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Abstract

Europe’s green and digital transitions are increasingly reliant on supply chains in which the end
product has a final destination inside the Union but critical technologies, inputs, machinery, compo-
nent supply chains and process expertise are located elsewhere. This paper examines this paradox
through lithium-ion batteries, solar photovoltaics and strategic electronics, arguing that domestic
production does not by itself create industrial autonomy: resilience is about having operational
control over upstream inputs, process know-how and production technology, supplier base, private
ownership and the ability to operate in times of crisis. The entrenched scale and technological depth
of Chinese producers have helped reduce costs and speed up deployment in Europe, but have also
arguably increased the dependence on certain linkages along the supply chain. In this context, to
de-risk is not the same as to decouple: it calls for a nuanced policy of selective de-risking in the use
and supply of critical products, rather than a wholesale decoupling of production facilities. Euro-
pean procurement and investment policies, industrial policy and competition rules should prioritize

European control and resilience, technological learning and supplier diversification.
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1 Introduction — From Geographic Localization to Effective Indus-
trial Control

European discussions of strategic autonomy continue to shift between two less-than-satisfactory extremes. One
continues to see import reliance as enough to indicate vulnerability. The other assumes resilience exists once
production is physically shifted into the European Union. Both views are inadequate for the sectors that now
form the centerpiece of Europe’s decarbonization and digitalization drive. In batteries, solar photovoltaics and
a variety of electronic and high-end components, the critical difference is not just where production occurs in
a geographic sense. It is whether that production is something Europe can control: whether it is output that
is underpinned by diversified access to components and process know-how, intellectual property, machinery,
skilled labor and upstream materials, as well as institutions that can preserve activity under duress. In that
light, the key challenge is less how difficult it is to see the final imports of a product than how opaque control and
sustainment remain inside supposedly local supply chains. A battery pack assembled domestically may still be
reliant on Chinese cathode chemistry, Asian cell manufacturing, Chinese process equipment or a foreign firm’s
decision about where margin, innovation and next-generation capacity will be located. A solar module installed
on a Kuropean rooftop may cut gas imports but leave the continent unable to duplicate critical upstream stages
at scale.

The pressing nature of this question intensified markedly between 2023 and 2026. Solar deployment continued
to rise while EU panel imports remained heavily concentrated in China. Eurostat reports that 98 percent of
those solar panels, which represented €11.1 billion of the 2024 total EU import of solar panels, came from
China.[!l In the broader digital economy, Eurostat reports that in 2024, China was by far the leading source
of the EU’s high-tech imports (€141 billion of the €478 billion of total imported goods into the EU, or 30
percent),[z] even while the EU suffered a worsening goods trade deficit with China through 2026. EU exports to
China declined.l?! These changes are significant not merely because they expand bilateral surpluses and deficits
but because the green and the digital transitions are now intricately interwoven-electric vehicles, stationary
storage, solar installations, electrified industry and much of the data-processing hardware used throughout the
economy rely increasingly upon one another. Another recent analysis by the Carnegie Endowment measures the
sectoral pattern with exceptional precision. On 2024 product-level trade data, it finds that China represented
52.8 percent of EU imports of lithium-ion cells, 54.5 percent of computers, 40.7 percent of smartphones and 63.7
percent of photovoltaic cells, even as intra-EU trade also commanded meaningful shares in all of those same

[ This point is of analytical relevance.

products.

Substantial intra-EU trade may not refute a country’s dependence but may instead witness Chinese-connected
products, stakeholders and supplies coursing along the European supply chains. According to Carnegie, lithium-
ion batteries alone may have furnished approximately $47.6 billion of the EU’s 2024 high-risk imports, nearly 37
percent of the category value.l’l While not constituting conclusive evidence of strategic weakness, these figures
constitute convincing proof that the raw material trade hinges heavily upon finely grounded categories featur-

ing slow transition horizons, high qualification prerequisites and large-scale industrial lock-in. Evolutions of the

policy environment are occurring just as swiftly. Brussels has been moving, too. The Net-Zero Industry Act
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builds resilience and other non-price conditions into specific parts of the public procurement and renewable-
energy bidding process.l® The Clean Industrial Deal will mobilize more than €100 billion to support clean
manufacturing.[”) The Innovation Fund has announced dedicated support to battery-cell factories,® and the
European Commission has already imposed definitive countervailing duties on Chinese-made battery electric
vehicles after determining unfair subsidy practices.!?) Conversely, ongoing EU-China trade negotiations that are
still planned for 2026 imply that Brussels and Beijing both will have reason to prevent these disputes from
hardening into a broader economic standoff.

In other words, a full-fledged EU-China trade war is still only a possibility, not yet a certainty. Nonetheless,
limited trade frictions have already entered the industrial fabric and any serious planning towards green-digital
sovereignty needs to account for a future where access terms, prices and political agendas are in constant flux.
The essence of the argument advanced here is that the EU can indeed achieve genuine green-digital autonomy;,
but only if autonomy is defined more carefully and pursued more selectively than much of today’s discourse
suggests. In these sectors, resilience does not mean self-sufficiency in the entire continent and it certainly does
not mean reflexively excluding all Chinese capital or technology. Rather, it means having controlling access to
a sufficient number of strategic chokepoints to enable deployable capacity in the face of a disruption; diversified
cell manufacturing pathways for batteries, a credible upstream photovoltaic manufacturing base distinct from
the module assembly stage, greater leverage elsewhere in power electronics and industrial equipment, policy
instruments capable of teasing apart good and bad localization, not just in Europe but in the industrial world
as a whole. The question, then, is not about having local production in the abstract: it is about avoiding a
vision of Europe’s green-tech and digital industrialization as an assembly layer on a value chain whose most

competitive technologies, incentives and vulnerabilities remain elsewhere.

