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Merging technology and industrial policy:
technology-orientated  interventions  as part of 
the industrial policy toolbox 

The role of the state in the economy has considerably ex-

panded: globally, interventions to promote selected do-

mestic industries, technologies or companies have in-

creased significantly over the last six years (see Figure 1)  

– typically with the aim of enhancing the competitiveness 

and technological sovereignty of the respective country. 

Such structural measures are generally described as indus-

trial policy. In addition to direct trade policy measures 

such as tariffs or export subsidies, these state interven-

tions also include financial support. Examples include sub-

sidies for establishing production facilities for technology-

intensive products or subsidies for the use of low-carbon 

production processes. Subsidies (excluding those for ex-

ports) account for approximately 50% of state interven-

tions in high-income economies since 2023, and increas-

ingly focus on technologies or technology-intensive 

goods.11 But within today’s highly interdependent global 

economic and trade systems, such measures can also have 

harmful effects on international trade.  

The sharp increase in competition-distorting measures 

since 2018 has been primarily driven by high-income 

economies, led by the USA. However, Germany has also 

significantly contributed to this rise in recent years. Subsi-

dies remain the most frequently used policy instrument in 

this context. The increase reflects attempts to respond to 

new geopolitical challenges as well as to events precipi-

tated by the COVID-19 pandemic, such as supply chain dis-

ruptions.

Figure 1: Trade-relevant, competition-distorting, harmful policy measures1 worldwide. The ten largest economies are responsible 
for half of the harmful measures since 2010 and for two-thirds in the last three years.  Source: Global Trade Alert database2 ,3
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Even though there might be legitimate reasons for indus-

trial policy measures4 - a commonly cited example being 

the support of emerging industries to accelerate learning 

effects and quickly realise economies of scale - the intro-

duction of such measures unfortunately often follows a 

logic of reciprocity aligned with political cycles. One state’s 

implementation of industrial policy measures strongly cor-

relates with previous similar measures taken by others.5 

This raises concerns that industrial policy often follows a 

'tit-for-tat' logic rather than being primarily focused on 

achieving well-founded economic or societal goals. The 

risk is a mutual escalation that leads to increasing compet-

itive distortions on all sides, a dynamic particularly evident 

in the context of elections.6 For example, Daniel Gros, Di-

rector of the Institute for European Policymaking at Boc-

coni University, described the European Chips Act as a re-

active measure that embodies all the negative character-

istics of other countries' industrial policy measures in this 

field.7 

This discussion paper (i) examines the extent to which 

technological sovereignty can serve as a convincing justifi-

cation for structural (industrial policy) measures, (ii) iden-

tifies the key technologies that are the focus of policy 

measures in the ten wealthiest economies, (iii) describes, 

using patent applications, how Germany performs in these 

key technologies compared to other countries, and (iv) 

concludes with a catalogue of questions for policymakers 

from which actionable recommendations can be derived. 

State intervention to support technological sov-
ereignty 

Innovation policy and government support for private re-

search and development (R&D) are broadly discussed in 

the economic theory of market imperfections. Even with 

a functioning patent protection system, private R&D activ-

ities generate economic returns not only for the research-

ing company but also for other firms. These other compa-

nies can build upon the new knowledge and use it as a ba-

sis for their own inventions. As a result, companies sys-

tematically underinvest in R&D. The state attempts to in-

ternalise these external benefits through direct and indi-

rect support measures, creating incentives for more R&D 

in companies.  

The rationale for innovation policy is initially technology-

neutral. However, how can a policy that deliberately pro-

motes specific technologies be justified? 

Addressing demographic change, combating climate 

change, and ensuring national defence capabilities pre-

sent significant challenges that new technologies can ad-

dress. For example, smart robots can provide support in 

healthcare; materials and recycling research can make 

drive decarbonisation; and artificial intelligence can play a 

central role in defence and cybersecurity. 

Policy aimed at supporting the technologies required to 

fulfil societal priorities and needs may indeed be justified. 

