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“One never notices what has been done; one can only see what remains to be done.”

- Maria Sktodowska-Curie
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In a time of unprecedented transformations and challenging socio-economic
and geopolitical landscape, building a competitive, green, and fair Europe is
not an option, but an absolute necessity. Moreover, rising global geopolitical
tensions and hostile economic actions expose societies to increasing risks and
vulnerabilities. This calls for a comprehensive policy approach that combines a
high degree of ambition to deliver on EU’s long-term aspirations with the
capacity to adapt to the uncertainties lying ahead.

In this context, research and innovation (R&l) efforts are pivotal for Europe's
future, offering sustainable solutions to societal, economic, environmental,
and political challenges. To create a fully circular, sustainable, and
competitive economy and build a fairer and more prosperous society, there is
need to go beyond the traditional focus on science and technology, and
embrace disruptive, social and governance innovations.

R&l is crucial to boost Europe’s (long-term) competitiveness and to
improve living standards. Its role in supporting productivity growth and
towards a sustainable economy will further increase with population ageing and
the consequent shrinking labour force. Securing EU’s competitiveness
demands a focus on strong technological capacity, including the ability to
exploit new technological waves, both in key digital fields where the EU lags
behind competitors, and in green technologies where it can build on its current
comparative advantage. A strong scientific base is crucial as the foundation
to develop novel solutions to challenges. R&l is also critical for economic and
societal resilience, as its decisive role in addressing the COVID-19 crisis
amply demonstrated. Investing in R&l means paving the way for the EU to
develop the technological capacities needed for achieving technological
sovereignty and building a dynamic economy rich with innovation-driven firms.

R&l is essential to meet EU’s climate objectives, build a stronger circular
economy, and help adapting systems through implementing long-term climate
adaptation strategies. To achieve these goals, it is essential to accelerate the
pace of innovation and market uptake by investing in green technologies and
fostering new business models and sustainable solutions of which circular
production systems. Almost a third of the required CO; reductions by 2050 rely
on technologies at the demonstration or prototype phase. Stressing the need to
speed-up the current pace of innovation.

R&I also plays a significant role in building a fairer Europe, ensuring wellbeing,
and revamping the social contract. R&l efforts can facilitate workforce
transitions for the 60% of European workers who need training by 2027 through
up- and re-skilling. R&l also advances health outcomes for citizens,
enhancing diagnostics, treatments, care, and health solutions, though fair
access remains a challenge to ensure.

R&l investments in the EU fall short of its aspirations and compare poorly
to global competitors. R&D spending stands at around 2.2% of GDP, well
below the 3% objective. Bridging the investment gap requires substantial
contributions from both public and private sectors, including EU instruments to
leverage private investment into scaling up deep tech innovations. Currently,
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private sector R&D spending accounts for less than 60% of the overall R&D
spending, lagging behind global peers like the US and China.

The added value of R&I policy at the EU level lies in leveraging the Member
States’ collective efforts to ensure a cohesive, complementary, and synergic
approach to R&l that goes beyond individual national efforts, by developing a
European Research Area as described by Article 179 of the TFEU. The EU can
empower research and entrepreneurial careers across Europe and establish
pan-European infrastructures, fostering knowledge spillovers. However, to
bridge the persisting innovation gap, Member States need to consider
structural reforms to increase their public and private investments in R&l and
build a more innovation-friendly environment that's able to attract stronger and
more impactful private R&l investments. The EU demonstrated its capacity to
pool and leverage resources for large-scale solutions driving innovation and
transitions across sectors, especially through the EU Framework programme
for R&l (Horizon Europe for 2021-2027), with notable impact on business
performance and wider socio-economic benefits.

International R&l cooperation remains essential to set the global agenda and
promote solutions to shared challenges. The EU's global presence has shaped
international standards and commitments, reinforcing its leadership in global
dialogues. Hence, EU’s openness to the world is vital, pursuing reciprocity and
a level-playing field, and managing critical dependencies based on shared
values, in absence of which adequate (research) security measures should be
in place. R&l is particularly vulnerable due to its openness and international
character. A tailor-made approach is desired, rooted in academic freedom
and institutional autonomy, to enhance research security.

Well-designed R&l policies are important to ensure that the fruits of
innovation benefit the whole society in a fair way. The initiatives and
inventiveness of individuals and companies drive innovation, but without the
right policies to support and guide them, they may under- or misdeliver.

Hence, to reap their full potential, it is essential for R&l policies to be
integrated in an overarching policy coordination approach. By doing so,
promoting and directing innovation would be considered as a horizontal
opportunity, rather than merely addressing sectoral needs. To overcome
market and network failures, address environmental challenges, and ensure a
fair distribution of innovation benefits, policies should be well-designed,
coordinated, and aligned with specific objectives. This implies an approach that
allows for formulating a consistent policy mix capable of delivering on long-
run objectives. This mix should cover not only traditional tools such as grants,
taxation support, or regulations, but also explore additional pathways to
strengthen current public and private efforts to foster the EU’s innovation and
technological leadership, strengthen the R&l system, and enhance inclusivity
and the use of R&l. Modern R&l policy approaches, including transformative
R&I policies, can be operationalised through mission-based policies (like EU
Missions in Horizon Europe) and other innovative policy methods (such as
policy experimentation and innovation procurement). These approaches can
help improve the quality of policies throughout their entire cycle. Embracing
social sciences and humanities in policies can further enhance social change
and adoption of practices and products that foster well-being and inclusion.



