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Abstract

The supporting annexes presents a detailed analytical
assessment of the role of EU Cohesion Policy in supporting SMEs
operating in selected critical technology areas, namely
biotechnology, artificial intelligence and energy technologies. It
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on performance effects and implementation challenges, drawing
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inform the policy conclusions of the study and provide supporting
inputs for the post-2027 Cohesion Policy framework and the MFF
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ANNEX 1: OVERVIEW OF EU'S CRITICAL TECHNOLOGIES AND
BARRIERS FACED BY SMES

This supporting annex provides an extensive analytical overview underpinning the findings presented
in the main report. It offers detailed qualitative evidence on the EU's positioning in selected critical
technologies and the regulatory, economic, financial and structural barriers faced by SMEs operating in
these areas. The annex expands on contextual developments, global competitive dynamics and policy
frameworks, with the aim of informing and substantiating the analysis and conclusions set out in the
main report.

1.1. A qualitative overview of EU positioning in the 10 STEP technologies
Advanced semiconductor technologies

Within the EU’s strategic framework, advanced semiconductors are identified as one of the ten critical
technology areas for economic security, as outlined in the European Chips Act (Regulation (EU)
2023/1781)". Key technologies include microelectronics, high-frequency chips, photonics, and
semiconductor manufacturing equipment at advanced node sizes.

Globally, the semiconductor industry is characterised by high concentration and dependency, where
the United States maintains dominance in semiconductor design and Intellectual Property (IP) cores,
with firms such as NVIDIA, AMD, and Qualcomm accounting for nearly 70% of global fabless revenue 2.
It also leads in Electronic Design Automation (EDA) and advanced manufacturing equipment. China has
made semiconductors a national priority under the 14th Five-Year Plan and Made in China 2025°.
Despite massive state subsidies exceeding USD 150 billion since 2014 it still lags behind in leading-edge
manufacturing, relying on foreign lithography and equipment. While the European Union holds
strengths in semiconductor research (e.g. IMEC, Fraunhofer), photonics, and equipment (ASML
dominates EUV lithography globally). However, its share of global semiconductor manufacturing has
dropped from 20% in the 1990s to less than 10% *.

The Chips Act aims to reverse this decline by mobilising over EUR 43 billion in public and private
investments to double Europe's global market share to 20% by 2030.° The Chips Joint Undertaking
provides funding for pilot lines, testing facilities, and design platforms. Cohesion Policy and the STEP
platform further enable reprogramming of regional funds to support SMEs and scale-ups in
semiconductor value chains. SMEs play a vital role in semiconductor design tools, niche materials, and
equipment supply chains, yet face barriers in accessing scale-up capital and high-cost infrastructure.
According to the ECA Special Report 08/2022¢, SMEs in microelectronics encounter fragmented supply
chains, high entry barriers, and dependence on global foundries. Without EU-level coordination, they
risk being absorbed by larger US and Asian competitors. Prototype & fab access remains pricey and
capacity-constrained. EDA/IP/library costs and the need for specialist support are significant for small
teams' initiatives, such as EUROPRACTICE, which lowers the barrier (MPW/MLM runs) but doesn't

1Regulation (EU) 2023/1781 establishing the European Chips Act. http://data.europa.eu/eli/reg/2023/1781/0j

2 Boston Consulting Group (2023). The Semiconductor Decade: A trillion-dollar industry.

3 https://www.adb.org/sites/default/files/publication/705886/14th-five-year-plan-high-quality-development-prc.pdf

4 European Commission (2022). State of the Union Address — Chips Strategy

5 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024 /europe-fit-digital-age/european-chips-act_en
6 European Court of Auditors (2022). Special Report 08/2022: ERDF support for SME competitiveness.
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remove it.” While strategic dependencies (equipment/materials) and market power of non-EU players
increase supply risk and certification delays.®

Europe's semiconductor positioning is also challenged by skills shortages.® The 2023 Strategic
Foresight Report™ estimates that an additional 150,000 semiconductor specialists will be required by
2030 to meet industry demand, requiring coordinated investment in training, reskilling, and cross-
border labour mobility.

At the same time, Europe retains strategic leverage through ASML's global monopoly in EUV
lithography, a bottleneck technology essential for advanced chips. This gives the EU geopolitical
influence, particularly in US—China technology disputes. However, relying on a few champions is
insufficient: Europe’s semiconductor ecosystem must broaden, investing not only in advanced nodes
but also in resilient supply chains for mature technologies critical to automotive, energy, and defence
industries.

In 2024, for example, the global semiconductor market rebounded sharply, up 18.1% to $626 bn, driven
by a near-doubling of Al/datacentre chips to $112 bn and a powerful memory upcycle (DRAM +75.4%,
NAND +75.7%; HBM already 13.6% of DRAM and tracking toward ~19% in 2025). Samsung regained the
#1 spot on stronger memory pricing, while NVIDIA climbed to #3. Europe, however, did not share this
momentum: according to DMASS, semiconductor distribution sales saw steep year-on-year declines
(—33.1% in Q1, —38% in Q2), reflecting ongoing inventory digestion and softer industrial/automotive
demand. In 2024, the overall distribution industry in EMEA experienced a staggering loss of more than
5.6 billion euros compared to 2023. The semiconductor sector bore the brunt of this decline, accounting
for a majority of the losses, with a reduction of 4.7 billion euros.™ In short, the world rode the Al-and-
memory surge, while Europe’s channel remained in correction.

Quantum technologies

Quantum technologies represent a transformative field with applications in computing, cryptography,
communications, and sensing/radar. The EU has identified quantum as a critical technology in its
Economic Security Strategy'? and under the White Paper for European Defence - Readiness 2030%.
Also, the EU has recognised quantum as a strategic priority in the Strategic Research and Innovation
Agenda (SRIA 2030: Quantum Ambitions roadmap)' and the European Quantum Communication
Infrastructure (EuroQCI)* initiative. The European Commission adopted the Quantum Europe Strategy
in July 2025.% The sector will benefit from support under strategic programmes such as the upcoming
Scaleup Europe Fund.'” The Commission is promising to launch a quantum talent mobility programme,
while the European Innovation Council will launch a pilot programme this year to place researchers-in-
residence with quantum technology start-ups. By harnessing quantum mechanics, these technologies

7 https://europractice-ic.com/wp-content/uploads/2025/03/Europractice_ActivityReport2024_webversion.pdf?

8 BONNET, P., CIANI, A., MOLNAR, J. and NARDO, M., EU’s strengths and weaknesses in the global semiconductor sector, Publications
Office of the European Union, Luxembourg, 2025, https://data.europa.eu/doi/10.2760/6302476, JRC141323.

9 https://chipsacademy.eu/wp-content/uploads/2024/11/ECSA-Skills-Strategy-2024.pdf

1 Eyropean Commission (2023). Strategic Foresight Report 2023

1 European Components Distribution (DMASS). https://www.dmass.com/?view=article&id=61:european-components-distribution-dmass-
q4-2024-and-full-year-2024-results-announcement&catid=8

12.C(2023) 6689 final: https://defence-industry-space.ec.europa.eu/document/download/31c246f2-f0ab-4cdf-a338-
b00dc16abd36_en?filename=C_2023_6689_1_EN_ACT_partl_v8.pdf

BWhite Paper for European Defence - Readiness 2030: https://commission.europa.eu/document/download/e6d5db69-e0ab-4bec-9dc0-
3867b4373019_en

14 SRIA 2030: Quantum Ambitions roadmap. https://qt.eu/media/pdf/Strategic-Reseach-and-Industry-Agenda-2030.pdf?m=1707900786&

15 European Commission (2021). EuroQClI: Secure European Quantum Communication Infrastructure.

16 https://digital-strategy.ec.europa.eu/en/library/quantum-europe-strategy

7 https://sciencebusiness.net/news/quantum-computing/eu-unveils-plan-boost-quantum-research-and-innovation
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are expected to revolutionise secure communications, simulation of complex systems, and precision
sensing, offering both economic and security benefits.

At the global level, the race is accelerating. The United States has mobilised over USD 3 billion under
the National Quantum Initiative Act, with strong synergies between federal labs, academia, and Big
Tech (Google, IBM, Microsoft). China has invested more than USD 15 billion since 2017%, focusing on
quantum communications (e.qg., the Micius satellite) and scaling quantum computing prototypes. The
European Union launched the EUR 1 billion Quantum Flagship (2018—2028) and is developing a pan-
European EuroQCl system. Recently, governments from over 30 countries worldwide announced public
investments in quantum technology, with the total amount already surpassing USD 40 billion and
projected to increase further over the next decade. China leads in public investment (USD 15 billion),
with the EU collectively ranking second (USD 10 billion), primarily driven by Germany's contributions,
while the US ranks a distant third (USD 5 billion). Funding for quantum companies has grown
significantly over the last decade, from USD 59 million in 2012 to USD 2.3 billion in 2021, reaching a
cumulative USD 15 billion by 2024. The US leads in investment in the quantum private sector (44% of
global funding), followed by the UK, Canada, and Australia (collectively about 20%) and China (17%).
The EU as a whole is further behind, with just over 12% of the sector’s investment.* According to recent
studies, China dominates quantum patenting activities (46% share of total patents), followed by the US
(23%), and then by Japan and the EU (6% each) however, the European Union has the highest number
and concentration of quantum talent.*® But while Europe leads in scientific publications and
fundamental research, commercialisation and industrial scale-up remain weaker compared to the US
and China. Offering competitive funding is essential.

The Draghi Report (2024) mentions that the quantum field could open new opportunities for the EU’s
industrial competitiveness and technological sovereignty, but warns that without the rapid translation
of research into industrial deployment, the EU risks lagging behind in high-value patents and start-up
creation. Europe’s fragmented innovation ecosystem slows the scaling of deep-tech SMEs, especially
in quantum computing and cryptography, where the capital intensity and long time-to-market are
prohibitive.

Here, Cohesion Policy plays a vital role. Regional funds have increasingly supported innovation hubs,
testbeds, and SME participation in deep tech. According to the Kohesio portal (2023)??, over 400
Cohesion-funded projects across Member States already target advanced digital infrastructures,
including quantum-related research. For example, the Recovery Plan Europe® and the ERDF co-
financed quantum research labs in Austria®*, Germany?, Latvia®, etc., enabling SMEs to access shared
facilities. Similarly, Smart Specialisation Strategies (S3) in Member States such as Finland and the
Netherlands explicitly integrate quantum technologies into regional innovation priorities.

18 OECD (2024). Technology Trends Outlook 2024

19 Erixon, Fredrik, Andrea Dugo, Dyuti Pandya, and Oscar du Roy. Benchmarking Quantum Technology Performance: Governments,
Industry, Academia and their Role in Shaping Our Technological Future. ECIPE Policy Brief No. 06/2025. Brussels: European Centre for
International Political Economy, March 2025. https://ecipe.org/publications/benchmarking-quantum-technology-performance/

20 McKinsey Digital: Quantum Technology
Monitor.https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/steady%20progress
%20in%20approaching%20the%20gquantum%20advantage/quantum-technology-monitor-april-2024.pdf

2 https://www.ft.com/content/57b43891-a717-4d7f-87c7-24dc8cde8bof?

22 Kohesio Portal (2023). EU Cohesion-funded projects

2 https://commission.europa.eu/strategy-and-policy/recovery-plan-europe_en

24 https://www.bundeskanzleramt.gv.at/eu-aufbauplan/projekte/quantum-austria.html

2 https://ec.europa.eu/regional_policy/whats-new/newsroom/07-01-2024-eu-supports-quantum-computing-in-hamburg_en

2 https://kohesio.ec.europa.eu/en/projects/Q3056544
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These efforts complement the STEP, which allows Member States to redirect Cohesion Funds towards
quantum? pilot lines, secure communications, and SME participation in EuroQCI. By linking regional
support with EU-level flagships, the policy ensures that lagging regions can also benefit from quantum
investments, reducing the risk of geographic concentration in only a few hubs.

Advanced sensing technologies

Advanced sensing technologies encompass a wide range of instruments and systems, including
electro-optical, radar, chemical, biological, radiation, distributed sensing, magnetometers, underwater
electric field sensors, and gravity meters. These capabilities are essential for defence, space,
environmental monitoring, health, and industrial safety. They underpin critical infrastructures, from
early-warning systems and border control to smart cities and precision agriculture.

The United States leads in dual-use applications, especially in defence and aerospace. DARPA
programmes have long invested in next-generation radar and quantum-enhanced sensing, with strong
partnerships between industry and government. Moreover, the USA has the largest share of funds
raised as capital investment by photonics companies. China has prioritised sensing as part of its
military—civil fusion strategy, investing in hyperspectral imaging, quantum magnetometers, and
distributed sensor networks, increasingly deployed in defence and maritime monitoring. China is the
leading producer, with a share of almost 32%, followed by Europe (15%), North America (15%), Japan
(11%), Korea (8%) and Taiwan (7%). Europe is currently the second-largest producer of photonics.? The
European Union has strong expertise in niche areas such as biological and chemical sensors, photonics,
and environmental monitoring (with key players in Germany, France, and the Nordic countries).
However, Europe faces challenges in scaling production and integrating SMEs into global supply chains.

The European Defence Fund (EDF) has earmarked over EUR 1 billion in 2025 for next-generation
defence and dual-use technologies, explicitly supporting SMEs through the EU Defence Innovation
Scheme (EUDIS)?°. Horizon Europe has launched dedicated calls for advanced sensor technologies and
multimodal integration, encouraging SME participation and cross-sector collaboration®. The STEP
further enables Member States to reallocate cohesion resources for critical sensing investments, with
potential mobilisation of up to EUR 50 billion across strategic technologies®. Advanced sensor
technologies and multimodal sensor integration for multiple application domains (IA) are also a priority
in the Horizon Europe, Cluster 4 (2025 work programme)

SMEs are especially active in photonic sensors, environmental applications, and distributed sensing
systems. However, they face obstacles in accessing testbeds and standardisation pathways. According
to the ECA Special Report 08/2022%2SMEs in sensing struggle to scale beyond prototype development,
limiting their participation in industrial and defence procurement markets.

Cohesion Policy can play a bridging role by funding regional innovation ecosystems, Digital Innovation
Hubs, and test facilities where SMEs can trial sensing technologies. For example, Smart Specialisation
Strategies (S3) in Spain and ltaly already include environmental and marine sensing as regional
priorities. The ERDF has co-financed distributed sensing networks for air quality monitoring and

27 Redirected funds in Valencia, Spain: https://valenciaplaza.com/valenciaplaza/plaza-innovacion/la-generalitat-recibe-8-millones-de-
fondos-feder-para-impulsar-la-innovacion-en-semiconductores-y-computacion-cuantica?utm_source=chatgpt.com

2 https://www.photonics21.org/download/ppp-services/photonics-downloads/Market_Research_Study_Photonics_2024.pdf?

2% European Commission (2025). European Defence Fund — Over EUR 1 billion to drive next-generation defence technologies.
https://defence-industry-space.ec.europa.eu/european-defence-fund-over-eul-billion-drive-next-generation-defence-technologies-
and-innovation-2025-01-30_en

30 EyroAccess (2025). Horizon Europe call: Advanced sensor technologies and multimodal integration.

31 European Commission (2024). A STEP towards supporting critical technologies in the EU. https://ec.europa.eu/regional_policy/whats-
new/panorama/2024/03/25-09-2024-a-step-towards-supporting-critical-technologies-in-the-eu_en

32 Eyropean Court of Auditors (2022). Special Report 08/2022: ERDF support for SME competitiveness.
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radiation detection in Central Europe, enabling SMEs to connect with universities and regional
authorities®. A flagship example is the INPHOMIR project, an EU-funded consortium developing optical
gyroscope and lidar sensors for satellite navigation, enhancing the resilience of critical infrastructures®.

Looking ahead, Europe’s competitiveness in advanced sensing depends on integrating SMEs into EU-
funded ecosystems, ensuring cross-border cooperation, and avoiding fragmented markets. The
Strategic Foresight Report (2023)* highlights sensing as essential for resilience in energy grids, supply
chains, and security.

Space & propulsion technologies

Union Space technology, data and services have become indispensable in the daily lives of Europeans
and play an essential role in preserving strategic interests. Space and propulsion technologies are
strategic assets critical for Galileo (PNT), Copernicus (Earth Observation), secure communications
(GOVSATCOM, IRIS*), and resilient launch systems, including hypersonic and reusable propulsion
systems that serve both civil and defence purposes.

The United States maintains strong leadership through commercial players like SpaceX and institutional
programs that push advances in LEO constellations, PNT systems, and hypersonics®.
China has solidified its space capabilities via the BeiDou navigation system, robust state-led space
projects, and dual-use hypersonic and propulsion technologies®’. The European Union, anchored by
Galileo, Copernicus, and the emerging IRIS® constellation, demonstrates solid technical capabilities in
PNT and Earth observation®®. Europe also retains propulsion expertise (ArianeGroup, Avio), but lags
behind the U.S. in LEO mega-constellations and reusable launchers. Moreover, the EU faces a
significant public investment shortfall compared to the US, spending about 6-7 times less. This, coupled
with reliance on non-European sources for key components, challenges the EU’'s space sector
performance. In 2023, it was mentioned that Europe invested approximately EUR 12 billion annually in
space technologies, mainly through the European Space Agency (ESA) and the EU Space Programme,
whilst the US allocates around $70 billion to its space programmes. Despite that, the EU is the global
leader in the quality of space research.®® The same document mentions that regulatory constraints
further hinder the EU’s competitiveness compared to the more flexible environment in the US.

In terms of talent, Europe already has one of the best-educated and most productive workforces in the
world. With only 16% of global space spending and 5% of the global space workforce, Europe captured
about 30% of commercial satellite manufacturing revenues in 2019, making Europe the 2nd global
satellite exporter; Europe also captured 25% of global downstream commercial revenues in 2019.%°

The EU Space Programme 2021-2027, established under Regulation (EU) 2021/696, will invest
approximately EUR 14.9 billion across navigation*, Earth observation, research, and secure

33 OECD (2025), Building Beneficiary Capacity under EU Cohesion Policy: A Framework for Action for Managing Authorities, OECD Multi-
level Governance Studies, OECD Publishing, Paris, https://doi.org/10.1787/c2efa2e2-en .

34 Reuters (2024). EU-backed consortium develops efficient sensors for satellite navigation.
https://www.reuters.com/technology/space/eu-backed-consortium-develop-efficient-sensors-satellite-navigation-2024-07-03/

35 https://commission.europa.eu/strategy-and-policy/strategic-foresight/2023-strategic-foresight-report_en

36 U.S. Space Force. Next-Generation PNT and Hypersonic Programs. https://www.ssc.spaceforce.mil/Newsroom/Article-
Display/Article/4203699/ussf-strengthens-resilience-in-missile-warning-tracking-with-new-epoch-2-conste

37 OECD (2024). Technology Trends Outlook 2024. OECD Publishing, Paris.
https://www.oecd.org/content/dam/oecd/en/publications/reports/2024/05/oecd-digital-economy-outlook-2024-volume-
1_d30a04c9/a1689dc5-en.pdf?

38 Regulation (EU) 2023/588 of the European Parliament and of the Council of 15 March 2023 establishing the Union Secure Connectivity
Programme for the period 2023-2027. http://data.europa.eu/eli/reg/2023/588/0j

3% DIGITAL EUROPE Critical Technologies Report. Available at: https://cdn.digitaleurope.org/uploads/2024,/07/DIGITALEUROPE-
CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf

40 ESA 2025 Agenda. Available at: https://esamultimedia.esa.int/docs/ESA_Agenda_2025_final.pdf

4 Regulation (EU) 2021/696 - Union Space Programme. Available at: https://eur-lex.europa.eu/eli/reg/2021/696/0j/eng?
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connectivity, with targeted support for SMEs through initiatives such as CASSINI*%. Galileo, Europe's
own global navigation satellite system, is the most accurate satellite navigation system that exists, and
with almost 2 billion users, is one of the most successful EU services. The EU Commission's 2025 Vision
for the European Space Economy outlines a strategic shift towards a comprehensive space ecosystem,
which includes an industrial base, orbital economy, and new domains such as space mining®. Still, the
European Court of Auditors and independent evaluations highlight fragmentation and insufficient
synergies, including SMEs in EU flagship space programmes®*. Industry groups such as SME4SPACE
argue for stronger integration of SMEs in Horizon Europe and space funding mechanisms*®. For
SME4SPACE, SMEs are the cornerstone of the European space sector.

Cohesion Policy supports regional infrastructure and innovation hubs, including aerospace clusters in
Toulouse and Lazio (approximately 250 SMEs operate in the field)*, where ERDF co-finances space
research facilities and SME innovation hubs. Cohesion-funded projects also apply space technologies
for Earth observation, maritime monitoring, and disaster response®’. This regional dimension ensures
that space investments benefit not just established centres, but also lagging regions.

The Digital Europe Report* warns there’s a heavy reliance on non-European manufacturers for critical
service components and that Europe risks dependency on foreign providers for launch services and
secure communications unless it accelerates public and private investment in user terminals and
navigation chipsets manufacturing, propulsion and satellite constellations. Recent policy debates,
inspired by the Draghi Report, propose reforming the geographic return principle in space programmes
to create a unified EU space fund, increasing efficiency and scale®. In July 2025, the Commission
created a new “Security, Defence and Space” window under the Competitiveness Fund (2028—2034),
further strengthening strategic investments in space® . The fund proposal also includes a “Space
Systems and Space Policy Implementation” section, which supports the development of a space market
and ecosystem to enhance SME participation.

