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1.  Executive Summary 

This policy brief analyses the EU’s technological sovereignty and its position in the global R&I 
system in the following central technological domains: Advanced Manufacturing and Robotics, 
Artificial Intelligence, Micro- and Nanoelectronics, Energy Harvesting and Life Sciences. It 
constitutes a technology-oriented contribution to the broader debate on Open Strategic 
Autonomy. 

Based on a threefold empirical analysis of scientific activity, technological activity and trade in 
relevant goods, it finds, first, that the EU’s positioning differs markedly across different 
technological areas, and second, that challenges to technological sovereignty manifest very 
differently across the different domains of analysis, i.e. as scientific, technological or material 
dependencies. 

In general, the analysis demonstrates that current challenges emerge as a function of 
established global divisions of labour that have developed over time in geopolitically more stable 
times. More specifically, the analysis finds the following 

In Advanced Manufacturing and Robotics, the EU continues to maintain sovereignty across all 
dimensions, although it has become less globally dominant than it once was. 

With regard to Artificial Intelligence, by contrast, the EU is weakly positioned overall, and in 
many respects dependent, with some expertise in science. 

With regard to Micro- and Nanoelectronics, the EU maintains robust S&T capacities while its 
dependence on the import of microchips remains problematic. 

Concerning Energy Harvesting, the EU has notable S&T capacities. However, China’s market 
dominance hampers industrialisation and perpetuates import dependencies. 

In Life Sciences, the EU maintains strong capacities in both science and production. However, 
many local innovations are controlled by non-European corporations. 

Against that background, the following policy recommendations result: 

• Focus on building domestic capacities as the primary means to sustain and increase 
technological sovereignty, ideally driven by domestic stakeholders, 

• Seek to concentrate resources and prioritise to define and implement European level 
initiatives that can match American and Chinese undertakings, 

• Uphold scientific collaboration as a fundamental principle, build on the EU’s capacity to 
source knowledge through diverse global collaborations, 

• Enable key actors in the European science and innovation system to identify one-sided 
dependencies and deploy adequate systems of risk management,  

• Remain vigilant of one-sided dependencies and implement existing anti-coercion mandates 
(e.g. Reg. 2023/2675) with determination, 

• Consistently implement existing regulations on the review and restriction of technology-
harvesting foreign investment (e.g. Reg. 2019/452), 

• Leverage the potential of intra-Single Market and intra-European Research Area initiatives 
to attenuate potential dependencies on overseas partners. 
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2. Introduction 

2.1. Political context and related objectives 

During the second half of the 20th century, Europe’s position among the world’s leading 
technology regions stood largely unchallenged, even if the US, Japan, Taiwan and increasingly 
Korea matched Europe’s competences at a comparable level and in some selected areas 
outperformed them (JRC, 2021; Roberts et al., 2019; Choer Moraes and Wigell, 2022). In 
parallel, much of the production of technological goods was offshored to Asian nations, initially 
following a labour-cost rationale, but also later as some of the former ‘workbench’ nations came 
to develop process capacities that former clients in Europe could no longer match (JRC, 2021; 
Kroll et al., 2021).  

While Europe’s dependency had thus initially been a primarily material one, not least with a view 
to resources (Bardt, 2019; EC, 2021; DG TRADE, 2022), this increasingly changed when more 
and more countries rapidly acquired similar knowledge-based capacities, in particular China and 
India. Through the 2000s and the first part of the 2010s, the established architecture of a global 
technological system dominated by a ‘Triad’ of technological leaders (US, EU, Japan) still held. 
Subsequently, China’s rise began to increasingly challenge the validity of this long-held view on 
the global order of Science and Technology (S&T) capacities, first primarily with a view to 
scientific capabilities, yet subsequently also with a view to technological capacities (Kroll and 
Frietsch, 2022). In parallel, competences in digital technologies, on some aspects of which 
Europe had rather late start, became ever more important. This trend intensified with the advent 
of artificial intelligence as a new steering mechanism of almost all socioeconomic processes of 
production, value chain coordination, service delivery and in fact almost all aspects of people’s 
everyday lives. This is relevant, as digital technologies have come to shape all goods and 
services in which Europe traditionally held a competitive advantage, such as automotive 
products, aeronautics, advanced machines for production, including robotics and additive 
manufacturing, as well as renewable energy technologies. 

