. However, this trend will not allow France to reach
its target by 2020 as shown above, unless the reforms and the continuous prioritisation of R&D
investment in the public budget allow for changing that trend.

France's public R&D budget has been increasing since 2007 (+7.3% in nominal terms, close to € 17
billion in 2011) despite severe budgetary constraints during the economic crisis. According to
preliminary data however, this positive trend was reversed in 2012. In addition to the annual R&D
budget, € 22 billion is being allocated (most of it as capital endowment) over the period 2010-2020 to
research actors through the programme Investissements d'Avenir. Also, the research tax credit (CIR)
has been considerably amplified since 2008 and represented € 4.7 billion of foregone tax revenue in
2009°. Finally, about 31% (€ 4.2 billion) of EU FEDER to France is used for R&D, innovation and
entrepreneurship. France has been very successful in the 7" EU Framework Programme (the success
rate of French applicants is one of the highest at 25.4%) with almost 8000 French participants in
selected FP7 projects up to mid-2012, with a total EC financial contribution of € 3.1billion.

France is one of the rare countries where R&D expenditure of the business sector progressed in 2009,
in spite of the economic crisis, a trend probably due in large part to the CIR. Together with a decline in
GDP, this progress caused a marked increase in overall business R&D intensity from 1.33% in 2008 to
1.40% in 2009. In 2010 and 2011, business R&D intensity further progressed up to 1.43% of GDP. In
terms of economic activities, business R&D expenditure in France is dominated by pharmaceuticals
(14% of total business R&D expenditure), motor vehicles (14%), aircraft and spacecraft (11%) and
radio, TV and communication equipment (10%)*.

2 Due to a break in series in 2004 and 2010, the annual average growth rate of R&D intensity in France can only be
calculated over 2004-2009.

% Not included in the government R&D budget which amounted to 16.8 billion EUR in 2011. Estimations of the foregone
revenue due to the research tax credit for 2010 and 2011: 5.05 and 5.1 billion EUR respectively; forecast: between 5.3 et 5.5
billion EUR each year in 2012 and 2013.

#2007, latest year available, data from OECD, Business R&D expenditure (BERD) by economic activity (ISIC Rev. 3)
based on "product field' information.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of France's R&I system. Going clockwise, it
provides information on human resources, scientific production, technology development and
innovation. Average annual growth rates from 2000 to the latest available year are given in brackets.

France, 2011

In brackets: average annual growth for France, 2000-2011 @
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The graph clearly shows that France's weaknesses are in public-private cooperation and in innovation
by SMEs where France's performance is below the EU average. In terms of human resources and
scientific production, France performs better but it is noticeable that France has less doctoral graduates
per population aged 25-34 than the EU average and is performing slightly below the EU average in
terms of highly-cited publications. The limited amount of FP funding relative to total R&D
expenditure in the country is largely a size effect, which is observed also in Germany, whereby
countries with a large amount of domestic resources have necessarily smaller shares of resources
coming from external sources. Also, the relatively limited share of business R&D funded from abroad
reflects the much lower share of foreign affiliates in France's business R&D than is the case in the
smaller countries of the reference group and in the United Kingdom.

French universities and PROs are very well integrated in European networks where they play a central
role. Altogether France's cross-border collaboration in science is high as witnessed by a good level of
international scientific co-publications. In most scientific fields France hosts a number of large world-
class research infrastructures of pan-European interest open to foreign-based researchers. France is
also actively involved in the development of the new pan-European infrastructures of the ESFRI
Roadmap and in the different Joint Programming Initiatives.
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France's scientific and technological strengths at European level

The maps below illustrate six key science and technology areas where France has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.
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R&D activities are extremely concentrated in France. Two thirds of the country's total R&D
expenditure is performed in 4 (out of 22) regions: about 40% in lle-de-France (IdF), 12% in Rhéne-
Alpes (R-A), 8% in Midi-Pyrénées (M-P) and 6.5% in PACA. The scientific and technological
production in all thematic fields is consequently the highest in these regions.

IdF is among the very top regions in Europe in the production of scientific publications in each and
every FP7 Thematic Priority. R-A shares with IdF this top position in scientific production in Europe
in ICT, materials, nanosciences and nanotechnologies, new production technologies (NPT), and other
transport technologies®. R-A is also strong in Europe in the fields of energy, environment, health,
biotechnologies, automobiles, and security. M-P specializes in aeronautics and space, NPT,
nanosciences and nanotechnologies, ICT, and environment. The FP7 thematic priorities where more
regions in France have a good level of activity are food and agriculture, energy, ICT, materials,
nanosciences and nanotechnologies, NPT, environment (maps above), but also security and other
transport equipment. Overall, France's scientific publications have their highest impact in materials
and energy, followed by other transport equipment, food and agriculture, NPT, construction,
environment, aeronautics and space.

Patenting activity is more evenly distributed across regions in France than scientific publications
(maps above), despite the fact that IdF and R-A still dominate and are among the top regions in
Europe in most fields. With the exception of these two regions, few French regions are among the top
European regions which are dominated by the regions of Germany and the Netherlands. In France,
there is a good match between the level of scientific activity and the level of patenting activity in a
given field: French regions in dark on the left are also in dark on the right. However, there are a
number of French regions with lower volumes of scientific production which maintain a good level of
patenting activity, attenuating the sharp regional disparities that are observed in scientific production.

® i.e. other than aeronautics and space and automobile
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Policies and reforms for research and innovation

The first National Strategy for R&I in France was adopted in 2009 for the period 2009-2012 and will
be renewed every four years. It sets out fundamental principles and priority thematic axes, namely
health and biotechnologies, environment, ICT, and nanotechnologies. Five Alliances coordinate
PROs® and universities around five thematic areas (life sciences, environment, energy, ICT, social
sciences and humanities) to strengthen the programming function of the system, optimize the
distribution of human resources across themes and to play an important role in joint programming
orientations at European level. Since 2008, budget programming has become multi-annual.

Since the law on the autonomy of universities was passed in 2007, all universities’ have become
autonomous in managing their budgets and human resources and have the possibility of owning their
premises. The law reforms the governance of universities, by reinforcing the role and leadership of the
President, reducing the size of the board and opening its membership to external people, from the
business sector and local authorities in particular. The French authorities have intensively promoted
the emergence of large world class poles of excellence in higher education and research with large
financial support through the programme Investissements d'Avenir (1A) and the Opération Campus.

The share of project-based funding in total public R&D funding has been rising continuously with the
creation of the Agence Nationale de la Recherche (ANR) in 2005. In addition, an increasing part of
institutional R&D funding is based on the performance of the public research institutions. The latter
are evaluated by the Agence d'Evaluation de la Recherche et de I'Enseignement Supérieur (AERES)
set up in 2007 which also evaluates research units and higher education programmes and diplomas,
and validates the personnel evaluation systems of research institutions.

The Plan Carrieres 2009-2011 creates a doctoral contract, raises young researchers' salaries, increases
the promotion rate, introduces flexibility in the teaching/research balance, and offers "scientific
excellence” bonuses and Chairs. Recruitment of academic staff is largely open to foreigners who
represent ¥ and 1/6 of the newly recruited researchers and teacher-researchers respectively.
Universities have been assigned a third mission, namely the positioning of their graduates in the labour
market for which a dedicated office in each university has been created. Closer ties are being built
between universities and enterprises. Universities are diversifying their sources of funding. Modules
on entrepreneurship, enterprises and economic intelligence are being developed in universities.

Since 2005, France has adopted a number of important measures and taken steps to boost business
R&D investment, in particular by SMEs, and to foster public-private collaboration and the exploitation
of research results for commercial applications. These include the reformed Crédit d'Imp6t Recherche
(CIR), the Pdles de Compétitivité, the Jeunes Entreprises Innovantes, the Carnot Institutes, and several
initiatives under the programme IA (e.g. Instituts de Recherche Technologique, Société d'Accélération
du Transfert Technologique) which devotes 3.5 bn EUR to the valorisation of research results. France
has also created the first investment and valorisation fund of patents in Europe, France Brevets, which
aims at helping public and private research to valorise their patent portfolios.

France has also put in place a strong cluster policy since 2004 with the Pdles de Compétitiviteé.
Regions have adopted regional innovation strategies. Their higher education, research and innovation
strengths and weaknesses are analysed in STRATER documents published by the Ministry of Higher
Education and Research in 2011.

Regarding demand-side measures, France has developed initiatives to support public procurement of
innovation and facilitate SMESs' involvement in the public procurement process (e.g. Loi de
modernisation de I'économie 2008, article 26, and several experiments developed by some of France's
leading procurers).

6 Non-university Public Research Organisations
" With the exception of Antilles-Guyanne, Polynésie francaise and La Réunion.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

France - Index of economic impact of innovation @
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

According to this index, the economic impact of innovation in France is comparable to its reference
group, slightly above the EU average. Within this index, the contribution of high- and medium-tech
products to the trade balance is particularly high in France compared to the EU average (see analysis
by categories of products in the section 'Competitiveness in global demand and markets' below). In
contrast, the share of knowledge-intensive exports in total services exports is much lower than the EU
value, probably due in part to the important weight of tourism in France's economy. France's
performance on the last three indicators (patent inventions, employment in knowledge-intensive
activities in total employment and sales of new-to-market and new-to-firm products) is slightly above
the EU average.

One key factor to increase the economic impact of innovation is of course the structural change that
allows innovation-driven growth. High-growth innovative firms in particular play a catalytic role in
this respect. Virtually all R&D performers in France are now using the CIR. It has been found to be an
important element of the country's attractiveness for R&D activities of firms and allows firms that
were not active in R&D to start R&D activities. Young Innovative Firms can in addition benefit from
reduced social charges and taxes through the Jeunes Entreprises Innovantes (JEI) scheme. The vast
majority of these firms are in services, primarily ICT services and S&T services® The public enterprise
OSEO proposes a variety of financial instruments to finance innovation activities in SMEs and in
enterprises of intermediary size (ETIs™) at all stages of development of the firm, in partnership with
regions (through OSEQ's network of regional agencies) and European funds. It will be an important
element of the Banque Publique d'Investissement which is being created to support SMEs' and ETIs'
investment capacity. The Pdles de Compétitivité have contributed to develop and strengthen links
between SMEs and large firms. SMEs have been much and increasingly involved in the collaborative
R&D projects of the P6les and substantially benefit from the associated public funding. After two first
phases focused on new collaborative R&D projects, the Poles policy could now focus more
specifically on the growth of the P6les' SMEs and ETIs, in particular by promoting innovation and
commercialisation activities. Demand-side measures have received less attention, although some
initiatives have been taken to promote the use of public procurement for innovative products.

8 See Methodological note for the composition of this index.

° OSEO, PME 2011 report. These services firms however, often serve manufacturing industries.

10 Entreprise de Taille Intermédiaire, 250-5000 employees. This category of enterprises was officially created in France in
the Loi de Modernisation de I'Economie (2008).
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
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Note: (1) High-Tech and Medium-High-Tech sectors are shown in red. ‘Other transport equipment' includes High-Tech, Medium-High-Tech
and Medium-Low-Tech.

The graph above shows that almost all manufacturing sectors have seen their weight in the economy
decrease substantially in France (horizontal axis) since 1995. The only exceptions are other transport
equipment and recycling. This evolution, which reflects the trends toward a more service-oriented
economy“, is similar to the one observed at the level of the EU as a whole, but more pronounced.
Since manufacturing high-tech and medium-high-tech sectors (coloured in red), are the most research
intensive sectors in the economy, the shrinking of these sectors in particular has a negative effect on
total business R&D intensity in France. In contrast, the research intensity (vertical axis) of a large
majority of the manufacturing sectors has increased, including a majority of high-tech and medium-
high-tech sectors. This of course brings the overall business R&D intensity upwards.

In total, the first effect has been stronger than the second - overall business R&D intensity decreased
from 1.39% of GDP to 1.31% between 1995 and 2007. Since 2007, it has increased again to 1.38% of
GDP. France's manufacturing industry is dominated by the food products, beverages and tobacco, and
fabricated metal products sectors and not by high-tech and medium-high-tech sectors. This contributes
to limit the R&D intensity of the business sector in France.

1 Service sectors are not represented on the graph.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for France between 2000 and 2011
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Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products"” refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The trade balance in all high-tech (HT) and medium-tech (MT) products together remained positive in
France over the whole decade, although this positive balance has continuously decreased since 2003.
As to the total trade balance, it has become increasingly negative over the decade. HT and MT
products have therefore been positively contributing to redress the trade balance in France, which
indicates a relative specialisation of the country in these products in international trade. Because the
erosion of the positive trade balance in HT and MT products has been slower than the deterioration of
the overall trade balance, the positive contribution of these products has increased over the decade.

The graph above shows the increase of this positive contribution for the majority of HT and MT
products (the largest increase concerns power-generating machinery and equipment and other transport
equipment). This shows that the trade balance situation of these products has improved compared to
the overall trade balance in France, indicating an increasing specialisation of the country in these
products in trade. The previous graph had shown that the other transport equipment sector was one of
the few manufacturing sectors whose share in total value added had increased. These two results
highlight the particular importance that this sector has gained in France. In contrast, the trade balance
in telecommunications apparatus and in road vehicles has deteriorated much faster than the overall
trade balance, despite an increasing research intensity effort (previous graph).

Total factor productivity has basically not changed since 2000 in France, although it has progressed in
21 Member States and by 3% in the EU on average (table below). Regarding the Europe 2020 targets,
France's weakest performance concerns greenhouse gas emissions, renewable energy (despite visible
efforts in environment-related patenting activities) and employment rate.
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Key indicators for France
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5) Break in series between 2006 and the previous years. Average annual growth refers to 2006-2011.
6) Break in series between 2010 and the previous years. Average annual growth refers to 2004-2009.
7) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,
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15) Values in italics are estimated or provisional.
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14) Break in series between 2008 and the previous years. Average annual growth refers to 2008-2011.

8) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, S|, SK, These Member States were notincluded in the EU ranking.

9) EU is the weighted average of the values for the Member States.

10) The value is the difference between 2012 and 2000.

11) The value is the difference between 2010 and 2000. A negative value means lower emissions.

12) The values for this indicator were ranked from lowest to highest.