Robotics and autonomous systems

Robotics and autonomous systems (RAS) are a key enabler of Europe's industrial competitiveness,
defence capabilities, and societal resilience. They include drones and autonomous vehicles (air, land,
surface, and underwater), robot-controlled precision systems, exoskeletons, and Al-enabled systems.
These technologies are increasingly deployed in manufacturing, healthcare, agriculture, logistics,
defence, and disaster management.

The United States leads in RAS innovation and commercialisation, driven by Big Tech platforms and
strong venture capital flows, with companies such as AMAZON, META, GOOGLE, and Tesla® widely
investing in RAS. DARPA and the U.S. Department of Defence fund advanced autonomous vehicles,

42 https://www.cassini.eu/cassini-initiative

43 European Commission (2025), A Vision for the European Space Economy. https://eur-lex.europa.eu/legal-
content/EN/TXT/HTML/?uri=CELEX:52025DC0336

44 European Court of Auditors (2021). Special Report: EU Space Programmes Galileo and Copernicus.
https://www.eca.europa.eu/lists/ecadocuments/sr21_07/sr_eus-space-assets_en.pdf?

4 SME4SPACE (2024), SME4SPACE Policy Priorities. https://www.sme4space.org/projects/eur ope-space-policy/?

46 https://www.lazioinnova.it/app/uploads/2022/06/LAZIO-AEROSPACE-INNOVATION-ECOSYSTEM_24_6_22.pdf?

“Thttps://pact-for-skills.ec.europa.eu/stakeholders-and-business/funding-opportunities/european-regional-development-fund-erdf-
france-occitanie_en?

48 DIGITALEUROPE Critical Technologies Report. Available at: https://cdn.digitaleurope.org/uploads/2024/07/DIGITALEUROPE-
CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf

4 https://www.ft.com/content/fOca3593-d4ed-4cd5-9f61-ef0219869c28?

%0 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52025PC0555R%2801%29&qid=1754057198136

*1 Recently decided to focus on the humanoid Optimus robot
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drone swarms®?, and robotic exoskeletons, with dual-use potential in both civil and defence domains.**
Capital investment in robotics startups rose from about $7 billion in 2020 to more than $12 billion in
2024 in the us*.
China has made robotics a pillar of its Made in China 2025 strategy, with rapid progress in industrial
robots, drone technologies, and Al-driven automation. In 2023, China surpassed Japan as the world’s
largest market for industrial robots, installing over 290,000 new units*®. China’s National People’s
Congress announced a 1 trillion RMB ($138 billion US) investment fund in robotic development this
spring, and the country has already displaced Germany as the leader in industrial robotics, with 54% of
global installations®®.

The European Union holds strong research leadership in robotics, supported by the SPARC public—
private partnership under Horizon 2020 and its successor initiatives in Horizon Europe®. EU industries
are particularly competitive in service robotics, collaborative robots (cobots), and niche autonomous
systems. Europe holds a strong position in autonomous robotics, hosting around 22% of worldwide
activity . The European Commission provides total funding of USD 183.5 million (EUR 174 million) for
the robotics-related work program 2023-2025 that was partly updated in April 2024. According to
IFR's “"World Robotics”®° statistics, the European Union has a robot density of 219 units per 10,000
workers, with Germany, Sweden, Denmark and Slovenia in the world's top ten. However, Europe still
lags in scaling compared to the U.S. and China, especially in Al-driven robotics.

On the other hand, Europe is increasingly investing in autonomous and robotic systems from a defence
perspective. The European Defence Fund (EDF) has ramped up spending from EUR 590 million (2017-
2020) to EUR 7.3 billion (2021-2027), including robotics, drones, and Al-enhanced systems.®°

The Al, Data and Robotics Partnership (ADR) under Horizon Europe coordinates research and
innovation efforts, with more than EUR 2.6 billion allocated for robotics and Al between 2021 and
20279, In addition, the “Unified Vision for European Robotics” report (2024) by euRobotics outlines a
roadmap for scaling European robotics innovation, calling for stronger public—private partnerships and
integration of SMEs®2,

Cohesion Policy, and particularly the ERDF, plays a key role in enabling robotics at the regional level.
ERDF supports innovation, SME competitiveness, and industrial modernisation across Europe,
including robotics testbeds, digital innovation hubs, and automation clusters®. In 2024, the STEP
Regulation introduced flexibility for Member States to reallocate cohesion funds specifically toward
strategic technologies, including robotics and autonomous systems®. Regions such as the South
Bohemian Region (Czech Republic) or the Emilia-Romagna (Italy) have already implemented

52 https://www.darpa.mil/research/programs/offensive-swarm-enabled-tactics?

55 DARPA — Robotics and Autonomous Systems Programmes. U.S. Department of Defence.
https://www.darpa.mil/research/programs/robotic-autonomy-in-complex-environments-with-resiliency

54 https://www.therobotreport.com/j-p-morgan-reports-u-s-investment-trends-applied-tech/

%5 https://ifr.org/ifr-press-releases/news/world-robotics-2023-report-industrial-robots-reach-new-record?

%6 https://www.forbes.com/sites/drewbernstein/2025/08/14/as-elon-musk-invests-in-optimus-robot-what-value-do-robots-really-
bring/

57 https://eu-robotics.net/wp-content/uploads/H2020_Robotics_Multi-Annual_Roadmap_ICT-2017B-2.pdf

%8 https://commission.europa.eu/document/download/97e481fd-2dc3-412d-be4c-f152a8232961_en

%9 https://ifr.org/ifr-press-releases/news/robotics-research-goverment-programs-asia-europe-and-america-2025

80 https://www.wired.com/story/european-commission-military-tech-spending/?

61 Al, Data and Robotics Partnership (ADR). Horizon Europe PPP. https://adr-association.eu/

62 euRobotics (2024). A Unified Vision for European Robotics. https://eu-robotics.net/wp-content/uploads/euRobotics-A-Unified-Vision-
for-European-Robotics-Dec2024-web.pdf?

83 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32021R1058

4 https://eur-lex.europa.eu/eli/reg/2024/795/0j/eng?
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Manufacturing 4.0 (robotics) into their Smart Specialisation Strategies (S3), making them eligible for
ERDF co-financing of robotics research and SME innovation facilities®®.

A recent study evaluating the impact of the Smart Specialisation Strategy (S3) and Industry 4.0 (14)
initiatives during the 2014-2020 programming period on firms' performance in Italy mentions that
projects integrating 14 technologies within the S3 framework (S314 projects) significantly enhance firms’
performance.®®

Advanced materials, manufacturing and recycling technologies

Advanced materials, manufacturing, and recycling technologies are foundational for Europe's industrial
resilience, energy transition, and technological sovereignty. According to the STEP, they encompass
nanomaterials, smart and advanced ceramics, additive manufacturing, digital micro-precision
machining, and technologies for the extraction and recycling of critical raw materials. These
technologies enable the green and digital transition, reduce reliance on imports, and support circular
economy goals.

The United States is leading in nanomaterials, advanced composites, and additive manufacturing, with
strong defence applications and early industrial adoption®. China dominates global critical raw
materials processing, accounting for more than 80% of rare earth refining, while also investing heavily
in advanced ceramics, nanotech-based materials, and recycling technologies®. The European Union
has world-class research and industrial bases in advanced materials (notably in Germany, France, and
the Nordics®) and holds strong positions in additive manufacturing and sustainable-by-design
materials. The EU leads in additive manufacturing with a global competitiveness score of 69 per cent,
surpassing the US and China, both at 56 per cent.” The EU has a lot of scientific know-how, but it has
a gap in terms of transferring this know-how to the market in the shape of new materials, prostheses,
and devices. SMEs have difficulties increasing the TRL, to achieve scale-up, don’t have the capital to
invest, and the documentation is very time-consuming.” Tech industries, notably start-ups and Small
and Medium Enterprises (SMEs), often cannot afford in-house infrastructure and therefore need better
access to such facilities to be able to validate and optimise new and essential technologies before
commercialisation.”? However, it remains highly dependent on imports for critical raw materials
(CRMs), where China and the U.S. exert significant strategic control”.

The EU Chips Act, Critical Raw Materials Act (CRMA), and STEP all highlight advanced materials and
recycling as central to EU sovereignty. The CRMA (2023) sets benchmarks that by 2030, at least 15%
of EU annual consumption of strategic raw materials should come from domestic recycling’. SMEs and
mid-caps are active in additive manufacturing, nanotech applications, and recycling technologies.
Circular design is covered by cluster 4 of Horizon Europe, with expected impacts including ecodesigned
products and services and sustainable-by-design advanced materials and technologies.” Reuters

85 https://fesr.regione.emilia-romagna.it/erdf/s3?

86 https://crenos.unica.it/crenos/sites/default/files/wp-24-03.pdf

87 U.S. Department of Energy (2023). Advanced Materials and Manufacturing Technologies Office.
https://www.energy.gov/eere/ammto/advanced-materials-and-manufacturing-technologies-office?

%8 OECD (2024). Technology Trends Outlook 2024. https://www.oecd.org/content/dam/oecd/en/publications/reports/2024/05/oecd-
digital-economy-outlook-2024-volume-1_d30a04c9/a1689dc5-en.pdf?

% https://www.nordicinnovation.org/2024/recycling-critical-raw-materials-nordics

70 DIGITALEUROPE Critical Technologies Report. Available at: https://cdn.digitaleurope.org/uploads/2024/07/DIGITALEUROPE-
CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf

71 Materials 2030 Roadmap https://www.ami2030.eu/files/wp-content/uploads/2022/12/2022-12-09_materials_2030_roadmap_vf4.pdf

72 COM(2024) 98 final

73 European Commission (2023). European Critical Raw Materials Act (CRMA). https://commission.europa.eu/strategy-and-
policy/priorities-2019-2024/european-green-deal/green-deal-industrial-plan/european-critical-raw-materials-act_en

74 |bid. CRMA benchmarks and targets for 2030. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52023PC0160

7S https://www.eca.europa.eu/en/publications/SR-2023-17

PE 776.005 17


https://fesr.regione.emilia-romagna.it/erdf/s3
https://crenos.unica.it/crenos/sites/default/files/wp-24-03.pdf
https://www.energy.gov/eere/ammto/advanced-materials-and-manufacturing-technologies-office
https://www.oecd.org/content/dam/oecd/en/publications/reports/2024/05/oecd-digital-economy-outlook-2024-volume-1_d30a04c9/a1689dc5-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2024/05/oecd-digital-economy-outlook-2024-volume-1_d30a04c9/a1689dc5-en.pdf
https://www.nordicinnovation.org/2024/recycling-critical-raw-materials-nordics
https://cdn.digitaleurope.org/uploads/2024/07/DIGITALEUROPE-CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf
https://cdn.digitaleurope.org/uploads/2024/07/DIGITALEUROPE-CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf
https://www.ami2030.eu/files/wp-content/uploads/2022/12/2022-12-09_materials_2030_roadmap_vf4.pdf
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/green-deal-industrial-plan/european-critical-raw-materials-act_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/green-deal-industrial-plan/european-critical-raw-materials-act_en
https://www.eca.europa.eu/en/publications/SR-2023-17

CASP | Policy Department for Regional Development, Agriculture and Fisheries

reports that the EU plans to invest EUR 500 million (2025—2027) through Horizon Europe to support
advanced materials like nano-particles and elastomers essential to clean technologies.”® However, a
2023 European Court of Auditors report notes that scaling remains fragmented, with SMEs struggling
to access large-scale industrial facilities””.

In the Circular Economy Action Plan (CEAP 1), the Commission specified that cohesion policy should
fund projects at the local and regional level to promote waste prevention. For the 2014-2020 period,
the Commission made available over EUR 10 billion of EU funding for circular economy from the
cohesion policy funds, primarily the ERDF, as well as other EU funds under both direct management
(such as Horizon 2020, LIFE programme and the EU Programme for the Competitiveness of Enterprises
and SMEs (COSME)) and indirect management (such as the European Fund for Strategic Investments
(EFSI) and Finance for Innovators (InnovFin)). Cohesion Policy, through the ERDF, supports regional
ecosystems in materials innovation and recycling. Smart Specialisation Strategies (S3) explicitly
prioritise advanced materials and additive manufacturing, enabling ERDF-backed investments in pilot
lines, technology parks, and SME testbeds’®.

The STEP Regulation (2024/795) further allows cohesion funds to be redirected to strategic recycling
and advanced manufacturing technologies, ensuring that lagging regions can contribute to EU
sovereignty goals”. The 2023 Strategic Foresight Report emphasises that advanced materials and
recycling are critical for energy storage, defence, and green technologies®. The challenge lies in
Europe’s dependency on third countries for raw materials and its limited recycling capacity compared
to global competitors. Strengthening regional ecosystems through cohesion funds, combined with EU-
level instruments (STEP, Horizon Europe, Innovation Fund), will be decisive in scaling European
capacity for sustainable materials, additive manufacturing, and recycling innovation.

Artificial Intelligence (Al) technologies

Artificial intelligence (Al) has emerged as a cornerstone of global competitiveness, shaping innovation
capacity, industrial productivity, and societal transformation. Within the EU, Al is recognised as a critical
technology under the STEP and the Artificial Intelligence Act (Regulation (EU) 2024/1689)%, which sets
the first comprehensive legal framework for Al worldwide. Al technologies span high-performance
computing, cloud and edge computing, data analytics, machine learning, natural language processing,
and computer vision, each offering transformative opportunities for SMEs developing digital and
industrial solutions. Despite significant research excellence, the EU faces persistent challenges in
translating Al breakthroughs into scalable commercial applications. According to the European
Commission’s SME Strategy (COM(2020) 103)®? and the Digital Decade Policy Programme 2030
(Decision (EU) 2022/2481)%, European SMEs show lower adoption rates of Al compared to peers in
the US and China. Only about 8% of EU enterprises had adopted Al by 2023, compared with 15-20% in
the US and an even higher penetration in China, driven by aggressive state-backed industrial policies
and digital platform ecosystems®,

The global Al race highlights structural asymmetries: United States: Leads in private investment and
scale-up financing. US firms attracted over USD 47 billion in Al venture funding in 2022, five times

76 https://www.reuters.com/markets/europe/eu-outlines-plans-ensure-bloc-is-base-advanced-materials-2024-02-27/
77 European Court of Auditors (2023). Special Report: EU support for critical raw materials and recycling innovation.

78 https://ec.europa.eu/regional_policy/information-sources/legislation-and-guidance/regulations_en?

7 |bid. STEP regulation.

80 |bid. 2023 Strategic Foresight Report

8l Regulation (EU) 2024/1689 on Artificial Intelligence (Al Act)

82 Eyropean Commission (2020). An SME Strategy for a Sustainable and Digital Europe (COM(2020) 103 final)

8 Decision (EU) 2022/2481 establishing the Digital Decade Policy Programme 2030.

84 OECD (2024). Digital Economy Outlook
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higher than EU levels®. China: Prioritises Al in its 14th Five-Year Plan and Made in China 2025 strategy.
European Union: Strong in research output (with the EU accounting for “25% of global Al publications)
and ethical governance leadership, but lagging in commercialisation, patents, and large-scale industrial
uptake (European Commission, 2024a)%. SMEs play a pivotal role in Europe's Al landscape, particularly
in niche sectors such as industrial automation, health diagnostics, and cybersecurity. However, they
face high compliance burdens under the Al Act, limited access to venture capital, and difficulties in
scaling across fragmented markets. Notably, private investment into Al start-ups and scaleups in the
US is approximately seven times larger than in the EU. Private investment in Al has been consistently
lower in the EU-27 than in the US and China since 2015.%” In the same time, the complex EU regulatory
framework for data processing makes it more difficult for companies in the EU to use data necessary
to train Al systems compared to more liberal regimes like the US.® A 2025 study on SME compliance®
found that SMEs scored significantly lower on familiarity with Al-specific regulations (mean 56.24)
compared to GDPR (82.24), underlining regulatory capacity gaps. Al regulatory sandboxes were widely
available throughout the Union, and particular attention should be given to their accessibility for SMEs,
including start-ups.®

To address these issues, the EU has mobilised several funding and policy instruments: Digital Europe
Programme (DEP) and Horizon Europe allocate substantial resources for Al testing facilities, “Al
Factories,” and Digital Innovation Hubs. InvestEU and EIC Accelerator offer financing opportunities for
high-risk, deep-tech SMEs. Under STEP, Al receives preferential co-financing, allowing Member States
to reprogramme Cohesion Funds towards critical digital technologies.

Nonetheless, Europe’s Al scale-up deficit persists. According to the World Economic Forum’s Future
of Jobs Report (2025)%, the EU risks losing competitiveness if SMEs cannot upskill their workforce and
adopt Al at pace. Estimates suggest a shortage of one million ICT specialists by 2030, particularly in Al
and data analytics.

Biotechnologies

Biotechnology and biomanufacturing play a crucial role in addressing societal and environmental
challenges such as climate adaptation, sustainable resource use, and food security, while also
supporting the EU’s economic competitiveness and strategic autonomy by reducing dependence on
fossil-based inputs and advancing circularity. Additionally, biotechnology is recognised as a critical
technology under the STEP, highlighting its significance for economic security and its cross-cutting
applications.®? According to the Draghi report recommendations,®® growth will mostly arise from the
exploitation of different technologies, and biotechnology is one of them. In 2018, the biotechnology
sector generated EUR 31 billion in GDP, contributing to the creation of more than 200,000 direct jobs
and approximately 625,700 indirect jobs.?* However, the disparity in private equity investment between
the US and the EU is particularly pronounced. Between 2021 and 2022, US biotech firms secured USD

85 DIGITALEUROPE (2024). Critical Technologies Report

86 Eyuropean Commission (2024a). How to master Europe’s digital infrastructure needs? COM(2024) 81 final.

87 European Court of Auditors’ special report, EU Artificial intelligence ambition: Stronger governance and increased, more focused
investment essential going forward, available at: https://www.eca.europa.eu/ECAPublications/SR-2024-08/SR-2024-08_EN.pdf

8 |bid

8 Joswig, T., & Kurz, W. (2025). Regulatory and Compliance Requirements for SMEs Operating Al Systems. Journal of Next-Generation
Research 5.0, 1(2).

% https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32024R1689

% World Economic Forum (2025). Future of Jobs Report

92 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52024DC0137R(01)

% https://commission.europa.eu/document/download/ec1409c1-d4b4-4882-8bdd-
3519f86bbb92_en?filename=The%20future%200f%20European%20competitiveness_%20In-
depth%20analysis%20and%20recommendations_0.pdf

9 https://op.europa.eu/en/publication-detail/-/publication/641108f7-3200-4eb3-a476-088a67f84a66/language-en
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62.5 billion in venture funding, whereas European companies received only USD 11.2 billion. The US has
five times more global R&D spenders in pharma & biotech than the EU.?® This funding gap is especially
challenging for SMEs, which play an increasingly vital role in the pharmaceutical sector®. Moreover, the
DigitalEurope report mentions that the EU falls short compared to the US in scaling up new products
and therapies, where the true value added is found.?” In terms of research output (publications), the
EU closely competes with the US at 59 per cent, but both lag significantly behind China. In China the
biotechnology is listed as one of ten key sectors for development under the ‘Made in China 2025’
industrial strategy®.

The Draghi report recommends that more scale-up investment could be financed through the InvestEU
programme. Overall, the EU has a broad range of financing instruments to support biotechnology and
biomanufacturing such as Horizon Europe, including the Circular Bio-based Europe Joint Undertaking
(CBE JU) and the Innovative Health Initiative Joint Undertaking (IHI JU); EU4Health; the Innovation
Fund; and now also the STEP. Cohesion Policy alone has funded about 3 700 close-to-market biotech
research and innovation projects in various regions since 2014.%° As discussed earlier, the STEP initiative
is a newly introduced financial instrument aimed at fostering the development of critical technologies
but also addressing labour and skill shortages across its three target sectors, including biotechnology.
However, the EU's research infrastructure needs to be organised in an integrated and supportive way
with a holistic approach, this was strengthened by different EU communications.’® The Commission’s
2024 Biotech & Biomanufacturing’® communication lists gaps in Scale-up infrastructure & talent such
as bioreactor capacity, pilot plants, permitting and skilled workforce. A new EU hub aims to help, but
access is still uneven.’? Recently, the European Parliament launched an own-initiative procedure
%3regarding enhancing competitiveness in the EU Biotechnology sector.

Advanced connectivity, navigation and digital technologies

The rapid and continuous advancement of Al, especially generative Al, is expected to lead to impacts
that differ significantly from past trends, creating considerable uncertainty around future employment
outcomes.’® The decision on establishing the Digital Decade Policy Programme 2030 mentions that
before and after COVID-19, SMEs struggled to find information and communications technology (ICT)
professionals in sufficient numbers. Additionally, SMEs continue to face challenges in the take-up of
digital solutions. The World Economic Forum's business survey indicates that developments in Al and
information processing, robotics and automation, and energy systems are expected to have contrasting
impacts on employment, simultaneously driving the fastest-growing and fastest-declining job roles.
These changes are also projected to significantly increase demand for technology-related skills,
particularly in Al and big data, networks and cybersecurity, and overall technological literacy, which are
identified as the top three fastest-growing skill areas.’® A 2025 study examining regulatory
requirements for SMEs operating Al systems identified significant compliance challenges. SMEs
demonstrate higher familiarity with the General Data Protection Regulation (GDPR) (mean score 82.24)

% https://cdn.digitaleurope.org/uploads/2024,/07/DIGITALEUROPE-CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf?