Building a competitive, green, and fair Europe is a formidable challenge.
Society is facing an environmental crisis as six out of nine planetary boundaries
are severely transgressed and two are close to that point.? Addressing this
crisis will require nothing less than embarking on a new socio-economic model,
which will fundamentally revamp production processes and consumption
patterns and put wellbeing, rather than material wealth, at its centre. This will
have to happen against the backdrop of secular productivity decline, ageing
populations, migration pressures, societal polarisation and discontent, growing
geopolitical tensions and fragmentation, and technological developments with
great promises and important challenges.

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

A comprehensive approach to policymaking is needed to ensure a steady
progress towards long-run objectives, while addressing the short-run
impacts of crises. Policies must avoid falling into the trap of short-termism,
and instead adopt a “protect, prepare and transform” approach.* “Protect”
through a timely and coordinated response in cases of emergency. “Prepare”
for a broad set of future risks, through coordination, foresight, community
involvement and re-skilling. “Transform” the economy and society towards a
competitive, green, and fair Europe. Policymaking needs to be supported by a
solid evidence base and appropriate metrics reflecting the multidimensional
nature of wellbeing.

Public and private R&Il efforts over the next several years will determine
whether Europe embarks on this path towards a more competitive,
greener, and fairer future. R&l activities have a specific capacity to offer
(new) sustainable solutions to many societal, economic, environmental, and
political challenges facing Europe (and the world). Hence, R&I policies can help

" The authors are grateful for the contributions of Alina Knobloch and Maria Mecenero,
as well reflections of the senior management and colleagues participating during
the all-staff meeting of DG Research and Innovation.

2 Katherine Richardson et al. (2023). Earth beyond six of nine planetary boundaries.
Science Advances, 9. https://www.science.org/doi/10.1126/sciadv.adh2458

3 As described in the Science, research and innovation performance of the EU 2022
report, black swan events are rare and unpredictable with very high impact while
grey rhino events can be seen from afar but are difficult to stop once in motion.

4 European Commission (2023). Directorate-General for Research and Innovation,
Dixson-Decléve, S., Dunlop, K., Renda, A. Research and innovation to thrive in the
poly-crisis age, Publications Office of the European Union.
https://data.europa.eu/doi/10.2777/92915.
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build a better Europe by leveraging the essential role of R&l as a source of
prosperity and a catalyst for sustainability. The EU has all the necessary levers,
but success is only guaranteed with well-conceived policies.

Transforming EU’s socio-economic model will require innovations going
beyond the traditional focus on science and technology. The European
Green Deal, the growth strategy of the EU, calls for transforming the EU into a
fair and prosperous society, where economic growth is decoupled from
resource use. This systemic transition requires a transformation of the
economic model to become fully circular as well as a far-reaching societal
adjustment. More than solely incremental innovation is required to genuinely
achieve the ambitious shift towards this new EU growth model, fundamentally
transforming markets by creating new ones or fixing existing ones, with
tremendous potential in catalysing substantial change.

2.1 R&lI for a competitive economy

Historically, R&l has been the main driver of productivity, growth and
living standards. Since the industrial revolution, new inventions and
technologies, organisational innovations and accumulation of human capital
have been the key drivers of improvements in productivity and living standards.
Investments in R&l help us use the existing resources more efficiently and
generate high levels of productivity (Figure 1, upper left panel). But the benefits
of innovation extend further: higher levels of innovative capacity in countries
are strongly associated with better living conditions (Figure 1, upper right
panel). Some countries or regions succeeded in modernising their economic
models by strategically building up innovative capacities (Box 1). Because of
the secular decline in productivity growth over the last couple of decades, R&l
remains key as it contributes to around 2/3 of productivity growth.® R&l efforts
produce economic benefits that are many multiples of the initial investments.
Empirical work shows that R&l investment multiplier is between 4 and 20.°
Similarly, the ex-ante impact assessment of Horizon Europe indicates that each
euro invested potentially generates a return of up to 11 euros over 25 years.”

The role of R&l in driving future growth will further increase. Due to
population ageing and the related shrinking labour force, future growth will
largely depend on productivity improvements. Moreover, the rapid technological

5 European Commission. (2022). Directorate-General for Research and Innovation,
Science, research and innovation performance of the EU 2022: building a
sustainable future in uncertain times, Publications Office of the European Union.
https://data.europa.eu/doi/10.2777/497405.

6 Jones, B. F. and Summers, L. H. (2020). A Calculation of the Social Returns to
Innovation (No w27863), National Bureau of Economic Research, Cambridge, MA,
https://www.nber.org/system/files/working papers/w27863/w27863.pdf.

7 European Commission. (2018). A new horizon for Europe: impact assessment of the
9th EU framework programme for research and innovation, Publications Office.
https://data.europa.eu/doi/10.2777/194210
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progress, in particular in the field of Artificial Intelligence (Al), can help
overcome the declining trend in productivity growth, observed in many
advanced economies. As digital technologies have the nature of general-
purpose technologies (GPTs)® they can diffuse into many sectors and
fundamentally alter (disrupt) the existing economic and social structures. So
far, their impact on productivity has been rather limited, a phenomenon called
“productivity paradox”. However, this can be due to the fact that the new
technologies are still not sufficiently diffused. Moreover, the emergence of new
Al technologies can change the picture. In this regard, R&l plays a key role in
developing these technologies, their widespread adoption, and integration into
various sectors.