This is particularly true in an era where research efforts in 

various key technologies are increasingly concentrated 

outside Europe and geopolitical tensions are rising. In the 

event of conflict, dependencies on certain countries can 

lead to the loss of access to key technologies, and result in 

high societal costs. Promoting research and the (further) 

development of key technologies that are crucial to soci-

ety within individual countries can therefore be an im-

portant measure to safeguard against geopolitical risks. 

The stakes are high: we are already in a "cold technology 

war" as described by Moritz Schularick, President of the 

Kiel Institute for the World Economy (IfW).  

To strengthen technological sovereignty, both promoting 

the research and development of selected key technolo-

gies within a country and also the local application of 

these technologies can be justified. This is particularly rel-

evant when there are strong spillover effects between the 

individual stages of the value chain - (basic) research, de-

velopment, production and application. These effects are 

often insufficiently considered by companies but are cru-

cial for ensuring technological sovereignty. For instance, 

production must be considered during the development 

of new technologies, and insights from production and ap-

plication must be incorporated into further development.8 

Access to key technologies, however, does not imply de-

veloping all key technologies in autarky. Technologies can 

also be imported from "friendly" countries or developed 

and utilised transnationally. Countries should leverage 

their own strengths and focus their research efforts spe-

cifically on those technologies for which they have a com-

parative advantage in research. This is dictated by the 

need to economise on limited public budgets.  

Despite the need for specialisation, it must also be en-

sured that no one-sided dependency on individual coun-

tries arise. There are often close interdependencies be-

tween key technologies in technology-intensive areas 

such as smart robotics. Within these complex networks, 

unilateral dependencies can be avoided by creating mu-

tual dependencies. This illustrates that focussing on indi-

vidual technologies is insufficient; rather, the interactions 

between technologies are crucial.  



 

Technology-intensive products and applica-

tions in the spotlight of policy 
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Industrial policy measures are increasingly targeting tech-

nology-intensive products or applications that combine 

key technologies. Figure 2 illustrates the number of com-

petition-distorting government interventions for technol-

ogy-intensive products or applications in the ten largest 

economies. 

A focus on individual key technologies falls significantly 

short. Major innovations in recent years, such as the 

metaverse or generative AI chatbots, are not inherently 

new technologies, but rather clever combinations of exist-

ing ones. This is explained below using smart robotics as 

an example.  

Example of smart robotics 

Robotics clearly illustrates how the integration of artificial 

intelligence (AI), multimodal sensors, control systems, and 

communication technologies can create innovative solu-

tions which unlock socio-economic potential and address 

key challenges such as the shortage of skilled labour.9 

Robotics as an interface of multiple technol-

ogies 

By combining multimodal sensor technologies and AI 

methods, robotic systems can dynamically adapt to indi-

vidual needs and analyse human behaviour. Such systems 

facilitate intuitive human-machine interaction (HMI) by  

utilising natural communication forms such as speech and 

gestures. 

An example is "active learning", where robots acquire spe-

cific skills through interaction with humans. These combi-

natorial approaches enable continuous adaptation to user 

needs and at the same time increase the accessibility of 

technical solutions for people without technical exper-

tise.10 

Socioeconomic potentials 

The integration of various technologies in robotics lowers 

access barriers and enables broader utilization. This facili-

tates deployment in new application areas, enhances 

productivity, and supports social acceptance. 

Simultaneously, such robotic systems can address struc-

tural issues such as the shortage of skilled workers. The 

ability to embed technologies in work and home environ-

ments thus strengthens competitiveness and creates new 

opportunities for value creation.  

Investments in key technologies and their integration are 

crucial to fully exploit the potential of robotics. Robotics 

demonstrates how the combination of technologies drives 

innovation and addresses social challenges. Synergies be-

tween AI, sensor technology and user-centred interfaces 

create systems that adapt to human needs and thus po-

tentially gain broad acceptance. The ability to combine 

key technologies is a decisive lever for long-term compet-

itiveness in this growing sector. 