% Gong, J. et al., ‘Bridging the gap between innovation and later-stage financing for biotech in Europe’, nature reviews drug discovery
biobusiness briefs, 5 September 2023.
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% https://www.isdp.eu/wp-content/uploads/2018/06/Made-in-China-Backgrounder.pdf

9 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52024DC0137R(01)

100 https://op.europa.eu/en/publication-detail/-/publication/641108f7-3200-4eb3-a476-088a67f84a66/language-en

101 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX%3A52024DC0137

102 https://ec.europa.eu/commission/presscorner/detail/en/ip_25_365

103 Fyture of the EU biotechnology and biomanufacturing sector: leveraging research, boosting innovation and enhancing competitiveness

104 https://www.europarl.europa.eu/RegData/etudes/STUD/2025/752461/CASP_STU(2025)752461_EN.pdf

105 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32022D2481

196 World Economic Forum (2025) Future of Jobs Report. January 2025, https://www.weforum.org/publications/the-future-of-jobs-report-
2025/
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compared to the Al Act (mean score 56.24), with notable intersectoral variation.'” SMEs face significant
administrative and access barriers in ERDF/ESF applications: complex, highly technical calls, onerous
documentation, long reimbursement timelines, and “click-day” submission windows that
disproportionately disadvantage micro and small firms with limited administrative capacity, often
forcing them to rely on intermediaries.*®

Digital Decade Policy Programme 2030 outlines two key priorities to strengthen SMEs. First, it
emphasises securing the EU’s digital sovereignty in an open and inclusive way by developing reliable
and accessible digital and data infrastructures. These infrastructures should support the storage,
transmission, and processing of large volumes of data, enabling further technological advancements
and boosting the competitiveness and sustainability of the EU’s industry—especially SMEs—and
reinforcing the resilience of its value chains. Second, it focuses on expanding the use and availability of
digital tools to reduce regional disparities in digital access, ensuring that digital technologies and data
are available under open, fair, and inclusive conditions. This aims to enhance digital maturity and
innovation, particularly among start-ups and SMEs, while supporting the growth of the start-up
ecosystem and the effective operation of European Digital Innovation Hubs.

The Digital Europe report®® mentions that although the EU leads in research related to advanced
connectivity, the United States and China derive more economic benefit from its deployment. Several
factors limit the EU’'s ability to fully capitalise on its strengths, including a highly regulated and
fragmented telecommunications market, which makes investing in emerging technologies less
appealing and less profitable compared to the more unified and liberalised markets in the US.
Additionally, there is uncertainty over whether European technology providers can recover their R&D
expenditures, further dampening investment incentives.

Energy technologies

European energy-intensive industries (Ells) are actively pursuing decarbonization in line with the EU's
climate objectives. These industries are vital to the European economy, contributing significantly to job
creation, GDP, and innovation. A report by the Boston Consulting Group (BCG) and the European
Round Table for Industry (ERT)™ indicates that in 2021, Ells employed over 18 million people and
generated approximately EUR3.2 trillion in value added. Additionally, Ells invested around EUR200
billion in Research & Development (R&D) in 2022 — a substantial amount considering that the Next
Generation EU fund is just over EUR700 billion for the entire decade. Moreover, the study identifies
four main challenges undermining competitiveness: high energy costs, restricted access to renewable
energy, significant CO, costs, and the extensive investments required for decarbonization. The report
also notes that the business case for innovative technologies is still weak, and insufficient infrastructure
is delaying the shift to renewable energy. Furthermore, Europe lags behind the USA and China in
investments in energy infrastructure and renewables.'

According to a recent report by PPMI (in cooperation with Idea Consult)*? regarding the strategic
positioning of the EU in Energy-Intensive Industries (Ells), the EU is well positioned in the downstream

07 Joswig, T., & Kurz, W. (2025). Regulatory and Compliance Requirements for SMEs Operating Al Systems through Data Centres in the EU,
with a Focus on Data Protection Challenges in Germany. Journal of Next-Generation Research 5.0, 1(2).
https://doi.org/10.70792/jngr5.0.v1i2.89

108 https://www.oecd.org/content/dam/oecd/en/publications/reports/2021/06/raising-skills-in-smes-in-the-digital-
transformation_15cef2fa/bdedf705-en.pdf?

199 https://cdn.digitaleurope.org/uploads/2024/07/DIGITALEUROPE-CRITICAL-TECHNOLOGIES-REPORT-FINAL_JULY_WEB.pdf?

10 https://ert.eu/wp-content/uploads/2024/04/ERT-Competitiveness-of-Europes-energy-intensive-industries_March-2024.pdf

M ERT, "European Competitiveness and Industry — Benchmarking Report", June 2022 https://ert.eu/wpcontent/uploads/2022/06/ERT-
Benchmarking-Report-2022-LR.pdf

112 Assessment and Monitoring of Industrial Research, Innovation and Technologies in the field of energy-intensive industries (Ell) and of
other industries in relation to the European Green Deal and the green transition (2024) by PPMI and Idea Consult.
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side of the value chain, ranking first in employment and turnover, with 2213.2 thousand employees and
EUR1300.9 billion in turnover. However, it lags behind in R&D expenditures, ranking third, behind Japan
and China, with an R&D expenditure of EUR 11.1 billion. The EU's investment in R&D in Ell technologies
remains significantly lower than that of the US, Japan, and China, particularly in the middle-end
segment. The EU ranks fifth globally in high-value patents, indicating a substantial gap in breakthrough
technological innovations. This is reflected in the 30th position in company profitability and the
relatively low number of high-value patents compared to other regions. The middle-end segment
(includes manufacturing, processing, and logistics activities) presents the most significant gap for the
EU, where it ranks last in both turnover (EUR 2005.8 billion) and R&D expenditures (EUR54.0 billion).
This underperformance is largely due to the dominance of SMEs and mid-caps in this segment, as
opposed to more established and larger firms in the US and China, which command higher capital and
technological resources. The Draghi report highlights the underdeveloped venture capital market as a
barrier to clean technologies in the EU and recommends stimulating private investments through
enhanced EU funding and targeted schemes to support high-risk, innovative companies and strategic
transition projects.’ Actually, the report mentions the “energy” term around 700 times. On the other
hand, the EU still has a strong base in clean energy technologies, where in many sectors it remains well
placed in comparison with the USA and China, such as hydrogen and wind energy technology.'*
However, the EU is falling behind the US and China in digital domains, both overall and when they are
related to clean technologies.™™ Talking about human resources, the EU needs 180,000 trained workers
in the fuel cell hydrogen industry by 2030 and up to 66,000 in the photo-voltaic industries.™¢

Acknowledging its previously discussed weaknesses, the EU cumulated funding for energy efficiency
measures in housing, enterprises and public infrastructure through the ERDF and Cohesion Policy (the
allocation under the current MFF), amounting to EUR 4.9 billion for smart energy systems, EUR 8.9
billion for renewable energy and EUR 21.8 billion for energy.’” Moreover, a Commission’s proposals
tells to introduce new priorities for the ERDF, CF, JTF and ESF+ (cohesion policy funds) notably related
one of them related to energy security and energy transition."*® Having entered into force in 2024, the
Strategic Technology for Europe Platform (STEP) supports investments in EU start-ups, SMEs and
small mid-caps developing and manufacturing critical clean energy technologies™. As guides to
improving the competitiveness of SMEs in the energy sector with spillovers to other industries,
ensuring scale and certainty for investments will serve the Clean Industrial Deal'® and the Action Plan
for Affordable Energy*®.

13 The Draghi report: https://commission.europa.eu/topics/eu-competitiveness/draghi-report_en

14 Eyropean Commission: Directorate-General for Research and Innovation, Science, research and innovation performance of the EU, 2024
— A competitive Europe for a sustainable future, Publications Office of the European Union,
2024, https://data.europa.eu/doi/10.2777/965670
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16 https://commission.europa.eu/system/files/2023-07/SFR-23-beautified-version_en_0.pdf

7 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND
SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS Action Plan for Affordable Energy Unlocking the true value of our Energy
Union to secure affordable, efficient and clean energy for all Europeans. https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52025DC0079&qid=1741780110418

18 https://www.eca.europa.eu/ECAPublications/OP-2025-02/0P-2025-02_EN.pdf

119 Progress on competitiveness of clean energy technologies report, 26.2.2025 COM(2025) 74 final, Brussels

120 https://commission.europa.eu/document/download/9dblc5c8-9e82-467b-ab6a-905feeb4bb6b0_en?filename=Communication%20-
%20Clean%20Industrial%20Deal_en.pdf

12 https://energy.ec.europa.eu/publications/action-plan-affordable-energy-unlocking-true-value-our-energy-union-secure-affordable-
efficient-and_en
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2. ANNEX 2: METHODOLOGY

This annex outlines the methodological approach underpinning the analysis presented in the main
report. The study employed a mixed-methods approach, combining guantitative and qualitative
evidence, to assess how Cohesion Policy supports SMEs in critical technologies. It drew on structured
desk research, including policy and literature review and analysis of programme- and firm-level data,
complemented by semi-structured interviews with SMEs and managing authorities, as well as in-depth
case studies in three priority technology domains. This triangulation of sources and methods enabled a
robust assessment of patterns and mechanisms across Member States, while also capturing context-
specific factors shaping the effectiveness of support.

2.1. Deskresearch

The desk research combined regulatory, policy, financial, and technological evidence to examine the
position of EU SMEs in critical technologies and to assess the role of Cohesion Policy and related EU
instruments. The methodological approach followed four main steps.

A comprehensive review of EU legal and strategic documents was carried out. This included Regulations
governing Cohesion Policy (ERDF, CF, ESF+), the STEP Regulation, the Al Act, the Chips Act, the
Critical Raw Materials Act, the Digital Decade Policy Programme, and recent Commission
Communications (such as on biotechnology and biomanufacturing). Relevant Council Conclusions,
European Parliament resolutions, and European Court of Auditors (ECA) Special Reports were also
reviewed to capture institutional guidance, implementation challenges, and emerging policy debates.

Evidence from EU programme evaluations, impact assessments, and thematic reports was analysed to
assess how Cohesion Policy and complementary EU funding instruments (Horizon Europe, InvestEU,
EIC Accelerator, EEDF/EDF, JTF) support SMEs in critical technologies. This included examining
implementation data, evaluation findings, and thematic guidance related to SME competitiveness,
scale-up barriers, research and innovation capacity, and regional ecosystem performance. The analysis
integrated quantitative indicators drawn from existing datasets. These included:

1. Comparative investment and market indicators from the RDI Scoreboard database (e.g.
number of firms, start-ups, profitability levels);

2. Global benchmarking sources comparing the EU with the United States, China and other
countries across the ten STEP critical technologies;

3. Sector-specific statistics from recognised bodies (e.g. IFR robotics data, semiconductor market
analyses, global quantum funding trends).

The desk research examined cross-cutting assessments from expert studies and strategic foresight
reports. This covered competitiveness gaps, scale-up finance constraints, skills shortages, regulatory
and compliance burdens, and technological dependencies across value chains. Particular attention was
given to how these structural features affect SMEs and their ability to benefit from Cohesion Policy and
emerging STEP priorities.

2.2. Quantitative data analysis

The descriptive analysis in Chapter 3 is based primarily on Kohesio, the European Commission’s public
database on Cohesion Policy projects and beneficiaries. Kohesio provides information on project
objectives, beneficiaries, funds, locations and EU financial contributions for the 2014—2020 period.'*

122 As of September 2025, Kohesio does not include projects from the 2021-2027 CP programming framework.
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To improve the reliability of project classification, project records with insufficient or non-informative
descriptions are excluded from the analytical sample. Where financial data are reported, EU
contribution amounts are used to describe the relative intensity of support across technologies and
territories. Due to data availability constraints, financial aggregates are more complete for the 2014—
2020 framework period; this limitation is explicitly considered when interpreting trends over time.

Projects are classified into four critical-technology domains examined in this chapter: artificial
intelligence, advanced connectivity and digital technologies, biotechnology, and energy technologies,
using a harmonised taxonomy consistent with STEP priorities. Classification follows a two-stage
procedure. First, projects are screened using technology-specific keywords applied to project
summaries. Second, candidate projects are validated using an Al-assisted classification step, which
assesses whether project descriptions substantively correspond to the relevant technology domain
based on definitions provided in the annex section 9.2.3. This combined approach balances coverage
with precision and supports consistent mapping across programming periods.

To focus the analysis on SMEs, Cohesion Policy beneficiaries are linked to firm-level records from
ORBIS, which provides information on company accounts and employment. As beneficiary identifiers
are not always directly comparable across databases, matching is performed using a structured multi-
step approach combining cleaned beneficiary names, supplementary metadata and registration
identifiers where available. Firms are classified as SMEs using an employment threshold of fewer than
250 employees, based on the most recent year of available data. Only projects in which SMEs are direct
beneficiaries are retained for the SME-specific analysis presented in this chapter.

The chapter also examines the type of support provided to SMEs in critical technologies. Each project
is assigned to one or two dominant intervention categories reflecting its main focus, such as R&D and
innovation, technology transfer, human capital development, infrastructure, market deployment or
financial instruments. Classification is intentionally conservative: only the principal activities of each
project are considered, while minor or ancillary components are disregarded. This ensures that the
resulting policy mix reflects the substantive orientation of Cohesion Policy support rather than formal
programme labels.

Territorial patterns are analysed by aggregating SME-supported projects and EU contributions by
country and region. This allows the identification of geographic concentrations, emerging regional
clusters and differences in support profiles across technologies. The analysis highlights how Cohesion
Policy resources are distributed across Member States and cohesion regions, and how this distribution
aligns with Smart Specialisation priorities and broader EU digital and green transition objectives.

In addition to descriptive mapping, the chapter assesses the effects of Cohesion Policy support on SME
performance using firm-level data. To this end, the analysis applies a staggered Difference-in-
Differences framework, which is suitable when firms receive support in different years. SMEs that
receive Cohesion Policy support are compared with a control group of similar firms that did not receive
support, or that had not yet received it at the time of observation. Firm outcomes examined include
productivity, turnover and employment. The impact analysis estimates dynamic average treatment
effects on the treated (ATT), allowing outcomes to be tracked before and after support. This approach
makes it possible to assess both short-term adjustment effects and medium-term performance
changes following Cohesion Policy intervention. Pre-treatment trends are examined to support the
validity of the comparison between supported and non-supported firms.

Finally, the quantitative analysis is complemented by qualitative case studies in three technology
areas—biotechnology, artificial intelligence and energy. These case studies draw on interviews with
SME beneficiaries and managing authorities. They are used to contextualise the quantitative findings,
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identify barriers and enablers to effective support, and highlight good practices in programme design
and implementation.

This chapter proceeds in three steps. First, it maps the types and intensity of Cohesion Policy (CP)
funding for SMEs in critical technologies, analysing the distribution of support by fund, policy objective,
technology area (Al, advanced connectivity, biotechnology and energy), and territorial pattern. Second,
it examines the effects of Cohesion Policy on SME performance in critical technologies, assessing firm-
level outcomes through dynamic treatment effect (ATT)'* estimates for productivity, turnover and
employment. Third, it presents three case studies (biotechnology, artificial intelligence and energy)
that contextualise the funding patterns and quantitative findings. These case studies draw on
interviews with beneficiaries and managing authorities to identify key challenges, barriers, and good
practices, providing concrete evidence on how Cohesion Policy fosters innovation, competitiveness
and growth in strategic sectors supporting the EU’s green and digital transitions.

2.2.1. Methodology for linking Kohesio beneficiaries to ORBIS company data

To be able to identify beneficiaries as SMEs, a matching exercise was carried out to link beneficiaries
from the Kohesio platform to firm-level records in the local ORBIS company database.

The matching procedure followed a two-step approach, combining structured metadata comparison
with unique identifier-based matching, and leveraged both internally developed algorithms and
external linked open data sources.

Step 1: Metadata-Based Matching Using Internal Company Matching Algorithm

The first step in the matching process involved a large-scale, metadata-driven approach using an
internally developed company matching algorithm. To enable efficient and scalable matching across
multiple datasets, data preparation is followed prior to the application of the matching logic.

Data Preparation and Indexing

The initial Kohesio beneficiaries dataset contains 737,316 beneficiaries (based on unique identifier).
First, company names and other metadata, if available, were cleaned, normalised, and integrated into
an internal matching MongoDB database. This database consolidates multiple entity-level sources,
including:

e ORBIS, comprising over 15.7 million companies across Europe;
e Technote, a complementary data source providing enriched company metadata, particularly
with a verified company URL.

To enable high-performance matching at scale, all beneficiaries for Kohesio were also indexed into a
dedicated Elasticsearch (ES) environment. This architecture enables fuzzy searching, token-level
similarity scoring, and efficient retrieval across millions of potential company pairs.

Matching Logic and Execution

Once indexed, matching using Elastic Search was done to identify potential matches between Kohesio
beneficiaries and ORBIS firms. The matching was executed bidirectionally (from Kohesio to ORBIS and
Technote and vice versa), enhancing the overall coverage and minimising false negatives.

125 Dynamic treatment effects (Average Treatment Effect on the Treated, ATT) measure how Cohesion Policy support affects beneficiary

SMEs over time, by comparing their performance before and after receiving funding with that of similar non-supported firms. This
approach allows the analysis to capture both the timing and persistence of effects on outcomes such as productivity, turnover and
employment, rather than assuming a single, immediate impact.
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After potential matches for companies were identified using Elastic Search, the second part of the
matching was performed based on the metadata available for companies:

e Company name;

e Address (e.g., street, city, postal code);

e Country;

e Website domain;

e Additional geographic and organisational indicators.

Rule-based logic was used to evaluate the quality of each match, combining exact, fuzzy, and domain-
specific logic. This included direct metadata comparison, name submergence detection, domain part
overlaps, and contextual checks based on known public entities (e.g., ministries, universities).

This metadata-based step served as the foundation for linking beneficiaries to firm-level records and
enabled high-confidence connections that supported further SME classification and downstream
analyses.

Step 2: Registration Identifier-Based Matching Using Linked Open Data

In the second step, beneficiaries’ registration identifiers were used to strengthen and validate the
matching results. For this purpose, company QIDs (unique entity identifiers) were extracted from
Linked Open Data URIs (e.g. https://linkedopendata.eu/entity/Q3279896), and used to query
company metadata for company registration numbers.

These registration identifiers were then cross-checked against the cleaned ORBIS BvD identifiers,
which often correspond directly to official registration numbers after removal of country prefixes.
This step allowed for an increase in the population of beneficiaries matched to Orbis company data.

Matching Results and SME Identification

Following the completion of both steps, a total of 153,006 Kohesio beneficiaries were matched to
company records in the ORBIS database. Of these, 132,082 were identified as SMEs based on an
employment threshold of fewer than 250 employees. The employment size was assessed based on the
most recent available year, with priority given to 2022 data, and falling back to 2021 where necessary.

2.2.2. Methodology for the classification of projects under critical technologies

Based on Commission Recommendation on critical technology areas for the EU's economic security
(Annex to COM(2023) 670 final), a classification exercise was undertaken to assess which Kohesio-
funded projects contribute to one or more of the four designated critical technologies: Advanced
Connectivity, Navigation and Digital Technologies, Biotechnologies, Artificial Intelligence (Al), and
Energy Technologies.

The classification was carried out on the dataset extracted from the Kohesio platform, which contains
project-level data of funded projects. Selected projects and beneficiaries data batch was uploaded to
the Kohesio platform on 15 July 2025 and comprised 1983981 projects. To eliminate noise, a pre-
processing step was applied: projects with less than five tokens (words) in their
Operation_Summary_English field were excluded, along with entries containing repetitive or otherwise
non-informative descriptions. This resulted in a working dataset of 1,242,387 projects.

The classification process proceeded in two phases:
Phase 1: Keyword-based matching

The initial classification was based on the development and application of a comprehensive keyword
list representing the four technological areas. This list was primarily derived from the Commission
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Recommendation, where specific sub-domains of each Critical Technology were identified. To
supplement and expand the list, additional keywords were drawn from:

e Prior internal classification work on Biotechnologies

e Prior internal classification work on Ell

e Delineation of 4 subsectors of Biotechnology

e Cross-referencing with the OpenAlex academic database to align the keywords with domain-
specific terminology used in scientific publications.

Once the keyword list was finalised, keyword matching was applied to project summaries:

1. Exact words and phrases match, lemmatised single-word keyword matching, phrases match
with plural/singular variants for multi-word terms.

Following this matching phase, projects were assigned a preliminary label based on the presence of
matching keywords associated with a specific Critical Technology. To improve precision, frequently
occurring keywords that produced large numbers of false positives were identified based on frequency
count analysis and subsequently removed.

Phase 2: Al-Assisted validation and refinement

To improve results and address the limitations of static keyword matching (particularly with respect to
semantic ambiguity), a Large Language Model (LLM)-based validation approach was implemented
using Mistral Al. Custom prompts were developed for each of the four technological domains, based
on the technical definitions provided in the Commission's Annex. The model was asked to assess
whether the project summary indicated direct involvement in any of the critical technology areas and
to respond with a binary (Yes/No) answer, accompanied by a brief justification.

This two-step process, combining deterministic keyword-based classification with contextual LLM-
based validation, enabled both wide coverage and higher specificity in identifying projects aligned with
critical technologies analysis.

Description of the initial dataset

Out of 737,316 beneficiaries analysed, 153,012 (approximately 20.7%) have been matched to companies
using internal metadata and domain-based matching procedures. 132,084 matched entities were
identified as Small and Medium-Sized Enterprises (SMEs), representing approximately 17.9% of the
total beneficiary pool.

Romania (33.7%), Finland (33.2%), and Lithuania (29.2%) stand out with the highest shares of SMEs
among matched beneficiaries, despite having a smaller absolute number of total beneficiaries.

Italy, with the highest total beneficiary count, also shows a relatively high SME share (30.3%) (Table 1).

Table 1: Count of beneficiaries per country: total, matched and identified as SME's.