In 2025, Europe therefore faces a global technological order dominated by a digital race 
between the US and China, in which it has to find a new role and position, alongside other strong 
players like Korea, Taiwan and, till now, Japan (Kroll and Frietsch, 2022; Kroll et al., 2022b). 
Far beyond the above-mentioned challenge of material dependency and the accompanying loss 
of process capacities (which remains an issue), the task of repositioning itself has broadened 
into the domains of scientific and technological capacities proper. While it is obvious that Europe 
has moved away from a position of full economic sovereignty since at least the late 1980s, and 
that this situation is continuously aggravated by an increasing dependence on critical raw 
materials, the core challenge to be analysed in this policy brief is another one. In the subsequent 
analysis, we will seek to illustrate which position Europe currently maintains in the scientific and 
technological sphere, to which extends S&T activities, too, have come to depend on external 
inputs, to which extent they may even be externally controlled. At the same time this brief will 
seek to establish to which extent – and in which currently central areas – Europe remains a key 
point of reference for global development. To this end, it will primarily analyse statistics on 
academic publications and patent applications, accompanied by a closing note on trade 
statistics as the capacity to produce material artefacts in relevant areas remains an important, 
complementary aspect to obtain a full picture.  
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2.2. Technological sovereignty, concept and analytical 
implications 

According to Edler et al. (2020, p. 2), technological sovereignty is the ‘ability of a state or a 
federation of states to provide the technologies it deems critical for its welfare, competitiveness, 
and ability to act, and to be able to develop these or source them from other economic areas 
without one-sided structural dependency’. 

The most important implication of this definition, which is also implicit from much of the 
introduction above, is that technological sovereignty is a primarily capacity-based concept (Edler 
et al., 2023; March and Schieferdecker, 2023). It mandates additional efforts to strengthen – or 
re-establish – Europe’s strategic autonomy and its re-positioning as a reference point in the 
global S&T system which it had been for many years (EPRS, 2020; FIIA, 2020; BMBF, 2021; 
JRC, 2021; Lorenzani and Szapiro, 2023). If they maintain a strong basis of own, world-leading 
capacities, nations, or in this case the EU, can wield and exert a substantial influence over the 
entire system. Autonomous control of competences and capacity at crucial interfaces of the 
system gives them agency (Edler et al., 2023), even if they, on average, depend on other nations 
with a view to some specific aspects of knowledge and technologies. This becomes obvious in 
the globally indispensable role of the Netherlands for the semiconductor value chain (Bardt et 
al., 2022). By contrast, any attempt at autarky, or even full autonomy, would come at an 
immense cost in a global technological system that has increasingly relied on intense 
international networking for close to a century, and in which most nations possess only partial 
capacities (Edler et al., 2020; DG GROW, 2021). As stated in the EU’s overall strategy, the 
approach should therefore not be to achieve autonomy in its own right, but an open strategic 
autonomy that safeguards as much international collaboration as possible, strategically 
managing international collaboration (Kano et al., 2020; Yeung, 2021; Gereffi et al., 2021) while 
at the same time seeking to attenuate overt dependencies that have grown over time (EPRS, 
2020). 

That said, the current geopolitical situation compels every nation and bloc to prepare for ruptures 
in international collaboration (Stiglitz, 2017; Fajgelbaum, 2020; Krapohl et al., 2021; Luo and 
van Assche, 2023; Yeung, 2023), regardless of how economically desirable continued 
collaboration may conceptually remain (Edler et al., 2023). Today, it is no longer possible to 
choose freely among possible partners based on capacity and commercial consideration without 
considering potential risks resulting from the political leveraging of technological and economic 
dependencies (Stiglitz and Rodrik, 2024; Kroll, 2024). Recent trade skirmishes and export 
restrictions for critical technologies have set the scene for a broader acknowledgement of what 
the impact of all-out trade wars and fundamental ruptures in technological collaboration could 
be, to which the US and China have on several occasions at least come very close (Blustein, 
2019; Kroll et al., 2021; Choer Moraes and Wigell, 2022; Kroll and Frietsch, 2022). As a result, 
the foundations of the established global division of tasks and collaborative relations (Dicken, 
2007; Gereffi et al., 2005) are eroding and a re-fragmentation of international collaboration 
appears to be underway (Lund et al., 2020; Yeung et al., 2023; Yeung, 2023). 

Finally, even military conflict has become a more widespread reality, and former technological 
partners have politically taken ever more adversarial stances on the geopolitical stage. The 
resulting stronger focus on research security carries the risk of constraining all forms of 
collaboration, including those in the scientific domain. As most former economic partners are 
becoming less reliable than they were before, there is a need for a sober assessment of 
Europe’s current level of dependencies and resilience. 