13) Break in series between 2003 and the previous years. Average annual growth refers to 2003-2011.
)
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Germany

The challenge of maintaining a high innovation capacity for an export oriented economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Germany. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 2.84% (EU: 2.03%; US: 2.75%) 2010:62.78 (EU: 47.86; US: 56.68)
2000-2011: +1.28% (EU: +0.8%; US: +0.2%) 2005-2010: +3.88% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.813 (EU:0.612) 2010:44.94 (EU: 48.75; US: 56.25)
2000-2010: +1.04% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Automobiles, Environment, Energy, New 2011: 8.54% (EU: 4.2%; US: 1.93%)
production technologies 2000-2011: -0.70% (EU: +4.99%; US:-10.75%)

Germany has expanded its research and innovation system over the last decade. Investment in R&D
has grown substantially since 2000 to reach 2.84% of GDP in 2011, which is already close to the 3%
national target for 2020'2. Public expenditure represents one third of investment in R&D. The
government increased the public budget on research and innovation even during the 2009 economic
crisis as part of a policy of prioritising spending on education and research. Business enterprise
expenditure on R&D, which represents two thirds of investment in R&D, also grew as a % of GDP
over the period 2000-2010.

The increase in public and private expenditure on research and development in Germany has helped to
maintain a high innovation capacity and a strong export performance. The German economy is based
to a considerable extent on medium-high technology sectors such as automobiles, electro-technical
products, machinery, and chemical products. However, over the last decade Germany has lost its
strong market position in pharmaceuticals and in optical industries. Germany has only produced a few
successful new players in high-tech industries in the recent past. The development of biotechnology
and advanced computer science remains below potential. There is also still underexploited growth
potential as regards innovative and knowledge-intensive service economy sectors. Germany has come
through the current economic crisis relatively well, partly as a result of a strong export sector.
However, the German market position as regards medium-high-tech products may be challenged in the
future by new players such as the BRIC countries. An ageing population and fewer young people
represent further challenges for the German economy.

The German ministry for research (BMBF) has employed the so-called High-Tech Strategy to address
several important challenges. However, further structural reforms of the education, research and
innovation system are required. In view of the demographic situation a particular focus on the quality
of human resources is necessary and further incentives for excellence and internationalisation are
needed. There is room for more public-private cooperation and for implementing targeted supply-side
and demand-side measures to foster innovation and fast-growing innovative firms in Germany. Such
measures should in particular be targeted at high-tech sectors such as ICT, biotechnology and medical
technologies.

12 In fact, Germany is planning to achieve its R&D intensity target of 3% in 2015.
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Investing in knowledge

Germany - R&D intensity projections, 2000-2020 1)
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Data: DG Research and Innovation, Eurostat, Member State

Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011.
(2) DE: This projection is based on a tentative R&D intensity target of 3.0% for 2020.
(3) EU: This projection is based on the R&D intensity target of 3.0% for 2020.

With an R&D intensity of 2.84% in 2011 Germany is above the EU average and is already close to the
3% national target. The gap of 0.16 percentage points currently corresponds to € 4 billion (German
GDP amounted to about € 2.5 trillion in 2011). About one third of German R&D investment comes
from public sources and two thirds from private sources - a distribution that has remained fairly stable
over the last decade. Based on this distribution an additional € 1.5 billion of public expenditure on
R&D will be needed (compared to 2011) to reach the R&D intensity target of 3.0%.

In the period 2000-2011 the federal public research budgets, which represent more than half of public
spending on research, were expanded substantially. Federal spending on research and education
increased by a further 7% in 2011 and by 12% in 2012. However, at Lander level, growth in R&D
expenditure, including university expenditure on R&D was much lower. R&D intensities vary strongly
between German Lander, ranging from 1.26% in Schleswig-Holstein and 1.27% in Saarland to 4.83%
(2009) in Baden-Wirttemberg, the European region (NUTS Il level) with the highest research
intensity. Berlin (3.67%), Bayern (3.1%) and Hessen (3.05%) also have R&D intensities that are
already above the German national target.

A recent survey of the Stifterverband fur die Deutsche Wissenschaft revealed that internal R&D
spending of the business sector is expected to amount to € 49.4 billion in 2011 (+5.1% in nominal
terms compared to the year before) and € 49.9 billion in 2012 (+1.2%), implying a probable increase
in real terms in 2011 of slightly below 3%, and if confirmed, a slight decrease in real terms in 2012.
Research intensity is especially high in the automobile sector, which represents nearly one third of
total German business R&D investment. A weak point of German R&D is the relatively low level of
spending in high-tech areas such as pharmaceuticals and ICT.

Concerning EU funding Germany has allocated € 25.5 billion of ERDF Structural Funds to research,
innovation and entrepreneurship with a 47.1% absorption rate. Germany counts 11 000 participants in
the EU FP7 programme and receives the highest amount of FP7 funding in absolute terms (€ 4.3
billion). Its success rate of applications is above average (24% compared to an EU average of 20.4%),
but FP7 funding as a % of GDP is below the EU average.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of the German R&I system. Reading
clockwise, the graph provides information on human resources, scientific production, technology
valorisation, and innovation. Average annual growth rates from 2000 to the latest available year are
given in brackets.

Germany, 2011 @

In brackets: average annual growth for Germany, 2000-2011 @

New graduates (ISCED 5) in science
and engineering per thousand
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Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) The values refer to 2011 or to the latest available year.
(2) Growth rates which do not refer to 2000-2011 refer to growth between the earliest available year and the latest available year
for which comparable data are available over the period 2000-2011.
(3) Fractional counting method.

In general Germany's research and innovation system performs very well. However, the international
dimension is below the EU average, in particular in relation to foreign investment in business R&D
and EU Framework Programme funding. Possible explanations relate to the country size effect, as well
as to the high level of German domestic public and private expenditure on R&D. Despite the easy
access to and relative abundance of national funding for research, Germany could better use the
opportunities offered within the ERA and more specifically within the Framework Programme.

Germany has a particular strength in business R&D especially in innovative SMEs, many of which are
world leaders in their particular small market segments. The high level of patenting is an indication of
industrial leadership in several domains, most notably in medium-high-tech industries including
engineering industries, automobiles and chemicals and also in environmental and energy technologies.
Public-private co-operation in publications and in research is functioning well and is further supported
by the federal government in the current new programme activities for innovation outlined in the
"High Tech Strategy”. While Germany performs well in terms of new doctoral graduates, its
performance as regards new science and engineering graduates has only recently surpassed the EU
average and there is the risk of slower growth in the long term as a result of the ageing of the
population. The risk of a scarcity of qualified human resources could in the long term endanger the
strong German export position in engineering and science based industries. In recent years there has
been an increase in the number of students in science and engineering subjects (MINT), but efforts
should be maintained to further reduce dropout rates and to increase the share of female professors,
which in turn would attract more female students.
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Germany's scientific and technological strengths

The maps below illustrate six key science and technology areas where German regions have real
strengths in a European context. The maps are based on the number of scientific publications and
patents produced by authors and inventors based in the regions.

Strengths in science and technology at European level

Scientific production New production technologies
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Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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As illustrated by the maps above, there is a notable difference in performance between scientific
production (publications) and technological production (patents) in Germany. Levels of scientific
publication vary across German regions with only a few regions on the same level as their main
competitors in Europe. This is even true for sectors such as production technologies, materials, and
automobiles, where German companies are among the world leaders. An explanation of the relatively
weak scientific publication activity in Germany may be a language bias.

Patenting activities in Germany are very high in the areas referred to above. Energy, environment and
health are other areas where patenting is particularly strong. The big public research institutes such as
the Max Planck Society, the Fraunhofer Society, the Helmholtz society, and also the Leibniz institutes
are specialised in these areas, work closely with universities and are generally highly ranked in
recognised international comparisons. The regions of the south and the south-west of Germany are
most active in patenting. Saxony and southern Brandenburg (Potsdam) in the New Lé&nder as well as
Berlin also show relatively high levels of patenting.
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Policies and reforms for research and innovation

The High-Tech Strategy 2020, launched in August 2006 and updated in July 2010, is seen as an
instrument to improve cooperation between science and industry, and to improve the conditions for
innovation with a view to enhancing the international competitiveness of technology-intensive
manufacturing products in key sectors of the German economy. The 2010 update of the High-Tech
Strategy prioritises the targeting by public-private partnerships of prospective markets related to
important societal challenges in 10 so called forward-looking projects ("Zukunftsprojekte"). Strategic
priorities of the High-Tech Strategy 2020 are health, nutrition, climate and energy security, and
communication and mobility.

As regards fiscal policies Germany is one of the few countries that has not introduced R&D tax
credits. The introduction of R&D tax credits is currently being considered at federal level as such
credits tend to be requested by large international companies.

Germany is already quite close to achieving its national R&D intensity target of 3%. Only an extra
0.16 % of GDP or about € 4 billion are needed to reach the target. However, available data show an
increasing disparity between R&D intensity in the northern Lander and the southern Lander. In fact
R&D intensity is almost four times higher in Baden-Wirttemberg (the leading EU region) than in
Mecklenburg-Vorpommern and Schleswig-Holstein. This disparity also applies to private investment
in R&D.

The university system, which is the responsibility of the L&nder, is considered to be underfinanced,
given the recent strong increase in student numbers. In order to enable additional federal funding for
universities, the Hochschulpakt (higher education pact), voluntary agreements between the federal and
the Lander levels, has been set up. This pact was renewed in 2009 and additional resources were
allocated in March 2011.

As regards human resources Germany has taken measures to remove restrictions on in-bound
researcher mobility in view of a skills shortage in some science and technology domains. The federal
government recently decided on a reform of the Immigration Act to facilitate the processing of
residence permits, and on an action programme to ensure an adequate supply of labour, and on
programmes for enhancing international mobility. The legal parameters for the employment of foreign
graduates of German universities have been improved and the recognition of qualifications acquired
abroad is being facilitated by new initiatives. This could help to increase the still relatively low share
of foreign professors. Researcher salaries in Germany are above the EU average, but lag behind those
in the United States and Switzerland. Recently the Constitutional Court issued a ruling on minimum
wages for full professors in universities that could lead to increased salaries for those at the lower end
of the wage scale.

A national pact to attract more women to science and engineering (‘Komm mach MINT-mehr Frauen
in MINT-Berufen') was set up on the initiative of the Research Ministry (BMBF) in June 2008 and a
second phase of this pact was launched in December 2011.

As regards the knowledge triangle and the fostering of innovation activities the Research Ministry
(BMBF) and the Ministry for Economic Affairs (BMWI) are making attempts to focus better their
activities. The BMBF fosters public/private partnerships by activities such as the ‘Leading-edge cluster
competition', which aims at the formation of business and science clusters to boost Germany's
innovative strengths in specific areas and more recently (August 2011) the 'Research Campus', a
competitive funding scheme to strengthen cooperation between companies and research organisations.
The BMWI uses the EXIST programme to stimulate an entrepreneurial environment at universities and
research institutions. This programme is aimed at increasing the number of technology and
knowledge-based business start-ups. The programme is part of the federal government’s 'High-tech
Strategy' and comprises sub-programmes on improving start-up business culture, stipends and
knowledge transfers.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators™..
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Germany has one of the highest economic impact of innovation in Europe. The German economy is
more oriented towards knowledge-intensive sectors than the EU as a whole. This is reflected also in
the composition of exports of goods and services and in the innovation activities of enterprises,
including those of SMEs, which are clearly above the EU average. Innovative German enterprises
have a good growth performance combined with a high level of technology development.

The distribution of business expenditure on R&D reflects the concentration of German industry in
medium-high-tech sectors, with more than 30% of R&D spending carried out by the automobile sector
alone. Other important medium-high-tech sectors in terms of R&D expenditure are machinery and
equipment and chemicals excluding pharmaceuticals. These three sectors represent around 50 % of
business expenditure on R&D in Germany. Spending levels are relatively lower in high-tech areas
with pharmaceuticals, radio, TV and communication equipment, and medical precision and optical
instruments together accounting for only around 20% of business expenditure on R&D. Research is
furthermore concentrated in big companies and research intensity is lower in the services sector than in
manufacturing. To assist SMEs in enhancing research and innovation a Central Innovation Programme
for SMEs (ZIM, 'Zentrales Innovationsprogramm Mittelstand’) has been set up in 2008 and will run till
2014.

Framework conditions for entrepreneurship in Germany have improved as indicated by an improved
ranking for Germany in the World Banks ease of doing business index. Germany has also made
progress in reducing the administrative burden related to reporting obligations in the business sector.
In 2011, The Bureaucracy Reduction and Better Regulation programme has been extended to cover
other compliance costs. However, Germany remains at around the EU average regarding the
administrative burden of the regulatory framework.

Labour productivity in Germany is high and access to bank lending for SMEs is above the EU
average. The quality of the infrastructure is good and the legal and regulatory framework is perceived
by business as being appropriate. Remaining weak points concern the availability of broadband and
the usage of e-government services. Furthermore the availability of venture capital in Germany (0.17%
of GDP in 2011) remains below the EU average (0.35%).

In the Global Competitiveness Report 2012-13 Germany is ranked highest among EU countries in
capacity for innovation, second highest (after Finland) in company spending on R&D and 6" in the EU
on university-industry collaboration on R&D.

13 See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend of moving to the left-hand side reflects the decrease of
manufacturing in the overall economy. The sectors above the x-axis are sectors whose research
intensity has increased over time. The size of the bubble represents the share of the sector (in value
added) in manufacturing (for all sectors presented in the graph). The red-coloured sectors are high-tech
or medium-high-tech sectors.

Germany - Share of value added versus BERD intensity - average annual growth, 1995-
2008
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The German economy is characterised by a relatively strong manufacturing industry. Nevertheless, as
in many countries, the share of value added of manufacturing industries in total value added is tending
to decrease (illustrated by a leftward shift in the graph above). This is linked to rationalisation and a
relative decline in the price levels of manufactured goods, the expanding services sector and also to
globalisation and competition from lower wage, emerging economies.

Compared to other EU Member States the German manufacturing industries present an above average
dynamic of upgrading knowledge through R&D. Growth in business research intensity since 1995 was
moderate, but still faster than the EU average. The motor vehicles industry, a key sector of the German
economy, has expanded its high research intensity further and has also succeeded in increasing its
share of value added. A second important medium-high-tech sector, machinery and equipment, has
expanded its share of the economy even more strongly, despite a more moderate growth in research
intensity. The same is true for the high-tech sector medical, precision and optical instruments. The
medium-high-tech sector electrical machinery and apparatus, has lost research intensity over the last
15 years, but maintained its share of value added. Office, accounting and computing machinery is the
only high-tech sector with a decreasing share of value added. In this sector there was also a decline in
research intensity over the last 15 years. The insufficient pace of modernisation in these knowledge-
intensive industries endangers their medium-term competitive advantage.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Germany between 2000 and 2011
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Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products” refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The German economy is strong and has high levels of exports of manufactured goods for an economy
of its size. In fact, Germany is the third largest exporter worldwide®, after China and the United
States. In 2010 Germany was the economy with the largest export surplus in absolute terms. As
regards trade in services, in 2010 Germany ranked second, after the United States. In real terms, the
German trade balance in high-tech and medium-tech products is positive and has more than doubled
over the last decade.