2 Lithium-Ion Batteries: Europe’s Flagship Dependency

Lithium-ion batteries provide perhaps the clearest example of whether Europe is gaining independence from
the rest of the world — or merely shifting the map of dependence over time. Their significance is hard to
overstate. They are central to electric vehicles, wearable electronic appliances and grid-scale storage and are at
the crux of decarbonization policy, automotive industry policy and digital manufacturing. According to a 2026
report by the Carnegie Endowment, batteries alone represented roughly $47.6 billion, or nearly 37 percent of
the value of EU high-risk imports in 2024.[1% This is not just an arbitrary number that derives from import
volume. It demonstrates that the combination of substitution difficulty, broad industrial constituency and the
way battery supply chains connect upstream minerals and chemicals to downstream manufacturing ecosystems.
When a product has these three dimensions, the exposure begins to matter in a way that exceeds normal
trade dependence. The global battery value chain structure explains why. As the International Energy Agency
has repeatedly demonstrated, the battery market is not organized around cells alone, but around a tightly
integrated set of operations from refining and precursor manufacturing to cathode and anode manufacturing

and cell production, pack assembly and recycling. 1]
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EU Sourcing Shares for Selected High- B oy
Dependence Products, 2024

® China (%) m Intra-EU (%) Other suppliers (%)
Photovoltaic cells 63.7 27.7
Smartphones 40.7 32.4

Computers

Lithium-ion batteries 52.8 38.8

Source: Carnegie Endowment for International Peace; Ulgen 2026; 2024 product-level trade data

Figure 1: China dominates direct sourcing across all four products, while large intra-EU shares may conceal
further China-linked inputs.

According to the International Energy Agency, while the manufacturers’ capacity to produce battery cells
stood in 2024 at over 3 terawatt-hours, nearly 85 percent remained in China; more than 75 percent belonged to
Chinese producers.['?l The same estimates reveal that the Chinese industrial structure encompasses far more
than the cells: The Chinese producer’s ecosystem involves the various stages of the cathodes, anodes and
materials processing that are the determinants of cost, quality and economies of scale, even if Europe manages
to put together large numbers of electric vehicles. Moreover, according to the European Parliament’s Research
Service, relying on International Energy Agency supply-chain figures, China accounts for over 80 percent of
global capacity to produce battery cells, close to 90 percent of capacity to produce cathode-active material
and over 97 percent of capacity to produce anode-active material.'3 In short, what Europe is relying upon is
not simply imported finished batteries, but a structure of production layers whose combination produces the
same battery with far higher costs for all. That there is still a structural dependence is not simply because the
Europeans have learned to build factories. EU battery-cell manufacturing capacity increased by 10 percent in

2024, although China still held about 85 percent of global capacity.!'

The Economy Research Page 4 of 20



The Economy The Economy
Research Research Series

Global Battery Manufacturing Capacity, B oy
2024 and 2030

I China share (%) Rest of world share (%) —O—Total capacity (TWh)
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Source: International Energy Agency; Global EV Outlook 2025, installed and committed-project capacity

Figure 2: Global capacity is expected to expand rapidly, but China would still retain roughly two-thirds of
manufacturing capacity in 2030.

This represented progress, but the EV supply chain remained highly concentrated in raw materials and
processing. What really makes the difference between a factory and an ecosystem is autonomy. In the absence
of control over process learning or technology pathways, where those remain outside of Europe, an increased
local scale of assembly or even battery manufacturing will not fully hedge against strategic risk. Cost remains a
sizable portion of the explanation. In battery manufacturing, industrial independence cannot be maintained if
local production remains persistently and substantially uncompetitive. According to a report of the European
Parliamentary Research Service, Li-ion battery-pack prices fell by 10-15 percent in Europe in 2024, compared
with nearly 30 percent in China.l'”l The International Energy Agency outlook for 2025 shows that China’s
battery-pack prices remained roughly 35 percent lower than those in Europe, with the regional premium even
larger than in 2022. Such a difference cannot be broken down to one policy distortion. The report of the Organi-
zation for Economic Co-operation and Development unveiled that systemic below-market borrowings constituted
an especially significant type of subsidy support to China-based manufacturing companies and Chinese compa-
nies might have had variations in their subsidy regimes compared to their international counterparts.['®l The
International Monetary Fund (IMF) also was of the same view and in its 2025 Article IV consultation stated
that China’s export expansion has been underpinned partly by the depreciation of the real exchange rate due
to lower inflation than trading partners, while also sounding a warning that state-dominated industrial support

had partly caused oversupply in some tradable industries.!*”]
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Lithium-lon Battery-Pack Price Declines, B oy
2024
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Source: International Energy Agency; Glebal EV Outlook 2025, EloombergMEF battery-price data

Figure 3: Faster price declines in China widened the cost challenge facing European battery manufacturing.