  



 

6 

2.3. Analytical approach of this study 

The first section of the analysis compares the EU’s positioning in the global R&I system, taking 
into account both its level of domestic capacity as well as the extent to which it continues to 
constitute a relevant reference point for others. The key focus will therefore be on indicators that 
capture European capacities as well as on network indicators that underline the extent to which 
the EU remains a global nexus of R&I collaboration which can source knowledge from other 
nations to its benefit. 

In parallel, a second perspective examines dependencies, in particular those that are structural 
and one-sided. The main analytical perspectives include the extent to which EU’s scientific effort 
depends on a referencing of other international discourses, to what extent European inventions 
are subsequently controlled by foreign owners of the related intellectual property and to what 
extent there are specific material dependencies in terms of technology imports. 

In doing so, the analysis will focus on the following main areas: the overall non-discipline-specific 
picture, advanced manufacturing and robotics, micro- and nanoelectronics, photonics, artificial 
intelligence, life science technologies as well as energy harvesting, conversion, and storage. 

With a view to indicators, the analysis will focus on 

• Bibliometrics, to reflect scientific collaboration and dependencies (publication data are from 
the Elsevier SCOPUS database), 

• Patent analysis, to reflect technological collaboration and dependencies (patent data are 
from the EPO PATSTAT database), 

• Trade analysis, to reflect material dependencies with direct relevance for R&I efforts (trade 
data are from the UN COMTRADE database). 

3. Quantitative evidence of the EU’s sovereignty 

3.1. The EU’s sovereignty in the scientific domain 

As a reminder of EU’s overall scientific positioning in absolute terms, which is relevant for 
developing a capacity-based perspective, Figure 1 outlines the EU’s share in all global 
academic publications for all five technology areas discussed here, as well as that of its major 
global competitors. In Advanced Manufacturing and Robotics, it remains ahead of the US, 

although China has, as in all fields, taken at least a nominal lead in the academic domain.
1 

Likewise, the EU continues to rank ahead of the US in Energy (Harvesting and Conversion) and 
Micro- and Nanoelectronics, though in both of these China has an even more pronounced lead. 
In both Artificial Intelligence and Life Sciences, the EU is not significantly ahead of the US. China 
holds a very strong lead in Artificial Intelligence, and less so in Life Sciences. Japan and Korea 
remain less relevant players. From a purely scientific capacity, therefore, the EU maintains a 
strong standing in all of the five fields, underscoring its capacity to build technological 
sovereignty and, under adverse circumstances, sustain autonomy. 

 

1 Although it is known that Chinese publications attain lower visibility on average and often make more limited 
contributions individually, most of the statements on China’s increasing lead would still hold if the number of 
total publications was discounted by 30-50 %. Hence, the overall finding is robust. 
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Figure 1. Share of the EU and main global competitors in publications worldwide.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

At the same time, Figure 2 demonstrates that the role of international cooperation has increased 
notably since 2010. While international co-publications made up about 30 % of all scientific 
activity at that time, this share has increased to about 40 % by 2024. Overall that pattern is 
mirrored in most of the five technologies, with somewhat lower levels in Advanced 
Manufacturing and Robotics (30–35 %) and slightly about average values in Energy (Harvesting 
and Conversion) and Micro- and Nanoelectronics (close to 45 %). While in Life Sciences and 
Micro- and Nanoelectronics, the relative share of international collaboration seems to approach 
saturation, the role of international co-publications keeps growing at a steady pace in most other 
technology domains under consideration – in particular with regard to Artificial Intelligence and 
Energy (Harvesting and Conversion). 

In comparison to other countries, the share of international co-publications in the EU very closely 
matches that in the US and slightly, but not much, exceeds that of Japan and Korea (Figure 3). 
Beyond domestic capacity, apparently, international collaboration thus remains one of the pillars 
of European scientific excellence. As a consequence of their scientific systems’ more limited 
size, smaller nations like Canada, the UK and Switzerland display even higher academic 
collaboration rates as a greater share of the world’s relevant research that field experts need to 
reference will by definition take place abroad.  In the large scientific system of China, however, 
international collaboration rates only reach about half the level of those in the US, suggesting 
an inward orientation. Overall, the patterns differ very little by technological field, nor does the 

density
2
 of the respective global co-publication networks (Figure Annex 1). 