Strong technological capacity in strategic sectors is critical to secure
Europe’s competitiveness. Strengthening EU's competitive edge in global
innovation markets involves addressing the gap in investment and development
in key technologies. The EU’s position to lead technological change in areas
related to strategic productivity-enhancing technologies remains weaker than
that of the US or China. In particular, the EU presents a relatively limited
technological capacity in digital fields. This implies that it will be challenging for
the EU to build up capacity in such technologies in the future, calling for
increasing efforts to reduce the gap with key competitors.® At the same time,
the EU has important strengths to leverage on. The EU remains leader in
several green technologies, related to climate adaptation, energy, and
environment. 0

Notably, the progress in digital innovations has strong complementarities
with the green transition and achieving the Sustainable Development
Goals. For example, Al is one of the digital technologies with potential to
complement and reinvigorate the green transition, as it enables smart
production systems that, e.g., minimise energy consumption, anticipate
demand, detect manufacturing failures, automate tasks and perform systematic
evaluations to detect areas of improvement.'" By investing in cutting-edge R&l,
the EU can advance the development of new technologies and digital solutions
essential for building a robust digital economy and sustainable society.

8 GPTs are broad and widely diffused technologies that enable knowledge creation and
economic growth. Moreover, GPTs have the potential to drastically alter societies
through their impact on pre-existing economic and social structures.

9 European Commission. (2024, forthcoming). Directorate-General for Research and
Innovation, Science, research and innovation performance of the EU 2024.

0 European Commission. (2023). Directorate-General for Research and Innovation, Di
Girolamo, V., Mitra, A., Ravet, J. et al., The global position of the EU in complex
technologies,  Publications  Office of the European Union, 2023,
https://data.europa.eu/doi/10.2777/454786.

" Bianchini, S., Bottero, P., Colagrossi, M., Damioli, G., Ghisetti, C. and Michoud, K.
(2023). Mapping the Scientific Base for SDGs and Digital Technologies. JRC
working papers.
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Figure 1. The impact of R&I
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Source: DG Research and Innovation, Chief Economist - R&l Strategy & Foresight Unit.
Note: Graph 1 (top left): business expenditure in R&D (BERD) measured in percentage of
gross domestic product (GDP) 2020 and labour productivity 2021 based on Eurostat. Graph
2 (top right): Where-to-Be-Born Index by Country 2023, Economist Intelligence and
Summary Innovation Index 2023, European Innovation Scoreboard. Graph 3 (bottom left):
Economic Resilience Index 2023, Zoe Institute and Summary Innovation Index 2023,
European Innovation Scoreboard. Graph 4 (bottom right): annual compound growth of GDP
per capita in euros per inhabitants over 2011-2021, and R&D investments per capita in
euros per inhabitants in 2011 based on Eurostat data. More and less developed regions are
defined using the classification of the cohesion policy support in programming period 2021-
2027: more developed regions have a GDP per capita (PPS, average 2015-2017) above or
equal to 90% of EU average and less developed regions have a GDP per capita (PPS,
average 2015-2017) below or equal to 75% of EU average.

R&l is also critical to strengthen the resilience of the EU economy (see
figure 1, lower left panel). Promoting technological sovereignty in strategic
sectors can contribute to economic security and shield the EU in case of
geopolitical fallouts. New technologies can also provide ways to substitute
critical materials, e.g. needed for the green transition, where important
dependencies on single countries exist. Furthermore, innovation fosters the
economic resilience of firms. Innovative firms contribute significantly to the



dynamism of the EU economy. Novel products and services stimulate
competitive markets, and also foster resilience by diversifying economic
activities and reducing dependency on traditional industries. Innovation also
helps firms to cushion the negative impact of economic disturbances. Following
the COVID-19 outbreak, European fast-growing firms showed a high degree of
resilience, managing to sustain investments, despite the pandemic shock.'?
The ability to innovate as market conditions change also represents a key
determinant of a firm’s survival. During the pandemic, the probability to exit the
market was significantly lower for innovative firms'3, especially digital.™

Box 1. How R&l-centred strategies can lift whole countries or regions

Estonia has seen remarkable socio-economic improvements since its
independence. Based on the European Innovation Scoreboard (EIS)
2023, Estonia is the best performer from the post-socialist block and its
performance is increasing at a rate much higher than that of the EU in
total. After the fall of the Soviet Union, Estonia had to fundamentally
revamp its economy, previously oriented on the links with countries from
the socialist camp and built a R&l-driven agenda based on a digital
society. The government strengthened efforts in developing and
implementing digital technologies and services as well educate society
on the digital skills needed. Now, 99% of public services are available

online 24 hours a day (also known as e-services), with many of these e-
services emerging as public-private partnerships.'®

South Korea shifted in some decades its economy from ‘developing
country’ to one of the leading countries in innovation. Currently, the EIS
2023 shows South Korea as the best performing country globally, and
its 4.9% R&D intensity stands out. The government had an important
role in guiding this innovation performance by putting in place the
conditions and incentives for R&D efforts, of which R&D programmes,
coordinating collaborative R&I projects with a diverse set of participants

2 European Commission. (2022). Directorate-General for Research and Innovation,
Science, research and innovation performance of the EU 2022: building a
sustainable future in uncertain times, Publications Office of the European Union.
https://data.europa.eu/doi/10.2777/497405.