Countr Count of Beneficiaries Beneficiaries
Y . with a company identified as Share of SMEs %
code beneficiaries
match SMEs
IT 129873 43879 39407 30.34
PT 124267 16494 15841 12.75
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DK 190 38 24 12.63
LU 59 4 0 0
Total: 737 316 153 012 132 084 17.9

Source: Compiled by the study team.

Out of the overall beneficiaries, 38,607 have been identified as participating in at least one project
classified under one of the four critical technologies (Advanced Connectivity, Energy, Al, and
Biotechnology). Of these, 9,141 beneficiaries (23.6%) were identified as SMEs.

Table 2 indicates that most tech-related activities are currently concentrated in the connectivity and
energy domains, while Al and biotechnology represent more specialised or developing areas within the
funding landscape.

Table 2: Distribution of beneficiaries who have at least one project with one of the four
critical technologies assigned

Count of

Count of beneficiaries with beneficiaries Share of beneficiaries

identified as SMEs, %

Country code at least one technology identified as SMEs
assigned with at least one
technology assigned

ES 10168 2843 27.96
GR 5905 15 0.25
PL 4632 386 8.33
IT 4318 1509 34.95
HU 2978 1225 41.13
DE 2914 933 32.02
Cz 1739 497 28.58
PT 1647 590 35.82
FR 927 89 9.6
Sl 567 196 34.57
RO 539 222 41.19
LT 522 231 44.25
Fl 373 123 32.98
HR 323 46 14.24
EE 229 69 30.13
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BG 157 13 8.28
NL 131 19 14.5
SK 122 40 32.79
AT 118 44 37.29
BE 87 22 25.29
SE 83 18 21.69
CY 52 0 0
LV 28 4 14.29
IE 26 3 11.54
DK 12 4 33.33
MT 6 0 0
LU 4 0 0
Total: 38607 9141 23.6

Source: Compiled by the study team.

Table 3: Count of beneficiaries per critical technology

Technology No of beneficiaries active in technology

Advanced Connectivity 20169
Energy 14466
Al 7432
Biotechnology 645
Total: 38607

Source: Compiled by the study team.

Fully analysed Kohesio dataset contains a total of nearly 2 million projects (1,983,981) across all EU
countries. Of these, 51,222 projects (T72.6%) have been assigned at least one of the four identified
critical technologies (Advanced Connectivity, Energy, Al, or Biotechnology).

Spain leads with 14,100 tech-linked projects, followed by Italy (5,750), Germany (5,633), Poland
(5,505), and Greece (6,437) (Table 4).

Table 4: Distribution of projects per country: total and active in at least one of the critical
technologies
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Count of Projects
Country code Count of Projects with Critical
technology assigned

Share of projects with

technology assigned, %

T 816813 5750 0.7
DE 336965 5633 1.67
PT 171114 2344 1.37
ES 149411 14100 9.44
PL 103208 5505 5.33
cz 73266 2155 2.94
FR 59966 1325 2.21
GR 50404 6437 12.77
HU 46348 3409 7.36
BG 41975 165 0.39
LT 24772 855 3.45
RO 16651 622 3.74
NL 15128 245 1.62
EE 14595 305 2.09
HR 11665 345 2.96

FI 11530 743 6.44
SK 10237 148 1.45

S| 8483 636 7.5
cY 6749 70 1.04
BE 4324 84 1.94
AT 3773 145 3.84
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SE 2991 112 3.74
LV 2102 38 181

IE 979 32 3.27

DK 295 9 3.05
MT 144 5 3.47
LU 93 5 5.38
Total: 1983981 51222 2.6

Source: Compiled by the study team.

Table 5 provides a breakdown of projects by each of the four critical technologies, Al, Advanced
Connectivity, Biotechnology, and Energy, along with the number and share of those projects led by
SME beneficiaries. Among the total of 51,222 projects, 21.3% (10,936 projects) were implemented by
SMEs.

e Energy and Al projects show the highest SME participation rates, at 24.68% and 24.31%,
respectively;

e Advanced Connectivity, despite having the highest overall number of projects (25,411), has a
lower SME share (18.21%), suggesting a concentration of larger or smaller firms in this domain;

e Biotechnology has the lowest SME participation (11.67%).

Table 5: Distribution of project counts per technology: all and with beneficiary classified as
SME

Count of projects
Technology Total count from SME

Share of projects from

- SME beneficiaries, %
beneficiaries

Al 9715 2362 24.31
Coﬁ:;’i;ii‘; 25411 4627 18.21
Biotechnology 1603 187 11.67
Energy 18842 4651 24.68

Total: 51222 10 936 21.3

Source: Compiled by the study team.

Table 6 explores the distribution of critical technology projects by countries, highlighting SME
involvement.
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e Countries with the highest number of projects include Spain (14,115), Greece (6,440), ltaly
(5,751), and Germany (5,639).
e However, SME involvement varies greatly across countries:
o Hungary (43.1%), Romania (40.68%), and Austria (38.62%) exhibit strong SME
participation in technology projects.
o France (8.03%), and Poland (8.43%) show limited SME engagement.

Table 6: Distribution of projects per country with one of the critical technologies assigned,
total and from SME beneficiary

Count of projects
Country Total count from SME
beneficiaries

Share of projects from

SME beneficiaries, %

ES 14115 3316 23.49
GR 6440 17 0.26
IT 5751 1727 30.03
DE 5639 1134 20.11
PL 5507 464 8.43
HU 3411 1470 431
PT 2344 820 34.98
Cz 2155 611 28.35
FR 1332 107 8.03
LT 857 310 36.17
Fl 753 142 18.86
Sl 636 216 33.96
RO 622 253 40.68
HR 346 49 14.16
EE 306 86 281
NL 246 17 6.91
BG 165 16 9.7
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SK 148 43 29.05
AT 145 56 38.62
SE 116 21 18.1
BE 84 16 19.05
CcY 70 0 0
LV 38 3 7.89
IE 34 7 20.59
DK 10 4 40
LU 5 0 0
MT 5 0 0
Total: 51222 10 905 21.2

Source: Compiled by the study team.

Initial dataset analysis suggests substantial variation across EU countries in both the overall number of
beneficiaries and their engagement in critical technology areas. While large economies like Italy, Spain,
Germany, and Poland dominate in terms of project and beneficiary counts, the share of SMEs among
matched beneficiaries and their involvement in Al, Energy, Advanced Connectivity, and Biotechnology
projects varies significantly. Countries such as Hungary, Romania, and Lithuania show notably high SME
participation rates in technology projects, whereas others like Greece, France, and Poland display
relatively lower levels of SME engagement.

Subsequent classification

In a subsequent validation step, project samples were refined to ensure alignment with the study's
definition of SMEs operating in critical technologies, rather than SMEs merely adopting or acquiring
such technologies. This refinement was particularly relevant for the energy technologies domain, where
a large number of projects in the initial draft were found to focus primarily on energy efficiency
improvements or technology uptake by firms active in other sectors, rather than on SMEs developing
or supplying critical energy technologies themselves. These projects were therefore excluded from the
final analytical sample.

This refinement explains the reduction in the number of beneficiaries analysed in the energy case study
between the draft and final versions of the report. The validation involved targeted manual checks of
project descriptions and beneficiary activity profiles. The same classification logic and exclusion criteria
were applied consistently across all technology domains, although the need for refinement was most
pronounced in the energy sector due to its broader and more heterogeneous project universe.

Importantly, the refinement of the project sample did not materially affect the results of the Difference-
in-Differences (DiD) analysis. Estimates obtained using the refined beneficiary universe are
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qualitatively and quantitatively consistent with those obtained using broader initial samples, indicating
that the main findings are robust to alternative classification thresholds.

2.2.3. Keywords lists and Al prompt used

Energy technologies keywords: bioenergy, radiation technology, green hydrogen, cavitation, carbon
neutrality technologies, carbon-neutral fuels, co2 reduction, renewable energy conversion, sustainable
fuels, fusion reactor, heat recovery, electricity market restructuring, greenhouse gas reduction, methanol
synthesis, top gas recycling, solid-state batteries, carbon dioxide, hydrogenation, catalyst, power
generation, renewable fuels, CO2 capture, thermal analysis, power system technology, fuel cell durability,
deuterium tritium fusion, fusion energy, greenhouse gas emissions, reactor design, hybrid plant, plasma
physics, high temperature reactors, life cycle assessment, energy storage technology, TGR-BF,
agrivoltaics systems, fuel consumption, intelligent grid, electrochemical conversion, fusion technology,
biogas, pem fuel cells, grid integration, nuclear energy, perovskite solar cells, boiling water reactor, carbon
capture and storage, renewable energy sources, battery safety, nuclear reactions, dynamic line rating,
microgrid, environmental impact, solar energy conversion, end-of-life management, biochar, grid impact,
fusion energy systems, hydrogen storage, advanced metering infrastructure, pv cell, solar energy
applications, photovoltaic generation, dry reforming, electromagnetic emissions, solar pv, centrifuge
enrichment, carbon dioxide capture, energy recovery technologies, co2 conversion, sustainable energy,
waste-to-energy, plasma confinement, synthetic fuels, alkaline fuel cells, ammonia fuel, biogas
production, decentralized control, wind power integration, biofuels, energy management, airborne wind
energy, clean energy generation, nuclear fission, battery energy storage, low energy nuclear reactions,
renewable energy storage, fischer-tropsch catalysts, reactor safety, phasor measurement units, hydrogen
fuel cells, frequency control, interoperability, deuterium permeation, energy modelling, smart grid
development, H2 fuel, reactor efficiency, high altitude wind power, catalysts, hvdc transmission, electricity
storage, lignocellulosic biomass, enzymatic hydrolysis, energy efficiency technologies, rechargeable
batteries, electricity markets, fault detection, lithium-ion technology, hydrogen reactor, renewable energy,
hydrogen energy, syngas production, grid synchronization, renewable energy generation, real-time
pricing, molten salt reactor, negative emissions, power electronics, uranium enrichment, voltage and
frequency control, negative emissions technologies, digital grid, advanced reactors, biodiesel, carbon
capture usage, thin-film solar cells, solar energy, CO2 capture, heat to power, smart energy management,
isotopic separation, electrochemical performance, smart grid, catalytic upgrading, alternative feedstock,
solid-state electrolytes, hydropower, radiological conversion, energy storage systems, direct reduction
iron, pyrolysis, renewable jet fuel, reactor technology, renewable energy integration, maximum power
tracking, battery recycling, nuclear power generation, power grid flexibility, proton exchange membranes,
nuclear reactor, controlled thermonuclear fusion, clean H2O, distribution automation, enrichment
technologies, building integrated photovoltaics, solar photovoltaic technology, Integral drying, energy
production, vehicle-to-grid, renewable energy technologies, grid storage, microgrid control, fermentation,
isotope enrichment, decarbonization technologies, energy systems, photovoltaic module, isotope
separation, solar panel, Hisarna, battery technology, membrane degradation, solar power, fusion energy
development, clean hydrogen, energy transition technologies, electric propulsion, green H2O, solar
thermal collectors, hydrogen production, sustainable power generation, doubly fed induction generator,
co2 capture technology, direct methanol fuel cells, variable speed turbines, radiological enrichment, heat
upgrade, battery performance, nuclear fuel recycling, bioethanol, battery management systems, battery,
biofuels production, bioreactor, fusion research, solar power generation, grid code requirements,
renewable hydrogen, thermochemical conversion, Carbon capture, biofuel technology, concentrated solar
power plants, cathode materials, stellarator, nuclear fuel processing, fusion power, alternative fuels, load
control, actinide recycling, grid integrated control, nuclear enrichment, virtual synchronous generators,
magnetic confinement fusion, heavy water reactor, nuclear transmutation, automated electricity network,
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s, energy conversion efficiency, distributed power generation, high energy density, fission reactor, scada
systems, energy storage, nanostructured anodes, seasonal thermal energy storage, solar energy use in
industries, geothermal power, fuel cell technology, photovoltaic systems, thermonuclear fusion, anion
exchange membranes, spent fuel recycling, pressurized water reactor, grid resilience, solar cells, grid
blackouts, carbon neutrality, inertia emulation, power system, energy transition, advanced biofuels,
energy performance, nuclear fusion power, relay coordination, high-temperature operation, direct air
capture, polygeneration, solar cell efficiency, battery lifecycle, control systems, carbon capture, reduction
of iron using hydrogen, decarbonization, climate change mitigation, molten salt, solar energy systems,
solar energy technology, waste treatment, electricity generation, hydrogen technology, decarbonized
energy systems, controlled fusion, electrocatalysis, frequency regulation, carbon storage, smart grid
applications, isotopic conversion, biomass recalcitrance, power system stability, small modular reactors,
energy density, nuclear fusion research, wind power, lithium-ion batteries, communication networks,
biomass, photovoltaics, modular reactor, nuclear fusion, energy conversion, batteries, gaseous diffusion
enrichment, renewable solar energy, Blast Furnace, tokamak, carbon capture storage, anaerobic
digestion, fuel reprocessing, uhv transmission, heat to cold, cyber-physical systems, catalytic, thermal
energy storage, photovoltaic/thermal hybrid technology, power systems, ethanol fermentation,
gasification, voltage stability, polymer electrolyte membranes, low-carbon fuels, icf reactor, solar panel
technology, fast breeder reactor, smelting reduction, energy systems integration, trajectory tracking,
reactor, smart energy systems, energy storage solutions.

Artificial intelligence technologies keywords: cloud applications, edge infrastructure, data-intensive
computing, prescriptive analytics, sensor-based robot systems, cloud storage, high performance
computing, 3D vision, image recognition, numerical modelling, image analysis, cloud infrastructure
management, mobile edge computing, machine vision, serverless computing, public cloud, data analytics,
distributed computing, cloud services, big data analytics, automated text classification, semantic
segmentation, cloud computing, hpc, mobile cloud computing, text mining, video surveillance,
supercomputing, knowledge management, optical flow, face recognition, text summarization,
performance optimization, scalability, data management, fog computing, chatbot, business intelligence,
information retrieval, language understanding, computational power, data governance, real-time
analytics, big data, parallel computing, autonomous driving, feature extraction, human-robot
collaboration, data centres, descriptive analytics, cloud security, image processing, text generation, nip,
data mining, real-time processing, augmented reality, 3d object recognition, image retrieval, deep
learning, text data methods, predictive analytics, hybrid cloud, traffic sign recognition, parallel processing,
distributed systems, private cloud, convolutional neural networks, artificial intelligence, computer vision,
visual perception, virtualization, dialog systems, chatbots, pattern recognition, face perception, data
visualization, language processing, cloud service, sentiment analysis, multicore architectures, machine
learning, large scale computing, cloud architecture, edge Al, cloud platforms, edge devices, edge
processing, natural language processing, cloud infrastructure, computational linguistics, data integration,
visual recognition, high-performance computing, cybersecurity, neural mechanisms, grid computing,
object recognition, image segmentation, data science, gpou computing, edge computing, text analysis,
computational text analysis, image classification, edge analytics, object detection.

Advanced connectivity technologies keywords: real-time control, formation control, ddos attacks,
IDS, digital evidence analysis, ins-gps integration, hardware security, immersive simulation, cyber
identity, cognitive info communications, 6g networks, data protection, EDR, cyber-secure connectivity,
smart university, software certification, spoof detection, smart healthcare, long baseline positioning,
smart city applications, deep packet inspection, decentralized database, idaas, attack detection, smart
radio environments, cryptographically secured networks, trajectory planning algorithms, permissioned
ledger, Robust control systems, digital identity, logistics management, speed control, multi-gnss
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experiment, hydrographic positioning, remote monitoring, feedback controllers, wayfinding, cybercrime,
real-time kinematic positioning, Next Generation RAN, immutable ledger, copy-move forgery, loT
devices, oauth, Automation technology, Smart control systems, loT applications, risk assessment,
network forensics, security techniques, secure mobile connectivity, encrypted communications,
Feedback control, cross-layer optimization, biometric identity, digital security, simulation training, PID
controllers, e-identity, human-robot interaction, network defence, malware analysis, remote user
authentication, spatial ability, pattern recognition, ecdis, Smart actuators, privacy concerns, FMS,
position-sensitive detector, network intrusion prevention, security in wireless networks, gps integration,
agricultural robotics, beamforming optimization, forensic investigation, spatial distortion, Real-time
control systems, dps, autopilot, hydrographic surveying, Robust control, impact time, optimal control,
smart transportation, mobile access network, interactive design, sensorless control, control barrier
functions, Trajectory control, Autonomous control, immersive technologies, threat detection, internet of
things, secure wireless access, memory analysis, smart infrastructure, trust management, 6G RAN,
Jjamming attacks, control of locomotion, loT protocols, digital communications, RAN architecture, gps,
immersive environments, real-time applications, gnss, antivirus, rtk positioning, orbital dynamics,
computer-mediated communication, secure computing, application whitelisting, cybersecurity
technologies, 6G technology, authentication, digital communication, kalman filtering, smart logistics,
continuous authentication, smart contract platforms, smart agriculture, endpoint detection & response,
Al-based control, global navigation satellite system, automatic dependent surveillance-broadcast,
endpoint protection, Intelligent control systems, control algorithms, keystroke dynamics, secure data
transmission, voltage control, identity verification, healthcare monitoring, radio access network, remote
administration tools, evidence preservation, loT ecosystems, robotic navigation, mixed reality,
guaternion-based methods, puf-based authentication, feedback control, electronic chart display and
information system, Automated control systems, secure communication protocols, firewall
configuration, digital economy, Dynamic control systems, cellular technology, trajectory control, Virtual
RAN, motion tracking, marine positioning, augmented reality, RAN virtualization, odour source
localisation, gyrocompass, GPS technology, ultra-reliable low latency communication, broadband
wireless access, tampering localisation, supply chain management, trajectory optimization, wireless
communication, extended reality, multimodal biometrics, spatial data management, cooperative
attack, packet sniffing, user identity, digital credentials, blockchain, network encryption, cyber security,
forensic analysis, INS, Multi-agent control systems, Distributed control systems, marine communication
systems, host-based ids, geospatial environments, smart home system, user immersion, malicious code
detection, smart grid, passivity-based control, aircraft positioning, data privacy, tokenization, identity
security, bathymetric mapping, flight management system, guidance and control, navigation sensors,
3D visualization, underwater positioning, national digital identity, navigation systems, security analysis,
precise point positioning, 5G RAN, ADS-B, secure communication infrastructure, virtual experiences, loT
analytics, smart city technology, safety assurance, inertial navigation system, intrusion detection
systems, computer forensics, auv navigation, digital id card, Adaptive control, cybersecurity, botnet
detection, flight geolocation, Real-time control, security in sdn, positioning sensors, autonomous
vehicles, secure web gateway, dynamic positioning system, face spoof detection, identity
authentication, low-thrust trajectories, obstacle navigation, autonomous aerial refuelling, logic
encryption, satellite navigation, terahertz communication, differential gps, sonar mapping, wireless
networks, cyber threat detection, threat intelligence, mobile networks, IPS, RAN, data security, sensor
data, inertial stabilization, distributed control, information security technologies, iot security, blockchain
technology, digital technologies, manoeuvring targets, information technology, wireless sensor
networks, robust control, pid control, trajectory tracking controller, Guidance systems, decentralized
identity, ledger technology, biometric authentication, sensor pattern noise, data-driven control, human-
computer interaction, cyber resilience, spacecraft formation flying, service robots, Al-driven control