In contrast, Figure 4 underlines that EU publications remain less visible than those of the US. 
While it is natural that papers from smaller nations like Canada, the UK and Switzerland receive 
more foreign citations in relative terms, as the domestic system that they could be cited from is 
small, papers from the EU, the US and China could in theory be expected to receive a similar 
level of foreign citations. In practice, however, papers from the US receive as many foreign 
citations as those from Canada, the UK and Switzerland, whereas papers from the European 
Union receive only as many citations as papers from Korea or Japan. Only China remains even 
further behind. Once more, these patterns do not differ substantially by field.  

 

2
 Network density is a measure of the proportion of actual connections in a network relative to the maximum 

possible connections, indicating the level of connectivity and cohesion within the network. 
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Another way to assess the quality of publications or, more precisely, the autonomy of a country 
or bloc’s scientific system, is to measure the extent to which publications rely on prior work 
developed in foreign countries (Figure 5). In this regard, we find that publications from China, 
the US and the EU do not differ much, possibly because they relate to the same group of leading 
institutions, distributed more or less evenly across all of them. That the extent of foreign 
dependence is higher only in nations with smaller science systems, to which most of these 
leading institutions are external, suggests a relatively pure size effect in this case. 

A further measure of dependency on external knowledge, or, by contrast, sovereignty in the 

international academic system is the relation of inward
3 to outward

4
 citations in a given year 

(Figure 6). It links the extent to which a nation’s publications serve as global references to the 

extent to which they have to make reference to other international sources.
5
 Again, we find that 

the US constitutes the most prominent point of reference in the global scientific system and that 
that role is most pronounced in the domains of Artificial Intelligence, Energy (here matched by 
Switzerland) and Microelectronics. Other than that, no fundamental differences can be detected 
across fields, except a slightly stronger role of Korea and Japan in their established stronghold 
of Advanced Manufacturing and Robotics. Overall, the amount of inward and outward citations 
in the EU is balanced, i.e. European academic literature draws about as much on external 
knowledge as it is considered a relevant knowledge base by non-European actors. The only 
serious ‘dependence’ in that sense is found for China’s academic system. However, most 
Chinese sources primarily cite other Chinese sources and vice versa, so that any type of 
international inward or outward citation is comparatively rare and their balance should not be 
overrated – specifically in light of the substantive domestic output (Figure 1). 

When applying mathematical network analysis to establish the EU’s position in the global co-

publication network,
6
 a more in-depth analysis shows a comparatively prominent position, often 

slightly or clearly ahead of the US when considering weighted degree centrality,
7
 a measure 

that not only reflects how many other countries cooperate with a specific national system, but 
also how strongly. While many smaller nations display a higher share of co-publications (see 
above), they display a lower weighted degree centrality, due to their more limited share of strong 
academic partnerships with other countries. A notable finding is that China, while still notably 
behind the US in terms of centrality (Figures Annex 2–7) ranks next to at par with it in most of 
the considered domains. With regard to Advanced Manufacturing, Life Science Technologies, 
and Microelectronics, its network position is now even already more central than that of the US. 

 

3
 Citations to domestic publications by foreign publications. 

4 Citations to foreign publications by domestic publications. 
5
 Citations to domestic publications/citations by domestic publications to foreign ones. 

6
 A co-patent is defined as a patent with more than one inventor, an international co-patent as one with inventors 
based on more than one country. 

7
 In weighted networks degree centrality is calculated as the sum of weights assigned to the node’s direct 
connections and represents the node strength, i.e. the measure not only reflects to how many other nodes any 
one node in the network is connected, but also how strongly. 
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Figure 2. Share of extra-EU co-publications in all EU publications.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

 

Figure 3. Share of publications that are international co-publications, mean 2022–2024.  
Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 
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Figure 4. Average number of foreign citations to single publications from a country, mean 2022–2024.  
Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

 

Figure 5. Average number of citations of a country’s publications to foreign publications, mean 2022–2024. 
Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 
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Figure 6. Relation of inward citations to outward citations per country, mean 2022–2024.  
Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

3.2. The EU’s sovereignty in the technology domain 
(inventions) 

As a reminder of Europe’s overall technological positioning in absolute terms, which is relevant 
for developing a capacity-based perspective, Figure 7 outlines Europe’s share in global patent 
applications for all five technology areas discussed here as well as that of its major global 
competitors. In most cases, Europe contributes between 10–15 %. Within that range, its 
contribution to Life Sciences and Energy (Harvesting and Conversion) is somewhat higher than 
that to Micro- and Nanoelectronics and Artificial Intelligence. Concerning Advanced 
Manufacturing and Robotics, the contribution still reaches 20 %. The leading countries that 
contribute more than the EU differ by field: Artificial Intelligence and, to an even stronger extent, 
the Life Sciences remain dominated by the US while in Micro- and Nanoelectronics Japan 
retains its traditional position. The field of Energy (Harvesting and Conversion), in contrast, has 
become dominated by Chinese firms. 