Europe’s battery challenge cannot be explained by exchange rates or subsidies alone. China’s advantage also
reflects scale, industrial clustering, chemistry expertise, supplier density and financing conditions. Attributing
Europe’s disadvantage to any single factor, the logic is far too oversimplified for good policies. The trend in
chemistry toward lithium iron phosphate merely highlights the issue. The International Energy Agency reports
that Korean firms, which have long been the largest single source of foreign investment in the continent’s battery
industry, lost a significant share of their EU market from nearly 80 percent in 2022 to 60 percent in 2024 due to
the growing popularity of LFP chemistry,['8! in which Chinese companies have attained a very strong position.
And this is relevant because the center of gravity of battery production is shifting. If Europe develops capacity
based on chemistries, processes, or supply chains that are on the wane in terms of cost or performance, the
gross capacity could grow, but strategic vulnerability would deepen. A plant based on imported knowledge in
a chemistry that is mostly monopolized elsewhere is not independent insofar as it is physically within the EU.
It may instead link Europe to the next round of growth by externally imposed parameters.

But even so, it would be wrong to write off overseas engagement in the industry as automatically inimical to
European sovereignty. The IEA agency in the very same report stated that Chinese battery ventures in Europe
could be an avenue of technology transfer, could provide the know-how necessary to ramp up manufacturing and
could bring costs down for European car manufacturers at a crucial time.[*¥) This is a serious counterargument.
Manufacturing on the ground by well-established Asian firms could trim logistics, create jobs, boost quality and
start European workers and suppliers on better production methods. In a field of rapid learning curves and
enormous sums of money, ruling out such investment on general principles might merely weaken the continent.
But their argument is contingent on conditions that cannot be taken for granted. The same IEA analysis
estimates that with committed projects, the market share in the EU by Chinese-owned manufacturers could

rise from less than 10 percent in 2024 to over 30 percent by 2030, while EU-based companies held about 5
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percent of capacity at the end of 202429 and that figure is compromised by the ability of a handful of projects
to fall into deep uncertainty.

If the ownership, technology decisions and know-how all remain concentrated under Chinese control and
existing EU incumbents are frozen in place, a new EU battery industry could certainly end up producing a lot
of local jobs and output without emerging as a truly free-standing, autonomous industrial ecosystem. Europe
could end up with a green battery sector owned by corporations headquartered elsewhere and that is still
valuable. It just can’t be assumed to be equivalent to autonomous EU ownership. Formal presence and actual
influence are two different things. Recent events are making this distinction harder to maintain. Northvolt,
long billed as the standard-bearer of an indigenous European champion of the European battery industry, filed
for bankruptcy in Sweden in March 2025,2" having been unable to raise the funding to operate at its then-
existing scale. The company attributed this to rising costs of capital, supply chain disruptions, shifting demand
patterns and internal ramp-up issues.?2/ As a consequence, battery expansion plans across Europe have become
more conditional. Automotive Cells Company paused its German and Italian projects in 2024 and confirmed
in February 2026 that both had been shelved, leaving its French plant as its only operating gigafactory.?3!

These three pieces of news may not prove that it is infeasible for Europe to supply a competitive battery
industry. They can, however, be read to demonstrate that capacity announced, projects announced and resilient
operating capacity are very different things and that infrastructure-driven industrial remains weaker than po-
litical stories would have you believe. The outcome is thus a dual reliance that exceeds the general literature
on China-related risk. Europe relies on Chinese materials or components, or both, whenever it cannot produce
them itself, whenever it cannot produce them without Chinese links (strong chemistry and process know-how
based on externally controlled technology) and whenever it cannot produce them without weakly capitalized
non-Furopean investors. When does this strategically matter? When supplier-switching costs are high, as they
are in the battery-cell (and most other) supply contracts. When the upstream line-up in high-grade graphite
and lithium, cathodes and anodes, refined materials, constrains substitution despite pre-equipped cell plants
in Europe. When the project pipeline suggests resilience, but the truly serious investment in the capabilities
necessary for continuously low-cost production remains fragile. Any of those: localization, alone, is no battery

sovereignty and no strategic autonomy.

3 Solar Photovoltaics: Deployment Strength, Manufacturing Weak-
ness

The solar case is different from batteries, but equally instructive. Europe’s reliance on Chinese solar fabrication
is more evident in some respects, yet the strategic consequences are more complicated because the product
characteristics, storage attributes and deployment economics are different. FEurostat reports that in 2024,
the EU imported €11.1 billion worth of solar panels from non-EU sources and China made up 98 percent of
those imports.l?4 Solar has also been one of the drivers of Europe’s decarbonization: as per the European

Commission’s solar energy page, the estimated EU solar capacity stood at 406 gigawatts in 2025, up from 338
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gigawatts in 2024.2°5] Cheap Chinese equipment has therefore helped facilitate a large chunk of the EU’s energy
transition while at the same time exacerbating industrial reliance. It is for this reason that sharp dichotomies,
either calling for complete openness or blanket protection, are unpersuasive. The same source of imports that
causes acute industrial fragility also facilitates quick decarbonization at scale. The roots of this dependency
stem from a longer history of industrial transition. The International Energy Agency’s special report on solar
photovoltaic supply chains determined that the size of global manufacturing capacity shifted from Europe,
Japan and the US to China and that China additionally invested more than $50 billion in new photovoltaic
supply capacity-ten times as much as Europe-for hundreds of thousands of manufacturing jobs over the decade

leading up to the early 2020s.