3 Crane, L. D., R. A Decker, A. Flaaen, A. HaminsPuertolas, and C. Kurz. (2020).
Business Exit During the COVID-19 Pandemic: NonTraditional Measures in
Historical Context, Finance and Economics Discussion Series 2020-089,
Washington: Board of Governors of the Federal Reserve System.

4 Muzi, S., F. Jolevski, K. Ueda, and D. Viganola. (2021). Productivity and Firm Exit
during the COVID-19 Crisis Cross-Country Evidence, World Bank, Policy Research
Working Paper 9671.

5 Metcalf, K. N. (2019). How to build e-governance in a digital society: the case of
Estonia. Rev. Catalana Dret Pub., 58, 1; The E-Estonia Briefing Centre, https://e-
estonia.com.
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(triple helix) and fields, and identifying and selecting technologies to be
developed.®

Grenoble (France) showcases the importance of industry-science
collaboration for economic development of regions and ecosystems.
While small, Grenoble, impressively, ranks fourth (tied with Munich) for
deep tech funding among European cities in 2023, behind Stockholm,
Paris and London. The city has built a strong ecosystem, based on its
high-class infrastructures and deep tech potential, transferring research
output into the creation of new businesses. An important aspect of the
ecosystem are its close ties between (public and private) stakeholders,
creating a dense knowledge network and stimulating information
spillovers.'”

Groningen (Netherlands) shows that R&l investments can pave the
way for regions that undergo major transitions. The region Groningen
has been for decades an important hub for gas production. However,
with the production halted, the region must seek new business models
and industries to flourish. Building on their strengths and capabilities,
the region now invests in becoming a hub for the development of
renewable energies. The Northern Netherlands became the first
Hydrogen Valley in Europe, receiving a subsidy from the European
Commission (EUR 20 million) with public-private co-financing (EUR 70
million) to fund the 6-year Heavenn project to develop a fully functioning
green hydrogen regional ecosystem. For regions in transition, it is
important to put in place an integral agenda that is based on co-design
by all parties affected, and includes a short-, medium- and long-term
planning of new investments and reskilling (educational programmes in
line with the need of the new sectors) and relocation labour.'®
Source: DG Research and Innovation, Chief Economist - R&| Strategy & Foresight Unit.

2.2 R&l for a sustainable and green future

Achieving carbon-neutrality crucially depends on investing in the
development and deployment of green technologies and innovations. R&l
is key to accelerate the clean energy transition. The transition towards climate
neutrality by 2050 gives energy a central role, as energy is today responsible
for more than 75% of the EU’s greenhouse gas emissions. Accelerating

6 Bae, S. J., & Lee, H. (2020). The role of government in fostering collaborative R&D
projects: Empirical evidence from South Korea. Technological Forecasting and
Social Change, 151, 119826.

7 Fleming, N. (2023). How Grenoble has mastered industry-academia science
collaborations.  Nature;  https://www.nature.com/articles/d41586-023-00109-x;
O’Brian, C. (2023). How Grenoble became Europe’s deeptech hotspot. Sifted.
https://sifted.eu/articles/how-grenoble-became-europes-deeptech-hotspot.

8 European Commission, Joint Research Centre, Spisto, A., Gerbelova, H., Masera,
M. et al., (2020). The socio-economic impacts of the closure of the Groningen gas
field — Challenges and opportunities of the energy transition, Publications Office,
2020, https://data.europa.eu/doi/10.2760/039540.
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renewable energy use and enhancing energy efficiency, combined with
increased electrification using current technologies, can achieve over 80% of
the required emission reductions by 2030. However, around 35% of the CO2
reductions necessary by 2050 cannot be achieved by simply deploying existing
technologies, but will have to hinge on technologies currently at the
demonstration or prototype phase.' Carbon neutrality, thus, calls for a rapid
and large-scale deployment of available technologies (such as wind and solar),
as well as the development and broad uptake of technologies that are still not
available on the market, such as green hydrogen. Furthermore, investing in
low-carbon technologies remains crucial also to reduce the short-term costs of
the decarbonization process, as increasing green innovation has the potential
to produce alternative and less expensive low-carbon technologies, thereby
helping companies operating in sectors currently heavily relying on fossil fuels
to undertake a smoother transition.?°

However, the current pace of innovation is insufficient to meet the carbon
neutrality goals, which require a complete restructuring of production and
consumption. Between 2011 and 2020, innovation efforts in climate-related
technologies have been declining as a share of global patenting, decreasing
from 12.6% to a mere 9%. On the positive side, there seems to have been an
important increase in the commercialisation and diffusion of existing
technologies as witnessed by the quadrupling of the share of trademarks
covering climate-related goods and services in Europe in the last two
decades.?! Continues public and private R&D efforts in climate-related
endeavours are thus essential.

R&l is key to preserve, restore and regenerate Earth’s natural carbon
sinks and biodiversity, develop a functioning circular economy and reap
the socio-economic potential of the bioeconomy. Besides transforming the
production and consumption to meet EU’s climate objectives, there is need to
transform to a full circular economy. In this regard there is still much room for
improvement, exemplified by the EUs current circular material use rate of
11.5%.2%2 R&l is needed to develop and foster new chains and business models,
for example on sustainable food systems, renewable bio-based products and
for the intensified use of products and components. Biotechnologies, such as

9 |[EA. (2023). Net Zero Roadmap A Global Pathway to Keep the 1.5 °C Goal in
Reach, 2023 Update. https://www.iea.org/reports/net-zero-roadmap-a-global-
pathway-to-keep-the-15-0c-goal-in-reach.