In terms of co-patenting, a first, general observation is that the relative share of co-patenting is 
much lower in Asian nations than in the EU and North America (Figure 8). This is because a 
large share of all co-patents reflect R&D conducted in collaboration between global subsidiaries 
or between global subsidiaries and the headquarters. Chinese, Korean, and Japanese 
corporations, however, conduct a large share of their R&D directly at the headquarters location, 
or at least domestically. The opposite is the case in Switzerland, where Swiss corporations 
collaborate heavily with global subsidiaries and where, in turn, many international firms are 
equipped with R&D units. As a whole, the European Union occupies middle ground, often at par 
with the US. Approximately one in ten patents is a co-patent, underlining a substantial degree 
of international embedding of the EU’s innovation system. Notably, this level of embeddedness 
is even higher in the domains of Artificial Intelligence and Life Science Technologies with about 
25 % co-patents each. In these fields, the EU as a whole is about as internationally embedded 
as the UK or Canada.  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Advanced
Manufacturing
and Robotics

Artificial
Intelligence

Energy
(harvesting,

conversion, and
storage)

Life Science
Technology

Micro- and
Nanoelectronics/

Photonics

TOTAL

EU27 US UK CA CH CN JP KR



 

12 

 
Figure 7. Share of the EU and main global competitors in patent applications worldwide.  

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 
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pronounced in the domains of Artificial Intelligence and Life Sciences as well as clearly visible 
in the domain of Micro- and Nanoelectronics. In the areas of Advanced Manufacturing and 
Robotics as well as Energy (Harvesting and Conversion), the differences are less pronounced. 
Very different from its positioning in the academic network, China does not yet appear as a key 
node in the global network of technological relations. 

 

Figure 8. Share of international/extra-EU co-patents in all patent applications, mean 2020–2022.  
Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 

 

Figure 9. Share of extra-EU co-patents in all EU patent applications.  
Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 
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Figure 10. Share of patent applications owned by foreign applicants, mean 2020–2022. 
Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 

 

Figure 11. Share of EU patent applications owned by non-European applicants.  
Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 
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3.3. The EU’s sovereignty in the technology domain (goods) 

Beyond measuring scientific and technological capacities through publications and patent 
applications, relevant analysis can be conducted by identifying goods associated with 
technologies by means of a careful, manual review of HS trade classes. 

While the EU’s overall trade balance remains more or less neutral, there is great differentiation 
regarding the technological fields considered in this study (Figure 12). Overall, trade balances 
remain positive for Advanced Manufacturing and Robotics and Life Science Technologies, 
whereas the trade balance is negative for Micro- and Nanoelectronics and, specifically, those 
products most related to Artificial Intelligence. With regard to goods related to Energy 
(Harvesting and Conversion), the formerly neutral trade balance has worsened significantly 
since 2020, which is primarily an effect of an increased external dependence on solar cells and 
related technologies and systems. 

 

Figure 12. EU relative trade balance in core technology areas.  
Note: Worsening trade balance in the energy domain primarily related to increasing import  

of solar cells and related conversion and storage technology. 
Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

In the domain of Micro- and Nanoelectronics, in general, the EU and the US display a more or 
less neutral trade balance, while China remains dependent on imports (-40 % relative trade 
deficit). Positive trade balances are found primarily in Korea and Japan. While, at first glance, 
this positive finding might surprise, it must be understood against the background that it 
considers a comparatively large range of goods, without specific focus on critical or advanced 
ones (Figure 13). 
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Figure 13. EU relative trade balance in Micro- and Nanoelectronics and Photonics. 
Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

Concerning specifically goods related to Artificial Intelligence, for example, the EU again 
occupies middle ground, similar to the US, but this time associated with a clear relative trade 
deficit of about -20 %. Nonetheless, the overall positioning of countries remains similar, with 
China remaining even more dependent on imports (-45 %), and Korea again displaying 
substantial export surpluses (+20 %). Japan’s former competitive advantage, in contrast, seems 
to have waned. The definition underlying this analysis focuses primarily on related microchips 
and data processing equipment (Figure 14). 