The evolution of the contribution of high-tech and medium-tech products to the trade balance in the
decade 2000-2011 shows a mixed picture for Germany, with few sectors expanding their contribution
to the trade balance, most sectors not changing their contribution significantly and about one quarter of
high-tech and medium-tech sectors' decreasing their contribution. As regards the three largest German
export industries, all classified as high-tech or medium-high-tech: machinery, in particular office
machinery and power generating machinery has expanded its contribution to the trade balance, while
road vehicles, today Germany's largest export industry, has also expanded its contribution, but to a
lesser extent. The contribution of chemical products, Germany's third largest export industry, to the
trade balance has shrunk over the same period.

Total factor productivity of the German economy increased since 2000 by 5% per annum. However,
Germany has performed less well when it comes to up-skilling its labour force. The share of the
population aged 30-34 who have successfully completed tertiary education has increased only
moderately since 2000 and is now below the EU average'. Germany is also making progress towards
the other Europe 2020 targets, backed up by a very high but decreasing level of patenting in areas of
societal challenges, such as health-related and environment-related technologies.

¥ In the period 2003-2008 Germany was the largest exporter but has been overtaken in 2009 by China and in 2010 by the USA
15 If post-secondary non-tertiary education is included (ISCED 4), which Germany considers equivalent to higher education in its national
target, Germany performs near the EU average, but growth in attainment still remains below average.
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Key indicators for Germany
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard

Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,
rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, SI, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) Break in series between 2005 and the previous years. Average annual growth refers to 2005-2011.
(8) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(9) The values for this indicator were ranked from lowest to highest.

(10) Values in italics are estimated or provisional.

117




Greece
Focusing resources for a more knowledge-intensive economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Greece. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input Performance/economic output

Research R&D intensity Excellence in S&T
2011: 0.60% (EU: 2.03%; US: 2.75%) 2010:35.27 (EU:47.86; US: 56.68)
2000-2011: +0.56% (EU: +0.8%; US: +0.2%) 2005-2010: +2.53% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.345 (EU: 0.612) 2010:32.53 (EU:48.75;  US: 56.25)
2000-2010: +2.52% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Food, agriculture and fisheries, Textiles, Services | 2011: -5.69% (EU: 4.2%; US: 1.93%)
for computers, Manufacture of electrical motors 2000-2011: n.a. (EU: +4.99%; US:-10.75%)
generators and transformers

Until the recent economic crisis, Greece grew at a faster rate than the economies of most of the other EU
Member States and the United States, notably in the period immediately after joining the European single
currency (between 2002 and 2005). Greece made clear progress in improving its scientific quality and it
benefitted from an expanding global value chains. However, between 2001 and 2007 (the latest
available year), R&D intensity in Greece never exceeded 0.60%, with a very low business R&D
intensity (0.15% in 2000 and 0.17% in 2007). Overall R&D investment grew significantly over the
period 2001-2006, but this did not result in any significant increase in R&D intensity because of
almost equally strong growth in GDP over the same period. In addition to the problem of the low level
of business investment in R&D, the efficiency and effectiveness of spending on R&D remains a
challenge and the pace of implementation of reforms is slow.

Among the most pressing challenges, it can be noted: an integrated legal framework for research
performers is lacking (the overall system is dominated by the universities); the articulation of R&l
policy with other policies is weak, with feeble links between education, research and the business
sector. Exploitation of research results by the business sector is very limited, with very low patenting
activity. The knowledge-intensity of the economy is low (35.53 in 2010 compared to an EU average of
48.75).

The strategy defined in 2011 identifies six main research priorities focusing on sectors and technology
areas that are either very important for the economy or addressing societal challenges: materials and
chemicals; agro-biotechnology and food; ICT and knowledge intensive services; health and
biomedicine; energy and environment; applied economic and social research, and research on cultural
heritage. A reform of institutional research structures responds to the need to increase critical mass,
focus the research agenda and avoid fragmentation. In this respect, Greece has in particular room for a
further realignment of its research centres for an increased concentration of resources, as well as an
improvement of the efficiency of the research sector and the development of its links with the business
sector.
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Investing in knowledge

Greece - R&D intensity projections, 2000-2020 @)
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Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat
Notes: (1) The R&D intensity projections based on trends are derived from the average annual growth in R&D intensity for 2000-2011 in the
the case of the EU and for 2001-2007 in the case of Greece.
(2) EU: This projection is based on the R&D intensity target of 3.0% for 2020.
(3) EL: An R&D intensity target for 2020 is not available.

The latest data available for Greece date back to 2007. R&D intensity in Greece was stagnating at
around 0.60% and was marked by a particularly low business R&D intensity which increased at an
average annual rate of 2.3% between 2000 and 2007. In 2011 Greece set an R&D intensity target of
2% to be achieved by 2020, but this target was cancelled at the end of 2011 due to the budgetary
constraints and to the economic crisis. No new target has been announced.

The bailout agreement with IMF, ECB and the European Commission, resulted in a consolidation
programme and deep cuts to public expenditure and investment. In 2008 (the latest year available for
Greece), the share of government budget for R&D in general government expenditure was 0.59%,
significantly lower than the EU average of 1.52%. The percentage of business R&D financed by the
government at 4.7% was also well below the EU average of 6.8%. National funding of R&I is
complemented by EU funding. In terms of number of FP7 applicants and requested contribution,
Greece is ranked in 7" place (2011 data). In terms of number of participations and budget share,
Greece is ranked 9" with 1205 contracts.

The main supporting driving force behind the Greek research and innovation system is related to the
Cohesion policy. The core Operational programme "Competitiveness and Entrepreneurship™ has a
total budget of € 1.52 billion of which the Cohesion policy provides € 1.29 billion (EC contribution).
The Operational Programme has 3 strategic objectives for the period 2007-2013, with Research and
Innovation as one of the major intervention areas™.

'® The three intervention areas are: (1) Accelerate the transition to the knowledge economy; (2) Development of healthy,
sustainable and extrovert entrepreneurship and improvement of the appropriate framework conditions; and (3) Improve the
attractiveness of Greece as an investment location respecting the environment and the concept of sustainability.
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An effective research and innovation system building on the European Research Area

The spider graph below provides a synthetic picture of strengths and weaknesses in the Greek R&l
system. Reading clockwise, the graph provides information on human resources, scientific production,
technology valorisation and innovation. The average annual growth rates from 2000 to the latest
available year are given in brackets under each indicator.

Greece, 2011

In brackets: average annual growth for Greece, 2000-2011 @

New graduates (ISCED 5) in science
and engineering per thousand
population aged 25-34
(6,4%)

New doctoral graduates (ISCED 6)
per thousand population aged 25-34
(7,3%)

Business R&D Intensity (BERD as
% of GDP)
(2,3%)

SMEs introducing marketing or
organisational innovations as % of
total SMEs (4)
(6,1%)

Business enterprise researchers
(FTE) per thousand labour force
(8,9%)

Employment in knowledge-intensive
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Scientific publications within the
10% most cited scientific
publications worldwide as % of total
scientific publications of the
country (3) (5,5%)

Public expenditure on R&D
(GOVERD plus HERD) financed by
business enterprise as % of GDP

(7,2%)

EC Framework Programme funding
per thousand GERD (euro)

Pulic-private scientific co-
publications per million population

(-1,9%) (-3,0%)
BERD financed from abroad as % ofj PCT patent applications per billion
total BERD GDP in currentPPS€
(26,5%) (3,6%)
Greece  ====-= Reference Group (EL+LV+LT+MT) EU

Source: DG Research and Innovation - Economic Analysis Unit
Data: DG Research and Innovation, Eurostat, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) The values refer to 2011 or to the latest available year.
(2) Growth rates which do notrefer to 2000-2011 refer to growth between the earliest available year and the latest available year
for which comparable data are available over the period 2000-2011.
(3) Fractional counting method.
(4) EL is not ncluded in the reference group.

The innovativeness of the Greek economy depends heavily on imported technology and know-how. It
builds on organisational and marketing innovations and until now very little on the production and
exploitation of new knowledge, which may lead to difficulties in finding new sources of growth in a
context of even increasing global competition. The graph above illustrates this.

Greece is below the EU average for most of the dimensions of its R&I system, namely in human
resources, scientific production and technology development. However, it scores above the EU
average for innovative SMES introducing marketing, organisational and product or process
innovations. BERD financed from abroad as % of total BERD is well above the EU average, and
before the economic crisis had an average annual growth rate of 26.5% for the period 2001-2007.
Other indicators have shown positive catching-up dynamics before the economic crisis over the period
2000-2007: the quality of the scientific base grew as shown by an average annual growth of 6.2%, the
number of researchers per thousand labour force and new doctoral graduates (ISCED 6) per thousand
population aged 25-34 grew at a faster rate than the EU average. However, Greece suffered a net
outflow of students to the United States before the economic crisis.
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Greece's scientific and technological strengths

The maps below illustrate key science and technology areas where Greece has real strengths in a

European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.
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Manufacture of electrical motors generators and transformers patents

Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010

Greece has a high level of scientific production in construction, ICT, security, aeronautics and space,
transport, production and energy. From the point of view of scientific specialisation, only the first
three themes together with automobiles can be considered as highly specialised. Greece's
technological specialization is mainly in food and agriculture, space, construction, aeronautics and
environment. This thematic analysis points at room for improvement in matching the science base and
the knowledge needs of the Greek economy. Although there is an insufficient convergence of S&T
specializations, there is a strong science base to build upon. The exceptions are the construction sector
and the food, agriculture and fisheries sector, where convergence is well marked. Current trends
indicate a lack of clarity regarding the country's areas of specialisation that could be addressed in the
national/regional smart specialisation strategies under development, in particular in matching science
and innovation bases.
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Policies and reforms for research and innovation

The General Secretary of Research and Technology, appointed in May 2011, defined a new strategy
for R&D and innovation. A number of main areas of strategic importance have been defined as
national priorities: 1) agro-food, 2) information and communication technologies, 3)
materials/chemicals, 4) energy-environment, and 5) health/biomedical sectors.

The process for meeting those priorities (and serving the country's research needs) is based on four
dimensions: (1) strengthening and supporting the scientific/research personnel and research
infrastructure; (2) encouraging links between the scientific/research community and businesses and
entrepreneurs; (3) supporting bilateral, European and international collaboration; and (4) outreach and
education for research in the community (particularly youngsters). Each of these dimensions will be
implemented through a series of calls for proposals. In addition, a "Policy Mix Project" formed of six
routes to stimulate private R&D investment is on-going.

Existing and planned programs support R&I in enterprises, in particular in SMEs. The Operational
Programme “Competitiveness and Entrepreneurship 2007-2013” aims at enhancing cooperation
between SMEs and Research centres and universities. This framework is expected to increase the low
propensity of SMEs to invest in R&I. A monitoring and evaluation of results would certainly be
helpful to meet this crucial challenge for Greece. The success of these programmes is linked both to
increasing the user-friendliness of the schemes and to significantly improving framework conditions
that would increase the absorption by the private sector.

Public policies indeed face the challenge of shaping the conditions influencing business demand for
R&D-based knowledge by opening up the internal market to competition, eliminating factors
hampering entrepreneurship and shifting emphasis from supply to demand. An ambitious programme
of reforms was launched in 2010 aiming to improve the enabling environment for R&D and
innovation investment. The measures include significant improvements to the regulatory framework,
the development of industrial areas and business parks, and a roadmap for removing the most
important obstacles to entrepreneurship and innovation. In addition, the funding of clusters has
become a promising dimension for improving the innovation climate. Following in the footsteps of the
Corallia microelectronics cluster (funded with €35 million in 2008), the creation of new "knowledge
intensive" clusters is foreseen in 2012. However, the deterioration of the Greek economic situation
continues to discourage business investment.
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Economic impact of innovation
The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators'’.

Greece - Index of economic impact of innovation @
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

According to this index, the economic impact of innovation in Greece is slightly above its reference
group, much below the EU average. Greece's performance on three of the five indicators is particularly
low: patents inventions, contribution of high- and medium-tech products to the trade balance and share
of knowledge intensive exports in services exports'®. In contrast, the performance on sales of new-to-
market and new-to-firm products is very good. One key factor to increase the economic impact of
innovation is of course the structural change that allows innovation-driven growth. High-growth
innovative firms in particular play a catalytic role in this respect.

Greece traditionally has a very low business R&D intensity which is directly linked to two main
structural features of the economy: the small size of the firms and the sectoral composition of the
economy (mostly low-tech and medium-low-tech sectors). Nevertheless, Greece has maintained a
regular presence in the EU Industrial R&D Investment Scoreboard, since 2005, with four to six
companies a year in the top 1000 R&D EU investors, mainly in three sectors: ICT, pharmaceuticals,
and services (leisure, travel). These firms have increased their R&D investment in 2009 and 2010, by
5% and 3.2%, respectively.

The challenge is now to foster the creation and development of new innovative firms. Human
resources and entrepreneurship provide strong building blocks for Greek firms. However Greek firms
are lagging behind in relation to finance, business investment and intellectual assets. The low level of
output from research activity and the need to increase the links between universities and industry are
two of the key challenges facing the Greek R&I system. The private sector has a reduced share in total
expenditure on R&D, reflecting the low demand for research-based knowledge from the business
sector. A combination of factors including the predominance of low-tech sectors, significant
institutional and bureaucratic obstacles and a volatile policy environment are orienting business
activities towards less knowledge-intensive and lower value added segments of the economy.

Restricted access to capital, especially for new firms, due to the reluctance of the financial system to
finance innovation and to undertake risky investments, is also among the factors hindering
mobilisation of resources for R&D. Greece has recently made good progress in simplifying procedures
for start-ups and reducing overall costs. Launched in 2011, this new system has already supported the
creation of 7000 new firms. It aims at improving framework conditions and facilitating growth at a
time of rising unemployment and frozen hiring procedures in the public sector.