PE 776.005 37



CASP | Policy Department for Regional Development, Agriculture and Fisheries

systems, vav technology, multi-factor authentication, spatial representation, next generation wireless,
avionic positioning, routing technologies, IT security technologies, control engineering, automatic
identification system, 3D interaction, electronic id, event-triggered control, rendezvous manoeuvres,
guidance systems, ship positioning, Open RAN, identity management, digital onboarding, online
monitoring, trusted digital messaging, network security, information security, access control, end to end
secure transmission, e-discovery, digital authentication, malware detection, inertial navigation systems,
mobile robot navigation, predictive maintenance, Adaptive control systems, decentralized finance,
marine radar, real-time kinematic, internet of robotic things, ultra-short baseline, information security
risk assessment, positioning systems, screen recording, short baseline positioning, model predictive
control, remote control, secure routing, network slicing, packet classification, cyber forensics, identity
provider, electronic identity, auv control system, motion control, security compliance, mobile identity,
intelligent control, vulnerability assessment, data loss prevention, control system design, traffic control,
decentralisation, secure digital communications, smart contracts, real-time monitoring, elliptic curve
cryptography, privacy protection, security analytics, secure network connectivity, network monitoring,
autonomous surface vehicles, sensor fusion, rtk-gps, robot navigation, Navigation control, marine
geodesy, Radio Access Network, multi-variable control, online communication, location-based services,
sliding mode, Control technology, loT platforms, fpga security, virtual reality technology, NAC,
autonomous control, celestial navigation, metadata surveillance, monitoring system, interactive 3D
systems, data recovery, control-flow integrity, cooperative control, federated identity, marine robotics,
remote sensing, smart home, cybersecurity protocols, distributed ledger technology, modelling and
control, maritime positioning, secure networking, secure messaging, anomaly detection, integrated
bridge systems, navigation technology, satellite-based augmentation system, splicing detection, 4G
RAN, echosounder, MFA, network-based ids, haptic feedback, acoustic positioning, encrypted
connectivity, digital control, secure access, security systems, incident response, 6G, digital identifier, uav
operation, image forgery detection, geospatial technology, wireless communication technologies,
autonomous guidance, end-to-end encryption, self-sovereign identity, adaptive control, aviation
positioning, smart cities, sql injection, intrusion detection, real-time process monitoring, smart city
initiatives, control systems, penetration testing, machine-to-machine communication, solar sail,
location tracking, Model predictive control, wireless access network, path planning, endpoint detection
and response, dgps, network anomaly detection, key management, keylogging, industrial iot, indoor
navigation, cybersecurity forensics, vulnerability detection, navigation aids, integrated guidance,
encrypted networks, smart products, ais, flight control, model-based control, mimo systems, connected
devices, Motion controllers, trusted digital connectivity, networked control systems, content-
addressable memory, smart factory, attitude estimation, E2EE, cryptocurrencies, geolocation systems,
authentication protocol, data forensics, public key infrastructure, security assurance, dead reckoning,
cross-site scripting, intrusion prevention systems, virtual identity, virtual worlds, differential GPS, mobile
devices, surveillance technologies, digital connectivity, robot middleware, identity wallet, motion
planning, cybersecure networking, security protocols, smart sensors, identity and access management,
relative motion, digital twins, GNSS, iam, security information and event management, digital
surveillance, data encryption, secure real time communication, 5G, risk management, app usage logs,
industrial control systems, cellular access network, rfid, smart home technology, side-channel attacks,
identity federation, control strategies, sensor network, pursuit-evasion games, online identity, memory
forensics, smart library, virtual reality, sliding mode control, network security policies, gimbal system,
network access control, smart farming, Mobile network technology, positioning technology, guidance
algorithms, template protection, Fuzzy logic control, trusted execution environment, missile guidance,
Cyber-physical control, beacon receivers, digital evidence, autonomous navigation, digital forensics,
Feedback systems, Model-based control, trajectory tracking, loT security, contact tracing apps, vessel
tracking, aircraft navigation.
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Biotechnologies keywords: genes regulation, biotechnology applications, genetic screening, prime
editor, nucleus, transgenic crops, transgenesis, genomic integration, tale nuclease, recombinant DNA,
clustered regularly interspaced short palindromic repeats, artificial nucleic acid, synthetic gene cluster,
rna guided, genes regulatory network, microrna processing, talen, bio design, precision medicine, prime
editing guide rna, biotechnologies application, innate immunity, rna interference, CRISPR systems, zfn,
genes drive, site-directed nuclease, synthetic mammalian gene, biotechnology, synthetic nucleotide,
ethical issues, CRISPR-Cas9, cell signalling dynamics, genomic landscape, mutagenesis, constraint
based models, transcription activator like nuclease, synthetic cell, artificial gene circuit, tal effector
nuclease, multiplex genome editing, metabolic engineering, synthetic dna, transcription activator like
effector, gene regulatory network, transgenic technology, genome engineering, dna synthesis, rna
guided cas9, genetic regulation, biopharmaceutical production, pegrna, chimeric nuclease, RNA
interference, multiplex gene editing, cas9, gene editing, RNA-guided, artificial nucleotide, sirna delivery,
crispr, genetic, GENETICALLY MODIFIED, synthetic biology, zinc finger endonuclease, genes silencing,
gene silencing, targeted modification, genetic engineering, cells signalling dynamics, microbial
metabolism, gene, biochemical modelling, ngt, genetic modification techniques, biorefineries, zinc finger
nuclease, synthetic promoter, engineered nuclease, biofuels production, nucleases, meganuclease,
genetic modification, pathway reconstruction, biomarker, biofuel production, genome editing, genome
scale models, genes editing, CRISPR, base editing, cas9-guide rna ribonucleoprotein, synthetic gene,
gene regulatory networks, off-target effects, synthetic genomics, biotechnology, genome synthesis,
gene regulation, artificial biology, flux balance analysis, engineered endonuclease, genes therapy, single
cell analysis, molecular genetics, biotechnologies, genomes engineering, genes manipulation, effector
nuclease, synthetic genome, artificial gene network, tal nuclease, enzyme database, gene manipulation,
gene drive, transgenic animals, crispr systems, biological engineering, rna editing, sequence-specific
nuclease, artificial cell, gene therapy, regulatory challenges.

Figure 1: Sample of an Al prompt used to confirm Energy technologies

def build_energy_prompt(summary):
return f""" have a project with the following summary:

{summary}
| define Critical Energy Technologies as:
e Nuclear fusion technologies
e reactors and power generation
¢ radiological conversion, enrichment, recycling technologies
e Hydrogen and new fuels
e Net zero technologies
e photovoltaics
e Smart grids and energy storage, batteries
Your task:
Does this project work on Critical Energy Technologies?
Provide:
1. A Yesor Noanswer
2. A one-sentence explanation
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Source: Compiled by the study team.

2.2.4. Classification method for CP types of support

To categorise Kohesio projects involving SMEs in critical technologies, each project summary is
assessed and assigned to one or two primary support categories. The classification framework consists
of seven categories, including an Al prompt:

Figure 2: Sample of an Al prompt used to classify SME projects by types of support

| have a project with the following summary:
{summary}
You must classify this project into one or two of the following categories:

1. R&D and Innovation — Research, prototyping, product development, testing, or applied
technological innovation.

2. Infrastructure — Creation or upgrading of research facilities, laboratories, testing sites, pilot lines,
or innovation hubs.

3. Human Capital — Training, skills development, talent attraction, or researcher mobility
programmes.

4. Technology Transfer — Collaboration between firms and research institutions, IP management,
cluster initiatives, or knowledge exchange networks.

5. Market Deployment — Product commercialisation, scaling-up production, market entry, or
internationalisation.

6. Other — If none of the above are significant project focuses.

Instructions:

- Assign only one or two categories that represent the main focus of the project.

- Ignore categories that are mentioned only in passing or represent a small (under “10%) part of the

activities.

- If no category clearly dominates, return "Other".

Provide:

1. Categories

2. A one-sentence explanation

Source: Compiled by the study team.

Table 7: Summary of the project classification

Market Deployment 5,155

R&D and Innovation 4,786

Technology Transfer 3,785

Human Capital 1,882

Financial Instruments 1,271

Infrastructure 1,157
Other 47

Source: Compiled by the study team.
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2.3. Case studies

Methodology for the three selected case studies on Cohesion Policy support for SMEs in critical
technologies

The methodological framework for the case studies employs a mixed-methods approach, combining
qualitative and quantitative data collection techniques to ensure robust findings for evidence-based
policy recommendations for the REGI Committee and the forthcoming Multiannual Financial
Framework (MFF) 2028-2034.

Stakeholder interviews were a key component, involving 20 semi-structured individual interviews
with SME beneficiaries and regional managing authorities. The semi-structured interviews'* gathered
insights into the impact of CP funding on SME innovation, growth, and competitiveness, with a
particular focus on high-growth and high-risk SMEs. Additionally, company data profiling using
Milda.ai**® provided detailed information on turnover, firm size, geographic distribution, and funding
allocation, offering a granular understanding of how CP funding influences SMEs across different
sectors and sizes.

Interview questionnaires

This section presents the questionnaires used for data collection in the study. Two versions were
developed to capture perspectives from (1) SMEs operating in critical technology sectors and (2)
programme or fund managers responsible for the design and implementation of Cohesion Policy
Funds.

Questionnaire for SMEs in critical technology sectors

The primary objective of this questionnaire is to capture insights from SMEs regarding the contribution
of CP Funds to their competitiveness, as well as the specific challenges encountered during project
implementation. The questionnaire targets SME representatives who directly managed or implemented
the funded projects in biotechnologies, Al, and energy technologies.

Section A — Utilisation of CP Funds

Al. How would you assess the adequacy of CP Funds in relation to your SME's specific technological
needs?

A2. What were the primary challenges encountered in utilising the CP Funds (e.g., delays, regulatory
issues, reporting requirements)?

Section B — Outcomes and impacts

B1. What specific outcomes were achieved as a result of the funding intervention?

B2. Since receiving CP Funds, has your company observed any changes in its sales growth?

[ Yes, significant increase [ Yes, moderate increase  [1Nochange [ Decrease

B3. Has the funding intervention contributed to changes in your company’s productivity (e.g., output
per employee)?

(1 Yes, significant improvement [ Yes, moderate improvement [0 Nochange [ Decline
B4. Since receiving CP Funds, has your company experienced any changes in employment levels?

[ Yes, significant increase in employment [ Yes, moderate increase = [1Nochange [
Reduction in employment

124 Appendices 1 and 2 present the interview questionnaire and the list of interviewed SMEs, organised by technology and by country,
respectively.

125 Milda.ai is an internal PPMI company research database, feeding information on companies from ORBIS, Dealroom, PATSTAT and
Technote.
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B5. Has the project led to the development of new products or services?

1 Yes, entirely new products/services [ Yes, modifications to existing products/services [
No

B6. Has the project resulted in entering new markets or exporting to new countries?

1 Yes, to a significant extent [ Yes, to some extent [ No

B7. Have CP Funds contributed to improved coordination, collaboration, or knowledge spillovers
between your company and other regional or interregional stakeholders (e.g., partners, research
institutions, clusters)?

[ Yes, to a significant extent [ Yes, to some extent [ No

Section C — Challenges and barriers

C1. Does your company face difficulties in accessing finance for growth or scale-up (e.g., late-stage
equity, venture capital)?

[ Yes, to a significant extent [ Yes, to some extent [ No

C2. Does your company experience skills shortages that limit project delivery or growth (e.g.,
hardware engineers, cybersecurity experts, quality/regulatory specialists, process engineers)?

[ Yes, to a significant extent [ Yes, to some extent [ No

C3. Are overlapping or complex regulatory requirements (e.g., NIS2, Cyber Resilience Act,
ESPR/DPP, Data Act, PLD) a challenge for your company (e.g., delays, additional compliance
burden)?

1 Yes, to a significant extent [ Yes, to some extent [ No

C4. Are regulatory, reporting, or proposal-writing costs a barrier to your company’s participation in
funding programmes or other opportunities?

[ Yes, to a significant extent [ Yes, to some extent [ No

C5. Does your company face barriers in participating in public procurement or large programmes
(e.g., consortia thresholds, qualification requirements, long payment cycles)?

1 Yes, to a significant extent [ Yes, to some extent [ No

C6. Do energy costs, infrastructure expenses, or lack of affordable testing facilities discourage
investment or scaling in your company?

1 Yes, to a significant extent [ Yes, to some extent [ No

C7. Is your company affected by fragmented ecosystems (e.g., limited scale-up support, poor cross-
border SME collaboration, lack of value-chain integration)?

I Yes, to a significant extent [ Yes, to some extent [ No

C8. What specific support, policy changes, or improvements would help your company overcome
these barriers?

Section D — Recommendations and future outlook

D1. Based on your experience, what recommendations would you provide to improve the
effectiveness of CP Funds in supporting SMEs?

D2. How could the allocation of CP Funds be better aligned with the specific needs of SMEs?

D3. Do you have any further comments or suggestions regarding the use of CP Funds in your sector?

Questionnaire for programme/fund managers on Cohesion Policy Funds

The primary objective of the interview is to understand the design, challenges, and impact of
Cohesion Policy Funds on SMEs in critical technology sectors.

Section A — Programme design and SME needs
Al. What are the main objectives of the Cohesion Policy Funds programme you manage, especially

42 PE 776.005



SMEs in Critical Technologies: Enhancing Competitiveness Through Cohesion Policy Funds — Supporting annexes

for SMEs in critical tech sectors?

A2. How do you determine the funding amount for SMEs? Is it based on project size or SME needs?
A3. Do you believe the funding provided is sufficient for SMEs' needs in these sectors? If not, what
changes would you suggest?

Section B — Implementation and administrative burden

B1. What challenges do SMEs face with the application and management of CP Funds (e.g., reporting,
application process)?

B2. What are the support mechanisms to help SMEs with the administrative burden?

B3. What are the specific aspects of the process that SMEs find most difficult? How could these be
simplified?

Section C — Fund availability and flexibility

C1. What are the barriers to accessing funds?

C2. How flexible is the funding if the project needs to change after allocation?
C3. Are there follow-up funding opportunities for SMEs after initial grants?

Section D — Programme effectiveness and SME impact

D1. How effective has the funding been in helping SMEs grow, innovate, or enter new markets?
D2. Can you provide examples of successful projects that benefited from CP Funds?

D3. What are the other areas where CP Funds could be better targeted to meet SME needs?

Section E — Recommendations and future outlook

El. The Cohesion Policy Funds are being partially redirected or adapted under the new Strategic
Technologies for Europe Platform (STEP). How do you anticipate this change will affect SMEs in
critical technology sectors regarding access to funding, priorities, and administrative processes?
E2. What improvements would you recommend for the CP Funds to better support SMEs in critical
technologies?

E3. How could the programme better align with the needs of emerging tech sectors like Al or clean
energy?

Closing remarks
F1. Any final comments or suggestions for improving the CP Funds programme for SMEs?

List of interviewed stakeholders

This section presents the list of stakeholders interviewed for the study. It includes SMEs and
programme/fund managers, organised by technology domain (biotechnology, Al, energy technologies)
and by country.

Table 8: List of interviewed stakeholders

Category Number of interviews

Lithuania 1
Poland 1
SMEs in biotechnology
Portugal 1
Spain 2
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Czechia 1
SMEs in Al Croatia 1
Estonia 2
Estonia 3
Germany 1

SMEs in energy technology
Netherlands 2
Slovakia 1
Belgium 1
Denmark 1

Programme manager/

representative of a regional CP authority Netherlands 1
Portugal 1
Total number of interviews 20

Source: Compiled by the contractor.

2.4.

Limitations of the methodology

Datasets

The analysis relies substantially on project-level information extracted from the Kohesio database.
While Kohesio provides the most complete EU-wide inventory of Cohesion Policy projects, several
limitations affect the interpretation of financial allocations across countries and technologies.

Kohesio currently includes structured financial data only for the 2014—2020 period. As a result,
the dataset does not capture more recent Cohesion Policy investments under the 2021-2027
programmes, this analysis will be possible only at a later stage.

Several Member States report no financial data in any of the four technology areas, notably
Austria (AT), Greece (EL), Slovakia (SK) and Slovenia (SI). Others, such as Ireland (IE), display
zero values in multiple technology categories despite likely having relevant projects. In all such
cases, the zero values reflect missing or incomplete financial reporting rather than a confirmed
absence of Cohesion Policy, funded SME activity.

Project classification into the four technology areas (Al, advanced connectivity, energy
technologies and biotechnology) is carried out through automated and manual tagging
processes. Because project descriptions in the Kohesio dataset vary in length and clarity,
misclassification or under-classification may occur.

Linking Cohesion Policy projects in Kohesio to firm-level outcomes in ORBIS is subject to
matching constraints. Not all beneficiaries can be uniguely or reliably matched to firm records,
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and the Kohesio—ORBIS match rate remains below 20%. This introduces selection bias, as the
econometric analysis necessarily focuses on firms with better data coverage, which may be
larger, older or more formalised than the average SME supported by Cohesion Policy. As a
result, findings may not be fully representative of all beneficiary SMEs across Member States.

Empirical analysis

e For the econometric analysis, the missing-data issue did not concern Kohesio funding amounts
but rather the firm-level financial variables in Orbis used in the DiD estimation (such as
turnover, employment or productivity components). To construct a balanced panel suitable for
dynamic treatment effects, we applied simple imputations, primarily filling missing years with
averaged values based on adjacent observations, to avoid breaking the time series.

e Although the econometric framework applies difference-in-differences and alternative
estimators, the identification strategy is not uniformly strong across all technologies. For some
sectors, notably biotechnology and parts of advanced connectivity, the parallel trends
assumption is not fully supported by the data. In these cases, treatment effect estimates should
be interpreted with particular caution, as they may reflect pre-existing differences in firm
trajectories rather than the impact of Cohesion Policy support.

e The analysis focuses on short- to medium-term firm-level outcomes (productivity, turnover
and employment). Many critical technologies (particularly deep-tech, biotech and energy) are
characterised by long innovation cycles, where impacts may materialise only over longer
horizons through learning effects, ecosystem development or indirect spillovers. Such longer-
term and systemic effects fall outside the scope of the current data and methodology.

Taken together, these limitations imply that the results should be interpreted as descriptive and
exploratory, providing indicative evidence on patterns and associations rather than definitive causal
estimates of Cohesion Policy impacts.
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3. ANNEX 3: EU POSITIONING IN THE TEN STEP CRITICAL
TECHNOLOGIES

This annex provides a detailed comparative overview of the European Union's positioning across the
ten critical technologies identified under the Strategic Technologies for Europe Platform (STEP). It
presents quantitative indicators on the number of companies and start-ups, the EU’s share of global
activity and relative performance compared to other major global players, based on 2023 data.

The annex complements the main report by offering a granular evidence base underpinning the
horizontal assessment of EU strengths and vulnerabilities in critical technologies presented in Chapter
1 of the main report. While the main text focuses on synthesised insights and policy-relevant
implications, the annex allows readers to examine the underlying technology-specific data in greater
detail.

The analysis covers three indicators for each critical technology: (i) the number of companies, (ii) the
number of start-ups, and (iii) median company profitability, where available. Together, these indicators
provide an indicative picture of the EU's innovation capacity, entrepreneurial dynamics and relative
competitive position across different technology domains. The data are drawn from the RDI Scoreboard
database and compiled by the contractor.

Table 9: An initial landscaping of critical technologies and the EU position (2023 data)

No of EU

Critical technolo Indicator IS companie L Top 3
9y share in % S EU rank countries
Number of 11% 295 - US, RoW, GB
companies
Advanced
semiconductors Number of start-ups 11.6% 18 - RoW, US, EU
Median profitability N/A 4.6 - RoW, US, CN
Number of 31.4% 3029 - EU, RoW, US
companies
Artificial
intelligence Number of start-ups 29.9% 552 2nd RoW, EU, US
Median profitability N/A 5.5 KR, RoW, EU
N f
umber o 25.2% 973 ond  US, EU, RoW
companies
Quantum
technologies Number of start-ups 28.4% 105 2nd RoW, EU, US
Median profitability N/A 49 JP, GB, US
Number of 25.7% 2546 2nd US, EU, RoW
companies
Bi hnol
lotechnology Number of start-ups 20.6% 234 US, RoW, EU
Median profitability N/A 6.4 JP, GB, EU
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Advanced Number of 22.2% 747 RoW, US, EU
connectivity, companies
navigatio dr;gai:ej Number of start-ups 19% 29 - RoW, US, EU
technologies  Median profitability N/A 4.4 - US, CN, RoW
N f
C;’r;“saer:i:s 16.9% 112 - US, RoW, EU
Advanced sensing
technology Number of start-ups 29.9% 23 2nd RoW, EU, US
Median profitability N/A 6.4 - CN, US, EU
Number of 26% 176 2nd US, EU, RoW
Space and companies
tzzil:)llsc;;; Number of start-ups 37.2% 32 - EU, US, RoW
Median profitability N/A 4.8 - US, RoW, KR
N f
umber o 10.9% 297 US, RoW, GB
Clean and companies
renewa:clzlcehir;fggz Number of start-ups 11.5% 18 - RoW, US, EU
Median profitability N/A 4.6 - RoW, US, CN
Number of 24.7% 606 US, RoW, EU
Robotics and companies
auto:;Teomuz Number of start-ups 21.3% 81 - RoW, US, EU
Median profitability N/A 4.5 - KR, JP, RoW
N f
ACNEIEEE umber o 20.5% 2054 US, RoW, EU
materials, companies
facturi d
manutac l:z:y?cz:g Number of start-ups 20.7% 94 - RoW, US, EU
technologies  Median profitability N/A 5.2 - us, GB, JP

Notes: The symbol ‘%' represents the share of companies in a specific critical technology category originating from the EU,
relative to the total number of RDI firms globally. The analysis covers ten critical technologies defined under STEP and is based
on data extracted from the RDI Scoreboard database (author's internal database). Three indicators are used: (i) number of
companies, (ii) number of start-ups, and (iii) median company profitability. The table reports the EU share (%), absolute EU
values, the EU's overall rank, and the top three countries for each technology and indicator. Colour coding reflects the EU's
relative ranking (green and yellow for 1st and 2nd ranks; orange and red for 3rd and lower ranks).

Source: Compiled by the contractor based on the RDI database (author’s internal database).
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4. ANNEX 4: OVERVIEW OF EU FUNDING INSTRUMENTS
SUPPORTING SMES IN CRITICAL TECHNOLOGIES

This annex provides a consolidated overview of the main EU-level funding instruments that support
SMEs active in critical technologies. The table maps each programme’s primary policy objective against
its relevance for SMEs and its contribution to the development, deployment and scaling of EU-defined
critical technologies. It is intended as a reference tool to clarify the broader EU support landscape and
to situate Cohesion Policy within a wider, multi-instrument funding architecture, including centrally
managed programmes, financial instruments and coordination mechanisms such as STEP.