EU Trade in Selected Green-Energy B oy
Products, 2024

B Imports (€ billion) MM Exports (€billion) Import value change (%) —O—Exportvalue change (%)

102% 100

41%

4 hilliome:

. -22% -19%
. -25%
| - —
Solar panels Liguid biofuels Wind turbines
Source: Eurostat; COMEXT,; data extracted September 2025; 2024 trade values

Figure 4: Solar panels remain strongly import-dependent, while wind turbines retain a clear European export
advantage.

At that point, China’s share in all the major manufacturing segments-including polysilicon and ingots,
wafers, cells and modules- accounted for more than 80 percent and the country housed 10 of the world’s
biggest suppliers of solar manufacturing equipment.26! Such a transition was driven by more than low wages or
subsidies; it was characterized by integrated stepping across the entire supply chain, lower capital and energy
costs, fast equipment learning, deep supplier networks and a large domestic market that could sustain multiple
iterations of process-scale optimization. Europe’s challenge in solar, then, is not merely that it imports finished
products, but rather that most of the industrial capabilities that would be needed to re-establish the chain
are embedded in a manufacturing system that is extremely difficult to reproduce or transplant in pieces. The
European discussion regularly centers on modules because they are the items that are installed, traded and
legislated upon. However, the real pinch points exist further up the supply chain. According to the 2024 Energy
Technology Perspectives from the IEA, the EU’s domestic production of solar modules only just exceeded 15

percent of demand in 2023.127 Far more instructive are the current capacity distributions within Europe.
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Solar PV Supply-Chain Concentration: B oy
Current and 2025 Outlook

Largest single panel facility — current 14.30%

Xinjiang: polysilicon production — current A40%

China; polysilicon production — 2025 outlook _ =95%

Source: International Energy Agency; Solar PV Global Supply Chains; 2025 values based on announced and developing capacity.

Figure 5: Concentration is most severe in the upstream stages that determine whether module assembly can be
sustained independently.

According to the IEA Photovoltaic Power Systems Program, the 2026 profile of the European Union reports
about 12 GW of photovoltaic-module manufacturing capacity within the EU, about 2 GW of cell capacity, at
least 25 GW of polysilicon and less than 1 GW of ingot and wafer capacity.[?8] On the other hand, inverter
manufacturing seems to be holding at least a significant share of the market at more than 121 GW AC. Whether,
of course, inverter manufacturing can maintain this share in the face of increasingly serious competitive pressure
remains to be seen. This composition is revealing. It indicates that while Europe holds isolated technically
competent regions of the solar value chain, namely inverters, engineering and other higher-value processes. Also,
it has a serious deficiency in the stages that would allow for the replication of module manufacturing at scale
without reliance on inputs from outside the EU. A region with module lines but little cell or wafer capacity
would be predominantly downstream. Therefore, the 98 percent import figure does not necessarily reflect the
actual PV exposure. Moreover, even if Europe responds by boosting domestic module production, the resilience
would still be limited if more advanced wafers, cells and production infrastructure remained heavily reliant on
external trade.

It is precisely this challenge which the Commission’s European Solar Charter acknowledges, observing a high
degree of dependence on few sources, China accounting for most of PV module import and stating that decreasing
import prices risks European competitiveness while threatening planned investments; the Charter’s conclusion is
on the mark: the whole industrial-mineral threat is not driven by a one-year high import concentration, but by
the ongoing degradation of domestic manufacturing options.[?”! Once firms are packed up and shipped elsewhere,
competitors’ line equipment moves within the industry, workers exit and bankable order books are empty, the
cost of rebuilding capacity is much higher. Strategic risk is not a matter of cheap imports creating a price shock,

but of cheap imports whose price falls so low that they are the mechanism through which the domestic dream
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of a final collapse becomes reality. That does not mean that every issue of photovoltaic dependence should be
securitized. solar modules are not similar to rare-earth magnets or critical medicines. They can be stockpiled
more easily than other elements and do not necessarily prevent the market introduction of all existing capacity
at once. Still, Chinese manufacturing dominance has also allowed the emergence of a considerable welfare gain
for Europe, thanks to lower module prices and thus enhanced renewable accelerations.

A policy that substantially raises module prices everywhere would transfer costs to households, project
developers, public budgets, electrification commitments and the investment and operating decisions of national
energy systems. To all evidence, concentrated trade may be efficient rather than strategically dangerous in the
short run. The trick is to identify where efficiency ends and the risk of industry lock-ins begins. This threshold is
crossed when three factors come together. One is the concentration of technology across a number of upstream
steps rather than just in the end product. The second is the weakening of domestic learning and project finance
to the extent that Europe is unable to do a credible re-entry in a timeframe relevant to the transition. And
the third is the increasing centrality of the imported technology to the problem of system planning, whereby
industrial bargaining power impacts the pace and nature of the transition. By these tests, photovoltaics are
now a practical question of material industrial sovereignty-though not a basis for unselective disengagement-by
forming a deeply entrenched production ecosystem in China. Its expansion in Europe is thereby built on a
production ecosystem and by raising the scale of deployment, can perversely deepen that productionecosystem.

It would therefore be a selective, less maximalist, form of autonomy. Europe need not produce all solar
components here, nor exclude all Chinese participation in the future. But it would need to avoid the policy
equilibrium whereby each additional MW built deepens the deficiency in Europe’s cell and wafer capacity.
Still-present European lead on inverter design and parts of the broader engineering ecosystem is politically and
industrially useful; it indicates the policy focus should not be on accomplishing the entire chain at once, but
achieving enough upstream and enabling capacity to make Europe’s deployment less dependent on one dominant
foreign system. That is a narrower, more pragmatic sense of autonomy than self-sufficiency, but a compelling

one, more robust than the market share that installations normally entail.