17 See Methodological note for the composition of this index.
'8 This is probably due to the importance of tourism in Greece's economy.
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Upgrading knowledge and technologies in the manufacturing sector

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend of moving to the left-hand side reflects the decrease of
manufacturing in the overall economy. The sectors above the x-axis are sectors whose research
intensity has increased over time. The size of the bubble represents the share of the sector (in value
added) in the economy (for all sectors presented on the graph). The red-coloured sectors are high-tech
or medium-high-tech sectors.
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The Greek service sector accounted for 79% of value added in 2009 compared to a share of 10% for
manufacturing. In 1995, the corresponding share for the service sector was 70% and for manufacturing
was 12%. The construction sector dominates the manufacturing sector. It accounted for 6.01% of total
value added in 1995, reaching a peak of 8.16% in 2001 before declining to 4.45% in 2009.

The graph above synthesises the structural change of the Greek economy over the 1995-2007 period. It
shows that the economy has become slightly less industrialised and more services oriented. The small
increase registered in business expenditures on R&D after 1995 (with a negative trend in the period
post 2000) has been caused by the increase in the research intensities of a few individual sectors, in
particular the chemicals and chemical products sector. With tourism in a dominant position, the
service sector (not shown in the figure above) has overtaken all other sectors in terms of contribution
to value added (following a similar trend to most of the other EU countries).
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Greece between 2000 and 2011
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Data: COMTRADE

Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Over the period 1995-2009, the Greek economy gained slightly in world competitiveness. The world
market share of Greek products and services was around 0.53% in 2009 compared to 0.42% in 1995,
with a smaller share for more knowledge-intensive products. Nevertheless, the situation of the Greek
trade balance in general has been negative and deteriorating rapidly with a peak registered in 2008.
The trade balance in all high-tech and medium-tech products together followed the same pattern,
remaining negative over the last decade and slightly decreasing the gap after 2008. To achieve this
inversion of trend, and as shown in the graph above, most high-tech and medium-tech industries
improved their contribution to the trade balance. This is the case for road vehicles, general industrial
machinery and equipment, plastics in primary forms, iron and steel and machinery specialised for
particular industries. In contrast, other transport equipment and fertilizers have reduced contributions
to the trade balance while several sectors are stagnating. The strong specialisation of Greek industry in
food processing industries, and at a lower scale, in textiles and chemicals, is only partially reflected in
the trade balance thus highlighting the need to increase the competitiveness of the main sectors. This
situation is also confirmed in the previous graph which shows that most of the manufacturing sectors
have not increased their value added over the last 15 years.

Other features of the Greek R&I system are shown in the table below: employment in knowledge
intensive activities (manufacturing and business services) as % of total employment is rather low
(11.4% compared with EU average of 13.6%). Greek total factor productivity increased from 2000
until 2007, only to decrease afterwards and reach in 2012 a value inferior to the one registered in 2000.
The employment rate decreased by three percentage points between 2000 and 2011; this leaves Greece
with the lowest employment rate in the EU. A high percentage of the population is at risk of poverty or
social exclusion (31% compared to an EU average of 24.2%).
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Key indicators for Greece

2000 |2001|2002|2003| 2004 | 2005 |2006|2007|2008]2009| 2010 | 2011 |2012] Average EU Rank
GREECE annual average(z) within
growth @ EU
(%0
ENABLERS
Investment in knowledge
Newdo.ctoralgraduates(ISCEDG)perthousand 0751 073 1430083 115 73 169 18
population aged 25-34
i i i 0
Sfué'gsss enterprise expenditure on RED (BERD) as % | 5 | 19]0.18]0.18| 047 | 0.19 [0.28 [ 0.27 23 126 | 26
= : s
ZLSlz’IlcexpendltureonR&D(GOVERD+HERD)as % of 039 038] 037 | 0.40 l0.400.42 13 074 23
Venture Capital ® as %of GDP 0.14 |0.07]0.03}0.01]0.003] 0.001|0.01]0.04]0.10] 0.02] 0.005] 0.004 -27.0 035“ | 20
S&T excellence and cooperation
Composite indicator of research excellence : : : 311 : 35.3 25 47.9 13
Scientific publications within the 10% most cited
scientific publications worldwide as %of total scientific | 6.2 | 57| 66| 74| 8.1 88 | 82| 95|95 55 109 15
publications of the country
ISP SBIEATS @ SRS e e 175 | 166 | 177 254 303 | 339 | 399 | 436 450 | 509 | 512 | 544 109 300 17
population
Publlc-prlvate scientific co-publications per million 17| 16| 15 15 16 19 53 20
population
FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
PCT patent applications per billion GDP in current PPS€ | 0.3 | 04 | 04 | 0.4 | 0.3 05 | 04]|05]04]|04 : : 3.6 3.9 22
License and patent revenues from abroad as %of GDP : : : : : : 10.03]0.02{0.01]0.01| 0.02 | 0.02 -1.4 0.58 24
Sales of new to market and new to firm innovations as 11.0 256 53.0 144 3
%of turnover
Knowledge-lnten5|veserwcesexportsas%total 280 |506] 38 |558| 27| 54 354 451 27
service exports
Contribution of high-tech and medium-tech products to
the trade balance as %of total exports plus imports of |-10.44|-9.03|-8.06|-7.89| -7.07 | -5.39 |-5.60[-5.49]-3.80]-5.71| -4.20 | -5.69 o 4200 27
products
;‘(’)‘(’)"t_hfgéma' faciepiedicibbi(Claiecenc )y 100 | 103] 104 | 08| 110 | 209 | 212] 213|111 | 107| 203 | 200 | 90 | -1©® 103 | 22
Factors for structural change and addressing societal challenges
Composite indicator of structural change 25.4 : : : : 27.6 : : : : 325 25 48.7 23
Employment in knowledge-intensive activities
(manufacturing and business services) as %of total 10.8|10.9] 109 | 114 15 136 19
employment aged 15-64
: : z : o
SMEs introducing product or process innovations as % 245 373 39 384 13
of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPSE 0.04 10.03/0.02]0.03| 0.01 | 0.05|0.12]0.04|0.01 11.4 0.39 23
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.07 | 0.080.09]0.06| 0.03 | 0.08 |0.05]0.12]0.05 4.4 0.52 21
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
Employment rate of the population aged 20-64 (%) 619 |615|62.5|63.6| 64.0 | 64.6 | 65.7]66.0]|66.5|65.8]| 64.0 | 59.9 -0.3 68.6 27
R&D Intensity (GERD as % of GDP) : 0.58]| : ]0.57]| 0.55 | 0.60 |0.59|0.60| . : . 0.6 2.03 24
Greenhouse gas emissions - 1990 = 100 121 | 122 122 | 125| 126 | 129 | 126 129 125] 119| 113 8" 85 23®
Share of rgnewable energy in gross final energy 69 | 70 | 701 81l 80l 81| 02 49 125 19
consumption (%)
Share of population aged 30-34 who have successfully | o 4 15[ 254]208| 249 | 253 | 26.7|26.2] 25.6| 26.5| 28.4 | 289 12 346 | 18
completed tertiary education (%)
SIENE Gl eI 3 53 Gl oy @ SielEl. 309 | 29.4 | 29.3|28.3| 281 27.6| 27.7 | 31.0 0.0 242 | 220
exclusion (%)

Source: DG Research and Innovation - Economic Analysis Unit

Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard

Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the

period 2000-2012.
(2) EU average for the latest available year.

(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(4) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, SI, SK, These Member States were notincluded in the EU ranking.
(5) EU is the weighted average of the values for the Member States.
(6) The value is the difference between 2012 and 2000.
(7) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(8) The values for this indicator were ranked from lowest to highest.

(9) Values in italics are estimated or provisional.
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Hungary
Gearing reforms to removing obstacles to the growth of innovative companies

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Hungary. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 1.21% (EU: 2.03%; US: 2.75%) 2010:31.88 (EU:47.86; US: 56.68)
2000-2011: +4.64% (EU: +0.8%; US: +0.2%) 2005-2010: +2.03% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.527 (EU: 0.612) 2010:50.23 (EU:48.75; US: 56.25)
2000-2010: +1.87% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Health, Environment, Automabiles, 2011: 5.84% (EU: 4.2%; US: 1.93%)
Biotechnology 2000-2011: +9.04% (EU: +4.99%; US:-10.75%)

Over the last decade, the Hungarian research and innovation system has made clear progress in the
level of private sector investment and in overall R&D intensity, as well as in scientific quality, patent
revenues and structural change towards a more knowledge-intensive economy. In spite of the fact that
public sector R&D intensity and the internationalisation of science is still less dynamic than the EU
average, Hungary shows good progress among the countries with a similar industrial structure and
knowledge capacity.

Hungary is still facing some key challenges in research and innovation. These include: a low level of
innovation activity, especially by SMEs, together with a low degree of co-operation in innovation
activities among the key actors; unfavourable framework conditions for innovation, in particular an
unpredictable business environment, a high administrative burden and competition not conducive to
innovation; an insufficient number of human resources for research (2015 forecast). Policy evaluation
culture is weak in Hungary. According to basic principles stipulated in the Law of Research and
Technological Innovation (2004), four external evaluations of funded support schemes were conducted
between 2005 and 2011. The freeze of public funding in the second half of 2010 as well as the
frequent changes in the structure of STI policy governance point however to some risks regarding the
continuous policy commitment needed to further address these important challenges.

The newly-prepared innovation strategy is expected to provide specific well-targeted incentive
schemes in support of innovative SMEs and of enterprises of intermediate size, with priority funding
in the domains of the national thematic priorities. In addition, a specific scheme should support
infrastructures and coordination activities within clusters of excellence in these domains. The principle
of smart fiscal consolidation should re-establish the priority of public funding for research and
innovation and lead to increasing levels of R&D intensity over the coming years.
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Investing in knowledge

Hungary - R&D intensity projections, 2000-2020 @
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(4) HU: There is a break in series between 2004 and the previous years.

In the 2011 National Reform Programme, the Hungarian government set an R&D intensity target for
2020 of 1.8%. Hungary had an R&D intensity of 1.21% in 2011, up from 1.16% in 2010. An
intermediary target of 1.5% by 2015 is set by the Science and Innovation Programme (as a part of the
broader New Széchenyi Plan of January 2011). In 2010, 39.9% of total R&D expenditure (close to the
EU average) was financed by government and 47.4% was financed by the business enterprise sector.
This last figure reflects the increase in business R&D intensity from 0.41% in 2005 to 0.69% in 2010.

In Hungary, inward business investment in R&D as a % of total BERD decreased between 2003 and
2007 in contrast to the majority of European countries where internationalisation of R&D increased
over the same period. However, the actual amount of inward business investment in R&D increased in
nominal terms. Hungary has by far the highest ratio of inward FDI to GDP but only an average inward
business investment in R&D intensity. Hungary, Spain and to a lesser extent Italy all suffered declines
in intensity of inward investment in R&D over the period 1998-2007 (the latest period for which data
are available).

Hungary has had a participant success rate of 20.4% in FP7 close to the EU average of 21.5%, and
received more than € 114 million for 681 Hungarian participations in FP7 up to mid-2011. Hungary
plans to invest € 2.16 billion of Structural Funds (2007-2013) in R&D and innovation, in particular in
the regional growth poles with emphasis on enhancing R&D capacities.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of Hungary's R&I system. Reading
clockwise, it provides information on human resources, scientific production, technology valorisation
and innovation. Average annual growth rates from 2000 to the latest available year are given in
brackets.

Hungary, 2011 @
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Hungary is below the EU average in almost all areas. However, the rate of BERD financed from
abroad and EU FP7 funding per thousand GERD are higher than the EU average. The share of
employment in knowledge-intensive activities is very close to the EU average.

Vulnerable areas include human resources, scientific production, innovation and technology
production. Innovation activities in small firms are at a low level with only around 17% of Hungarian
SMEs innovating by introducing a new product or a new process. This (with that of Latvia) is the
lowest level in the EU. Only 5% of Hungarian scientific publications are in the top 10%-most cited
scientific publications, compared to an EU average of 11.6%. Hungary has a low level of PCT patent
applications with a decreasing trend. Hungary does better in terms of licence and patent revenue from
abroad (not shown on the graph). This is probably due to the increased role of large foreign-owned
enterprises in business R&D investment.

In the FP7, Hungary seems to be relatively well integrated in pan-European research collaborations.
The top collaborative of Hungarian researchers are mainly with colleagues from Germany, the United
Kingdom and France. The results of Hungarian participation to FP7 show a more intensive European
cooperation of the public sector than of the industry.
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Hungary's scientific and technological strength

The maps below illustrate six key science and technology areas where Hungary has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level
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Scientific production
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As illustrated by the maps, in terms of scientific production, Hungary’s strengths lie in automobiles
and in information and communication technologies. The relative specialisation in terms of patenting
is in biotechnologies and health. A quantitative analysis of the number of EPO patents (2000-2010) by
applicant classified by FP7 thematic priorities shows that Hungary has a significantly higher share in
the domain of health (33.4%) than the EU average (12.8%).

The RTA (revealed technological advance) index confirms that Hungary, with 2.21, is second in the
EU after Slovenia in this domain. In the case of environment, Hungary had a growth index of 1.21
between 2000 and 2009 compared to an EU average of 1.25. In the case of automobiles, Hungary has
the second highest specialisation index in the EU (2.42 compared to the much lower EU average of
1.07).
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Policies and reforms for research and innovation

It is noticeable that R&D intensity increased during the first years of the economic crisis,
demonstrating the effectiveness of the R&I strategy. The new strategy on research and innovation,
referred to in the 2012 National Reform Programme is currently under preparation. The issue of the
low share of innovative enterprises needs urgently to be addressed. Support measures geared to
removing obstacles to the growth of innovative companies are indeed expected under the Science and
Innovation Programme of the New Széchenyi Plan. The scope and the financial effort implied are
however not yet known.

Whereas the new Science and Innovation Programme stipulate that the current policy mix should be
reconsidered, no action has been taken to date. Moreover, the new National Research and Innovation
Strategy due to be adopted by the end of 2011 has been postponed until the end of 2012. The mid-term
STI strategy (2007-2013) stresses the need to align national and EU policy goals. While the national
STI policy mix is not explicitly aligned with the specific ERA pillars and objectives, there is no major
disparity between the national policy goals and the ERA initiatives.