 

 

Figure 2: Number of competition-distorting policy measures in the area of "Advanced Technology Products" worldwide in 2023. 
These include, for example, financial support for companies l. Sources: Global Trade Alert database2, NIPO11
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Strategies for securing technological sovereignty: 
an international comparison 

All major economies, including the EU, pursue specific 

strategies in varying degrees by which they define key en-

abling technologies (Table 3 in the appendix). Table 1 pro-

vides an overview of the key enabling technologies explic-

itly listed in the relevant strategy documents from various 

countries and the EU. The analysis shows that the number 

of defined technologies varies, but there is a common core 

that almost all countries focus on. Artificial intelligence, 

quantum technologies and biotechnology are the most 

widely represented globally. The EU, USA, China, Japan 

and Canada address the largest number of key technolo-

gies, followed by Germany and South Korea. Other key 

technologies are microelectronics and semiconductors, as 

well as information and communication technologies. 

Health and medical technologies, photonics and hyper-

sonic technologies are comparatively less widespread 

globally. Environmental, climate protection and recycling 

technologies are also mentioned less frequently. Notably, 

France favours fewer key technologies and pursues other 

priorities, such as nuclear.  

While some countries pursue a broad, innovation-ori-

ented approach (e.g. USA, Japan, Canada), China and the 

EU focus strongly on strategic independence and risk min-

imisation. The majority focus on key technologies to en-

sure economic competitiveness and national security. 

 State institutions play a central role in this context: in the 

USA, the “Office of Science and Technology Policy” in the 

White House and, the Chinese National People’s Congress 

develop recommendations and policies. In the EU, govern-

ance is provided by the Steering Board of   Sovereignty as 

well as through the European Commission's "Competitive-

ness Compass"12  and the newly appointed Commissioner 

for Tech Sovereignty, Security and Democracy, Henna 

 

 

 

Key technology EU US CN EN JP IN GB FR IT BR CA KR  ∑ 

Artificial intelligence X X X X X X X  X X X X 11 

Quantum technologies X X X X X X X  X X X X 11 

Biotechnology X X X X X X X  X  X X 10 

Microelectronics and semiconductors X X X X X  X  X  X X 9 

Information and communication technologies X X X X X  X   X X X 9 

Energy and battery technology X X X X X   X   X X 8 

Production technologies and Industry 4.0 X X X X X      X X 7 

Cybersecurity X X X X X      X X 7 

Data technologies, HPC and big data X X X X X  X    X 
 

7 

Robotics and autonomous systems X X X X X      X X 7 

(Deep) Space and propulsion technologies X X X  X   X   X X 7 

Nuclear technologies X X X  X   X   X X 7 

Sensor technologies X X X X X      X 
 

6 

New materials / material innovations X X X X X      X 
 

6 

Environmental, climate protection and recycling 
technology 

X X 
 

X X X  X    
 

6 

Deep Earth / Deep Ocean Exploration 
  

X  X X      X 4 

Genetics X X X  
 

     X 
 

4 

Health/medical technology 
   

 X X  X   X 
 

4 

Photonics X 
 

X X 
 

      
 

3 

Emission-free/electric vehicles/aircraft 
   

 
 

X  X   X 
 

3 

Hypersonic technologies 
 

X 
 

 X       
 

2 

Agriculture 
   

 X   X    
 

2 

∑ 17 17 17 14 19 7 6 7 4 3 17 12  

Table  1:  Overview of the key technologies explicitly  listed in relevant strategy documents by country or community of states.  

file:///C:/Users/tont_ph/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/FCC323B.xlsx%23RANGE!_ftn2
file:///C:/Users/tont_ph/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/FCC323B.xlsx%23RANGE!_ftn3
file:///C:/Users/tont_ph/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/FCC323B.xlsx%23RANGE!_ftn1
file:///C:/Users/tont_ph/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/FCC323B.xlsx%23RANGE!_ftn5
file:///C:/Users/tont_ph/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/FCC323B.xlsx%23RANGE!_ftn6
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Virkkunen.13 Germany relies on the Federal Ministry of Ed-

ucation and Research (BMBF), while the UK and Japan op-

erate through specialised ministries and expert councils. It 

should be noted that the effects of the new US administra-

tion and the German federal elections will only become 

apparent after this report is published.  

Using the example of semiconductor technologies,Figure 

3 andTable 2 illustrate that individual technology strate-

gies are underpinned by a multitude of specific measures 

backed by substantial government funding. These 

measures demonstrate diverse approaches—ranging 

from direct subsidies and tax incentives, to comprehen-

sive, long-term support packages. 