Table 10: EU funding instruments supporting SMES in critical technologies

Primary policy Relevance for critical

Programme/Instrument SME relevance

objective technologies

Direct support to SMEs
I opp Supports all ten EU-

Horizon Europe (HEU)

European Innovation
Council (EIC) (under
HEU)

Digital Europe
Programme (DEP)

InvestEU

Single Market
Programme (SMP)

European Regional
Development Fund
(ERDF)

EU framework
programme for
research and
innovation

Support
breakthrough and
disruptive
innovation

Deployment and
uptake of
advanced digital
technologies

Mobilise private
investment in EU
priorities

Strengthen the
Single Market and
SME
competitiveness

Reduce regional
disparities and

through collaborative
projects, missions,
partnerships and
dedicated SME
instruments

Dedicated SME and
start-up focus; grants
and equity for high-
risk, high-impact
deep-tech projects

Supports SME digital
transformation,
advanced digital skills
and integration into
digital value chains

SME window improves
access to finance for
innovative and scale-

up SMEs

Supports SME growth,
access to finance and
digitalisation

Core instrument for
SME innovation,

defined critical
technologies across
R&D, piloting and early
deployment

Explicit focus on
scaling strategic
critical technologies
(digital, clean tech,
biotech)

Focus on Al
cybersecurity,
supercomputing and
semiconductors

Supports deep tech,
green tech, digital and
defence-related
technologies

Supports digital,
green, biotech and
advanced
manufacturing
technologies

Supports
development,
manufacturing and
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European Social Fund
Plus (ESF+)

Just Transition Fund
(JTF)

Innovation Fund

European Defence Fund

(EDF)

EMFAF

EAFRD

IPA TN

PE 776.005

strengthen
competitiveness

Employment, skills
and social inclusion

Support regions
affected by the
green transition

Support large-
scale deployment
of low-carbon
technologies

Defence research
and capability
development

Sustainable
fisheries and blue
economy

Rural development
and agricultural
competitiveness

Support EU
accession and
candidate
countries
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digitalisation and
modernisation

Supports SMEs
through workforce
upskilling and reskilling

Supports SME
diversification and
innovation in transition
regions

Enables SME
participation in
climate-neutral

technology projects

Incentivises cross-
border SME
participation in
defence R&D

Supports innovative
SMEs in maritime and
coastal regions

Supports innovative
SMEs in rural areas

Supports SME
competitiveness and
innovation

deployment of all ten

critical technologies
via regional
ecosystems

Focus on skills for
digital, deep tech and
biotechnology value
chains

Focus on clean
technologies,
advanced
manufacturing and
energy-related
technologies

Focus on clean energy,
industrial
decarbonisation and
advanced
manufacturing

Focus on defence,
space, advanced
materials, robotics and
sensing

Indirect relevance
(sensing, space,
energy technologies in
blue economy)

Indirect relevance
(digitalisation, clean
energy, advanced
manufacturing for
agri-food)

Focus on digital,
green, biotech and
manufacturing
technologies
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Focus on digital,

Post-COVID SME support via
Recovery and Resilience ) i green, biotech and
- recovery and national reform and .
Facility (RRF) . ) manufacturing
resilience investment plans .
technologies
Steers fundin
.. Align EU funding Facilitates cumulative . 9
STEP* (coordination ; ) towards digital, clean
. towards strategic funding for SMEs . .
mechanism) . and biotech critical
technologies across programmes

technologies

*Note: STEP is a coordination and steering mechanism rather than a funding programme; it aligns resources from multiple EU
instruments towards EU-defined critical technologies.
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5. ANNEX 5: THE DIFFERENCE-IN-DIFFERENCES METHODOLOGY
AND SUPPLEMENTARY FIGURES SUPPORTING THE ANALYSIS

5.1. Methodology for the Difference-in-Differences (DiD)

In this section, we present a detailed Difference-in-Differences (DiD) methodology and its key
elements.

Defining the treated and control groups

The treated group consists of firms that have received full ERDF, ESF payments, while the control group
includes all firms from the RDI dataset that did not receive funding.’® This classification ensures that
both groups are comparable in terms of eligibility for funding. SMEs with ongoing projects that have
not reached the full payment threshold will be considered "not-yet-treated" and will act as dynamic
controls.

Empirical strategy: Staggered Difference-in-Differences (DiD)

We applied the staggered DiD model proposed by Callaway and Sant’Anna (2021)'%, this approach
allows treatment effects to differ both across cohorts (defined by treatment timing) and over time, and
avoids biases associated with traditional two-way fixed effects estimators under staggered adoption.

The methodology estimates treatment effects at the cohort—time level, capturing how outcomes
evolve for firms treated in different years relative to firms that are never treated. This structure enables
the analysis of dynamic effects of Cohesion Policy support across time, technologies, and countries.

Definition of the Average Treatment Effect on the Treated (ATT)

Following Callaway and Sant’Anna (2021), treatment effects are first defined at the cohort—time level.
Let g denote the first year in which firm i receives Cohesion Policy support, and let tdenote calendar
time. The group-time average treatment effect is defined as:

ATT(g,t) = E[Y;(1) = Y,(0) | G; = g1,

where Y;(1)and Y;(0)denote the potential outcomes of firm i at time t with and without treatment,
respectively.

Dynamic treatment effects are obtained by aggregating these cohort-specific effects by event time,
defined as e = t — g. The resulting event-time ATTs trace the evolution of treatment impacts before
and after firms receive Cohesion Policy support and form the basis of the event-study analysis.

Model Specification
The model follows the structure:

ATT(g,t) = E[Y;e(1) = Y;(0) | D; = g]
Where:

e Y;:(1) = Outcome (e.g., revenue) of treated firms.

126 For example, there are 2546 companies in biotechnology in RDI database for EU. If we will look at Kohesio dataset, filter Biotechnology
as keyword for the critical technology and select SME competitiveness we receive about 500 companies. Hence, we will have 500
companies treated and 2046 control.

127 Callaway, B., & Sant’Anna, P. H. (2021). Difference-in-differences with multiple time periods. Journal of Econometrics, 225(2), 200-230.
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e Y;;(0) = Counterfactual outcome of untreated firms.
e D; =g =Firmiistreated at the time t.
Estimation methods

To estimate the ATT, we employ three complementary estimators:

1. Outcome Regression (OR), which models outcomes as a function of covariates;

2. Inverse Probability Weighting (IPW), which reweights observations based on the probability
of treatment;

3. Doubly Robust (DR) estimation, which combines OR and IPW and yields consistent estimates
if at least one of the two models is correctly specified.

All baseline results are reported using the doubly robust estimator, while OR and IPW estimates are
used as robustness checks.

Identification assumptions and robustness checks

The validity of the DiD design relies on the parallel trends assumption, which requires that, absent
treatment, treated and control firms would have followed similar outcome trajectories. We assess this
assumption through pre-treatment event-study coefficients (pseudo-ATTs) and formal pre-trend
tests. We also explore heterogeneity in treatment effects by firm size, country, and incorporation date.
Robustness checks include alternative estimators (DR, OR and IPW), variations in treatment timing
definitions, and comparisons with outcomes of not-treated firms.

To validate the parallel trends assumption, we conducted pre-treatment trend analyses using pseudo-
ATTs. We also explored heterogeneity by firm size, SME incorporation date, and country. Robustness
checks included varying the treatment threshold and incorporating lagged covariates to account for
pre-treatment performance. For robustness checks, we also estimated the ATTs to compare with the
outcome of “not treated” firms.

Covariates in adjustment models

All DiD estimates are obtained using the Callaway & Sant’Anna (group-time ATT) estimator
implemented in the ,,did" package in the R programming language. For the main specification we use
the doubly robust (DR) estimator, and we assess robustness using outcome regression (OR) and
inverse probability weighting (IPW). In all three approaches, the same covariate set is used in the
adjustment models: country indicators and firm age (constructed from the incorporation year and the
observation year), and industry fixed effects based on Orbis 4-digit NACE codes. Standard errors are
clustered at the country level.

Outcomes/functional form

We consider three firm-level outcomes measured annually from Orbis: (i) headcount, (ii) turnover, and
(iii) labour productivity defined as turnover per employee (turnover divided by headcount). The
baseline specifications use outcomes in levels, i.e. in their original units. Productivity is computed only
when headcount is strictly positive. As a robustness check, we also considered log outcomes (log of
strictly positive values), which reduces sensitivity to outliers and skewness.

Visvalisation of dynamic effects

The impact of Cohesion Policy support is visualised using event-study plots that display dynamic ATTs
before and after treatment. These plots illustrate the temporal evolution of treatment effects and
highlight periods in which treated firms diverge from the control group.
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Based on the policy objectives of ERDF funding, we expected projects targeting critical technologies
to positively affect firm performance, particularly in terms of revenue growth, employment, investment,
and productivity.

For the staggered difference-in-differences analysis, we restrict the estimation sample to firms whose
first treatment occurred between 2016 and 2021. Firms treated earlier are excluded due to insufficient
pre-treatment observations, which are required to test and identify the parallel trends assumption.
Firms treated after 2021 are excluded because they have limited post-treatment exposure and cannot
support reliable estimation of dynamic effects. Never-treated firms are retained throughout as the
control group. This cohort trimming follows standard practice in staggered DiD designs (Callaway and
Sant'Anna, 2021).

5.2. Missing data and imputation

Orbis coverage is incomplete for some firm-year observations in headcount and turnover. To mitigate
loss of sample size, we impute missing values within each firm using linear interpolation across
observed years and carry the nearest observed value to the beginning/end of the firm’s observed
series. Values in years prior to the firm's incorporation year are always kept as missing and are not
imputed. We report the share of firm-year observations imputed separately for treated and control
firms.

Table 11: Extent of missing-data imputation for treated and control SMEs

Share of Share of

. : Share of
S — Number flrm—‘years flrm—‘years SMEs with Share of SMEs
. with with . with any imputed
observations | of SMEs . . any imputed
imputed imputed turnover
employment
employment turnover
Control 129349 11759 0.21 0.14 0.75 0.39
Treated 78111 7101 0.17 0.14 0.72 0.62

Note: Control firms are those that are never treated over the sample period. All firms in the sample are SMEs, the terms firm
and SME are therefore used interchangeably. Firm-year refers to one firm observed in one year. The share of firm-years with
imputed employment (turnover) is the proportion of firm-year observations for which employment (turnover) was originally
missing in Orbis and filled using the imputation procedure. The share of SMEs with any imputed employment (turnover) is the
proportion of SMEs that have at least one year with imputed employment (turnover) over the sample period.

Source: Analysis of the contractor on the Kohesio and Orbis dataset

Table 12: Imputation rates by technology for treated and control SMEs

Share of
Share of ) Share of
. firm- Share of
. firm-years . SMEs
Firm-year . years SMEs with .
Technology . with ) . with any
observations . with any imputed | .
imputed . imputed
imputed | employment
employment turnover
turnover
Al Control 21483 1953 0.18 0.12 0.65 0.34
Al Treated 27082 2462 0.16 0.12 0.71 0.63
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Advanced oo 50083 4553 0.21 0.14 0.81
Connectivity
Advanced = oo 51942 4722 0.17 0.14 0.72
Connectivity
Biotechnology  Control 2156 196 0.23 0.13 0.83
Biotechnology Treated 2079 189 0.19 0.16 0.77
Energy Control 55671 5061 0.21 0.14 0.72
Energy Treated 4950 450 0.20 0.15 0.72

Source: Analysis of the contractor on the Kohesio and Orbis dataset

5.3. Quantitative comparison of treated versus control firms

This section provides a descriptive comparison of treated and control SMEs prior to the econometric
analysis, focusing on firm size, turnover and sectoral composition across the four critical technology
areas. Tables below (Table 13 and Table 14) compare the employment and turnover distributions of
SMEs that receive Cohesion Policy support (“treated”) with those that do not (“control”), while Table
15 summarises the most represented NACE 4-digit industries in each group. This comparison helps to
assess baseline differences between treated and control firms and to contextualise the subsequent
Difference-in-Differences results.

Table 13: Employment size distribution of treated and control SMEs by technology

Technology Employment category(size)
Al 258 470

Micro (<10)
Al Small (10 -49) 739 1429
Al Medium (50 -249) 283 561
Advanced Connectivity Micro (<10) 699 968
Advanced Connectivity Small (10 -49) 2205 2713
Advanced Connectivity Medium (50 -249) 777 1038
Biotechnology Micro (<10) 51 30
Biotechnology Small (10 -49) 84 99
Biotechnology Medium (50 -249) 27 60
Energy Micro (<10) 1116 80
Energy Small (10 -49) 1839 256
Energy Medium (50 -249) 696 114

Note: Employment size categories are defined based on the number of employees: Micro (<10), Small (10-49), and Medium
(50-249). Reported figures are numbers of SMEs in each category. Treated and control refer to firms (SMEs) that are ever
treated or never treated, respectively.

Source: Analysis of the contractor on the Kohesio and Orbis dataset
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Table 14: Turnover size distribution of treated and control SMEs by technology

Technology Turnover category (size)
Al 6 23

0 -0.1M 1
Al 01 -1M 190 499
Al 1 -5M 525 1073
Al 5 -10M 140 353
Al 10 -50M 123 402
Al 50M+ 12 33
Advanced Connectivity 0 -0.IM 36 40
Advanced Connectivity 0.1 -1M 473 841
Advanced Connectivity 1 -5M 1508 2124
Advanced Connectivity 5 -10M 416 671
Advanced Connectivity 10 -50M 465 707
Advanced Connectivity 50M+ 69 77
Biotechnology 0 -0.1M 6 3
Biotechnology 0.1 -1IM 33 52
Biotechnology 1 -5M 51 48
Biotechnology 5 -10M 12 24
Biotechnology 10 -50M 16 40
Biotechnology 50M+ 3 10
Energy 0 -0.IM 56 5
Energy 0.1 -IM 375 70
Energy 1 -5M 1316 169
Energy 5 -10M 437 56
Energy 10 -50M 575 94
Energy 50M+ 215 15

Note: Turnover categories are defined in million EUR as follows: 0-0.1, 0.1-1, 1-5, 5-10, 10-50, and above 50. Reported
figures are numbers of SMEs in each category.
Source: Analysis of the contractor on the Kohesio and Orbis dataset
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Table 15: Top NACE 4-digit industries of firms by technology and treatment status

Technology NACE

Control 6201 - Computer programming activities
Al Control 6202 - Computer consultancy activities 330
Al Control 6209 - Other information te'chr?ology and computer service 208
activities
Al Control 7022 - Business and other management consultancy activities 87
Al Control 6311 - Data processing, hosting and related activities 64
Al Treated 6201 - Computer programming activities 419
Al Treated 6202 - Computer consultancy activities 151
Al Treated 6209 - Other information tef:I'.\r?ology and computer service 135
activities
Al Treated 7112 - Engineering activities and related technical consultancy 115
Al Treated 7219 - Other research and expenmermtal c!evelopment on 83
natural sciences and engineering
Advanced . I
Connectivity Control 6201 - Computer programming activities 877
Advanc‘esi Control 7112 - Engineering activities and related technical consultancy 435
Connectivity
Advanc‘ec‘:i Control 6202 - Computer consultancy activities 391
Connectivity
Advanc‘efi Control 6209 - Other information te'chr?ology and computer service 301
Connectivity activities
Advanced 2651 - Manufacture of instruments and appliances for
. Control . . o 202
Connectivity measuring, testing and navigation
Advanced . -
Cermeetivi Treated 6201 - Computer programming activities 441
Advanc‘ec‘:i Treated 7112 - Engineering activities and related technical consultancy 246
Connectivity
Advanc‘efi Treated 6202 - Computer consultancy activities 173
Connectivity
Advanc‘ec.:i Treated 6209 - Other information tthQology and computer service 161
Connectivity activities
ER e Control 7211 - Research and experimental development on 65

biotechnology
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7219 - Other research and experimental development on

Slee gy Control natural sciences and engineering 35
Biotechnology Control 6201 - Computer programming activities 11
ER el Control 7210 - ResearchSacri\:nceczze;;n;(Z?]t:ilncii\;ienl;pment on natural 9
Biotechnology Control 2120 - Manufacture of pharmaceutical preparations 8
Biotechnology = Treated 7211 - Research arklcijoizsﬁrr‘i;?:g;al development on 6
Sotechrlogy Trewed 7% ~ON mench et dovdepmerten
Biotechnology Treated 7022 - Business and other management consultancy activities 16
ER N Trcoted 6209 - Other informationa'(r.:iicvkiugce)iogy and computer service 8
Biotechnology Treated 1102 - Manufacture of wine from grape 7
Energy Control 7112 - Engineering activities and related technical consultancy 633
Energy Control 4321 - Electrical installation 404
Energy Control 4322 - Plumbing, heat and air-conditioning installation 344
Energy Control 3511 - Production of electricity 305
Energy Control 4669 - Wholesale of other machinery and equipment 237
Energy Treated 7112 - Engineering activities and related technical consultancy 50
Crorgy  Trotod 729 Or e g opeinenaldonsopmenton
Energy Treated 7022 - Business and other management consultancy activities 20
Energy Treated 4321 - Electrical installation 17
Energy Treated 6201 - Computer programming activities 16

Note: NACE industries refer to firms' primary registered activities in Orbis. Technology classifications are project-based and
are not constrained to coincide with firms' primary NACE codes. Reported figures indicate numbers of SMEs.
Source: Analysis of the contractor on the Kohesio and Orbis dataset

5.4. Identification strategy and robustness checks results for each CT

This section presents the main validation tests and robustness checks underpinning the impact analysis
of Cohesion Policy support to SMEs across critical technologies. For each technology, the analysis
assesses (i) the validity of the parallel trends assumption prior to treatment, (ii) the composition and
evolution of treated and control groups over time, and (iii) the robustness of estimated treatment
effects across alternative estimation approaches. Together, these checks ensure the credibility and
interpretability of the estimated impacts.

PE 776.005 57



CASP | Policy Department for Regional Development, Agriculture and Fisheries

Artificial Intelligence

Table 16: Parallel trends pre-test results

p-value (parallel trends pre-test)

Productivity 0.67935
Turnover 0.27499
Headcount 0.59979

Note: P-values above 0.05 indicate no statistically significant pre-treatment differences and therefore support the parallel
trends assumption.

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 17: Control vs Treated descriptive statistics

Number of s

2013 2058 1369

2014 2172 735 1437 0
2015 2297 780 1517 0
2016 2394 831 1442 121
2017 2492 872 1079 541
2018 2573 913 889 771
2019 2623 940 712 971
2020 2654 964 208 1482
2021 2663 973 0 1690
2022 2666 976 0 1690
2023 2665 976 0 1689

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 18: Country composition of treated and control SMEs

Spain 0.113 0.370

Italy 299 484 0.153 0.197
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Germany 535 160 0.274 0.065
Poland 101 128 0.052 0.052
Portugal 39 140 0.020 0.057
Lithuania 19 127 0.010 0.052
Finland 67 62 0.034 0.025
Czechia 37 82 0.019 0.033
Romania 37 80 0.019 0.032
Hungary 39 77 0.020 0.031
France 84 24 0.043 0.010
Slovenia 15 86 0.008 0.035
Netherlands 97 3 0.050 0.001
Sweden 85 7 0.044 0.003
Austria 59 2 0.030 0.001
Belgium 58 1 0.030 0.000
Denmark 47 2 0.024 0.001
Estonia 20 23 0.010 0.009
Bulgaria 9 25 0.005 0.010
Ireland 33 1 0.017 0.000
Slovakia 6 25 0.003 0.010
Croatia 15 8 0.008 0.003
Greece 17 3 0.009 0.001
Latvia 9 2 0.005 0.001
Cyprus 4 0 0.002 0.000
Luxembourg 2 0 0.001 0.000

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 19: Estimated treatment effects (alternative estimators)

Overall ATT Overall SE Overall Cl Low Overall Cl High

Productivity -0.001762994  0.011408636 -0.02412392 0.020597932

Productivity OR -0.008434437  0.010968403 -0.029932506 0.013063632
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Productivity IPW -0.002479966
Turnover DR 0.437429239
Turnover OR -0.251989259
Turnover IPW 0.451971013

Headcount DR 2.079350091
Headcount OR 0.246151867
Headcount IPW 2.192295514

0.010564475

0.228932521

0.375680576

0.199099812

1.839760247

1.323703591

1.824575786

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Figure 3 presents event-study estimates of the dynamic effects of Cohesion Policy support on SMEs in
artificial intelligence, comparing results across three estimators: Doubly Robust (DR), Outcome
Regression (OR) and Inverse Probability Weighting (IPW). The figure reports estimated average
treatment effects on productivity, turnover and employment before and after treatment, allowing
assessment of pre-treatment trends and post-treatment dynamics. This comparison helps evaluate the
robustness of results to alternative identification strategies and highlights the timing and heterogeneity

of observed effects.

-0.023186337

-0.011278501

-0.988323187

0.061735381

-1.526579992

-2.348307172

-1.383873026

Figure 3: Event-study estimates under DR, OR, and IPW estimators
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Advanced Connectivity

Table 20: Parallel trends pre-test results

p-value (parallel trends pre-test)

Productivity 0.37458
Turnover 0.03396
Headcount 0.00422

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 21: Control vs Treated descriptive statistics

2013 4921 2311 2610

2014 5142 2424 2718 0
2015 5346 2527 2819 0
2016 5532 2632 2630 270
2017 5674 2717 2141 816
2018 5790 2783 1561 1446
2019 5856 2828 1080 1948
2020 5896 2862 411 2623
2021 5909 2876 0 3033
2022 5922 2889 0 3033
2023 5920 2889 0 3031

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 22: Country composition of treated and control SMEs

Spain 1618 0.112 0.343
Italy 935 1116 0.205 0.236
Germany 1163 577 0.255 0.122
Portugal 102 431 0.022 0.091
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Czechia 93 180 0.020
Poland 187 75 0.041
Netherlands 238 9 0.052
France 188 49 0.041
Sweden 209 13 0.046
Lithuania 30 160 0.007
Finland 112 75 0.025
Slovenia 35 127 0.008
Belgium 150 6 0.033
Romania 56 a1 0.012
Hungary 62 75 0.014
Austria 94 16 0.021
Denmark 99 2 0.022
Greece 62 16 0.014
Slovakia 41 24 0.009
Ireland 60 0 0.013
Croatia 34 20 0.007
Estonia 25 29 0.005
Bulgaria 40 11 0.009
Latvia 18 2 0.004
Luxembourg 5 0 0.001
Cyprus 4 0 0.001

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 23: Estimated treatment effects (alternative estimators)

Estimator Overall ATT Overall SE Overall Cl Low

0.038

0.016

0.002

0.010

0.003

0.034

0.016

0.027

0.001

0.019

0.016

0.003

0.000

0.003

0.005

0.000

0.004

0.006

0.002

0.000

0.000

0.000

Overall Cl High

Productivity DR 0.0045548 0.014727184 -0.024310481

62

0.033420081
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Productivity OR 0.0045548 0.014631283 -0.024122515 0.033232116
Productivity IPW 0.004421675 0.014122094 -0.02325763 0.032100981
Turnover DR 0.186824949 0.159680813 -0.126149445 0.499799343
Turnover OR 0.186824949 0.167138737 -0.140766976 0.514416874
Turnover IPW 0.186642054 0.156236547 -0.119581578 0.492865686
Headcount DR 0.533278019 1.249426246 -1.915597423 2.982153461
Headcount OR 0.533278019 1.215503025 -1.84910791 2.915663948
Headcount IPW 0.500930627 1.193078146 -1.837502539 2.839363794

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Figure 4 shows event-study estimates of the dynamic effects of Cohesion Policy support on SMEs in
Advanced connectivity technologies, using Doubly Robust (DR), Outcome Regression (OR) and Inverse
Probability Weighting (IPW) estimators. The figure reports estimated average treatment effects on
productivity, turnover and employment before and after support, enabling an assessment of pre-
treatment trends, post-treatment dynamics and the robustness of results across alternative estimation
approaches.