4 Electronics and Digital Infrastructure: Dependence Beyond Final
Assembly

The broader electronics sector makes the analysis more varied and intricate. In this case, the pattern of
dependence on China is dense, but not all of it is centered on China in the same manner. Eurostat indicates that
for 2024, the European Union imported high-tech products to the tune of €478 billion from non-bloc countries,
of which €141 billion was imported from China.[??) China was the European Union’s leading partner in high-
tech imports and the most important partner for electronics-telecommunications, computers, office machinery
and electrical machinery products. Eurostat also states that the EU’s high-tech trade deficit with China stood
at €92 billion in 2024 B and that high technology products witnessed an especially high trade deficit with

China in the case of computers, office machinery and electronics-telecommunications. Such figures show a
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large and persisting external dependence on technologically sophisticated goods. However, these bare numbers
do not, by themselves, tell us the nature of strategic risk they represent-this requires a turn away from total
trade figures in broad categories to the underlying production and substitution architecture. Carnegie’s 2026
analysis is therefore just as useful precisely because it turns that corner. Within the top ten high-dependence
imports of the EU as a whole, it singles out computers, smartphones, data-storage equipment, microprocessors,

network-control hardware, photovoltaic cells and lithium-ion batteries.

EU High-Tech Imports by Trading Partner, o) "...,
2024

m Import value (€ billion) =0=Cumulative share (%)

141

China United States Switzerland Taiwan Vietnam United Otherpartners
Kingdom

Source: Eurostat; EU high-tech trade back to a surplus in 2024; published 24 September 2025

Figure 6: China and the United States together account for more than half of extra-EU high-technology imports.

For the indicators most relevant here, the analysis estimates that in 2024, 54.5 percent of EU computer
imports and 40.7 percent of EU smartphone imports came from China.l32 But the same analysis also calculates
large intra-EU shares for those sectors, implying that some Chinese-connected products and inputs may already
be counted somewhere in European trade flows. This makes direct import share the opposite of measured
dependency; the simplest definition of the latter-any shipment crossing a customs border is, from a dependency
perspective, a candidate of origin-will tend to undercount, not overcount, dependency. A gadget recorded

)

as European may, like a vehicle declared in the final minute to be "European,” still be heavily dependent on
Chinese-origin parts and subassemblies, contract manufacturing, or supplier ecosystems. The relevant industrial
unit is not the final entry at customs; it is the chain of suppliers, tooling, software and intermediate parts
that go into the finished product. The European Commission’s 2024 economic brief on EU-China exposure
supports this observation. The brief contends that many of the EU’s strategic dependencies on China are,
in fact, also global single points of failure, making this point with 13 examples, including photovoltaic cells,
laptops and smartphones and demonstrates it with trade-in-value-added data on China’s intermediate inputs
within EU manufacturing, shown to be particularly significant for electronics and electrical equipment.3 This

differentiation is significant for industrial policy.

Admittedly, at the same time, the electronics chapter cannot be broadly put as a China-centered problem.
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Semiconductors are the best example: the European Court of Auditors found in 2025 that the European Chips
Act was a very unlikely candidate to attain its headline target of a 20 percent share of world cutting-edge and
sustainable production by 2030: in fact, the EU’s share was expected to be only 11.7 percent.!**) The same audit
reflects that in 2020, the only firms producing at 5 nanometres were situated in Taiwan and South Korea, while
the EU had no fabrication at or below 22 nanometres.!*®) Semiconductor vulnerability, therefore, has a different
geographical profile from reliance on laptops and cellphones. China matters in downstream assembly, mature-
node capability and some materials and packaging tiers, but at least the frontier semiconductor weakness is
a Taiwan-Korea-United States issue as well as a China-centered issue. That is analytically significant because
it constrains what can be fixed through an exclusively China-focused de-risking agenda. However, this wider
geography does not diminish the relevance of China to Europe’s digital infrastructure. It alters the mechanism.
In consumer electronics, telecom equipment and many other consumer electronics categories, China’s position is
about the density of its manufacturing ecosystems, about the number of its assembly and component networks,

about the speed of its lead firms’ sourcing, their redesign and their launching into mass production.

Tracked EU Semiconductor Investments and [} ...
FOAK Subsets, 2025

Sub-5-nanometre FOAK
projects on hold

Approved FOAK projects -
Fo prDiE':ts _ . tdq.syc']
Current and potential
. 29 (100%)
investments

Source: European Court of Auditors; Special Report 12/2025; audit data on tracked investments and first-of-a-kind projects

2(6.9%)

4(13.8%)

Figure 7: Only a small share of tracked semiconductor investments had secured first-of-a-kind approval, while
the most advanced projects remained on hold.