20 Hasna, Z., Jaumotte, F., Kim, J., Pienknagura, S., & Schwerhoff, G. (2023). Green
Innovation and Diffusion: Policies to Accelerate Them and Expected Impact on
Macroeconomic and Firm-Level Performance. International Monetary Fund. Staff
Discussion Notes, 2023.

21 Cervantes, M., Criscuolo, C., Dechezleprétre, A., and Pilat D. (2023). "Driving low-
carbon innovations for climate neutrality", OECD Science, Technology and Industry
Policy Papers, No. 143, OECD Publishing, Paris,
https://doi.org/10.1787/8e6ae16b-en.

22 Also known as the ‘circularity rate’; the share of used material resources which came
from recycled waste materials. Figure based on Eurostat data:
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20231114-2.
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medical technologies and crop biotechnology are essential to modernise
sectors such as healthcare, pharmaceuticals, and agriculture.

The increasing frequency of natural disasters due to the climate crisis
calls for new solutions to facilitate adaptation. The EU is experiencing more
extreme weather events because of climate change. The escalating impacts of
climate change, combined with strained planetary boundaries, are introducing
unprecedented disruptions to key societal systems — be it water, energy,
health, transport, or markets. R&l can help accelerate and scale de-risking of
key systems and infrastructures, scale civil protection capability and develop
the medium to long term financial and economic transition for high-risk climate
adaptation vulnerabilities (cities, flood/drought, firestorms/sea level,
reinsurance, capital markets). R&l can provide the means to experiment and
demonstrate new solutions, including governance arrangements.

2.3 R&lI for a fair society

The heart of policies within the EU would benefit from focussing on
people ensuring wellbeing, healthy living standards and systems,
(economic) security, and a revamped social contract. Positively, the EU is
one of world’s most equal regions in the world and has seen increasing income
equality in the last decade.?® However, inequality has risen in some countries
due to (perma-) crises and economic transformations. Moreover, increased
climate risks and technological changes create uncertainties in which the EU
can safeguard a more equal result across groups, regions and countries.
Therefore, a revamped social contract including intergenerational solidarity is
desired to guard and empower citizens.

R&l plays a pivotal role in advancing health outcomes and transforming
healthcare systems. R&l contributes to the discovery of novel medical
treatments, diagnostic tools, and preventive strategies. From breakthrough
medications to cutting-edge medical technologies, R&l drives progress in
understanding diseases, improving diagnostics, and tailoring treatments to
individual patients. Additionally, it facilitates the integration of digital health
solutions, data analytics, and artificial intelligence, revolutionising healthcare
delivery and management. However, equal and fair access to innovative health
and care for everyone needs to be ensured.

Importantly, while innovation generates progress and can help people
move up the social ladder, its benefits can be distributed unequally.
Countries with more patents per person tend to have a higher income
concentration among the top 1% earners. At the same time, there is a positive
connection between innovation and the ability of people to climb the social
hierarchy, especially when new innovators enter the scene.?* Furthermore,
social innovation is widely acknowledged as an opportunity to provide new

23 Measured by the Gini coefficient; Eurostat data code: Ic_di12__custom_9213377.
24 Aghion, P., Akcigit, U., Bergeaud, A., Blundell, R., Hémous, D. (2015). Innovation
and top income inequality. Working Paper 21247. NBER.
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business opportunities for areas in transition, supporting local sustainable
economic growth.?®

Innovation has a strong regional dimension as it tends to be highly
concentrated in specific places. Regional disparities in R&l performance
remain deep across the EU. There has been convergence at EU level between
the enlargement in 2004 and the beginning of the 2010s. However, since then,
the trend shows divergence within EU countries and in the EU as a whole.
Indeed, while the EU regions in Eastern Europe have made remarkable
progress in R&D performance after they entered the Euro zone, they were less
capable of generating innovation from R&D inputs.?® This has been explained
in the literature by the fact that the capacity to generate innovation out of R&D
inputs rely on the presence of strong institutions.?’

R&l can provide solutions for upskilling and reskilling the workforce
affected by the transitions and global geopolitics. Six in 10 workers will
require training before 2027, but only half of workers are seen to have access
to adequate training opportunities today.?® By 2030, 14% of the global
workforce (about 375 million workers) is expected to have to transition to other
occupational categories due to the disruptions impacting the work (e.g.,
digitalization, automation, advances in Al, etc.).?® At the same time, digital
technologies can help workers with skills development. For example, Al-based
platforms can provide personalised learning experiences that help workers
acquire and refine digital skills.3%3" This includes virtual coaching, on-demand
exercises, personalised content, and feedback and assessment tools.

25 (Cajaiba-Santana, G. (2014). Social innovation: Moving the field forward. A
conceptual framework. Technological Forecasting and Social Change 82(C):42-51

26 Rodriguez-Pose, A., Wilkie, C. (2018). Innovating in less developed regions: what
drives patenting in the lagging regions of Europe and North America. Growth and
Change, ISSN 0017-4815

27 Rodriguez-Pose, A., Di Cataldo, M. (2015). Quality of government and innovative
performance in the regions of Europe. Journal of Economic Geography 15(4):673-
706.