Figure 4: Event-study estimates under DR, OR, and IPW estimators for Advanced
Connectivity

Dynamic Effscts by Estimater — Advanced Connectivity

DR — Productivity DR — Turnover DR — Headcount

ATT
-
-
I
A
t
AT
I
— L
-
—
S N
t
?
T
-
e
-
|
-
i
R
t

I L I T T T L T T S T T S I

S0

5 a4 & 5 4w 1z i a4 5 &

IPW — Productivity IPW — Turnover IPW — Headcount

ATT

i iH‘M Al e |”¥w 77777 = H}H" o

PE 776.005 63



CASP | Policy Department for Regional Development, Agriculture and Fisheries

Source: Analysis of the contractor on the Kohesio and Orbis dataset.
Biotechnology

Table 24: Parallel trends pre-test results

p-value (parallel trends pre-test)

Productivity 0.00989
Turnover 0.00991
Headcount 0.00003

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 25: Control vs Treated descriptive statistics

Number of firms Never treated Not yet treated
0

2013 142 81 61

2014 155 88 67 0
2015 164 94 70 0
2016 171 99 72 0
2017 182 106 45 31
2018 188 111 29 48
2019 192 114 12 66
2020 196 118 0 78
2021 197 119 0 78
2022 197 119 0 78
2023 197 119 0 78

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 26: Country composition of treated and control SMEs

Spain 0.087 0.354

Germany 48 21 0.245 0.111
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Italy 31 25 0.158 0.132
Portugal 4 19 0.020 0.101
France 17 4 0.087 0.021
Lithuania 2 17 0.010 0.090
Hungary 8 8 0.041 0.042
Belgium 13 2 0.066 0.011
Denmark 15 0 0.077 0.000
Czechia 1 13 0.005 0.069
Poland 6 7 0.031 0.037
Sweden 8 2 0.041 0.011
Austria 9 0 0.046 0.000
Finland 4 0 0.020 0.000
Romania 3 1 0.015 0.005
Bulgaria 2 1 0.010 0.005
Netherlands 3 0 0.015 0.000
Slovenia 2 0 0.010 0.000
Estonia 0 2 0.000 0.011
Croatia 1 0] 0.005 0.000
Ireland 1 0 0.005 0.000
Latvia 1 0 0.005 0.000

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 27: Estimated treatment effects (alternative estimators)

Overall ATT Overall SE Overall Cl Low Overall Cl High

Productivity -0.001762994  0.011408636 -0.02412392 0.020597932
Productivity OR -0.008434437  0.010968403 -0.029932506 0.013063632
Productivity IPW -0.002479966  0.010564475 -0.023186337 0.018226404

Turnover DR 0.437429239  0.228932521 -0.011278501 0.88613698
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Turnover OR -0.251989259  0.375680576 -0.988323187 0.48434467

Turnover IPW 0.451971013 0.199099812 0.061735381 0.842206645
Headcount DR 2.079350091 1.839760247 -1.526579992 5.685280174
Headcount OR 0.246151867 1.323703591 -2.348307172 2.840610906
Headcount IPW 2.192295514 1.824575786 -1.383873026 5.768464054

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Figure 5 shows event-study estimates of the dynamic effects of Cohesion Policy support on SMEs in
Biotechnologies, using Doubly Robust (DR), Outcome Regression (OR) and Inverse Probability
Weighting (IPW) estimators. The figure reports estimated average treatment effects on productivity,
turnover and employment before and after support, enabling an assessment of pre-treatment trends,
post-treatment dynamics and the robustness of results across alternative estimation approaches.

Figure 5: Event-study estimates under DR, OR, and IPW estimators in Biotechnology
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Source: Analysis of the contractor on the Kohesio and Orbis dataset.
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Energy

Table 28: Parallel trends pre-test results

p-value (parallel trends pre-test)

Productivity 0.35823
Turnover 0.40924
Headcount 0.00613

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 29: Control vs Treated descriptive statistics

Period Number of firms Never treated NS Treated
treated

2013 2431 2178

2014 2538 2272 266 0
2015 2671 2390 281 0
2016 2761 2474 254 33
2017 2855 2562 194 99
2018 2965 2669 148 148
2019 3066 2765 108 193
2020 3130 2829 45 256
2021 3187 2886 0 301
2022 3221 2920 0 301
2023 3221 2921 0 300

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 30: Country composition of treated and control SMEs

Germany 1636 0.323 0.196
Italy 672 88 0.133 0.196
Spain 623 81 0.123 0.180
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Netherlands
Sweden
Poland
France
Portugal
Austria
Finland
Czechia
Belgium
Denmark
Greece
Romania
Hungary
Bulgaria
Ireland
Lithuania
Slovakia
Estonia
Slovenia
Latvia
Croatia
Luxembourg
Cyprus

Malta

Source: Analysis of the contractor on the Kohesio and Orbis dataset.
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Table 31: Estimated treatment effects (alternative estimators)

Overall ATT Overall SE Overall Cl Low Overall Cl High

Productivity

Productivity

OR

1.164245603

1.164245603

0.390151336

0.415359335

68

0.399548984

0.350141306

0.016

0.004

0.029

0.029

0.169

0.011

0.022

0.071

0.007

0.000

0.000

0.009

0.002

0.002

0.002

0.018

0.000

0.022

0.004

0.000

0.011

0.000

0.000

0.000

1.928942222

1.9783499
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Productivity IPW 1.175666449 0.401842817 0.388054528 1.96327837
Turnover DR -5.579774881 2.213117786 -9.917485742 -1.24206402
Turnover OR -5.579774881  2.092376488 -9.680832797 -1.478716964
Turnover IPW -5.62493811 1.982222284 -9.510093787 -1.739782434

Headcount DR 1.559525856 3.274930286 -4.859337505 7.978389218
Headcount OR 1.559525856 3.125584179 -4.566619135 7.685670847
Headcount IPW 1.554020582 3.126705874 -4.574322931 7.682364095

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Figure below shows event-study estimates of the dynamic effects of Cohesion Policy support on SMEs
in advanced connectivity technologies, using Doubly Robust (DR), Outcome Regression (OR) and
Inverse Probability Weighting (IPW) estimators. The figure reports estimated average treatment
effects on productivity, turnover and employment before and after support, enabling an assessment of
pre-treatment trends, post-treatment dynamics and the robustness of results across alternative
estimation approaches.

Figure 6: Event-study estimates under DR, OR, and IPW estimators for Energy technologies

Dynamic Effects by Estimator — Energy
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Source: Analysis of the contractor on the Kohesio and Orbis dataset.
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5.5. Effects of Cohesion Policy support on SME performance

The analysis of dynamic treatment effects (ATT)'*® for SMEs supported under Al-related projects
indicates heterogeneous and statistically insignificant effects across firm performance outcomes
following Cohesion Policy intervention. The estimated effects on productivity remain close to zero
throughout the post-treatment period, with confidence intervals consistently intersecting zero. This
indicates no statistically significant productivity effects within the observed timeframe, suggesting that
efficiency gains from Al adoption may materialise only over longer horizons and depend on
complementary organisational and skills-related investments. Recent firm-level evidence suggests that
Al-related productivity gains are strongest when Al is applied to operational and market-facing
activities (e.g. marketing, administration, workflow automation), while effects are more modest and
delayed for other uses.'® This helps explain why Cohesion Policy support for Al adoption, which often
targets early-stage R&D and capability building, does not translate into immediate average productivity
gains.

For turnover, point estimates are generally positive in the post-treatment period, and the pooled
overall ATT is positive (0.44). However, the dynamic confidence intervals intersect zero in most
post-treatment years, indicating that revenue effects are not consistently statistically significant
over time. This suggests that while some Al-supported SMEs experience revenue gains, these effects
are uneven across firms and periods and cannot be interpreted as robust and significant average
impacts.

The estimated effects on employment, measured by headcount, are also positive in some post-
treatment years but remain statistically insignificant throughout, with wide confidence intervals. This
indicates no detectable average employment effect attributable to Al-related Cohesion Policy support.

Overall, the results suggest that Cohesion Policy support for Al adoption may contribute to emerging
and firm-specific market effects, but the evidence does not support strong or systematic short-term
impacts on productivity, turnover, or employment. Any economic benefits associated with Al-related
support appear to be gradual, heterogeneous and highly context-dependent, reinforcing the
importance of absorptive capacity and complementary investments.

Figure 7: Dynamic treatment effects (ATT) on outcomes of Al SMEs before and after
Cohesion Policy support

(a) Productivity {(b) Turnover (¢) Headcount

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

--------------------------------------------------------------------------------------------------

Note: The three panels present the dynamic treatment effects (ATT) for supported Al SMEs, showing how outcomes evolve
before and after receiving Cohesion Policy support. The left chart displays effects on productivity, the middle chart on
turnover, and the right chart on headcount. Values to the left of zero on the horizontal axis represent pre-treatment years,

128 Following Callaway and Sant'Anna (2021), dynamic treatment effects (ATT) are defined as event-time averages of cohort-specific

group-time treatment effects, measuring the causal impact of treatment e periods after adoption relative to a valid comparison group
under conditional parallel trends.

12Sjedschlag, lulia and Duran Vanegas, Juan David, Artificial Intelligence and Firm-Level Productivity: Early Evidence from a Small Open
Economy (August 1, 2025). Available at SSRN: https://ssrn.com/abstract=5375462 or http://dx.doi.org/10.2139/ssrn.5375462
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and values to the right represent post-treatment years. Each point shows the estimated ATT for that period, with vertical bars
indicating 95% confidence intervals. Coefficients near zero imply no detectable effect relative to comparable non-supported
SMEs, while positive or negative coefficients indicate improvements or declines, respectively. Pre-treatment coefficients
close to zero support the validity of the parallel-trends assumption, while post-treatment patterns indicate whether outcomes
respond to the intervention over time.

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 32: Overall dynamic ATT — Al

Overall_ATT Overall_SE Overall_CI_low Overall_CI_high

Productivity -0.0018 0.0113 -0.024 0.0204
Turnover 0.4419 0.219 0.0126 0.8712
Headcount 2.1592 1.7683 -1.3067 5.625

Note: “Overall ATT" reports the average treatment effect on the treated across all post-treatment years. “Overall SE” is the
standard error of the estimate. “Overall ClI low” and “Overall CI high" represent the lower and upper bounds of the 95%
confidence interval. A statistically significant result is one where the confidence interval does not include zero. Positive values
indicate that supported SMEs outperformed comparable non-supported SMEs on the outcome variable.

Source: Analysis of the contractor on the Kohesio and Orbis dataset.
Evidence from advanced connectivity and digital tech CP support for SMEs

The estimation of dynamic treatment effects (ATT) for SMEs supported through advanced connectivity
and digital technology projects indicates no statistically significant post-intervention effects across
the main firm performance indicators. The estimated effects on productivity remain small and
statistically insignificant throughout the post-treatment period, with confidence intervals consistently
intersecting zero. This suggests that efficiency gains from enhanced digital connectivity are not directly
observable within the analysed timeframe and may depend on complementary investments in digital
skills, organisational change and process innovation.

Similarly, the estimated effect on turnover is positive in terms of point estimates (overall ATT = 0.24),
but not statistically significant, and dynamic confidence intervals intersect zero in all post-treatment
years. This indicates no robust evidence of average revenue effects attributable to advanced
connectivity support, with outcomes likely varying substantially across firms and sectors.

Employment effects, measured through headcount, also show no statistically significant changes
following support. Point estimates fluctuate around zero and are accompanied by wide confidence
intervals, suggesting considerable heterogeneity and the absence of detectable average employment
impacts.

Overall, the results indicate that Cohesion Policy support for advanced connectivity and digital
technologies does not translate into immediate or measurable firm-level performance effects in
terms of productivity, turnover or employment. Rather, such interventions appear to function primarily
as enabling investments, creating the infrastructural and technological preconditions for future
growth that may materialise only over longer time horizons or in combination with complementary
policies.
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Figure 8: Dynamic treatment effects (ATT) on outcomes of advanced connectivity and digital
technology SMEs before and after Cohesion Policy support

(a) Productivity {b) Turnover {¢) Headcount

0050

_________________________________________________

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 33: Overall dynamic ATT — Advanced connectivity

Overall_ATT Overall_SE Overall_Cl_low | Overall_Cl_high

Productivity 0.007454 0.013177 -0.018373 0.033281
Turnover 0.239927 0.157492 -0.068757 0.548612
Headcount 0.720639 1.167319 -1.567306 3.008584

Source: Analysis of the contractor on the Kohesio and Orbis dataset.
Evidence from biotechnology-related CP support for SMEs

The dynamic treatment effects (ATT) for SMEs engaged in biotechnology-related projects indicate
limited and statistically uncertain impacts across all firm performance outcomes. The estimated
effect on productivity is slightly negative (—0.05) but not statistically significant, as the confidence
interval includes zero. This suggests no detectable average productivity effect within the observed
timeframe and may reflect adjustment costs associated with biotechnology-related innovation, where
firms face long development cycles before efficiency gains materialise.

The estimated effects on turnover and employment are also statistically insignificant and characterised
by very wide confidence intervals, indicating substantial heterogeneity across firms. This variability is
consistent with the diverse maturity levels of biotechnology SMEs and their dependence on factors
such as regulatory approval processes, access to pilot-scale facilities, and specialised financing.

The results indicate that Cohesion Policy support for biotechnology SMEs does not translate into
measurable short- or medium-term firm-level performance effects in terms of productivity, turnover
or employment. Instead, such support is likely to play an enabling role, facilitating experimentation and
early-stage innovation whose economic returns are expected to materialise only over longer time
horizons. This underscores the need for sustained and complementary support mechanisms to help
biotechnology SMEs progress from research and prototyping towards commercial deployment.
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Figure 9: Dynamic treatment effects (ATT) on outcomes of biotechnology SMEs before and
after Cohesion Policy support

(a) Productivity (b) Turnover {c) Headcount
an

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 34: Overall dynamic ATT - Biotechnology

Overall_ATT Overall_SE Overall_Cl_low Overall_CI_high

Productivity -0.05297 0.028775 -0.109369 0.003429
Turnover -0.325202 2.70958 -5.635978 4.985574
Headcount 2.761602 9.34214 -15.548992 21.072196

Note: “Overall ATT" reports the average treatment effect on the treated across all post-treatment years. “Overall SE” is the
standard error of the estimate. “Overall ClI low” and “Overall CI high" represent the lower and upper bounds of the 95%
confidence interval. A statistically significant result is one where the confidence interval does not include zero. Positive values
indicate that supported SMEs outperformed comparable non-supported SMEs on the outcome variable.

Source: Analysis of the contractor on the Kohesio and Orbis dataset.
Evidence from energy-related CP support for SMEs

The estimated dynamic treatment effects (ATT) for SMEs supported in energy-related projects reveal
strong and statistically significant productivity gains, alongside more mixed outcomes for turnover
and employment.

The productivity effect is positive and substantial (overall ATT = 1.16) and statistically significant (as
seen in Figure 10 and Table 35), indicating measurable improvements in firm-level performance
following support. The dynamic estimates show that these gains persist and increase over the post-
treatment period, consistent with efficiency improvements arising from process optimisation, cost
reductions and the adoption of cleaner and more energy-efficient technologies supported under
Cohesion Policy.

In contrast, the estimated effect on turnover is negative and statistically significant. The dynamic
pattern indicates a sustained decline in revenues in the post-treatment period. This outcome may
reflect adjustment costs associated with energy-related investments, such as temporary production
disruptions, higher upfront capital expenditures, or delayed commercial returns as firms reconfigure
production processes and business models. The estimated effect on employment, measured by
headcount, is positive in some post-treatment periods but not statistically significant overall. This
suggests no robust evidence of average job creation attributable to energy-related support within the
observed timeframe.

Overall, the results indicate that Cohesion Policy interventions in the energy domain generate clear
productivity and efficiency gains, while revenue and employment effects are more uncertain and may
depend on firms' ability to translate technological upgrades into market expansion. Complementary
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support for commercialisation, market access and scaling could help mitigate revenue pressures and
enhance longer-term competitiveness.

Figure 10: Dynamic treatment effects (ATT) on outcomes of energy SMEs before and after
Cohesion Policy support

{a) Productivity {b) Turnover {c} Headcount

Source: Analysis of the contractor on the Kohesio and Orbis dataset.

Table 35: Overall dynamic ATT — Energy

Overall_ATT Overall_SE | Overall_Cl_low | Overall_CI_high

Productivity 1.164246 0.420685 0.339702 1.988789
Turnover -5.579775 2.099406 -9.694611 -1.464939
Headcount 1.559526 3.162276 -4.638535 7.757587

Source: Analysis of the contractor on the Kohesio and Orbis dataset.
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5.6. Individual technology maps with the regional distribution of projects

This chapter presents the geographic distribution of Cohesion Policy projects supporting SMEs across
the four critical technology areas analysed in the study: artificial intelligence, advanced connectivity,
biotechnology and energy technologies. The figures illustrate the spatial concentration and dispersion
of supported SME projects across regions, highlighting differences in territorial coverage and intensity
between technology domains. Together, they provide a visual basis for assessing how Cohesion Policy
support to SMEs in critical technologies is distributed across the EU.

Figure 11: Geography of CP projects supporting SMEs — Artificial intelligence
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Source: Compiled by the study team.
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Figure 12: Geography of CP projects supporting SMEs - Advanced Connectivity
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Figure 13: Geography of CP projects supporting SMEs - Biotechnology
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Figure 14: Geography of CP projects supporting SMEs - Energy
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6. ANNEX 6: CASE STUDIES

6.1. Case study no 1: Supporting biotech SMEs through Cohesion Policy

Context and policy relevance

Biotechnology and biomanufacturing are strategic enablers of Europe’s green and digital transitions,
offering solutions for climate adaptation, sustainable resource use and food security. Recognised as a
critical technology under STEP, biotechnology contributes to economic security by reducing
dependence on fossil-based inputs and supporting industrial circularity.®® Despite its potential, the
European biotechnology sector remains constrained by limited access to private capital and
persistent challenges in scaling up. Investment levels lag those in the United States, hindering the
commercialisation of innovative therapies and bioproducts.’® These barriers are particularly acute for
SMEs, which form the backbone of the European biotech ecosystem but often lack the infrastructure
and financing to grow beyond early R&D stages.

Cohesion Policy plays a complementary role to EU research instruments such as Horizon Europe and
the Innovation Fund by supporting regional innovation ecosystems and strengthening biotechnology
value chains across Member States. Through its focus on applied research, infrastructure and skills, it
helps bridge the gap between scientific discovery and industrial application, reinforcing the EU's
objective to enhance competitiveness in critical and emerging technologies.

Company data profiling

Data on company profiling illustrate the main structural characteristics of biotechnology SMEs
supported by Cohesion Policy, covering geographic distribution, firm size and turnover, industry
specialisation, and the most funded technologies in the sector.

Cohesion Policy support for biotechnology SMEs exhibits a geographically diverse yet uneven
distribution, both in terms of the number of beneficiaries and the intensity of funding. The Figure 15
below highlights this variation by presenting both the total EU funding allocated to each country (the
size of the bar) and the average amount awarded per biotechnology firm (the orange bubble). This
distribution showcases the trends: Southern European countries, notably Spain and Portugal, record
the highest total allocations, reflecting a strong policy focus on developing national biotechnology
capacities and research-driven innovation. On the other hand, countries in Central and Eastern
Europe, such as Poland and Estonia, display higher average funding per firm, indicating a more
concentrated approach aimed at scaling up a smaller number of advanced companies.

In contrast, countries such as Italy and Bulgaria, which show limited funding, suggest either a narrower
base of biotechnology firms or a lower strategic prioritisation of the sector within national programmes.
These variations mirror broader differences in national innovation ecosystems, co-financing capacity,
and the maturity of biotechnology industries. Overall, the distribution underlines the dual role of
Cohesion Policy in the sector: supporting regional development while also fostering scientific
excellence and technological specialisation across Member States.

1%0 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52024DC0137R(01) .
¥ bid.
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Figure 15: EU funding allocation per biotechnology firm, 2014-2023
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Source: Compiled by contractor, using the Kohesio and Orbis datasets.

Cohesion Policy support in the biotechnology sector is largely directed towards small and early-stage
firms, reflecting the structure of the European biotech industry and its reliance on public funding for
research and development. The Figure 16 illustrates the distribution of these firms across annual
turnover ranges. The bars represent the number of firms in each turnover category, from small firms
with less than EUR 0.1 million in turnover to those exceeding EUR 50 million.

Figure 16: Distribution of biotechnology firms by turnover and size
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Source: Compiled by PPMI, using Kohesio and ORBIS databases (2022 data for ORBIS).