Europe’s reliance on computers and smartphones, therefore, is not simply a question of import values. It
is rooted in ecosystem effects: clustering of components, logistics costs, tooling, testing, repair, independent
sourcing of replacements with short wait times. When those capabilities are highly concentrated, the geography
of assembly can be used for leverage even if the other inputs are globally diverse. All of which matters more than
traditional trade data have indicated because the emerging digital and green offsets are converging on hardware
electronics more and more. Power electronics, data processing units, sensors, control systems and specialized
communications equipment are embedded in EVs, battery-management systems, industrial automation, grid

hardware and renewables. The Commission’s China trade page cues further escalation of Chinese export controls
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on key raw materials and some technologies and links them to European supply chain pressures.8! Its industrial
logic is obvious. Even if Europe needs nothing from China in every cutting-edge component and piece of
equipment, the widening of China-related hardware and input exposure throughout many industries means an
electronics bottleneck could emerge in one corner of the supply chain, bringing knock-on effects in the net-zero
economy’s manufacturing base elsewhere. The predicament, therefore, cannot be kept in consumer goods terms.

But here too, a strong counter-argument must be given. The Commission’s economic brief finds that
services and software are far less exposed to China than manufacturing hardware, with only a few exceptions.!3”]
Europe also still has significant expertise in semiconductor equipment, analog and power electronics, industrial
automation and in some engineering-driven specializations. The problem, therefore, is not that Europe has
no relevant digital capabilities, but rather that the global supply chains that connect these to broad-based
hardware manufacturing are overly dependent on outside factors. If policies approach high-end innovation as
synonymous with system resilience, the core problem will be missed. Digital sovereignty is only impractical if

Europe is distinct from any advanced digital industry, but too few of Europe’s digital capabilities are anchored

or aggregated within accessible, scalable ecosystems in Europe.

5 The Domestic-Capacity Illusion

"Domestic capacity” conceals more than it reveals unless the nature of power that creates it is clarified. On the
current terrain, the domestic capacity illusion has four faces: ownership, technological sovereignty, upstream
control and implementation credibility. Each has a field of evidence; the strongest potential for producing the
illusion, however, is in the simultaneous projection of all four into a single political frame of the success of
reshoring. A battery or solar plant may be located in Europe, employing European workers, with European
public subsidies, without changing the foreign chemistries on which it depends, the intermediate inputs it im-
ports, the production tooling it adopts offshore, or the decisions it takes elsewhere. In that instance, Europe
may gain local activity without gaining resilience. The greatest overt discrepancy is ownership. Battery pro-
duction ownership is unquestionably dominated by Korean producers, who held an estimated 85 percent of the
EU market in 2024,1% according to the International Energy Agency. This share could further decrease as
Chinese investment grows (to the largest estimated producer, South Korea) and large EU-based firms emerge
(to around 20 percent). Again, even with the full achievement of announced plans, ownership would remain
apolitical.

There is no need to cast aspersions on non-European ownership; knowledge-intensive manufacturing alone
can generate employment, cost savings, supplier adjacencies and market fluctuations. But at the policy level, a
plant owned, say, by a non-European producer conveys markedly different signals from one owned by a European
controlling firm with Europe-based R&D, procurement and production systems. Technological upgrades, new
model generations, offsetting profit sharing, or the tending-to-oversight of crisis all involve politicized geographic
decisions. Industrial location alone provides an insufficient indication of strategic oversight. The second gap
is technological competence. The International Energy Agency is explicit on this point, stating that Chinese

investment can provide a channel for technology sharing with Europe.[? This is by no means assured. But even
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in principle, technology transfer, even when agreed or formally supported, is not the same thing as automatic,
complete or politically neutral. The real issue is not merely machinery crossing a border. The issue is whether
Europe penetrates the tacit knowledge of production, process engineering know-how, key supplier relationships
and the design authority that would enable autonomous reproduction and upgrading. The December 2024
Stellantis-CATL case provides an instructive example. The announced Zaragoza joint venture would add up to
50 GWh of annual LFP capacity, on the basis of CATL’s LFP batteries using CATL technology. 4!

Likewise, in January 2025, the Commission approved €48 million euros of French state aid for the Envision
AESC France battery plant in Douai.[*!] Both cases are ultimately successful with policy, but both expand
European production in the knowledge and firm control of its foreign partners. Without tight conditions to
foster skills transfer, supplier engagement and innovation anchoring, such investment may raise European output
and leave open its technological independence. A third gap concerns upstream inputs. Solar manufacturing
represents the clearest example. Europe is capable of providing modules and even some inverter capacity,
yet for wafers and cells it still has no significant domestic manufacturing capacity. The 2026 report from the
International Energy Agency Photovoltaic Power Systems Program on the European Union reveals only modest
upstream capacity in ingots, wafers, cells and polysilicon.[*?) And while offering equal promise for cell and pack
manufacturing, an advanced chemistry cell manufacturing within Europe would nonetheless fail to relocate
upstream manufacturing chokepoints if cathode active material, anode active material, separators, electrolytes
and refined commodities stayed remanufactured outside the EU. Transnational factories, in these conditions,
do in fact make a difference in just a small way by reducing the fragility of the supply chain, but do little to
cross the fundamental boundaries of scarcity.

Implementation credibility is the fourth gap and what the recent past can teach us about why it exists. An-
nounced gigafactories, projections of gigawatt-hours and pre-electrification political agreements have long been
used to describe the region’s pipeline of batteries. However, announced capacity does not equate with bankable,
operational and cost-competitive production. Northvolt’s filing for bankruptcy in March 2025 highlights how
even sophisticated indigenous projects can fail [3! under the pressures of good financing, execution and demand.
The suspension of construction of cell plants by Automotive Cells Company in Germany and Italy, followed by
the de facto cancellation of these projects,*!! provides a second cautionary tale: plans for local capacity are
extremely sensitive to changes in vehicle demand, chemistry economics and capital discipline. The European
Court of Auditors has also made a similar statement regarding the raw materials sphere, arguing that EU efforts
to diversify have often failed to translate into practical results because progress was not measured consistently
and several schemes did not result in reliable supplies.[*5] A similar phenomenon is likely to be at play in the
broader industrial context: a measure of autonomy based on press releases will consistently exaggerate the
region’s true resilience.