28 World Economic Forum. (2023). The Future of Jobs Report 2023.

2 |llanes, P., Lund, S., Mourshed, M., Rutherford, S., & Tvreman, M. (2018). Retraining
and reskilling workers in the age of automation. McKinsey & Company.

30 Kashive, N., Powale, L., & Kashive, K. (2020). Understanding user perception
toward artificial intelligence (Al) enabled e-learning. The International Journal of
Information and Learning Technology, 38(1), 1-19.

31 Chen, X., Zou, D., Xie, H., & Cheng, G. (2021). Twenty years of personalized
language learning. Educational Technology & Society, 24(1), 205-222.
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3.1 Investments in R&l

Public and private R&I investments in the EU systematically fall short of
the aspirations as well as the levels in main competing economies.
Ambitious and mutually reinforcing investments are a precondition for
developing and deploying new breakthrough innovations and diffusing the
existing technologies. However, the R&D investments in the EU stand at 2.2%
of GDP (year 2022) and fall significantly short of the 3% of GDP objective,
corresponding to an investment gap between target and real investments of
EUR 123 billion (Figure 2, upper left panel). The EU is also lagging behind
many global competitors (Figure 2, upper right panel). Worryingly, the gap with
other major economies has been persistent for the last decades. In fact, China
has overtaken the EU in recent years, and South Korea, Japan, and the US are
substantially ahead of the EU (Figure 2, lower panel).

The scale of the investment requires significant contribution from both
the public and the private sector, with most of the investments having to
come from the private sector. The R&D investment gap is particularly
pronounced in private sector investments, which contributes just under 60% to
the total R&D spending in the EU, which is less than its main global peers such
as the US (68%), China (77%), South Korea (76%) or Japan (78%) (Figure 2,
upper right panel). To bridge the R&l investment gap EU Member States need
to — in a coordinated approach — boost public R&l investments and explore
realizing reforms to incentivise and direct more private R&D investments, which
includes addressing the persistent financing gap to scale-up.

Figure 2. R&D investments
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Source: DG Research and Innovation, Chief Economist - R&l Strategy & Foresight Unit based
on Eurostat (online data code: rd_e_gerdfund and rd_e_gerdtot) and OECD data.

Note: For the breakdown per source of funds the most recent data for the EU is the year 2021,
shown as 2.3% of GDP, while the total R&D investments for the EU in 2022 is 2.2% of GDP.

3.2 The EU added value in R&I policy

The EU plays a pivotal role in addressing the global challenges through
its unique capability to facilitate coordinated, transnational interventions.
By harnessing the collective strengths of its Member States, the EU can
implement comprehensive strategies that individual countries may struggle to
achieve alone and to build the conditions to maximise the spillover benefits of
R&l investments across borders. This is particularly evident for, but not limited
to, challenges related to climate change and health crises, where the EU's
unified approach ensures that efforts are synergetic and cohesive.
Furthermore, its regulatory capacity enables setting continent-wide, ambitious
targets in areas such as emissions reduction and renewable energy. Benefits
extend beyond Europe, as the EU can have an impact on the global playing
field. Hence, international R&l cooperation remains essential to set the global
agenda, to promote solutions to global challenges and to define international
standards.®?> While pursuing reciprocity and a level-playing field, critical
dependencies and risks, including risks related to technology security and
technology leakage, need to be managed based on shared values, in absence
of which adequate (research) security measures should be in place.®?

The EU is crucial in the area of R&Il, by pooling intellectual and financial
resources to develop large-scale solutions, exemplified by programmes like
the EU Framework programme for R&l (Horizon Europe for 2021-2027) and
EU’s response to the COVID-19 pandemic. This unique capability is further
exemplified by EU’s entrusted objective of strengthening Europe’s scientific and
technological bases by creating a European Research Area (Article 179 TFEU).

32 European Commission. (2021). On the global approach to research and innovation,
COM(2021) 252 final.

33 European Commission (2023). European Economic Security Strategy, JOIN(2023)
20 final.
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The EU has demonstrated substantial added value through its R&l policy.
Horizon 2020, the predecessor to Horizon Europe, offers valuable insights into
the success of the EU R&l strategy. For example, in the long term, the
programme is estimated to contribute a total between €421 and €798 billion
over the period 2014-2040 (engendering an impressive multiplier, given its total
budget of about EUR 80 billion). This means that for each euro of cost to
society, associated with Horizon 2020, the programme is estimated to bring
from five to eleven euros of benefits for EU citizens.3*35 Additionally, with over
four decades of continuation, the EU FP for R&l has been a driving force in
creating a competitive, green, and fair Europe with great achievements related
to EU’s lead in supercomputers, medical breakthroughs for several infectious
diseases such as the Ebola vaccine, technological development of renewable
energies such as hydrogen, and EU’s profound contribution to the knowledge
base on climate change (IPCC reports). A full description of the added value of
R&l policy is found in the paper ‘The added value of European investments in
Research and Innovation’.%8

3.3 Harnessing Europe’s R&I power: towards complementary actions in
R&I in the EU

Supporting R&l as part of more systematic policy approaches is essential
for reaping the full potential of collective efforts. The power of R&l to foster
progress and provide new and better solutions to problems is sometimes taken
as given. This implies that R&l policies receive less attention than is warranted.
It is paradoxical that policies that are instrumental for the EU future wellbeing
and the achievement of long-run goals and ambitions are often perceived as
separate policies and not fully considered when defining the overall policy mix.
This may be used as a pretext to shy away from more cross-cutting policies,
which imply a systematic change e.g., for the green transition. R&l policies
would benefit from a more holistic approach as part of the policy coordination
process.