 

Figure 14. EU relative trade balance in goods related to Artificial Intelligence, global comparison.  
Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

With regard to Energy (Harvesting and Conversion) China and Japan show a strengthening 
trade surplus, while dependencies are worsening in the EU, the US as well as the UK. Korea 
occupies middle ground and has lost the strong position that it held until the mid-2010s (Figure 
15). Again, much of this trend can be attributed to the substantial shifts in the global trade in 
solar cells that have occurred since the late 2010s. 
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Figure 15. EU relative trade balance in goods related to Energy (Harv, Conv, Stor), global comparison. 
Note: Worsening trade balance in the energy domain is primarily related to increasing import  

of solar cells and related conversion and storage technology. 
Source: Analysis by Fraunhofer ISI based on UN COMTRADE 

Even in its former stronghold domain of Advanced Manufacturing and Robotics, the EU has 
been losing ground, with its relative trade surplus waning from about 40 % during the early 2010 
to about 20 % today. In parallel, the US’ formerly neutral trade balance has deteriorated to a 
balance deficit of about -20 % today. Japan, by contrast, displays a strongly positive trade 
balance of about +70 %, and Korea is similar to the EU (+20 %), which, however, is the result 
of an improvement rather than a deterioration of a formerly neutral balance. Moreover, China 
has been able to attenuate and recently nearly neutralise its formerly significant dependency in 
this domain (-40 % in the early 2010s) (Figure 16). 

 
Figure 16. EU relative trade balance in Advanced Manufacturing and Robotics, global comparison.  

Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

With regard to Life Science Technologies, China displays the clearest trade surplus with about 
70 %, while the EU and the US reach about 25 % and 35 % respectively. In contrast, Korea’s 
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deficit (-40 %) (Figure 17). 
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Figure 17. EU relative trade balance in Life Science Technologies, global comparison. 

Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

Figure 18 provides an overview of all countries’ average positioning from 2021–2023. 

 
Figure 18. EU relative trade balance in international comparison (average 2021–2023).  

Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 
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appear somewhat more autonomous (Figure 20). This indicates that dependencies in 
Microelectronics need to be put in perspective. While crucial and specific issues exist in the EU, 
the overall dependency on imports is not unique. Other countries show similar levels and 
patterns of dependency. Moreover, this is a function of an established global division of tasks 
along the value chain in this sector, the fundamental architecture of which remains unaffected 
– even in light of China’s recent efforts towards technological autonomy. As the production of 
advanced microchips remains concentrated in the US, Taiwan, and Japan, most other countries 
face similar challenges in achieving autonomy in this area. 

An important differentiation between general imports and imports of goods relevant to the areas 
of technologies discussed here is the higher concentration of dependency on a small number 
of countries that provide relevant goods which is found only for the latter. While, regarding all 
imports, only about 20 % of imports in the EU are concentrated on the three largest trade 
partners (CN, US, UK), in the individual domains here discussed share ranges between 50 % 

(Microelectronics; CN, US, TW) and 65 % (Life Sciences; US, UK, CN)
8
 (Figure 21). Figure 22 

shows the particular dependence on imports from China, Figure 23 the specific dependence on 
imports from the US, highlighting that the former is specifically pronounced in the domain of 
Energy (around solar cells) while the latter is specifically pronounced in the area of Life 
Sciences. 

Importantly, however, Figure 24 underlines that the EU is not facing a unique challenge. Other 
countries like Japan and Korea are facing even more concentrated dependencies in many 
domains, including Micro- and Nanoelectronics and goods related to Artificial Intelligence. Only 
in the fields of Energy and Life Sciences is the dependence on the Top 3 countries of import 
origin strongest in the EU, but even there not substantially so.  

 
Figure 19. EU imports per GDP in core technology areas. 

Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

 

8
 Artificial Intelligence (52 %; CN, US, TW); Advanced Manufacturing and Robotics (52 %; CN, US, JP); Energy 
Harvesting Conversion and Storage (79 %; CN, MY, JP) (in footnote as dominated by PV). 
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Figure 20. EU imports per GDP in international comparison. 
Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

Figure 21. Share of top 3 trade partners in all EU imports by core technology areas.  
Note: Increased dependency in the energy domain primarily related to increasing import  

of solar cells and related conversion and storage technology. 
Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 
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Figure 22. Share of China in all EU imports by core technology areas.  
Note: Increased dependency in the energy domain primarily related to increasing import  

of solar cells and related conversion and storage technology. 
Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

 

Figure 23. Share of the US in all EU Imports by core technology areas.  
Note: US is not among the top 3 countries of origin for imports in the energy domain. 

Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 
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Figure 24. Share of the top 3 import sources by core technology areas and country.  
Note: High concentration dependency in the area of energy reflects primarily the dependency on PV cells.  

Top 3 trading partners added for EU. Country codes of key trading partners: CN, China; US, United States; UK, 
United Kingdom; TW, Taiwan; JP, Japan; MY, Malaysia. 

Source: Analysis by Fraunhofer ISI based on UN COMTRADE. 

3.4. Integrated picture 

Overall, the EU’s positioning differs markedly across the technological areas under discussion 
here and must be considered a multidimensional challenge as illustrated in Table 1 below. 

In Advanced Manufacturing and Robotics, the EU’s position remains nearly unanimously 
positive. While no longer as globally dominant as it was, as a traditional stronghold domain, the 
EU continues to maintain a strong role scientifically, technologically as well as industrially. 

With regard to Artificial Intelligence, by contrast, the EU’s role is weak overall, with some 
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control over relevant technologies and a high dependence on imports. 
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microchips is notable, but in a global comparison also not dramatic. 

In the domain of Energy Harvesting, the EU has substantive own scientific and technological 
competences. The industrialisation of those, however, remains constrained by China’s 
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to production. However, many of the locally developed innovations are owned and controlled by 
global pharmaceutical corporations based outside of the EU, primarily in the UK and in the US. 
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Table 1. The EU’s technological sovereignty in different domains. 

Source: Analytical summary of above analysis by Fraunhofer ISI. 

4. Policy conclusions 

Consider technological sovereignty and strategic autonomy broadly, not only from a 
material, trade-oriented perspective 

Many current analyses describe strategic autonomy and technological sovereignty primarily with 
a view to import dependencies. While this analysis indeed underscores substantial challenges 
in this regard, other angles of analysis may be more important if technological sovereignty is 
considered from a capacity perspective. Following Edler et al.’s (2023) concept of technological 
sovereignty as a nation’s capacity to shape its own future technological trajectory as well as 
future global markets, a nation’s capacity for scientific and technological knowledge generation 
has to be considered equally important – as only strong players can be truly autonomous.  
In contrast, foreign control over intellectual property rights or, more generally, relevant firms’ 
decisions regarding R&D may substantially constrain dynamics in a nation or bloc, even if there 
is no specific import dependency. 

Recommendations: 

• Focus on building domestic capacities as the primary means to sustain and increase 
technological sovereignty, ideally driven by domestic stakeholders that take decisions on 
R&D investments and reap its eventual profits domestically. 

• Seek to define and implement EU-level initiatives that can match American and Chinese 
undertakings in terms of resources and competences mustered to address a specific 
challenge or technology. 

• Launch measures to attenuate overt dependencies with a view not only to guaranteeing 
future local supply (short-term perspective) but prioritising those with the potential to 
constrain future development (long-term perspective). 
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Uphold the benefits of global R&I collaboration and continue to leverage the EU’s 
privileged position in this regard 

Even when considered as a bloc, the EU remains one of the best networked international 
players in both scientific and technological collaboration. This produces vulnerabilities, but also 
substantive benefits through improved access to knowledge. Despite the above-mentioned 
need to build more domestic capacity, the EU should also build on its established strength in 
global R&D collaboration. So far, few other nations rival the EU centrality in the international 
network of scientific collaboration and hence its ability to harvest and integrate knowledge from 
diverse sources. Notably, this finding holds even for those areas where the EU no longer 
constitutes a global centre of excellence, such as Artificial Intelligence or Microelectronics. With 
a view to technological collaboration, the EU has fallen behind the US with regard to its role as 
a global nexus, but not strongly in all technological domains. In any case, it remains far ahead 
of all Asian nations, including China. 

Recommendations: 

• Uphold scientific collaboration as a fundamental means and principle of sourcing knowledge, 
and hence a precondition of building cutting-edge domestic capacities. 

• Build on the EU’s capacity to access knowledge through research collaboration with diverse 
global partners. As research collaboration is less directly tied to economic interests than 
cooperation in technology and trade, it is often less affected by political antagonisms and 
can open up additional avenues.  