Research and innovation governance has been reorganised twice since 2009. The high-level STI policy
co-ordination body, the Research and Science Policy Council which was created in September 2009
was disbanded in December 2010 and replaced by the National Research, Innovation and Science
Policy Council. In June 2010, the government discontinued all funding by the Research Technological
Innovation Fund (RTIF). EUR 58.2 million, representing 36.6% of the RTIF's budget has been
blocked following budgetary cuts. Several schemes, co-financed with the EU Structural Funds were,
however, reopened in 2011. Following the freezing of national public funding, no new schemes have
been introduced from mid-2010 with the result that EU funding has become increasingly more
important.

The stronger sectoral areas identified in the OECD review (2008) have been confirmed as the national
thematic priorities of the new Science—Innovation Programme (January 2011). These are: transport
mobility, automotive industry and logistics, health industries (pharmaceutical, medical instruments
and balneology), information and communication technologies, energy and environmental
technologies, and creative industries. The national innovation strategy (as currently drafted) should be
aligned with the concept of smart specialisation and regional innovation strategies in order to ensure
increased coordination and to avoid duplication or fragmentation of research and innovation policies.
In addition to the metropolitan area of Budapest which is the dominant centre of domestic RTDI
activities, six regional development poles have been defined with specific priority fields of science and
sectors of industry. This will promote smart specialisation in the regions through spill-overs and
technology transfer from the major poles by building on the strengths identified for each region or
territory.

Private investment in R&D is primarily carried out by a small number of big foreign-owned
enterprises making growth relatively vulnerable. The government is planning to introduce measures to
encourage SMEs participation in innovation activities including non-technological innovation, to
reduce the relatively high administrative burden and to strengthen the links and networks between
public and private research.

A national roadmap for ESFRI is being prepared, with funding reserved for new and updated research
infrastructures. The Hungarian authorities are ensuring all necessary support for the implementation of
the national Operational Programme (OP): Economic Development for priority R&D and innovation
aiming to encourage competitiveness (more than one third of the total budget is devoted to this
programme), including the development of the Extreme Light Infrastructure project (ELI).
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Economic impact of innovation
The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators™..

Hungary - Index of economic impact of innovation @
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Note: (1) Based on underlying data for 2009, 2010 and 2011.

The graph above shows that, in Hungary, the economic impact of innovation is lower than both EU
average and reference group. In particular, the country shows significantly lower values on the patent
applications and knowledge-intesive services export indicators compared to EU average.. In Hungary,
innovation policy is mainly a supply side policy based on grants for innovation activities. So far,
demand side innovation policy has only been taken into consideration by the government as a future
option. For instance, in the New Széchenyi Plan, pre-commercial public procurement is a high priority
for the future.

The dominant form of support is through grants for innovation activities. However, there are other
tools in place as part of the national policy mix: venture capital, favourable loans, guarantees and tax
incentives. Demand side innovation policy is also being taken into consideration as a future option, by
the policy makers. The Science and Innovation Programme of the New Széchenyi Plan highlight pre-
commercial procurement as a high priority. A strong decline is observed for venture capital as % of
GDP which decreased by more than 75% between 2009 and 2010 (the highest decline in the EU).

Links between public sector and private sector research and also levels of cooperation on innovation
activities by key actors are still weak. The share of innovative SMEs is rather low compared to other
countries. Access to finance and in particular early stage financing is limited. This issue is closely
linked to the financing needs of innovation intensive companies which are facing difficulties in finding
sources of finance for their innovative projects. Also, there is a weak rate of commercialisation of
inventions.

During the last two decades, the internationalisation of business R&D activities has accelerated
significantly, with some new players emerging recently that have given rise to new patterns. Some
industrial sectors in Hungary have increased their outward R&D activities. The wood, paper, printing
and publishing sectors, and the non-metallic minerals sectors have become significantly more
internationalised.

19 See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
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Although manufacturing in Hungary is mainly concentrated in low skills sectors, there is a growing
and promising trend of specialisation in high-tech sectors. From 1995, it can be noticed that almost all
medium-high-tech and high-tech sectors, especially motor vehicles, electrical machinery and
apparatus, and Radio, TV and communication equipment have increased their weights in the economy,
as well as their R&D intensities. In Hungary business enterprise expenditure on R&D (BERD) in the
motor vehicles sector accounted for 13.1% of all manufacturing BERD in 2009.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance for
Hungary between 2000 and 2011
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Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

The graph above shows that several high-tech and medium-tech industries significantly improved their
contributions to the Hungarian trade balance over the period 2000-2011, in particular
telecommunications, scientific and controlling instruments, general industrial machinery and
specialized machinery for particular industries, and road vehicles. This indicates a possible gain in
relative world competitiveness in line with the increasing weight of these sectors in the economy (see
previous graph). In contrast, the office machines and automatic data-processing machines industry
suffered a severe reduction in its contribution to the trade balance.

In Hungary total factor productivity grew steadily between 2000 and 2006 and then fell significantly
during the years of economic crisis. Regarding progress towards the Europe 2020 indicator targets,
Hungary shows a mixed picture with good results for most indicators, such as R&D intensity and the
share of population (aged 30-34) with tertiary education, share of renewable energy, greenhouse gas
emissions and a slight decrease in the share of population at risk of poverty (although with a negative
evolution since the crisis started in 2008. Also the employment rate has been slightly falling,
particularly with the economic crisis. However, Hungary's best rankings within the EU are for the
contribution of high-tech and medium-tech commodities to the trade balance, sales of new to market
and new to firm innovations as % of turnover, and license and patent revenues from abroad as % of
GDP. These are indicators which show the contribution of innovation to international competitiveness.
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Key indicators for Hungary

exclusion (%)
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Contribution of high-tech and medium-tech products to
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Factors for structural change and addressing societal challenges
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of SMEs
Environment-related technologies - patent applications
to the EPO per billion GDP in current PPSE 0.08]0.04| 0.08 | 0.05 0.12 | 0.08 |0.06| 0.19 | 0.13 75 0.39 g
Health-related technologies - patent applications to the
EPO per billion GDP in current PPSE 0.40(0.27| 0.20 | 0.27 0.27 | 0.29 |0.16| 0.27 | 0.21 7.6 0.52 15
EUROPE 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES
Employment rate of the population aged 20-64 (%) 61.2|161.3| 614 | 62.4 62.1 | 62.2 |62.6| 626 | 619 | 60.5 |60.4]60.7| : -0.1 68.6 26
R&D Intensity (GERD as %of GDP) 0.81]0.93f 1.00| 094 |088@] 0.94 |1.01| 098] 1.00| 1.17 |1.17[1.21 4.6 2.03 18
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard

Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the period

2000-2012.
(2) EU average for the latest available year.
(3) Break in series between 2004 and the previous years. Average annual growth refers to 2004-2011.

(4) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescue/turnaround and buyout for the period 2007-2011.
(5) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, S, SK, These Member States were notincluded in the EU ranking.
(6) EU is the weighted average of the values for the Member States.
(7) The value is the difference between 2012 and 2000.
(8) The value is the difference between 2010 and 2000. Anegative value means lower emissions.
(9) The values for this indicator were ranked from lowest to highest.
(10) Break in series between 2003 and the previous years. Average annual growth refers to 2003-2011.
(11) Values in italics are estimated or provisional.

Country-specific recommendation in R&I adopted by the Council in July 2012:

"Provide specific well-targeted incentive schemes to support innovative SMEs in the new innovation

strategy"
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Ireland
Prioritising increased public investment in research while better exploiting results

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Ireland. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 1.72% (EU: 2.03%; US: 2.75%) 2010:38.11 (EU:47.86; US: 56.68)
2000-2011: +4.07% (EU: +0.8%; US: +0.2%) 2005-2010: +5.39% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.69 (EU: 0.612) 2010:65.43 (EU:48.75; US: 56.25)
2000-2010: +1.94% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Food and agriculture, Medical technologies, 2011: 2.57% (EU: 4.2%; US: 1.93%)
Nanotechnologies, Biotechnology, ICT, New 2000-2011: +26.26% (EU: +4.99%; US:-10.75%)
production technologies

Ireland has expanded and consolidated its research and innovation system over the last decade.
Investments in research and innovation have grown substantially. Public investment in research and
innovation grew considerably until the financial crisis. Business enterprise investment in R&D
continued to grow over the period 2000-2010 albeit at a lower growth rate than public investment.

The considerable increase in public and private R&D expenditure over the decade 2000-2010 has
resulted in a clear shift to a knowledge-based economy including a shift towards services. The Irish
economy has a high proportion of knowledge-intensive products and services, and this structure has
not changed substantially over the last decade. Although the recession hit Ireland particularly hard, the
economy has since partly recovered because of the strength of exports by firms in the high-tech
sectors. These firms are mainly affiliates of MNEs.

In contrast, domestic firms in a number of sectors which do not have a propensity to export have
struggled. Accordingly the main challenges are to return to the previous policy of increasing public
R&D expenditure and to complement the policy of promotion of procurement of innovation with
budgetary allocations to procurement authorities.”

Prior to the crisis, policy was based on a Strategy for Science, Technology and Innovation which
articulates the ambition to be a leading knowledge economy. More recently the focus has been on
accelerating growth and job creation. The government has also adopted the report of a research
prioritisation group which recommended targeted research investment in 14 priority areas as well as a
new IP protocol on putting public research to work for Ireland.

20 Concrete measures were presented in Commission Communication Europe 2020 Ireland, June 2012
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Investing in knowledge
Ireland - R&D intensity projections, 2000-2020 @
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(3) IE: This projection is based on a tentative R&D intensity target of 2.0% for 2020.

Ireland has a national R&D intensity target of 2.0% of GDP or 2.5 % of GNP, by 2020. In 2011, Irish
R&D intensity was 1.72% of GDP, with a public sector R&D intensity of 0.56% and business R&D
intensity 1.17%. Over the decade 2000-2010, R&D intensity in Ireland grew at an average annual
growth rate of 4.9%, one of the highest growth rates in the EU. One of the main challenges for Ireland
would be to return to a trend of increasing public investment in R&D which, if more related to
business needs, would raise the R&D intensity of Irish firms. If this line were followed, the shift of the
Irish economy towards a knowledge-based economy, already very visible, could be pursued over the
years and a more ambitious target could be envisaged at the occasion of the mid-term review of the
Europe 2020 targets (2014/2015). This would be more in line with the country's clear potential,
illustrated by the trend in the growth above.

In absolute terms, public R&D funding reached a peak in 2008. R&D investment by firms appears not
to have been seriously affected by the economic crisis. Where BERD is supported by government,
Ireland has a relatively low level of direct support, according to the OECD. Indirect support was
almost 3 times higher than direct support. Business R&D investment in real terms has continued to
rise and reached a peak in 2010. Overall, firms have almost doubled their R&D investment in real
terms over the period 2000-2010. The amount of GERD financed from abroad at 15.6% is almost
twice the EU average and reflects the policy of attracting FDI with a large R&D component. In order
to reach its national target by 2020, R&D intensity in Ireland would have to grow at an average annual
rate of 1.1% over the decade 2010-2020. This growth would depend on sustained incentives to attract
and boost business R&D investment.

Under the ERDF Programme, Ireland has been allocated €163.5 million for research, innovation and
entrepreneurship. This represents 21.8% of the total FEDER funds for Ireland. Under FP7,
beneficiaries from Ireland have received €412 million? of which €85 million went to SMEs. Overall,
Irish applicants had a close to average success rate.

2t According to CORDA 6 Nov 2012 I-cf. national estimate of €438 M in June 2012.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses in the Irish R&I system. Reading clockwise,
the graph provides information on human resources, scientific production, technology valorisation and
innovation. Average annual growth rates from 2000 to the latest available year are given in brackets.

Ireland, 2011 @

In brackets: average annual growth for Ireland, 2000-2011 ®
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The graph shows in broad terms that the increase in funding for R&D (2000-2010 average annual
growth) has triggered a stronger scientific production with increases in business expenditure on R&D,
the number of new doctoral graduates, employment in knowledge-based activities and scientific
publications in the most highly cited journals. The number of researchers employed in business has
also grown. The relative weaknesses of the Irish R&I system are the relatively low (but growing)
numbers of PCT patent applications and public-private co-publications as well as falling levels of
SMEs introducing different forms of innovation.

Ireland had in 2010 a net inflow of students and engineers from the United States. According to
UNESCO data, in 2010, 1201 students at graduate, masters or doctoral level left Ireland for studies in
the United States, while 2545 students from the United States chose to study in Ireland. Ireland has
engaged in the ESFRI process from the beginning and is supportive of 20 of the 44 areas identified in
the original roadmap as well as being a participant in seven FP7 funded research infrastructure
preparatory phase projects.

On knowledge transfer, Ireland has a relatively high efficiency with regard to the amount invested to
generate each patent application, licence agreement and spinoff.
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Ireland’s scientific and technological strengths

The maps below illustrate several key science and technology areas where Irish regions have real
strengths in a European context. The maps are based on the number of scientific publications and
patents produced by authors and inventors based in the regions.

Strengths in science and technology at European level
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Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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As illustrated by the maps above, in absolute numbers, in terms of scientific capacity, Ireland has
strong regional clusters in the fields of food, agriculture and fisheries, ICT and nanotechnology. In
terms of technology specialisation, Ireland is particularly strong in ICT. In fact, Ireland has a
technological advantage in ICT comparable to that of the United States and well above the EU average
and surpassed in the EU only by Sweden and Finland. In nanotechnology Ireland is third behind
Singapore and the Czech Republic.

The main technology sectors in which the number of patent applications and patents granted by the
EPO are in the 75-100 percentile are telecommunications, digital communications, computer
technology, IT methods for management, medical technology, thermal process and apparatus,
manufacture of medical and surgical equipment, and services for computer and related activities.
These findings illustrate the comparative strengths and suggest the focus for R&I and industrial
policies.
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Policies and reforms for research and innovation

The Irish research system is centralised and regions and while research policies are set nationally they
address regional aspects and needs and take account of effects of clustering which have led to regional
specialisation. The significance of structural funds for Ireland has reduced and EDRF funds amounting
to € 163.5 million for research, innovation and entrepreneurship over the period 2007-2013 represent
less than 20% of the annual government budget for R&D. Ireland comprises two NUTS Il regions.
The Border, Midland and Western region's key challenge is to develop its Institutes of Technology as
well as enhance the research, innovation and ICT infrastructure to promote enterprise development.
The Southern and Eastern region has a commitment to developing incubator spaces in close proximity
to the institutes of Technology

Prior to the crisis policy is based on a Strategy for Science, Technology and Innovation 2006-2013
which articulates the ambition to be a leading knowledge economy. Following the onset of the
economic crisis this policy is being implemented in the context of the Framework for Sustainable
Economic Renewal which, through an Action plan for Jobs, involves actions to deliver reform and
create economic growth and which includes measures related to science technology and innovation.
The Government's programme for national recovery stresses increased emphasis on delivering value
from the State's investment in research with the approach being to fund the full spectrum of research in
priority areas as identified in the National Research Prioritisation exercise. In addition a portion of
funding will be retained for research for policy and research for knowledge.