Well-designed policies are needed to harness the full societal potential of
R&l. While innovation thrives on ingenuity and initiative of individuals and
companies, it will underdeliver or misdeliver without the supporting and guiding
role of policies. First, the very nature of innovations which benefit many more
than those who invent them, implies that private agents will underinvest in

34 European Commission (2024). Directorate-General for Research and Innovation, Ex-
post evaluation of Horizon 2020, the EU’s framework programme for research and
innovation, https://research-and-innovation.ec.europa.eu/knowledge-publications-
tools-and-data/publications/all-publications/final-evaluation-horizon-2020 en

35 The different estimates are driven by the different macroeconomic model deployed.
€15.6 billion (QUEST), €15.9 billion (RHOMOLO) and € 28.5 billion (NEMESIS)
average annual increase. €421 billion (QUEST), €429 billion (RHOMOLO) and
€798 billion (NEMESIS) over the period 2014-2040.

36 European Commission, Directorate-General for Research and Innovation, Mitra, A,
Canton, E., Ravet, J., Steeman, J.-T.(2024). The added value of European
investments in Research and Innovation, Publications Office of the European
Union. https://data.europa.eu/doi/10.2777/682623
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innovative activities. Public incentives are needed to promote innovation for the
benefit of society. Similarly, there is a need to address network and information
failures which prevent researchers and innovators to cooperate seamlessly.
Second, not all innovations turn out to be socially beneficial. Carbon-based
technologies which are behind much of the economic development of the past
have also contributed to the global warming and the current climate crisis.
Markets have failed to deliver sufficient private investments to develop and
deploy the necessary green technologies. Finally, the fruits of innovation do not
automatically accrue to the whole society. Diffusion of innovation is often slow
and heterogenous. In particular, those who do not have appropriate
endowments in terms of knowledge, skills or capital, may find it difficult if not
impossible to benefit from new innovations. Well-designed R&I policies, in
which stakeholders are part of the policy process and mobilised to implement
policies, can create a more optimal and fair distribution.

R&l is also a cornerstone in creating better policies in general; also
known as ‘science for policy’. Policies developed with insufficient or poor
science are less likely to solve the underlying issue and more likely to give rise
to unintended consequences. Science can help policymakers to understand the
policy problem; explore the system’s complexities, interdependencies and
synthesis; assess different policy options; design solutions that work; and
distinguish facts from opinions in public debate.

There is a wide range of traditional policies to boost R&l. Governments can
influence R&I investments through direct support, such as grants, favourable
loans (partly grants) or equity, and/or indirect support through tax incentives.
They can also develop regulations that improve the framework conditions for
R&l, for example via standardisation and improving an international level-
playing-field such as further harmonising the single market.

Additional pathways could be explored to reap the full advantages of R&l,
ensuring the progress to a competitive, green, and fair, Europe. Box 2
provides inspiration of possible pathways to foster innovation and technological
leadership, to strengthen the R&l system, and to enhance inclusivity and the
use of R&I.

Box 2. Possible pathways to strengthen R&I efforts and impact
1. Fostering innovation and technological leadership

Unexploited scope for crafting an environment conducive to innovation,
promoting an innovation-centric culture.

e The rapid transition of emerging technologies from demonstration and
prototype stages to widespread market adoption is essential. To

accompany continued investments in cutting-edge R&l, concerted efforts
are needed to introduce these emerging technologies to the (global)
market, through stronger valorisation efforts for R&l results and scaling up
innovations and technologies after successful demonstration. An approach
could lay in a diverse and integrated support to inventions through their
lifetime (R&I investment funnel), and stimulating private investments, based
on both supply-side and demand-side policies (such as incentives and
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guarantees for high-risk financial instruments and innovation and green
procurement).3’

Rethink industrial policy to be fit for purpose for future technologies.
As innovations emerge, ensuring the readiness of the infrastructures
becomes critical. Ultimately, an integrated approach is necessary,
combining a robust regulatory framework, strategic alliances, large-scale
demonstrations, and market uptake. This can help ensuring that the full
ecosystem accelerates the take-up of sustainable solutions. Also, the
potential of large EU labs and research infrastructures could be explored,
coupled with dedicated financial support for deployment efforts.

To further boost knowledge valorisation processes, the distinctive
skills and competencies of social sciences and humanities can be
exploited better to reach beyond functionality. Also, in knowledge
valorisation a more holistic approach can help to better foster well-being,
inclusion, and sustainability, thereby likely increasing the uptake of R&l
developments.

Leveraging partnerships to facilitate investments and strengthen
capacities. Collaboration between governments, research institutions, and
private sector entities can help ensuring private engagement in EU R&l
investments and help addressing the current relative underinvestment. For
example, public-private partnerships can help sharing risks, leverage
resources, and accelerate innovation.® Furthermore, international R&l
partnerships can help the EU in obtaining the proper capacities, based on
mutual interest and shared values and principles, while addressing critical
dependencies.