There is no reason to retreat to autarkic reflexes, however. There is a real risk in taking the argument
too far. Foreign investment can often generate learning opportunities that a Europe short on capital would
be otherwise unable to generate. It can expand the tax base, help an embedded supplier network and give
Union firms access to market segments-such as the low-cost LFP batteries-in which Europe has been relatively

weak. And it may prove to be the fastest route into scaling the kind of productive experience that is critical
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to many of the industries for which strategic relevance is so important. A European policy that simply denies
Chinese or broader Asian entry-one that limits the industrial scale Europe can have-is fairly sure to slow
deployments, increase costs and weaken Furope’s industrial base at a crucial juncture. The domestic-capacity
illusion should thus not be interpreted as being opposed to localization or to foreign investment. It is a call
for accuracy. EU production enhances resilience only insofar as it increases one or more of the following: who
has the process know-how, where key inputs are made and bought, which firms learn how to run the process,
how fast the continent can switch suppliers, how safe investments are when markets undergo stress. If those
variables do not change, running more of the production process in Europe may be technically true, but it
does not constitute green-digital independence. The issue is not whether Europe produces more. The issue is

whether more manufacturing would make Europe less vulnerable when the supply chain is put to the test.

6 Policy Options: From Localization to Operational Control

A robust European reply will need to be selective, operationally targeted and explicitly control-focused. The
first prerequisite is improved transparency on dependencies below the threshold of gross imports. The Euro-
pean Court of Auditors has criticized the Commission for a lack of granular trade data and for ignoring the
implications of funding on supply security for critical raw materials technologies.[*6] The Commission has al-
ready taken some steps in the right direction with respect to net-zero technologies: by issuing a 2025 guidance
paper on trade flows and strategic dependencies for technologies used in parts of batteries, photovoltaics and
electronics. Battery regulation is now moving to promote traceability and transparency at the product level:
through carbon-footprint transparency, supply chain compliance standards and a battery passport.4”l These
tools should now be integrated within a sector-by-sector monitoring toolkit for batteries, photovoltaics and
semiconductors/electronics. Besides import share, what should also be monitored is ownership, use, licensing,
production status, qualification constraints and upstream concentrations (e.g., in cathodes, anodes, wafers and
inverters). The objective is not to generate another socio-economic vulnerability index, but rather to deliver to
the industrial ministers, the European Commission and firms a lingua franca to pinpoint the residual external
nodes on which appears to still depend most of the European capacity.

The second condition is conditionality. Public support should meet stricter conditions. The Clean Industrial
Deal offers over €100 billion to reach the EU’s very-high-efficiency manufacturing. In December 2024, the Inno-
vation Fund opened a €1 billion call to support electric-vehicle battery-cell manufacturing.!*8! The Commission
green-lighted targeted state aid, such as the 48 million French package for Envision AESC. All that support is
not flawed in itself. The issue is whether it signals or subsidizes activity but not control. To be effective, public
funding must be released in phases and made conditional on results that are beneficial to resilience: localizing
key intermediate inputs where feasible, training and retaining European process engineers, publishing trans-
parent supplier development plans, reaching specific thresholds of R&D or pilot-line activity within the Union,
developing credible contingency plans to ensure emergency supply. For projects in which imported technology
plays a crucial role, conditionalities should include concrete plans for upskilling and supplier localization, rather

than unsupported assumptions that spillovers happen spontaneously. Such conditions do not have to correspond
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to the Chinese localization requirements or to masked protectionism. They can take the form of performance
conditions associated with subsidizing industries, which is expensive precisely because Europe aims to establish

public resilience, rather than business resilience.

Selected EU Industrial Funding and B 50
Investment Announcements

Source: European Commission; Clean Industrial Deal 2025; European Court of Auditors Special Report 12/2025; Stellantis and CATL 2024
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Figure 8: Large headline commitments coexist with much smaller project-level and directly managed funding
amounts.

Third, Europe should utilize demand-side measures more intelligently than it has so far. The aforementioned
Net Zero Industry Act now calls for the inclusion of resilience and other non-price criteria when awarding public
procurement contracts or conducting auctions for renewable-energy sources. Such criteria are a requirement
for at least 30 percent of the volume that is auctioned off annually in each member state or 6 GW, whichever
is lower and where a net-zero technology is heavily reliant on a single third country.[*”) This is a major step
change. If meticulously implemented, it could help the EU create order book confidence for strategic areas
without uniform import bans, which would be excessively costly both fiscally and for consumers. The trick
will be in exercising selectivity. Demand-side preference should not be arbitrarily extended to every tile in a
solar panel portfolio, every battery that is bought, or every category of electronics, owing to the high fiscal
and consumer costs in general and to the industrial sector in particular; it should rather be targeted toward
segments where Europe can reasonably expect to scale up its own production and where one further industrial
flight would be especially painful: the active electrode material of batteries, battery cells for strategic segments,
photovoltaic cells and wafers and specific kinds of electronics and grid infrastructure. Resilience criteria should
also contemplate diversified allied sourcing, not just island economies of steel and computer chips. Strategic
independence in this sense does not imply striving for institutional territorial self-sufficiency.