International patent applications under the Patent Coop-

eration Treaty (PCT) can serve as a benchmark to better 

assess Germany's position in the six most frequently men-

tioned key technologies: artificial intelligence, quantum 

technologies, biotechnology, microelectronics and semi-

conductors, information and communication technologies 

and energy and battery technology. Patent analyses are 

heavily dependent on the choice of data sources and are 

subject to time lag effects due to the long reporting and 

examination procedures. Nevertheless, they provide im-

portant indicators of innovation-specific focal points and 

enable a comparative overview of how different countries 

are positioned in key technological areas over time. Figure 

4 shows the development of the global patent share of the 

ten largest economies and the EU for the six examined key 

technologies.  

The period from 1990 to 2022 is shown in five-year incre-

ments, with the caveat that, due to the described time 

lags, the data for more recent years may not yet be com-

plete.  

The analysis shows that China's share is growing, at the 

expense of the USA and Europe in particular. China has es-

tablished itself as a key player in the global competition 

for "technological supremacy". In contrast to the USA and 

Europe, Japan's share has remained relatively stable, and 

the country has even been able to increase its patent 

share in the field of artificial intelligence. Although Europe

 

Figure 3: Number of competition-distorting policy measures in the semiconductor technology sector worldwide in 2023. These 
include, for example, financial support for companies or government bonds. Sources: Global Trade Alert database2 , NIPO11 

Region Programme Volume Additional tax credits and incentives 

USA Chips for America >$53bn by 202614 Credit: 25% of the investment costs 

EU EU Chips Act & 
IPCEI 

>$30bn by 2030  

China Semicon package $143 billion15 by 2028 Exemption: Income tax exemption for 2-10 years depend-
ing on the technology 

South Korea K-Chips Act Tax benefits until 2032 Credit: 20% of investment costs, 50% of R&D costs 

Japan Semicon ecosys-
tem strategy 

$65bn by 203016  

Taiwan Taiwan chip act Tax benefits until 2029 Credit: 15-25% R&D, 5% tooling, no limit for tax expenses 

Table 2: Comparison of microelectronics funding programmes in leading regions in the semiconductor sector. Source: ZVEI17
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and Germany are still important players, they are losing 

ground. Overall, the number of patents in these key tech-

nologies is increasing. However, the shifts in share indi-

cate varying rates of growth in the number of patents be-

tween countries. 

To ensure that Europe—and Germany in particular—re-

mains competitive in this dynamic environment, a united 

 

approach is essential. European countries need to strate-

gically leverage their comparative advantages, consoli-

date their strengths and consider new partnerships to se-

cure a leading role in global technology development over 

the long-term. An initial approach to achieving this is 

through the Important Projects of Common European In-

terest (IPCEI).18 

 

 

 

 

Figure 4: Share of the countries analysed in the total number of worldwide patent applications for the period 1990 to 2024. The 
analyses focused on international (PCT) patent applications in the six most frequently identified key technology areas (see  
Table 1). For better clarity, values were aggregated in 5-year intervals (thus, the charts displays each country’s share of all patents 
filed worldwide during each 5-year period). Data in more recent years may be incomplete due to delays in the reporting and 
examination procedures. Source: Patsnap 
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 Continuation of Figure 4... 
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Key questions for policymakers 

As outlined in this brief discussion paper, technology-ori-

entated policy measures are gaining momentum world-

wide. Due to their structural impact, these measures can 

be described as industrial policy initiatives. The introduc-

tion of such measures often occurs reactively in response 

to actions taken by other countries and follows political 

cycles. Merely reacting to other nations’ measures – a "tit-

for-tat" policy – reinforces internationally harmful com-

petitive distortions. Instead, a proactive, technology-ori-

entated industrial policy should act as a form of insur-

ance and contribute to addressing overarching societal 

challenges. 

Unilateral technology dependencies on specific countries 

can result in high costs for society as a whole in the event 

of conflict and the associated loss of access to key tech-

nologies. In such cases, industrial policy aimed at techno-

logical sovereignty is both justifiable and potent, although 

the design of the measures is challenging. The question 

then arises such measures should be developed (see key 

questions). 