Fiscal measures involving R&D tax credits were introduced in 2004 and provided a 25% tax credit for
qualifying incremental expenditure covering the full spectrum from basic to applied research and
experimental development. According to the OECD surveys on tax incentives, indirect support of
business R&D in Ireland is almost three times higher than direct support. The fiscal incentives for
carrying out R&D were complemented by an expansion of tax credits in 2010 to enhance investment
in intellectual property (including software) by excluding royalty income from withholding tax.

More recently the Government has accepted a proposal for the prioritisation of research funding for
activities related to areas of industrial strength. In addition emphasis is placed on increasing the
innovation potential of indigenous firms and improving links between industry and higher education
institutions.

The existing national policies on IPR were reviewed by a task force and were found to be in line with
international practice including that emerging at EU level from the Commission Recommendation
C(2008)1329 and the Responsible Partnering initiative of the key stakeholders. This has recently been
updated with a new IP protocol to clarify the rules on knowledge transfer in the context of
collaboration between industry and higher education institutions.

In 2012 an Innovation task force was adopted Key areas for action include a better matching between
supply and demand for innovation, a financial framework fostering innovation, high quality and broad
human capital, and international projection. It also includes promotion of public procurement for
innovative products and services. However, due to the need for strong fiscal consolidation, the
implementation of this has been limited to the issuance of guidance.
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Economic impact of innovation
The index below is a summary index of the economic impact of innovation composed of five of the

Innovation Union Scoreboard's indicators2.
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

The high score of Ireland on this summary index is linked to its economic structure, with high volumes
of activities both in several high-tech manufacturing sectors and in knowledge-intensive services. The
share of the Ireland's employment in knowledge-intensive activities (19.8 %) and the share of
knowledge-intensive services in services export are both the second highest of all EU Member States,
after Luxembourg.

Foreign multinational firms perform a large part of the activity in the knowledge-intensive sectors, and
in the last decade, foreign direct investments have continued in the more technology-intensive sectors.
According to the OECD, Ireland has at 17.9% by far the highest technology balance of payments as a
percentage of GDP and at 20% the fifth highest growth rate among the OECD countries for which data
are available. This can be largely attributed to the high level of foreign direct investment in Ireland and
the resultant intra-group transfers of technology.

Ireland generally has favourable framework conditions for innovation, in particular in terms of time
taken to start a business, barriers to entrepreneurship, and corporate taxation. In contrast it is below the
OECD average in terms of percentage of self-employed persons, women entrepreneurs and
entrepreneurs under 45 years of age. According to the OECD, barriers to entrepreneurship (including
regulatory, administrative burdens and barriers to competition) were lower than in many other EU
Member States. However, following the financial crisis, in 2010 the ease of access to capital in Ireland
was the lowest of all OECD countries whereas previously Ireland had been ranked in 11" place. In
contrast, in 2009 Ireland was still in 5" place in the OECD and 2™ in the EU (behind Sweden) in terms
of venture capital investment as a percentage of GDP. Regarding the number of business angel
networks and groups, Ireland is 3" in a group of smaller and medium sized countries.

22 See Methodological note for the composition of this index.
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axe illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented in the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
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(2) 'Basic metals', 'Fabricated metal products’, 'Motor Vehicles', 'Other manufacturing and recycling', ‘Other transport equipment’,
‘Publishing and printing’, 'Pulp, paper and paper products’, 'Wood and cork (except furniture)': 1995-2005; 'Electrical machinery
and apparatus’, 'Medical, precision and optical instruments’, 'Office, accounting and computing machinery, 'Radio,

TV and communication equipment: 1995-2007.

As recognised in Irish economic and industrial policy, the medium-term avenue for a more sustainable
economy is to upgrade and move up on the value chain and internationalise its outreach. Compared to
other countries, Ireland has scope to further increase both the R&D intensity in existing high-tech and
medium-high-tech sectors and to increase knowledge intensity in more traditional sectors of the
economy.

The graph above illustrates the structural change of the Irish economy over the last decade. It shows
that the economic expansion over the period 2000-2006 was mainly related to chemicals and chemical
products, medical, precision and optical instruments, and radio, TV and communication equipment.
There have been increases in R&I investment in electrical machinery and apparatus, machinery and
equipment, and office, accounting and computing machinery. This knowledge injection has translated
into an increasing share of value added in medical, precision and optical instruments and chemicals
and chemical products.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Ireland between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit
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Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products” refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Ireland has a positive trade balance in high-tech and medium-tech products and has achieved a
considerable growth with a fourfold increase over the last decade, which constitutes an impressive
record. Total trade balance in the economy has also grown continuously. The graph above shows that
most high-tech and medium-tech products and in particular medicinal and pharmaceutical products,
road vehicles, and electrical machinery and apparatus have increased their contributions to the Irish
trade balance over the period 2000-2010. A relative concern is the falling weight of products in office
machines and telecommunications, and other transport equipment, which have also decreased their
exports in real terms over the period 2000-2009. Looking at the previous graph, it is clear that since
1995, the radio, TV and communication equipment sector has not substantially upgraded its
knowledge intensity in terms of average annual growth of business R&D. On the other hand, electrical
machinery and apparatus has a lower average growth in value added but a higher average growth in
R&D.

Total factor productivity growth in Ireland is in 2012 back to the pre-crisis level. The employment rate
is below the EU average, it has also increased and subsequently fallen clearly with the crisis after
2009. The share of population at risk of poverty or social exclusion has risen as result of the economic
crisis and is above the EU average. Regarding the other Europe 2020 targets in environment and
education, greenhouse gas emissions have fallen but are still much higher than the EU average, and the
share of renewable energy has increased but is still much lower than the EU average. Innovation has
contributed to a rising number of patents in environmental and health-related technologies, with
Ireland ranking respectively 11" and 7" within the EU.
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Key indicators for Ireland
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(3) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,
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Italy
The challenge of structural change for a more knowledge-intensive economy

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Italy. They relate knowledge investment and input to performance or economic output throughout the
innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 1.25% (EU: 2.03%; US: 2.75%) 2010:43.12 (EU:47.86; US: 56.68)
2000-2011: +1.69% (EU: +0.8%; US: +0.2%) 2005-2010: +3.56% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.556 (EU: 0.612) 2010:35.43 (EU:48.75; US: 56.25)
2000-2010: +1% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Automobiles, Food and agriculture, ICT, 2011: 4.96% (EU: 4.2%; US: 1.93%)
Biotechnology, New production technologies 2000-2011: +8.13% (EU: +4.99%; US:-10.75%)

Over the last decade, Italian R&D intensity increased moderately, reaching 1.25% in 2011. Overall,
the R&D intensity of both the public and private sectors increased over the last decade, but only to
reach levels that remain very far from those of the countries at the technology frontier, thus suggesting
a trend towards a specialisation in low technology-intensive products.

Without any doubt, the first priority for Italy in the field of R&I is to generate a strong momentum and
commitment towards increasing its R&D intensity based on improved business framework conditions
for innovation and economic structural change. The low degree of adjustment of the education system
to the economic structure of the country and to the specific needs of industry is a structural weakness.
There is also a lack of effective and timely implementation of the overall policy mix for R&I and
education, in particular measures to support innovation and more specifically SMEs. Major challenges
include the underinvestment of the private sector in R&D and innovation, largely due to the fact that
the Italian economy is characterised by a large number of SMEs and micro firms in low knowledge
intensity sectors (bearing in mind also the large differences between the North and the South of the
country) as well as the low level of skills and insufficient performance of the higher education system
in many regions.

To address these challenges, public support measures and framework conditions for R&D have been
put in place (e.g. grants for industrial research, simplification of the IPR system) and a new
governmental structure has been created to coordinate national R&D activities and links with R&D
stakeholders. Since 2011, the new government has incorporated the objectives and priorities of EU
2020 in their main policies, with specific roles for R&D, innovation and human resources. A reduction
of taxation for R&D activities is foreseen, extending regulation to intramural R&D (until now applied
only to extramural R&D). A "Cohesion Action Plan" was launched in November 2011, aiming to
improve the use of structural funds to create growth and jobs by concentrating resources on key
domains (education, broadband, employment and transport networks) following the restructuring of
the Operational Programmes.
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Investing in knowledge
Italy - R&D intensity projections, 2000-2020 @)
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The Italian national R&D intensity target will be achieved if the current trend continues, but the target
is not very ambitious. Italy set an R&D intensity target of 1.53% in the context of the Europe 2020
strategy, well below the current EU average, thus running the risk of the country falling far behind a
moving technology frontier in some sectors of its economy. Over the 2000-2011 period, R&D
intensity in Italy increased by an average of 1.69% annually, passing from 1.04% in 2000 to 1.25% in
2010. Both public sector and private sector expenditure on R&D have grown during the period, but at
modest rates. The difference between Italy's R&D intensity and the EU average is mainly due to lower
industrial R&D. In 2011 business R&D intensity in Italy was 0.68% compared to an EU average of
1.26%. Public sector R&D intensity is also lower than the EU average (0.53% for Italy compared to an

EU average of 0.74% in 2011).

Public funding for R&D as a percentage of GDP has been decreasing over the last eight years, after a
period between 2000 and 2004 in which a substantial increase was registered. The need to reduce the
public deficit has imposed budgetary constraints. The trend shows also a decreasing public R&D
budget in 2011 and 2012. Likewise, Italy has one of the lowest levels of public expenditure on
education as a % of GDP in the EU (4.7% in 2009). In addition, Italy faces the problem of very low
business investment in R&D. The low level of business R&D intensity is partly linked to the structural
composition of the economy which has a low share of high-tech industries in total manufacturing, and
partly the result of low R&D investment by Italian firms. The small size of Italian firms, 95% of which
are small or micro enterprises, aggravates this situation. There is also a low presence of foreign-owned
firms which has remained unchanged over the period 2001-2008.

Italian R&D performers have received almost € 2.2 billion in EC contributions under the 7"
Framework Programme (8.27% of the total EC contributions). Italy counts three universities (Bologna,
Milan and Rome) among the top 50 participant HES organisations in FP7 and two research institutes
among the top 20 participant REO organisations. For the ERDF programming period 2007-2013, Italy
has been allocated a total of € 27 billion for research, innovation, support for SMEs, information
technologies and other measures to stimulate innovation and entrepreneurship. These funds will be
crucial for the development and catching up of some of the regions. However, by January 2012 only
34% of the available structural funds for research and innovation related themes had been allocated.
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An effective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of the Italian R&I system. Reading
clockwise, the graph provides information on human resources, scientific production, technology
valorisation, and innovation. Average annual growth rates from 2000 to the latest available year are
given in brackets.

italy, 2011 ®
In brackets: average annual growth for Italy, 2000-2011 @
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Italy scores above the EU average for innovative SMEs introducing marketing, organisational and
product or process innovations. Other positive aspects are the high growth rates observed for shares of
new doctoral graduates (ISCED 6) (16.9%) and non-EU doctoral students (17.1%). Between 2000 and
2010, the total number of researchers (FTE) per thousand labour force has grown at an average annual
rate of 4.2%.

However, Italy is suffering a net outflow of students and engineers to the United States.® The number
of business researchers per thousand labour force in Italy has grown between 2000 and 2010, but is
still well below the EU average highlighting the need to enhance the quality of the higher education
system and to improve the correspondence between curricula and labour market needs. The Italian
research and innovation system is relatively public-based, with only 53.6% of research performed by
the business sector (compared to an EU average of 61.5% in 2010) and has a low level of knowledge
transfer from public research institutions to firms.

Another structural weakness is the disparity between Northern and Southern regions in terms of
innovation performance (the most innovative regions are Lombardia and Emilia Romagna). However,
Italy is well integrated in the European research and innovation system. Together with Germany,
France and the United Kingdom, Italy is among the highest producers of cross-border scientific co-
publications (in absolute numbers).

21n 2010, 4.036 students at graduate, master or doctoral level left Italy for studies in the United States, while only 423
students from the United States chose to study in Italy (UNESCO data, 2009),
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Italy's scientific and technological strengths

The maps below illustrate six key science and technology areas where Italy has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.

Strengths in science and technology at European level
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Source: DG Research and Innovation — Economic Analysis unit
Data: Science Metrix using Scopus (Elsevier), 2010; European Patent Office, patent applications, 2001-2010
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Number of publications by NUTS2 regions of ERA countries
Food. Agricultura and Fisheries, 2000-2009
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Italy is stlll below the EU average in terms of scientific production and technology development
Some regions have strong scientific capacity in the fields of automobiles, food, agriculture and
fisheries, construction and construction technologies, furniture and consumer goods, special purpose
machinery and chemicals. Italy reveals science quality and technological specialization mainly in
energy, automobiles and transport. Relative strengths in patenting reflect the weight of the traditional
sectors together with construction.

A cluster policy has been in place in Italy since the 1990s. Italian industrial clusters have been
concentrated in the low-tech and medium-tech sectors, but new clusters are also emerging in
aerospace, biotechnologies (highly concentrated in Lombardia), renewable energies and mechatronics
(in close collaboration with automotive and transports in general). The relative scientific and
technological dynamics of the clusters can be observed from the publication and patenting activity at
regional level, as illustrated by the maps above. Strengths in science and technology provide the
potential for structural change towards more knowledge-intensity by injecting knowledge into existing
and new industrial and services sectors. But in general, Italy has large and diversified innovation and
science bases with only partial correspondence between science output and technological
specialization. There is room for improvement in the matching of the science base with the needs of
the industrial structure of Italy.
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Policies and reforms for research and innovation

Italy has set an R&D target which is realistic, but lacking in ambition in view of the country's potential
and challenges. The situation may improve under the new national programme for research and if
successful at the occasion of the mid-term review of the Europe 2020 National targets (2014/2015).
Procedures will be simplified while the approach will be more “market” oriented. The new “network
contracts” could represent a positive element for supporting innovative clusters and stimulating
cooperation. Positive steps have been taken in relation to the careers of researchers and in relation to
increasing the numbers of graduates in science and engineering (as for example the case of Politecnico
di Torino offering free tuition for female students, to incentivise female participation in scientific and
technological education). The 2009-2013 National Research Programme acknowledges the obstacles
that have made the development of a research policy in Italy difficult, and proposes an array of actions
dedicated to removing those obstacles, while also making the best use of the positive characteristics of
the existing productive structure. It provides a national framework for research activity carried out in
Italy and assigns strategic value to public-private partnership for the development of the products and
processes needed to maintain and improve the nation's competitiveness and level of exports, and to
reduce national, economic and political dependence in sectors such as energy, environment and
healthcare.