Understand the risk of unilateral dependencies in different, specific domains and 
attenuate them with determination – through capacity building 

As outlined above, international collaboration is not a risk per se, but, when pursued from a 
position of strength, an opportunity. However, it can readily turn into a risk, if unilateral 
dependencies cumulate in critical areas, in particular if domestic capacities in those areas 
remain weak. As our analysis demonstrates, many international competitors are facing even 
stronger challenges in this regard than the EU, which profits substantially from the Single Market 
as well as from efforts to improving the integration of the European Research Area. In many 
ways, the EU can attenuate potentially one-sided dependencies internally, through Member 
State collaboration, in a way Japan, Korea or even the UK cannot. Nonetheless, some specific, 
highly concentrated dependencies, such as in the solar industry, persist and have even been 
aggravated by recent market trends. And while the traditionally high degree of foreign control 
over the European Life Sciences sector seems to be gradually waning, it continues to steadily 
increase in the domain of Artificial Intelligence. 

Recommendations to EU policy makers: 

• Guide and enable key actors in the EU science and innovation system to identify one-sided 
dependencies carefully and deploy adequate systems of risk management through 
diversified sourcing. 

• Remain vigilant of one-sided dependencies in critical areas, take measures that prevent their 
intensification and avoid their perpetuation, and implement existing anti-coercion mandates 
(e.g. Reg. 2023/2675) with determination. 

• Consistently implement existing regulations on the review and restriction of technology-
harvesting foreign investment (e.g. Reg. 2019/452) while at the same time vigorously 
support the (re-)building of domestic technological capacities. 

• Leverage the full potential of the Single Market and the European Research Area to 
attenuate potential dependencies on overseas partners, by supporting friendshoring from 
overseas locations to suitably positioned Member States. 
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6. Annex 

 

Figure Annex 1. Density of the international co-publication network by field. 
Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

 

 
Figure Annex 2. Publication network position of EU and other nations,  
Advanced Manufacturing and Robotics (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 
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Figure Annex 3. Publication network position of EU and other nations,  

Artificial Intelligence (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

 

 
Figure Annex 4. Publication network position of EU and other nations,  

Energy (harvesting, conversion, and storage) (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 
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Figure Annex 5. Publication network position of EU and other nations,  

Life Science Technologies (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

 

 
Figure Annex 6. Publication network position of EU and other nations,  

Micro- and Nanoelectronics.  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 
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Figure Annex 7. Publication Network Position of specific nations and the EU,  

TOTAL (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.   

Source: Analysis by Science-Metrix/Elsevier and Fraunhofer ISI based on Elsevier SCOPUS. 

 

 

Figure Annex 8. Density of the international co-patenting network by field.  
Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 
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Figure Annex 9. Patent network position of specific nations and the EU,  

Advanced Manufacturing and Robotics (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.   

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 

 

 
Figure Annex 10. Patent network position of specific nations and the EU,  

Artificial Intelligence (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT.  
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Figure Annex 11. Patent network position of specific nations and the EU,  

Energy (harvesting, conversion, and storage) (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 

 

 
Figure Annex 12. Patent network position of specific nations and the EU,  

Life Science Technologies (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 
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Figure Annex 13. Patent network position of specific nations and the EU,  

Micro- and Nanoelectronics (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.  

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 

 
Figure Annex 14. Patent network position of specific nations and the EU,  

TOTAL (weighted degree centrality).  
Note: EU: blue, China: red, US: black, Korea: grey, others: light blue.   

Source: Analysis by Fraunhofer ISI based on EPO PATSTAT. 
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GETTING IN TOUCH WITH THE EU 

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

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

 by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

 at the following standard number: +32 22999696,  

 via the following form: european-union.europa.eu/contact-eu/write-us_en. 
 

FINDING INFORMATION ABOUT THE EU 

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

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

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

EU open data 
The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies. These can be 
downloaded and reused for free, for both commercial and non-commercial purposes. The portal also provides access to a wealth of 
datasets from European countries. 

https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/write-us_en
https://european-union.europa.eu/index_en
https://european-union.europa.eu/index_en
https://op.europa.eu/en/publications
https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/meet-us_en
https://eur-lex.europa.eu/
https://data.europa.eu/en


 

 

This policy brief examines the EU’s technological sovereignty 
across five key domains — Advanced Manufacturing and Robotics, 
Artificial Intelligence, Micro- and Nanoelectronics, Energy 
Harvesting, and Life Sciences — within the broader context of 
Open Strategic Autonomy. Drawing on evidence from scientific 
activity, technological development, and trade, it finds that the EU’s 
global position varies significantly across sectors, with distinct 
forms of dependency rooted in long-standing global divisions of 
labour. The brief recommends strengthening domestic capabilities, 
prioritising coordinated EU-level initiatives, sustaining international 
scientific collaboration, and addressing strategic dependencies 
through targeted regulation and risk management. 
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