  

KEY QUESTIONS 

Industrial policy for technological sovereignty should 

follow and answer the following key questions. These 

questions should be asked continuously and institu-

tionally anchored to systematic, forward-looking tech-

nology monitoring: 

1. What are the future key technologies relevant to ad-

dressing societal challenges? 

2. In which areas of technology does Germany have 

comparative advantages? Where do unilateral de-

pendencies exist within the complex technological 

landscape? 

3. Are the identified technologies being sufficiently 

developed in Germany or Europe? If not, why are 

individual technologies not being sufficiently re-

searched despite potential advantages in their de-

velopment? Are there decisive spillover effects be-

tween research, production and application and 

are these being realised? 

4. How can suitable policy measures be designed to 

solve the underlying problem? Can measures pro-

moting collaborative projects contribute to the in-

ternalisation of spillover effects along the value 

chain? At which federal level should the policy 

measures sit (EU vs. Germany)? 

5. How can measures be meticulously designed to 

consider interactions with other policy initiatives, 

minimise restrictions on competition and simulta-

neously reduce the risk of political influence (see 

political cycles)? 
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Appendix: Overview of technology strategies of various countries and communities of states 
Country / Com-
munity of states 

Strategy / Publication Publisher / Institution Central goal Key technologies / fields 

European Union Commission recommendation on 
critical technology areas19 

 Steering Board of Sovereignty  Strengthening the economic basis and competitiveness,  
Protection against risks (disruptive technologies, dual use, risk of misuse) 

10 "critical technology areas" with 4-5 tech-
nologies each (42 technologies in total) 

USA Critical and Emerging Technolo-
gies List Update20 

Office of Science and Technology Policy 
in the White House 
Special Envoy for Critical and Emerging 
Technology  

 18 "Critical and emerging technology areas" 
with a total of 131 "key subfields" 

China 14th Five-Year Plan21 National People's Congress of the Peo-
ple's Republic of China 

Reduce economic dependence on foreign countries ("self-reliance") and achieve global market leadership 
in future technologies 

7 "cutting-edge areas of science and technol-
ogy" with 3-5 specifications each (28 in total) 

Germany Framework programme: "Re-
search and Innovation for Tech-
nological Sovereignty 2030 
(FITS2030)"22 

German Federal Government (Federal 
Ministry of Education and Research, 
BMBF) 

Strengthen technological sovereignty, avoid one-sided dependencies; be world market leader in key tech-
nologies and innovative products; strengthen European and international cooperation; assert "Made in 
Europe" as an independent global player in selected technology areas  

8 digital and 4 industrial key technologies 

Japan Economic Security Protection Act 
(ESPA)23 

Japanese Government (Council of Ex-
perts on Economic Security Legislation) 

Economic security 20 "technologies as critical fields" 

 Integrated Innovation Strategy 
202424 

Cabinet Promote synergy in science and technology cooperation; enable foresight; formulate and coordinate S&T 
missions; create a favourable ecosystem for tech entrepreneurship; foster innovation and technology, de-
velop innovation clusters and promote effective public-private linkages 

12 key fields  

India [Individual reports on missions]25 Government of India (The Prime Minis-
ter's Science, Technology and Innovation 
Advisory Council (PM-STIAC)) 

Taking on a pioneering role in the aforementioned technologies, shaping global technology development 
in line with its own interests 

9 Missions and Initiatives 

Great Britain "The UK's International Technol-
ogy Strategy"26 

British Government (Department for Sci-
ence, Innovation and Technology (DSIT)) 

Promote technological competitiveness through strategic investments; create new industrial and techno-
logical sectors that support the green and digital transitions 

6 "Priority technologies" (prioritised techno-
logies) 

France "France 2030"27 French government Accelerating the digital transformation and promoting sustainable innovation 10 "Objectif" across three domains 

Italy National Innovation and Digitali-
sation Plan 202528 

Italian government (Ministry for Techno-
logical Innovation and Digitalisation) 

 20 measures in the areas of digitalisation, 
technological innovation and ethical and sus-
tainable development 