Some public support measures and framework conditions for R&I are in place (e.g. grants for
industrial research, simplification of the IPR system). A new governmental structure has been created
to coordinate national R&D activities and links with R&D stakeholders. In the higher education sector
a recent reform of universities towards more performance based funding is being implemented. The
new National Agency for the Evaluation of the University and Research (ANVUR) will evaluate
research and education institutions. A five year evaluation exercise was launched to assess the research
performance of universities and public research institutions. The reform of the public administration is
on-going, aiming at better linking pay with performance, increasing mobility and introducing further
competitive elements in the appointment of public managers. Furthermore, the e-Government 2012
Plan, launched in 2009, aims to modernise the public administration and to promote innovation
through ICT. The information concerning the resources made available for R&D and innovation for
2011-12 is positive. Several interesting initiatives have been launched: 185 new JTIs projects
involving 400 companies; agreement between MIUR and Agencies on venture capital for SMEs;
contracts between networks of companies (to improve industrial collaboration); green public
procurement, among other measures.

Since 2011, the new government has incorporated the objectives and priorities of EU 2020 in their
main policies, with specific roles for R&D, innovation and human resources. With the aim of
enhancing private R&D investment the government has introduced fiscal incentives such as a 35% tax
credit, with a maximum of € 200.000 per firm and year, to encourage recruitment of highly-skilled
young people. Support for public-private partnerships is foreseen in key sectors. In the context of
economic change a larger company or a sector in crisis can receive support for projects of industrial
conversion, and instruments have been put in place for the re-training of human resources. These
policies have been implemented in the petrochemical and the chemical sectors.

Following the launching of a "Cohesion Action Plan", November 2011, aiming to improve the use of
structural funds to create growth and jobs, resources are being concentrated on key domains
(education, broadband, employment and transport networks) as part of the restructuring of the
Operational Programmes. The biggest Operational Programme for R&D and innovation, PON, has
been concentrated in three domains, with a budget of € 1150 million (data of March 2012). In relation
to the European Digital Agenda, a task force from the ministry in charge of research and the regions is
studying the economic viability of the project. Examples of focus include smart cities and
communities aiming to strengthen synergies at regional level. An important step has been taken in the
field of governance with the abolition of the need for a double evaluation (at national level) of the
projects approved at community level. Progress towards the ERA and improving the impact of the
structural funds for research and innovation, in the context of the 2011 Cohesion Action Plan, is
dependent on implementation capacity.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

Italy - Index of economic impact of innovation @)
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

The slightly lower level of economic impact of innovation in Italy is partly linked to an economic
structure that has a relatively low concentration of knowledge-intensive sectors. In particular
technology production and the share of knowledge-intensive services in total service export are clearly
lower than the EU average. This effect concerns mainly the R&D-based innovation, as the Italian
economy consists to a large extent of low knowledge-intensity sectors: e.g. footwear, textiles and
clothing and mainstream manufacturing industries such as fabricated metal products, domestic
appliances, and bicycles. However, Italy also has some specializations in technology-intensive sectors
such as machinery, automotive and aerospace.

The Italian financial sector has done well since the beginning of the economic crisis, but a main issue
of concern is the access to credit for SMEs. Italy has adopted important measures to liberalise services,
in particular professional services, and to improve competition in the network industries. Nevertheless,
the business environment in Italy remains complex due to inefficiencies in resource utilisation,
procedures and institutional organisation. These have repercussions in particular on the time required
to apply and concretise specific measures reducing drastically their potential benefits to the economy.

Concerning the business environment, SMEs also have to deal with heavy administrative burdens. The
reduction of the administrative burden is therefore a priority and the target is 25% in line with the EU
strategy. Several initiatives have been proposed to cut the burden and should be implemented in 2012.
These aim at improving the ease of doing business. At the moment Italy is among the less attractive
Member States in the EU in terms of ease of doing business (in fact, Italy is ranked 80th in the world)
and is also one of the Member States that has improved its framework environment the least in the
period 2006-2011.%

The complexity of the administrative procedures involved in supporting programmes for R&D and
innovation causes significant delays which can have a very negative impact in the specific case of
innovation when market advantages are considered.

24 See Methodological note for the composition of this index.
% Commission Staff Working Document “Industrial Performance Scoreboard and Report on Member States Performances
and Policies", 2012
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Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors presented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
Italy - Share of value added versus BERD intensity - average annual growth, 1995-2009
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The graph above synthesises the structural change of the Italian economy over the last fifteen years. It
shows that the economic expansion over the period 1995-2007 has not resulted in a general increase in
knowledge-intensity in the manufacturing sector. The Italian economy has in parallel moved towards a
higher share of services (illustrated by the left-ward move of the bubbles). Considering both
manufacturing and services, employment in knowledge-intensive activities as percentage of total
employment aged 15-64 has not increased over the period 2000-2010. Likewise, the combined share
of value added in high-tech and medium-high-tech manufacturing and in knowledge-intensive services
(KIS) in total value added actually decreased from 11.7% in 2000 to 10.3% in 20009.

Nevertheless, manufacturing still accounts for a larger share of the economy in Italy than in the EU,
even if employment in manufacturing industries has decreased by 5% while employment in the
services sector has increased by 23% over the period 1995-2009. The relatively high share of
employment in manufacturing industries is mainly due to specialisation in some traditional sectors
such as footwear, textiles and clothing and machinery, basic metal products and non-metallic mineral
products. However, these sectors have lower R&D intensities in Italy than in other countries.
According to the EU Industrial R&D Investment Scoreboard, Italy has been successful in maintaining
its position in some strategic sectors. In the last 5 years, Italian firms in sectors such as automotive and
parts, and aerospace, have remained among the top R&D investors, with only Germany and France
showing more R&D investment in these sectors.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Italy between 2000 and 2011
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Source: DG Research and Innovation - Economic Analysis unit
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Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to

the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.

"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.
Over the last 15 years, the Italian economy has slightly regressed in competitiveness. The efforts made
in research and innovation to increase the knowledge base of the economy have been cancelled out by
a decrease in total factor productivity (-5% since 2000) and by the stagnation of employment in
knowledge-intensive activities. Nevertheless, Italy succeeded in keeping a positive trade balance until
2003. In 2004, the Italian trade balance deteriorated due mainly to the loss in competitiveness of low-
tech products. The trade balance in all high-tech and medium-tech products together remained positive

in Italy over the last decade, thus helping to redress the negative trend but not sufficiently to cancel it.

Indeed, most knowledge-intensive products and services have increased their contributions to the trade
balance since 2000, as indicated on the graph above. However, electrical machinery, apparatus and
appliances as well as medical and pharmaceutical products have decreased their contribution to the
trade balance thus indicating a relative loss in world competitiveness. The previous graph has shown
that although R&D intensity increased for most manufacturing sectors over the last 15 years, value
added for these sectors has decreased. Considering the still important weight of the traditional
manufacturing sectors in the Italian economy and the relative specialisation in these sectors, there is a
clear need to upgrade the knowledge intensity of manufacturing sectors.

Relevant factors positively influencing structural change of the Italian economy are shown in the table
below. The share of SMEs introducing product or process innovations is above the EU average while
the share of employment in knowledge-intensive services slightly decreased and reached the Eu
average. Italy is making efforts to develop technologies addressing societal challenges, in particular
environment-related technologies (7,2% growth since 2000). Italy has registered good progress on all
the Europe 2020 targets with the exception of a slightly falling employment rate, evident since the
start of the economic crisis in 2007. The indicators on the Europe 2020 objectives illustrate the need to
make the most of resources and to foster growth by investing in R&D, education and renewable
energies.
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Key indicators for Italy
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2000-2012.
(2) EU average for the latest available year.

(3) Break in series between 2005 and the previous years. Average annual growth refers to 2005-2011.
(4) Venture Capital includes early-stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later-stage, growth, replacement,

rescuefturnaround and buyout for the period 2007-2011.
(5) Venture Capital: EU does notinclude EE, CY, LV, LT, MT, SI, SK, These Member States were notincluded in the EU ranking.

6

)

) EU is the weighted average of the values for the Member States.
(7) The value is the difference between 2012 and 2000.

)

(8) Break in series between 2004 and the previous years. Average annual growth refers to 2004-2011.
(9) The value is the difference between 2010 and 2000. A negative value means lower emissions.
(10) The values for this indicator were ranked from lowest to highest.

(11) Values in italics are estimated or provisional.

Country-specific recommendation in R&I adopted by the Council in July 2012:
"Improve access to financial instruments, in particular equity, to finance growing businesses and

innovation".
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Latvia
A better partnership R&I-Business as a step forward towards competitiveness

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Latvia. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input Performance/economic output

Research R&D intensity Excellence in S&T
2011: 0.70% (EU: 2.03%; US: 2.75%) 2010:11.49 (EU:47.86; US: 56.68)
2000-2011: +4.15% (EU: +0.8%; US: +0.2%) 2005-2010: -0.15% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.248 (EU: 0.612) 2010:34.38 (EU:48.75; US: 56.25)
2000-2010: +3.96% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Materials, Health, Nano-sciences, Environment, 2011: -5.42% (EU: 4.2%; US: 1.93%)
Energy 2000-2011: n.a. (EU: +4.99%; US:-10.75%)

Conscious of its current limitations in terms of research and innovation (R&I) and of the necessity to
raise the level of its industry, Latvia adopted in 2005 a law on research activity aiming to boost its
performance. Since 2008, however, Latvia has undertaken a rigorous fiscal consolidation, which has
left behind some of the objectives and targets embodied in the law. A number of measures have been
taken however, with the support of structural funds, in order to improve governance of the R&l
system, to modernise the scientific infrastructure and attract foreign academics, and to improve the
capacity of industry to innovate, in particular by developing the links between research and industry.

These measures still need to produce their full effect. Latvia’s poor innovation performance still
impairs its competitiveness. Latvia has one of the lowest business R&D intensities in the EU (0.19%
in 2011). The national innovation system is overshadowed by low scientific performance, as measured
by the share of scientific publications in the top 10% most cited which is only 4%, significantly below
the EU average. There is little R&D investment by domestic companies or large foreign affiliates to
support specialisation in knowledge-intensive and innovation-driven sectors.

As indicated by one of the Country Specific Recommendations Latvia should continue its reforms in
higher education, by implementing a new financing model that rewards quality, strengthens links with
market needs and research institutions, and avoids fragmentation of budget resources. Taking into
account the thematic priorities and budgetary constraints, Latvia should improve the quality of its
science base and rationalise its research and higher education institutions. The result obtained would
be fewer but larger entities more able to build up critical mass in specialised areas of education and
research, and a more focused use of resources. Moreover, in order to address the current challenges,
Latvia would also get benefits from drawing up an R&I strategy for smart specialisation, that would
facilitate a more efficient use of EU structural funds and improve the synergies between different EU
and national policies, as well as increasing public and private investment in R&D.
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Investing in knowledge
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By the mid-2000s Latvia was faced with the realisation that it had to upgrade its Science and
Technology infrastructure in order to become internationally competitive, to accumulate new
knowledge and technology and to find high value added niches. In terms of research, Latvia had
increased its government budget for R&D fivefold in absolute terms between 2000 and 2008. The
financial crisis of 2008 had a major impact on the government budget for R&D, resulting in a 49%
decrease between 2008 and 2009. Due to the country's rapid economic recovery, the public R&D
budget has partially recovered in 2010 (with 27.3% increase compared to 2009). Moreover, in 2011
the public R&D funds have reached a level close to 2008, increasing by 48% compared to 2010
(HERD increased by 57.8%). Regarding innovation policy, Latvia does not have plans in the field of
innovation procurement, is mostly supply led rather than demand-side led, and there are no tax
incentives to support business R&D and innovation activities.

In strategic terms, Latvia has set a national R&D intensity target of 1.5%. In 2011, Latvia had an R&D
intensity of 0.70%, with public R&D intensity amounting to 0.50% and business R&D intensity
amounting to 0.19%. Latvia needs to increase the R&D intensity in both the public and the business
sectors as a prerequisite to maintaining a performing R&I infrastructure and to boosting innovation in
firms. Over the period 2000-2011, Latvia's R&D intensity has grown at an average annual growth rate
of 4.2%. This growth rate is significantly higher than the EU average but still needs to be further
increased if the country's 2020 R&D intensity target is to be achieved (in fact an average annual
growth rate of 8.9% is required over the period 2011-2020 if the target of 1.5% is to be reached). The
average annual growth rates of public sector R&D intensity and business sector R&D intensity over
the period 2000-2011 are 5.97% and 0.69%, respectively. Latvia's participant success rate in the EC
Seventh Framework Programme was 21.9%. The successful participants received a total EC financial
contribution of € 26.4 million.

Structural Funds play a major role in the financing of R&I in Latvia (10% of the total ERDF—
Cohesion Funds allocations for the 2007-2013 period). In 2010, R&I financing from the Structural
Funds far exceeded national public funding for R&D and currently represents a third of total R&D
expenditure in Latvia. The low level of business expenditure on R&D is seen as a critical challenge for
Latvia. Business expenditure on R&D increased by 27% between 2009 and 2011. This increase is due
in large part to the activities funded under Structural Funds programmes designed to improve the
innovative capacity of industry. The growing share of Structural Funds in R&D funding is affecting
the previous balance between institutional and competitive funding which is now inclining more
towards project-based, competitive funding. A major issue for Latvia is the funding of R&D post
2013, in the period before the new round of Structural Funds becomes operational.
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An effective research and innovation system building on the European Research Area

The graph below provides a synthetic picture of strengths and weaknesses of Latvia's R&I system.
Reading clockwise, the graph provides information on human resources, scientific production,
technology valorisation and innovation. The average annual growth rates from 2000 to the latest
available year are given in brackets under each indicator.
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One important aspect of the Latvian R&I system is the lack of highly qualified scientists and
engineers, a lack which is correlated to the low numbers of new doctorates awarded and graduates in
science and engineering. Moreover, it can be seen from the above graph that the share of researchers in
business enterprise is extremely low and employment in knowledge-intensive activities is still below
the EU average. In fact, Latvia suffers an important outflow of graduates and researchers to the United
States and other countries, many scientists preferring to pursue their careers abroad. In addition to this
the country is not attracting any significant numbers of non-nationals in the field of R&I.