Fourth, the battery and solar agendas require a more coherent strengthening of the raw materials policy,
but without overplaying what raw materials diplomacy can deliver today. The Critical Raw Materials Act set

a 2030 target; the Commission identified 47 strategic projects across the EU in March 2025 and 13 outside
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the EU in June 2025.59 Nonetheless, the European Court of Auditors ascertained in 2026 that import diver-
sification efforts had yet to bear fruit, the Commission had "not demonstrated that it is effectively following

)

up on the supply-side impact of strategic partnerships,” and "domestic developments are still hamstrung by
financial, legal and administrative bottlenecks”. This should slow the expectations down. Partnerships with
Canada, Australia, Chile, Morocco, or other trusted suppliers are no substitute for domestic industrial policy
and bilateral memoranda of understanding are no guarantee of secured supply. The logical course is to move
from a diplomacy-driven to a projects-driven approach, signing offtake agreements, offering offtakers public
guarantees, jointly financing refining and processing infrastructure and explicit backing for recycling in Europe
to lessen future import dependency. On inputs for batteries especially, that means leveraging fewer projects
into robust operational supply chains, with whose offtakers are situated in Europe and how much processing
capacity.

Fifth, policy should give more emphasis to the enabling layers, where Europe still has comparative advan-
tages and where the largest sectoral spillovers are to be found. In solar, Europe still has advantages in inverters,
engineering and certain machinery. In semiconductors, it has a historical basis in equipment and selected in-
dustrial niches more than in leading-edge fabrication. In batteries, there is greater scope for recycling, process
engineering, materials science and some industrial machinery than for trying to emulate the entire East Asian
ecosystem of manufacture immediately. The Clean Industrial Deal and the European Solar Charter already re-
flect the importance of research, innovation and manufacturing support. What has not yet emerged is sufficient
coherence between these comparative advantages and policies for procurement, financing and scale-up. Europe
should promote pilot lines, manufacturers of production machinery and certification infrastructure as enthusi-
astically as it supports final-product assembly. Keeping control over enabling process machines and know-how
is better leverage for bargaining over foreign investment and to effectively reconfigure supply if circumstances
deteriorate. Losing those layers leaves the continent dependent even if final assembly remains domestic.

Sixth, trade defense should still be available but should be disciplined by industrial purpose, not by sym-
bolism. The 2024 commission battery-electric-vehicle case set a precedent that where unfair subsidization is
proven, the Union is willing to deploy countervailing duties and that is right. Trade defense is a limited tool; it
can hinder surges of imports and it might give the Union extra negotiating leverage. But, by itself, it cannot
establish a competitive European supply chain. Overuse can also increase input prices for European suppliers,
hinder climate deployment and provoke reprisals, none of which would address capability deficiencies. In the
sectors surveyed here, the appropriate employment of trade instruments therefore is conditional, reversible,
targeted to proven distortions, coordinated with subsidy and procurement policies and periodically analyzed
with regard to industrial results. Europe must avoid the trap of general protectionism and stagnant notions of
autonomy in favor of strategically targeted trade action. This does not imply total decoupling, but instead the
beginning of an industrially driven selective de-risking strategy.

Lastly, Europe needs to restrain its own rhetoric. It is not helpful to offer strategic autonomy for areas where
avoiding pain requires risk management for a decade or more. Nor is it advisable to warn of every Chinese-
linked supply chain as an imminent coercive threat. While the Commission’s trade page is correct in warning of

distortive industries and a hit to EU supply chains from export controls, the likelihood, nature and timing of any
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disruption differ from sector to sector. Policy credibility can only be enhanced by the Union stating explicitly
what it is aiming to protect in each field: a self-maintaining industry for cells and active materials in batteries;
upstream capacity to avert total lock-in for solar; improved capabilities to see Chinese inputs in electronics and
developed hardware to leverage European capabilities. Once those objectives are concrete, policy tools will be

assessed by whether they eliminate specific chokepoints instead of relying on (mere) assertions of sovereignty.

7 Conclusion - Building Capacity Europe Can Sustain

The real distinction is not at the stage of production in Europe, but in exercising the power to shape the
conditions under which Europe has the capacity to sustain production. In batteries, photovoltaics and strategic
electronics, the EU has gone beyond merely being subject to external influences and begun to construct policy
instruments, factories and financing mechanisms. However, much of this risk acceleration will still be subject
to a simple methodological mistake: conflating geographic source with strategic independence. The evidence
suggests that this would be a far more rigorous conclusion: self-determination in the green-digital economy
depends on having full command of upstream inputs, process technology, upstream manufacturing stages and a
credible operational capacity to endure stress. Where those are not in the hands of the EU, domestic capacity
can be valuable, but it is not resilient. This is not a justification for sweeping decoupling. Chinese imports and
investments have also brought down costs, hastened deployment and, in some cases, enabled Europe to scale up
faster. The policy dilemma involves selective de-risking not the opposite extreme. Public finance should secure
the outcomes needed for control, procurement incentives should favor resilience where concentrations are most
crucial and international partnerships should align on actual supply rather than formal declarations. Without
those lines of distinction, Europe will continue to industrialize under someone else’s conditions, whereas with
them spelled out and implemented, there is still a credible and disciplined industrial strategy for green-digital

autonomy.
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