 Cohesion decree29  of Ministers   6 strategic sectors / 4 key technologies 

Brazil Study: From Science and Technol-
ogy to Innovation Diplomacy: 
Their Future and the Relationship 
with International Security30 

Institute for Applied Economic Research 
(Ipea) (a public organisation that pro-
vides technical assistance to the federal 
government in the field of public policy) 

 4 technology areas 

Canada Sensitive Technology Research 
Areas31 

Canadian Government Promoting strategic technologies in an era of global technology competition 11 technology categories with a total of 76 
subcategories 

South Korea National Strategic technology 
Nurture Plan32 

Korean government (Ministry of Science 
and ICT - National Strategic Technology 
Special Committee) 

Strengthening the economic basis and competitiveness, protection against risks (disruptive technologies, 
dual use, risk of misuse) 

12 "strategic technologies" with 50 "sub-spe-
cific technologies" 

Table 3: Overview of the number of specifically listed key technology areas, associated strategies, participating institutions, stated goals and corresponding investments for the ten countries with 
the highest GDP, supplemented by South Korea and the European Union.
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1 "Harmful" policy measures are those that restrict free trade and pursue protectionist objectives. This includes, for example, subsi-
dies, tariffs and trade barriers. 
2  Source: https://web.archive.org/web/20250214155840/https://globaltradealert.org/ (accessed 19/02/2025) Restrictions applied: 
GTA Evaluation: harmful.   
3 Reporting lag adjustment: "2024-12-31" 
4 Czernich, Falck (2025): “Industriepolitik: Auf dem Vormarsch, aber Motivation und Wirkung meist nicht überzeugend” (Industrial 
policy: On the rise, but motivation and impact mostly unconvincing), https://www.ifo.de/DocDL/sd-2025-01-czernich-falck-bundes-
tagswahl-industriepolitik.pdf   
5 Evenett et al. 2024, https://web.archive.org/web/20250214090716/https://www.imf.org/en/Publications/WP/Is-
sues/2023/12/23/The-Return-of-Industrial-Policy-in-Data-542828 
6 EBRD 2024 
7 https://web.archive.org/web/20250316095913/https://www.ceps.eu/  
8 The study on the German innovation system by the Commission of Experts for Research and Innovation (EFI | Nr. 7-2022 – “Schlü-
sseltechnologien” (Key Technologies), see Figure A53) shows that Germany was the world leader in patent applications for produc-
tion technologies in the years 2016 to 2018. This therefore continues to be a relevant pillar of the German research and innovation 
system.  
9 Council for Technological Sovereignty (2023): Position paper “Smart Robotics”, 
https://projekttraeger.dlr.de/sites/default/files/2025-09/documents/Position-Paper-Smart-Robotics-rat4ts.pdf  
10 Council for Technological Sovereignty (2024): Adapting technology to humans to promote technology adoption and technological 
sovereignty  - Significance in a modern society on the example of robotics, 
https://projekttraeger.dlr.de/sites/default/files/2025-09/documents/discussion_paper_adapting_technology_to_humans_rat4ts.pdf  
11 Source: /web/20250219081108/https://www.imf.org/en/Publications/WP/Issues/2023/12/23/The-Return-of-Industrial-Policy-in-

Data-542828   
12 Source: https://ec.europa.eu/commission/presscorner/detail/de/ip_25_339  
13 /web/20250219083040/https://commission.europa.eu/about/organisation/college-commissioners/henna-virkkunen_en?pre-
fLang=de 
 

15 Figure includes direct public investments and a small proportion of joint investments with the private sector 
16 Includes funding for the semiconductor and AI industry (programme currently being finalised) 
17 Source: ZVEI 2024, " Von Chips zu Chancen – Die Bedeutung und Wirtschaftlichkeit der Mikroelektronikförderung “ (From chips 
to opportunities - the importance and cost-effectiveness of microelectronics funding)  
18 https://web.archive.org/web/20250218202607/https://competition-policy.ec.europa.eu/state-aid/ipcei_en  
19 Source: /web/20250219102243/https://defence-industry-space.ec.europa.eu/commission-recommendation-03-october-2023-criti-
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