The national innovation system is therefore severely affected by low scientific performance (the share
of scientific publications in the top 10% most cited is 4%) and low licence and patent revenues.
Moreover, the country needs to enhance the quality of the higher education system and to address the
need to better attune Latvian research to the needs of local industry while reinforcing the capacity of
the latter for developing research and innovation activities. As shown on the graph above, public-
private scientific cooperation is very low and research and innovation investment by foreign affiliates
in support of specialisation in knowledge-intensive and innovation-driven sectors has been
diminishing. The modest results produced by the technology transfer contact points operating in
several universities, in part due to the incomplete legal framework for protecting intellectual property
rights, is also a factor that contributes to the low level of commercialisation of research results.
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Latvia's scientific and technological strengths

The maps below illustrate five key science and technology areas where Latvia has real strengths in a
European context. The maps are based on the number of scientific publications and patents produced
by authors and inventors based in the regions.
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Scientific production Environment Technological production
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Latvia does not show any areas of particular excellence in terms of scientific or academic production.
In terms of scientific capacity, no field appears to have reached any critical mass with the exception of
materials. Latvia shows some activity in industry related technologies (surface technologies and
coating, materials, engines, pumps and turbines, nano-sciences) and shows some strength in sectors
such as IT methods for management, audio-visual, health, pharmacy, fine chemistry, and food
chemistry. Latvia's scientific specialisation index, not shown on the maps above, shows that the
country is relatively specialised in biotechnology, information and communication technologies,
energy, other transport technologies (other than automobiles and aeronautics) and materials, materials
being the main scientific field for Latvia.
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Policies and reforms for research and innovation

The national research and innovation system faces a number of challenges:

e There is limited capacity to design, implement and coordinate research and innovation policy:
Latvia has a complicated decision-making process for such a small country and the
effectiveness of policy measures has been undermined by a lack of systematic evaluations.

e There is a lack of highly qualified scientists and engineers; the number of new doctorates
awarded remains low and many scientists pursue their careers abroad.

e The scientific and research infrastructure is underdeveloped and the limited research and
innovation resources available are spread too thinly to be efficient.

e The level of commercialisation of research is low: the technology transfer contact points
operating in several universities produce modest results, in part due to the incomplete legal
framework for protecting intellectual property rights.

o Cooperation between businesses and academics continues to be poor: companies are barely
using the research potential of universities or state research institutes and their participation in
the on-going competence centres programme is rather low.

In order to address these weaknesses, Latvia has taken the following steps:

e Governance is being improved by the setting up of a cross-departmental coordination centre
under the Prime Minister.

e Measures have been taken to attract foreign academics, to increase the number of researchers
and to attune the education system more to business needs by involving employers’
organisations in the governance of universities and the assessment of vocational study
programmes;

e Efforts are being made to modernise the scientific infrastructure — nine national research
centres were established in 2011;

e Steps are being taken to promote commercialisation of science, encourage industrial
innovation and support the development of innovative enterprises (business development
involving new products and technologies, competence and technology transfer centres,
innovation vouchers, etc.).

There have been quite a number of policy developments to support innovation. The most significant
include:
o Development of innovation financing tools such as risk capital and seed/starting venture
capital funds as well as the development of mezzanine loans for risky projects;
e Development of 10 business incubators to support new entrepreneurs across the country;
e Lowering administrative fees, simplifying administrative procedures and reducing the time
for registering a business for entrepreneurs;
¢ Development of a long-term cooperation platform for enterprises and scientists - a framework
for efficient cooperation between scientists and entrepreneurs in order to improve the research
infrastructure, to support joint research and to foster technology transfer.
Further efforts could be made to improve the quality of the science base and to rationalise research and
higher education institutions in line with the thematic priorities and budgetary constraints. This would
result in fewer but larger entities more able to build up critical mass in specialised areas of education
and research, coupled with the progressive introduction of competitive funding based on independent
evaluation. In order to address the current challenges and to qualify for EU funding in the post 2013
period, Latvia would benefit from drawing up a research and innovation strategy for smart
specialisation, so that EU Structural Funds can be used more efficiently and synergies between
different EU and national policies, as well as public and private investment, can be increased.

Currently, Latvia is developing a National Industrial Policy (NIP) to be presented in 2013. The NIP
will include inter alia specific measures for cross-cutting innovation policy implementation. Moreover,
in order to increase the quality of Latvian research, the government has signed, at the end of 2012, an
agreement with the Nordic Council of Ministers for an evaluation of its scientific institutions.
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Economic impact of innovation
The index below is a summary index of the economic impact of innovation composed of five of the
Innovation Union Scoreboard's indicators®.

Latvia- Index of economic impact of innovation
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Source: DG Research and Innovation - Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

According to this index, the economic impact of innovation in Latvia is below its reference group,
much below the EU average. Among the five indicators of the index, Latvia's performance is
particularly low in patent inventions, contribution of high- and medium-tech products to the trade
balance (see section 'Competitiveness in global demand and markets' below) and sales of new-to-
market and new-to-firm innovations. In contrast, the share of knowledge-intensive exports in total
services exports is relatively good. One key factor to increase the economic impact of innovation is of
course the structural change that allows innovation-driven growth. High-growth innovative firms in
particular play a catalytic role in this respect.

In this regard, the government is in the process of implementing a series of specific measures to
improve the business environment. These include reducing the administrative burden on business,
ensuring the appropriate e-services for business, providing on-line business registration, reducing the
procedures and the time taken to obtain a construction permit, improving legislation for investor
protection and providing greater transparency. In addition, a framework for more efficient cooperation
between scientists and entrepreneurs is being developed to encourage innovation.

Access to financing within Latvia also needs to be improved. Most of the support programs available
for SMEs and start-ups are financed mainly from EU Structural Funds and are rather fragmented and
lack coherence. Programmes offering loans and guarantees to manufacturing industry as well as the
microcredit programme for SMEs have had moderate success. Moreover, only a small part of the
available venture capital funds has been invested so far.

In recent years, the use of Structural Funds to finance innovation support measures such as business
R&D, the development of technology centres and technology transfer points has increased. In
particular, the Competence Centre programme (also funded by the Structural Funds) aims to better
develop links between Research and Industry in order to implement common, knowledge-intensive
industrial research and product development projects. Core participants at Competence Centres are
industry representatives who are responsible for defining R&D agendas and implementing research
results. (At this time, there are at least 11 scientific institutions and 72 companies (mostly SMESs)
involved in six Competence Centres.)

Overall, Latvia could benefit from a further strengthening of the growth potential of its economy
through a range of structural reforms that would also help to improve its competitiveness and to move
it towards a knowledge-based economy. Particular attention could be paid to the following: promoting
a coherent industrial policy, improving public procurement and the performance of public
administration, continuing to reduce the public burden and improve the absorption of EU funds.

The business environment could also be further improved by encouraging companies to innovate and
to better exploit the resources offered by universities, by improving access to finance, by creating a
more competitive environment, by increasing the supply of highly-skilled labour and by improving
(re)training schemes.

% See Methodological note for the composition of this index.
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Upgrading knowledge and technologies in the manufacturing sector

The graph below illustrates the upgrading of knowledge in different manufacturing industries. The
position on the horizontal axis illustrates the changing weight of each industry sector in value added
over the period. The general trend to the left-hand side reflects the decrease of manufacturing in the
overall economy. The sectors above the x-axis are sectors whose research intensity has increased over
time. The size of the bubble represents the share of the sector (in value added) in manufacturing (for
all sectors represented on the graph). The red-coloured sectors are high-tech or medium-high-tech
sectors.
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Latvia has been moving from more traditional industrial activities towards more knowledge-intensive
industry. The contribution of manufacturing to Latvia's total gross value added (14.12% in 2011) is
lower than the EU average (15.5% in 2011). Latvia is specialised in sectors with low and medium-low
research intensities such as metal processing and machinery, wood and wood products, and food
processing. Latvia's economic structure is highly biased towards small enterprises in traditional sectors
such as sawmilling and wood planning as well as fish processing.

According to the results of the 2011 EU Industrial R&D Investment Scoreboard, there are no Latvian
companies in the top 1000 EU companies listed by the publication, pointing to the fact that there are
no large R&D intensive firms in a Latvian economy that is mainly characterized by SMEs and
microenterprises.
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Competitiveness in global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the
manufacturing sector are determinants of a country's competitiveness in global export markets. A
positive contribution of high-tech and medium-tech products to the trade balance is an indication of
specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products to the trade balance
for Latvia between 2000 and 2011
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Notes: "Textile fibres & their wastes" refers only to the following 3-digits sub-divisions: 266 and 267.

"Organic chemicals" refers only to the following 3-digits sub-divisions: 512 and 513.

"Essential oils & resinoids; perfume materials" refers only to the following 3-digits sub-divisions: 553 and 554. "Chemical materials & products" refers only to
the following 3-digits sub-divisions: 591, 593, 597 and 598. "Iron & steel" refers only to the following 3-digits sub-divisions: 671, 672 and 679.
"Metalworking machinery" refers only to the following 3-digits sub-divisions: 731, 733 and 737.

Over the last 10 years, Latvian trade has been dominated by imports. This has led to a negative trend
in the country's trade balance at global level and for high-tech (HT) and medium-tech (MT) products.
Following a descending evolution of the trade balance over the period 2000-2008, a slight increase
occurs in 2009 but the following years show another decline. The improvement in the trade balance
for 2009 was the result of a significant decrease in imports while exports remained constant.

With regard to the contribution of HT & MT products to Latvia's trade balance, the graph above shows
that the majority of products have positive evolutions. These evolutions are more evident in the case of
road vehicles, telecommunication, sound-recording and reproducing equipment and office machines
and automatic data-processing machines. Even if the absolute values are still negative, these products
show a decrease in the level of imports while the level of exports was maintained or increased. On the
other hand, products with descending evolutions of their contributions to the trade balance, such as
other transport equipment, power-generating machinery and equipment, iron and steel and fertilizers,
show both an increase in imports and a decrease in exports.

Overall, Latvia has made some progress towards the Europe 2020 targets, but there is still room for
improvement in a significant number of areas. Total factor productivity which decreased substantially
in 2009 due to the economic crisis increased significantly between 2010 and 2012. The effects of the
economic crisis can also be seen in a much lower employment rate and in an increase in the share of
population at risk of poverty or social exclusion after 2008. The share of population at risk of poverty
or social exclusion in Latvia increased from 33.8% in 2008 to 40.1% in 2011, a value that is
significantly higher than the EU average of 24.2%. In 2010 Latvia was the one of the Member States
with the lowest levels of greenhouse gas emissions. At the same time, Latvia had one of the highest
shares of renewable energy in total energy consumption in the EU.

166



Key indicators for Latvia
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Source: DG Research and Innovation - Economic Analysis Unit
Data: Eurostat, DG JRC - ISPRA, DG ECFIN, OECD, Science Metrix/ Scopus (Elsevier), Innovation Union Scoreboard
Notes: (1) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the period
2000-2012.

(2) EU average for the latest available year.

(3) Rank in 2010.

(4) EU is the weighted average of the values for the Member States.

(5) The value is the difference between 2012 and 2000.

(6) Rank in 2007.

(7) The value is the difference between 2010 and 2000. A negative value means lower emissions.

(8) The values for this indicator were ranked from lowest to highest.

(9) Break in series between 2002 and the previous years. Average annual growth refers to 2002-2011.

Country-specific recommendation in R&I adopted by the Council in July 2012:

"Continue reforms in higher education, inter alia, by implementing a new financing model that
rewards quality, strengthens links with market needs and research institutions, and avoids
fragmentation of budget resources. Design and implement an effective research and innovation policy
encouraging companies to innovate, including via tax incentives, upgrading infrastructure and
rationalising research institutions.”
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Lithuania
Developing a stronger and thematically focused science base

Summary: Performance in research, innovation and competitiveness

The indicators in the table below present a synthesis of research, innovation and competitiveness in
Lithuania. They relate knowledge investment and input to performance or economic output throughout
the innovation cycle. They show thematic strengths in key technologies and also the high-tech and
medium-tech contribution to the trade balance. The table includes a new index on excellence in
science and technology which takes into consideration the quality of scientific production as well as
technological development. The indicator on knowledge-intensity of the economy is an index on
structural change that focuses on the sectoral composition and specialisation of the economy and
shows the evolution of the weight of knowledge-intensive sectors and products and services.

Investment and Input ‘ Performance/economic output

Research R&D intensity Excellence in S&T
2011: 0.92% (EU: 2.03%; US: 2.75%) 2010: 13.92 (EU:47.86; US: 56.68)
2000-2011: +4.13% (EU: +0.8%; US: +0.2%) 2005-2010: +2.62% (EU: +3.09%;US: +0.53)
Innovation and Index of economic impact of innovation Knowledge-intensity of the economy
Structural change | 2010-2011: 0.223 (EU: 0.612) 2010: 35.28 (EU:48.75; US: 56.25)
2000-2010: +5.04% (EU: +0.93%; US: +0.5%)
Competitiveness Hot-spots in key technologies HT + MT contribution to the trade balance
Other transport technologies (other than 2011: -1.27% (EU: 4.2%; US: 1.93%)
automobiles and aeronautics), Construction 2000-2011: n.a. (EU: +4.99%; US:-10.75%)
technologies, Energy

The main strengths of Lithuania's research and innovation (R&I) system are the size of its public
research sector and the good supply of new graduates.

In contrast, R&D activities are very limited in the business sector: almost 3/4 of all R&D expenditure
in Lithuania is performed by the public sector. Lithuania has one of the lowest business R&D intensity
in the EU. Business investment in R&D will only improve if the quality, relevance and openness to the
private sector of the science base and of higher education in Lithuania increase. The Lithuanian
science base is insufficiently competitive and is not well connected to European networks. Due to
unattractive research careers, the science base is also threatened by an insufficient supply of human
resources. Links between education, research and the private sector are very weak.

In order to improve the situation, Lithuania has been conducting over the last years an ambitious
reform of its science base: autonomy and new governance of universities, reorganisation of the
network of public research institutions, increase in the share of project-based funding and