The analysed data shows that most supported SMEs report turnovers between EUR 1 and 5 million and
employ 10—49 people, underlining the predominance of research-intensive but commercially limited
entities. The data suggest that Cohesion Policy funding in biotechnology mainly reaches firms that are
still in the early phases of development, indicating a sector mostly composed of small, research-driven
companies with modest commercial activity. Additionally, the profile of beneficiaries (characterised by
low turnover and limited staff) reinforces the notion that much of European biotech remains pre-scale-
up and relies on public support to advance R&D rather than market deployment.

Overall, the evidence suggests that Cohesion Policy currently plays a foundational role in sustaining
Europe’s biotechnology base, but it does not yet enable widespread commercial expansion. The
beneficiary profile indicates a sector still dominated by early-stage firms with limited revenues and
constrained growth potential. At the same time, the scarcity of medium-sized SMEs among

80 PE 776.005



SMEs in Critical Technologies: Enhancing Competitiveness Through Cohesion Policy Funds — Supporting annexes

beneficiaries highlights enduring obstacles to scaling, even within the group of firms eligible for
Cohesion Policy support.

According to the NACE-4 classification,*> Cohesion Policy funding supports a diverse mix of SME
activities within the biotechnology sector. Support is concentrated in research-oriented sectors, most
notably research and experimental development in biotechnology and in natural sciences and
engineering, alongside manufacturing activities in pharmaceuticals and selected agri-food segments,
including wine production and other food products (n.e.c.). This combination demonstrates that
support is not limited to high-technology or laboratory-based firms, but also extends to traditional
manufacturing sectors that are increasingly incorporating biotechnology into their production
processes. The predominance of research-oriented firms underscores the central role of scientific
innovation in driving the industry. At the same time, the inclusion of food and beverage manufacturers
reflects biotechnology’s growing contribution to sustainability, quality and productivity in agri-food
value chains. Overall, the industry composition demonstrates how Cohesion Policy funding links
research excellence with industrial application, fostering innovation in both emerging bio-industries
and established sectors that adopt biotechnology-based solutions.

The analysis of project descriptions reveals that Cohesion Policy
funding in the biotechnology sector is predominantly
concentrated on genetic research and applications, with genetic
improvement, gene editing and biomarker development
Mooy genetc emerging as the most frequently supported technologies,
heat geneﬁccj‘”?:éﬁgbggﬂtfﬁgs accounting for ?pproxima.tely 68% of the projects. .This fo'cus
genetic improvement reflects .the EU s‘ s.trateglc corTTmltment to health |nn9vat|on,
personalised medicine and the bioeconomy, where genetic tools
are central to advancing diagnostics, therapeutics and sustainable
production processes.
In addition to health-related biotechnology, the presence of
projects linked to biotechnology tools, molecular diagnostics and
industrial biotechnology indicates a degree of technological
diversification accounting for 15% of the projects. These areas
suggest growing links between biotechnology and other fields
such as machine learning and data-driven biomedical research (representing 8% of the projects),
expanding the sector's innovation frontier. Overall, the distribution of funded technologies
demonstrates that Cohesion Policy acts as both a catalyst for scientific discovery and a support
mechanism for translating genetic and molecular innovations into applied solutions across health,
agriculture, and industrial production.

Figure 17: Most funded
biotechnologies based on the
project descriptions

genetic molecular
personalised oncology

mitochondrial diseases

ological biomarkers

g
Source: Compiled by the authors, using
Kohesio and ORBIS databases.

2 The NACE-4 classification refers to the Nomenclature of Economic Activities at the four-digit level. It is a system used by the European
Union to categorise businesses and economic activities. The NACE classification is based on the Statistical Classification of Economic
Activities in the European Community (NACE), which helps collect, analyse, and interpret economic data across EU member states.
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Example: Advancing marine biotech innovation through Cohesion Policy support

In Southern Europe, a marine biotechnology start-up described how Cohesion Policy support
enabled it to move from exploratory research to clinical validation of a new therapy derived from
aquatic resources. The project not only strengthened regional R&D capacity but also fostered
collaboration between academia and industry, showing how EU funds can stimulate innovation in
less research-intensive regions.

Taken together, the case study evidence indicates that Cohesion Policy support in biotechnology is
primarily oriented towards sustaining early-stage research, technological validation and capability
building, rather than supporting rapid commercial expansion. The predominance of small, research-
intensive firms with limited turnover, combined with a sectoral focus on genetic research, diagnostics
and enabling biotechnologies, reflects long innovation cycles, high regulatory exposure and delayed
market entry.

These structural characteristics help explain why the econometric analysis identifies limited short- to
medium-term effects on productivity, turnover and employment. In biotechnology, firm-level
performance gains are likely to materialise only over longer time horizons and depend on successful
progression through clinical, regulatory and scale-up phases, often requiring complementary sources
of late-stage finance and market access support. In this context, Cohesion Policy plays a foundational
but incomplete role: it underpins Europe's biotechnology knowledge base and regional innovation
capacity, but on its own is insufficient to unlock widespread commercial scaling and measurable short-
term firm growth.

6.2. Case study 2: Cohesion Policy and Al — challenges and support to
SMEs

Context and policy relevance

Artificial intelligence is a strategic driver of Europe’'s competitiveness, shaping innovation, industrial
productivity, and digital transformation. Recognised as a critical technology under STEP and regulated
through the Artificial Intelligence Act,*** Al represents a cornerstone of the EU’s efforts to strengthen
technological sovereignty and responsible innovation. Despite substantial research capacity and ethical
leadership, the EU continues to face structural barriers to Al commercialisation and scale-up.
Adoption rates among European SMEs remain modest compared to those of global competitors,
reflecting limited access to private investment, fragmented data markets and regulatory
complexity. These challenges hinder the transformation of research excellence into competitive
industrial applications.'**

Cohesion Policy plays a complementary role to Horizon Europe and the Digital Europe Programme by
supporting regional innovation ecosystems, Al testing and experimentation facilities and Digital
Innovation Hubs. Through these investments, SMEs can develop, apply, and scale Al solutions across
various sectors, including manufacturing, healthcare, and cybersecurity. In doing so, Cohesion Policy
contributes to bridging Europe’s Al scale-up gap and advancing the twin green and digital transitions.

%3 Regulation (EU) 2024/1689 on Artificial Intelligence (Al Act).
%4 |bid.
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Company data profiling

Data on company profiling illustrate the main structural characteristics of Al-sector SMEs supported by
Cohesion Policy, covering geographic distribution, firm size and turnover, industry specialisation and
the most funded technologies in the sector.

The data indicate that Cohesion Policy support for SMEs in the Al sector is geographically diverse but
unevenly distributed, both in terms of the number of beneficiaries and the scale of funding. The Figure
18 below illustrates this distribution, showing both the total EU funding allocated to each country and
the average amount awarded per Al firm. The data reveals that Romania, Spain and Poland receive
the largest total allocations, reflecting the policy’s focus on strengthening digital innovation capacity
in less developed or transition regions. This concentration highlights the compensatory role of the
Cohesion Policy in supporting emerging Al ecosystems where private investment remains limited.

In contrast, Ireland, though receiving smaller overall Cohesion funding, is a high-income, innovation-
oriented country. Ireland’s relatively high average Al funding per firm likely reflects a combination of
factors: its sizeable Cohesion Policy allocation relative to the number of eligible Al SMEs, a strong
domestic innovation ecosystem and supportive national strategies for Al participation in European
programmes and relatively high absorptive capacity in research and innovation. Central European
countries, including Czechia, Hungary and Slovakia, exhibit moderate funding levels, possibly reflecting
efforts to balance SME participation with investments in applied research and testing environments.

Germany, Denmark, and Finland, as innovation leaders with high GDP per capita and strong national
R&D systems, receive relatively less Cohesion Policy funding. These countries rely more on national
programmes and centrally managed EU schemes, such as Horizon and Digital Europe, meaning that Al
projects funded specifically through Cohesion Policy remain comparatively few and small in budget
terms. This uneven distribution suggests a broader structural divide between Member States that
primarily use Cohesion Policy for capacity-building and inclusion, and those that rely on domestic
mechanisms to advance competitiveness and scale up. Overall, the pattern underscores the dual role
of Cohesion Policy in the Al domain: reducing digital and regional disparities while supporting the
emergence of competitive, research-oriented Al ecosystems across Europe.

Figure 18: EU funding allocation per Al firm, 2014-2023
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The data indicate that most SMEs in the Al sector supported by Cohesion Policy are small enterprises
(10-49 employees), followed by a significant number of medium-sized firms (50-249 employees) and
a smaller group of micro-enterprises. The Figure 39 illustrates the distribution of Al firms by turnover
and SME size categories, showing the number of firms in each revenue category, from very small firms
with less than EUR 0.1 million in turnover to those exceeding EUR 50 million.

Figure 19: Distribution of Al firms by turnover and size
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Source: Compiled by PPMI, part of the Verian Group, using the Kohesio and Orbis datasets.

The data indicate that most SMEs in the Al sector supported by Cohesion Policy are small enterprises
(10—49 employees), followed by a significant number of medium-sized firms (50—-249 employees) and
a smaller group of micro-enterprises. Figure 20 illustrates the distribution of Al firms by turnover and
SME size categories, showing the number of firms in each revenue category, from very small firms with
less than EUR 0.1 million in turnover to those exceeding EUR 50 million.

In terms of turnover, most firms report annual revenues between EUR 1 and 5 million, while fewer firms
exceed EUR 10 million. Only a limited number of beneficiaries operate above EUR 50 million,
underscoring the sector’s concentration in early commercialisation stages. This structure reflects the
dual nature of the European Al landscape: while small firms drive innovation and experimentation,
medium-sized companies increasingly emerge as integrators of Al into market-ready products and
services. The predominance of smaller entities underscores the pivotal role of Cohesion Policy in
bridging financing gaps, as early-stage Al companies often struggle to attract private investment due
to high technological risks, lengthy development cycles, and uncertain market returns. Overall, the
turnover and size distribution suggest that Cohesion Policy funding primarily supports innovation-
oriented SMEs working to develop or apply Al solutions, rather than medium-sized commercial
operators. This focus aligns with the policy’s objective of strengthening regional innovation ecosystems
and ensuring that Al development contributes to inclusive digital growth across Member States.

According to the NACE-4 classification, Cohesion Policy funding in the Al sector supports a diverse
range of SME activities that combine digital innovation, technical services and applied research. The
top five industries include computer programming, computer consultancy and other IT and computer
service activities, alongside engineering consultancy and research and experimental development in
natural sciences and engineering. This distribution shows that support is concentrated in core digital
and software development fields, which form the backbone of Al innovation in Europe. The inclusion
of engineering and R&D firms indicates strong cross-sectoral linkages, where Al solutions are
developed and applied across manufacturing, energy and industrial processes. Overall, the industry
composition demonstrates how Cohesion Policy funding reinforces Europe’s Al innovation
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ecosystem by targeting SMEs that provide the technical expertise and research capacity necessary for
the digital and green transitions, while fostering collaboration between the ICT and engineering

domains.
Figure 20: Most funded Al The analysis of project descriptions reveals that Cohesion Policy
technologies funding in the Al sector is primarily concentrated in cloud
based on the project computing and data processing technologies, which form the
descriptions backbone of Europe's digital transformation. Cloud computing

and computing infrastructure comprise around 72% of the

projects, with artificial intelligence applications accounting for

14% of the projects, reflecting the EU’s focus on developing the

data and computing capacity necessary for Al deployment across

compulti ng various industries. A secondary cluster of supported technologies

includes machine learning (4%), business intelligence (3%) and

augmented and virtual reality (5%), pointing to growing

diversification within Al innovation. These areas demonstrate how

Source: Compiled by PPMI, part of the Cohesion Policy not only supports research and experimentation

Verian Group, using the Kohesio and but also facilitates the application of Al solutions by SMEs in

Orbis datasets. manufacturing, public services, and regional innovation

ecosystems. Overall, the distribution of funded technologies

demonstrates that Cohesion Policy acts as a catalyst for digital capability building and a driver of

applied Al adoption, enabling SMEs to integrate advanced computing tools into products and services
that underpin Europe's twin green and digital transitions.

This profile is consistent with the econometric findings, which show heterogeneous and statistically
weak short-term effects, reflecting long adoption cycles, dependence on complementary investments
and the predominance of capability-building rather than revenue-generating interventions.

Example: Expanding Al applications through drone-based innovation support

In the Baltic region, an Al SME reported that support for developing drone-based analytics tools
helped the company expand into new applications in security and emergency management. Beyond
the firm-level benefits, the project contributed to building a broader digital ecosystem by
demonstrating the practical value of Al solutions in public safety and environmental monitoring.

Taken together, the Al case study confirms that Cohesion Policy support in this domain primarily
operates through capability-building and ecosystem development rather than immediate commercial
expansion. The predominance of small, early-commercialisation firms, the concentration of funding in
cloud and data infrastructure and the emphasis on applied research and experimentation facilities help
explain why short-term productivity, turnover and employment effects remain statistically weak in the
econometric analysis. Al adoption typically requires complementary investments in skills,
organisational change, data access and market integration, which extend beyond the timeframe
captured by firm-level outcome indicators. In this context, Cohesion Policy plays a critical enabling role
by reducing entry barriers, strengthening regional Al ecosystems and supporting diffusion across
cohesion regions, while measurable firm-level performance gains are likely to materialise only over
longer horizons and in combination with market-oriented and scale-up instruments.
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6.3. Case study no 3: Helping energy tech SMEs grow with CP funding

Context and policy relevance

The energy-technology sector is central to the EU’'s competitiveness and a cornerstone of its path
towards climate neutrality and sustainable growth. Energy-intensive industries generate substantial
employment and added value, yet they face persistent challenges in reducing emissions because of
high energy costs, limited infrastructure and fragmented value chains. Therefore, strengthening
innovation in clean energy technologies is essential to achieving the EU’'s objectives on decarbonisation,
technological sovereignty and regional cohesion. Although Europe maintains strong hydrogen and wind
technology capacities, it lags behind the United States and China in research investment and
industrial deployment.?*® This innovation gap underlines the importance of mobilising both public and
private investment to scale up clean technologies. The Draghi Report calls for enhanced EU financial
mechanisms to support high-risk, high-potential companies and attract private capital to the sector.'*®

Cohesion Policy plays a key role in fostering regional innovation and industrial transformation in this
context. The ERDF allocated approximately EUR 4.9 billion to smart energy systems and EUR 8.9 billion
to renewable energy under the 2021-2027 programmes.’® These investments help SMEs bridge
funding gaps, develop technologies, and build local innovation ecosystems. STEP complements these
efforts by supporting start-ups and SMEs in scaling up critical energy technologies across Member
States.™®®

Company data profiling

Data on company profiling illustrate the main structural characteristics of energy-sector SMEs
supported by Cohesion Policy, covering geographic distribution, firm size and turnover, industry
specialisation and the most funded technologies in the sector. The data indicate that Cohesion Policy
support for SMEs in the energy sector is geographically diverse but unevenly distributed in terms of
both the number of beneficiaries and the scale of funding. The Figure 21 illustrates this distribution,
showing both the total EU funding allocated to each country and the average funding per firm. The blue
bars represent the total allocation per country, while the orange dots indicate the average funding per
beneficiary firm.

Southern European countries, such as ltaly, Spain, and Portugal, receive significant support, with
Portugal standing out in terms of both the total amount of funding and the average funding per firm.
These countries host a large number of SMEs that benefit from the policy, reflecting their focus on
regional development and innovation in these areas. In contrast, Northern and Western European
countries, such as Finland, Sweden, Belgium, and Ireland, receive lower total funding allocations, with
some of these countries also reporting lower average funding per firm. This suggests that in these
regions, energy innovation is often supported by national or private instruments, rather than the
Cohesion Policy.

Countries in Eastern Europe, such as Romania, Croatia, and Poland, demonstrate higher average
funding per firm, indicating a concentration of support for fewer, more capital-intensive projects. This
pattern suggests that while some Member States prioritise broad SME participation to stimulate local

=SERT, "European Competitiveness and Industry — Benchmarking Report", June 2022 https://ert.eu/wpcontent/uploads/2022/06/ERT-
Benchmarking-Report-2022-LR.pdf

= The Draghi report: https://commission.europa.eu/topics/eu-competitiveness/draghi-report_en.

7 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND
SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS Action Plan for Affordable Energy Unlocking the true value of our Energy
Union to secure affordable, efficient and clean energy for all Europeans. https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52025DC0079&qid=1741780110418.

138 Progress on competitiveness of clean energy technologies report, 26.2.2025 COM(2025) 74 final, Brussels.
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innovation ecosystems, others focus funding on more advanced or larger-scale initiatives with higher
industrial transformation and export potential. These differences likely reflect variations in national co-
financing capacity, the maturity of regional innovation ecosystems, and strategic choices made by
managing authorities in balancing inclusiveness with competitiveness. Overall, the distribution
highlights the Cohesion Policy’s dual role: addressing regional disparities while also catalysing
innovation and technological leadership across diverse national contexts.

Figure 21: EU funding allocation per energy firm, 2014-2023
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Source: Compiled by contractor, using the Kohesio and Orbis datasets.

The data indicate that most SMEs in the energy sector supported by the Cohesion Policy have an annual
turnover between 1 and 5 million EUR and typically fall within the small enterprise category (10-49
employees). The Figure 22 illustrates this distribution, showing the number of firms in each turnover
range, from very small firms with less than EUR 0.1 million in turnover to those exceeding EUR 50
million.

Figure 22: Distribution of energy firms by turnover and size
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Source: Compiled by PPMI, part of the Verian Group, using the Kohesio and Orbis datasets.

This reflects the predominance of smaller, early-stage firms benefiting from EU support, consistent
with Cohesion Policy’s focus on addressing market gaps in access to finance. Smaller firms in the energy
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sector often face higher barriers to private financing, as they are perceived as riskier investments and
may lack the collateral or track record required by investors. Cohesion Policy funding, therefore, plays
a complementary role, providing grants and co-financing that lower investment risk and enable
innovation. These firms also tend to be more agile and innovation-oriented, developing niche or
emerging technologies that align with EU priorities on decarbonisation and energy efficiency. In
contrast, medium-sized firms generally have more stable revenue streams and easier access to private
finance, making them less reliant on public support instruments. The turnover profile of supported firms
thus illustrates how Cohesion Policy funding effectively targets smaller, innovation-driven SMEs
that are critical to advancing the EU’'s clean energy transition but would otherwise struggle to
secure sufficient investment.

According to the NACE-4 classification, Cohesion Policy funding supports a diverse range of SME
activities in the energy sector. The top five industries include engineering activities and related
technical consultancy, other research and experimental development on natural sciences and
engineering, electrical installation, the manufacture of other electrical equipment and computer
programming activities. This mix highlights the policy's broad reach, supporting both high-tech
industries and key service sectors. The prominence of engineering consultancy, R&D and electrical
equipment manufacturing underscores the critical role of technical expertise and innovation in driving
the energy transition. At the same time, the inclusion of computer programming activities reflects the
growing importance of digital solutions in enhancing energy efficiency and fostering competitiveness
across various economic sectors.
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Figure 23: Most funded energy technologies The analysis of project descriptions reveals that
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systems and control systems, which contribute 11.9%
of the total projects, underscore the importance of
efficient and integrated energy solutions. Hydrogen
technologies, with 5.1% of the funding, and energy efficiency projects, also at 5.1%, demonstrate a
growing diversification towards next-generation clean energy solutions and the optimisation of energy
use. Emerging technologies, such as heat pumps (1.1%) and wind power (0.7%), reflect an ongoing
exploration of innovative solutions to support the green transition. Artificial intelligence, while still a
small share (0.7%), is gaining traction as a key enabler of energy system optimisation. Overall, the
distribution of funded technologies illustrates the role of Cohesion Policy in promoting both large-scale
renewable energy deployment and the development of cutting-edge innovations to accelerate the EU's
green transition.

Source: Compiled by PPMI, part of the Verian Group,
using the Kohesio and Orbis datasets.

In contrast to Al and biotechnology, the applied and deployment-oriented nature of energy
investments helps explain the stronger and statistically significant productivity effects observed in the
econometric analysis, even where turnover and employment impacts remain mixed.

Example: Advancing a renewable fuel prototype toward commercial deployment

In Western Europe, an energy-technology SME used ERDF support to advance a renewable fuel
prototype to near-commercial maturity. The grant allowed the firm to bridge the gap between
research and large-scale demonstration, reaching Technology Readiness Level (TRL) 8 and securing
private investment for subsequent market deployment. This case exemplifies how targeted public
co-financing can unlock private capital and accelerate the uptake of clean technologies.

Overall, the energy case study helps contextualise the findings of the econometric analysis in Section
3.5, where energy-related projects stand out as the only domain with statistically significant
productivity gains. The applied and deployment-oriented nature of energy investments, combined with
a focus on mature and scalable technologies, facilitates more direct efficiency improvements that can
materialise within the observed post-treatment period. At the same time, the predominance of small
firms and the capital-intensive character of projects help explain why turnover and employment effects
remain mixed. These findings reinforce the conclusion that Cohesion Policy is more likely to generate
measurable short-term firm-level effects where support is closely linked to deployment and process
optimisation rather than early-stage capability building.
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The supporting annexes presents a detailed analytical assessment of
the role of EU Cohesion Policy in supporting SMEs operating in selected
critical technology areas, namely biotechnology, artificial intelligence
and energy technologies. It complements the main report by providing
additional evidence on performance effects and implementation
challenges, drawing on econometric analysis and qualitative case
studies. The findings inform the policy conclusions of the study and
provide supporting inputs for the post-2027 Cohesion Policy
framework and the MFF 2028-2034 discussions.
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