2. Strengthening the R&I system

Pathways to optimise the full European R&l system, addressing persistent
weaknesses, as the renewed emphasis on the 3% R&D investment objective
has not been reflected in material commitments yet.

e The twin transitions, with their need for deep changes in behaviours,
practices, governance modes as well as institutions, call for modern
R&l policy approaches that help us transform systems. The so-called

transformative R&I policies®® are a new generation of R&l policies that

37 The EIC is the EU's main instrument for supporting deep tech innovation, helping to
close the 'valley of death' for innovative SMEs, by providing a mix of direct
investment (patient capital) and grants. Larger investments (between 15 and 50
million euros) are currently not eligible within the EIC but can be seen as crucial
element to accelerate the development and deployment of technologies and attract
more private financing.

38 |nspiration can be drawn from tailor-made public-private partnerships, such as the
EU Catalyst partnership, which combine funding possibilities.

39 Kanger, L., Sovacool, B. K., Noork&iv, M. (2020). Six policy intervention points for
sustainability transitions: a conceptual framework and a systematic literature
review. Research Policy, 49(7).
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direct deep societal needs. An encapsulation of this approach are the
mission-based policies, such as the EU Missions within Horizon Europe.
Transformative R&l policies can be further operationalised via regulatory
sandboxes, experimental clauses, use of different approaches to policy
experimentation (e.g., foresight, simulation, and scenarios testing),
demand-side instruments (e.g., public procurement), and co-creation and
co-design. 4041

R&l flourishes when Member States have the right R&l capabilities.
R&I investments have high socio-economic impacts, but these affects are
often tangible (payoff) in the longer term. Therefore, budgets for R&I
investments are vulnerable to be spent for other, more shorter-term, needs
or solutions that in the long run provide less or sub-optimal socio-economic
impacts, compared to R&l investments. To further strengthen R&l activities,
Member States need to have a solid R&l ecosystem, invest in R&l via their
national budgets and engage notably through structural reforms.

Strengthen R&I policy coordination in the context of the European
Semester can help ensuring an integrated approach. Beyond financial
support, the European Semester of Economic Policy coordination can
ensure a more holistic approach to EU-wide R&| ecosystem development,
shaping and directing the priorities of national R&l efforts, in harmony with
actions funded through the EU Framework Programme.

3. Enhancing inclusivity and use of R&l

Increase the inclusiveness and tap into unexplored EU R&I potential to further
increase R&I deployment and the uptake of results.

e Making the innovation ecosystem more open, diverse, and attractive
to talents from a variety of neglected sources is vital for EU’s
competitiveness, as this pool will be larger and more diverse. Also, there is
potential to ensure that R&l funding is easily accessible and
understandable for newcomers, new researchers, and innovators.

Simplification and harmonisation of funding. To increase the
effectiveness and efficiency of R&l funding, it is important to be client-
centric in the funding and policies that are offered. Possible ways to
strengthen this could be through harmonising existing funds dedicated to
innovation and/or align funding methods to foster synergies.

40 European Commission. (2023). Directorate-General for Research and Innovation,
Cavicchi, B., Peiffer-Smadja, O., Ravet, J. et al., The transformative nature of the
European framework programme for research and innovation — Analysis of its
evolution between 2002-2023, Publications Office of the European Union, 2023,
https://data.europa.eu/doi/10.2777/73000.

41 European Environmental Agency. (2022). Transforming Europe's food system —
Assessing the EU policy mix, Report No 14/2022
https://www.eea.europa.eu/publications/transforming-europes-food-system.



https://data.europa.eu/doi/10.2777/73000
https://www.eea.europa.eu/publications/transforming-europes-food-system

Strengthen visibility and outreach of R&l funding programmes to
increase impacts and uptake of results. One aspect that could be elevated
is the accessibility, openness, and dissemination of R&l results, thereby

increasing potential knowledge spillovers, and making sure R&l
researchers and innovators can build further on the new knowledge
produced.

Source: DG Research and Innovation, Chief Economist - R&I Strategy & Foresight Unit.
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GETTING IN TOUCH WITH THE EU

In person
All over the European Union there are hundreds of Europe Direct centres. You can find the address of
the centre nearest you online (european-union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing
Europe Direct is a service that answers your questions about the European Union.
You can contact this service:

- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
- at the following standard number: +32 22999696,
- via the following form: european-union.europa.eu/contact-eu/write-us _en.

FINDING INFORMATION ABOUT THE EU

Online
Information about the European Union in all the official languages of the EU is available on the Europa
website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free
publications can be obtained by contacting Europe Direct or your local documentation centre
(european-union.europa.eu/contact-eu/meet-us _en).

EU law and related documents
For access to legal information from the EU, including all EU law since 1951 in all the official language
versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and
agencies. These can be downloaded and reused for free, for both commercial and non-commercial
purposes. The portal also provides access to a wealth of datasets from European countries.
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This paper provides a rationale on why investing in research
and innovation (R&l) matters for Europe. It describes the
potential of R&l to strengthen EU's competitiveness, support
a green and sustainable future, and build a fair European
society. EU's R&l performance is presented, of which the
R&l investments compared to global peers, EU's main
strengths and weaknesses and EU’s added value. The
paper also highlights the importance of well-designed R&l
policies, integral of the overall policy design and provides
pathways to strengthen current public and private efforts to
reap the full potential of R&l.
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