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Summary

For nearly two decades, Europe has lived through a rolling series of shocks.

The 2008 financial crisis tested the single currency and reshaped the continent’s
fiscal architecture. The Covid pandemic exposed the fragility of global just-in-time
supply chains. Russia’s full-scale invasion of Ukraine weaponised gas pipelines
and ended a generation of cheap energy. Most recently, United States (US) and
Israeli strikes on Iran opened a new front in the Middle East, putting the Strait of
Hormuz, which carries 20 per cent of global oil and gas alongside key
commodities like aluminium, fertiliser and sulphur, at the centre of every trading
screen.

Europe has found answers each time — emergency measures followed by fading
political will as prices stabilise and attention turns elsewhere. But seemingly
exceptional events form a pattern — a structural shift from an era of integration
and relative predictability to one of great power competition, weaponised
interdependence and recurring supply shocks.

As Europe accelerates its energy transition in response to repeated fossil fuel
shocks, a different set of problems comes into sharper focus. Clean technology
supply chains — from critical minerals to finished modules — are highly
concentrated, often overwhelmingly in China. The US, which could be a key
partner in diversifying supply chains, is pulling back from some clean
technologies and sees Europe less as an essential partner than a subordinate or
irrelevance. Within Europe, high energy costs in many countries, limited natural
resource endowments and stretched public finances weigh on choices about
which sectors to support.

There is, however, positive news. Europe has better options to respond to its
vulnerabilities in the new energy economy than to the energy shocks of recent
years. It can produce much more of the energy it needs domestically. And it has
expertise and capacity in many of the key clean technologies. But it faces critical
gaps and vulnerabilities today and emerging constraints and bottlenecks
tomorrow which demand that choices are made with intent rather than by default,
that they are comprehensive not piecemeal, strategic rather than reactive and that
trade-offs are confronted not avoided.

This in turn demands a framework for navigating Europe’s competing objectives
of reducing excessive dependencies, cutting emissions, supporting key industries,
and keeping costs down for citizens and businesses while not inflating public
deficits. Self-sufficiency across energy and industrial systems is neither
achievable nor desirable: to remain globally competitive, build domestic industry
and create high-value jobs, Europe needs partners willing to share parts of the
supply chain. Its goal should be to anchor higher-value activities in Europe while
sourcing upstream inputs it cannot provide from trusted partners.
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The Clean Technology Partnerships Initiative (CTPI) provides a data-driven,
technology-neutral framework for prioritising sectors for public policy intervention
and investment across Europe and with key partner countries. It evaluates supply
chain vulnerabilities, risks and industrial competitiveness to identify partnerships
and build commercially viable supply chains by:

Prioritising clean energy technologies through three lenses; national
security, energy resilience and economic growth.

Identifying the supply chains within these technologies where partnership
can do most to reduce dependency, focusing on those with the greatest
concentration risk, capacity shortfalls, or cost disadvantage according to
the nature of the constraint: geopolitical chokepoints, strategic
manufacturing, capacity constraints in trusted partners and emerging
bottlenecks.

Matching each requirement to a small group of trusted partner countries
and the right partnership model — from inward investment and joint
ventures to strategic imports, equity stakes and offtake agreements,
sequenced by urgency, execution speed and value-chain interdependency
to deliver globally competitive, resilient supply chains.

Applying this framework, we select eight key technologies — batteries, offshore
wind, grid equipment, nuclear, heat pumps, geothermal, green steel and green
ammonia — and from these the ten highest priority supply chain interventions. A
relatively small number of trusted partners — including South Korea, Japan,
Australia, Canada and Brazil — can anchor multiple supply chains. We recommend
government-led partnerships for coordinated sourcing, investment, deployment
and manufacturing: transactions and policy actions of mutual benefit to
governments and industry that secure critical inputs, anchor domestic industrial
capacity, and lower deployment costs where self-sufficiency is impractical.

We assess that investment across Europe of €19-36 billion in ten supply chains,
roughly half of which is public finance, would result in 10-15 per cent of additional
production capacity in partner countries in critical technologies. This compares to
current annual investments in Europe’s energy system of well over €600 billion
and would materially reduce Europe’s vulnerabilities in key sectors, strengthen key
trade and investment relationships and secure inputs for critical industries.
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Recommendations

What to prioritise

Focus intervention on a prioritised set of critical clean energy supply chains
— ten supply chains where energy resilience, national security and growth
objectives converge, and where vulnerabilities can be materially reduced
through external partnerships. Immediate intervention should be focused on
the most acute chokepoints: rare earths for permanent magnets, electrode
active materials (graphite anodes, lithium-ion cathodes) for batteries and
nuclear fuel.

Build these partnerships with a small number of trusted partner countries
(such as South Korea, Japan, Australia, Canada and Brazil) that anchor
multiple priority supply chains, concentrating effort on the relationships that
matter most.

How to deliver

Focus partnerships on specific transactions, matching each supply chain gap
to a deal, partner country, instrument mix and capital model, using the
lightest effective instrument in each case. Offtake agreements and
guarantees, for example, can often secure supply at lower cost than equity
investment or building new capacity.

Coordinate between UK, EU and other European governments to aggregate
demand and financing where national markets alone are insufficient to
anchor investment at the required scale, managing coordination in a light-
touch way, independent of any formal UK-EU negotiations.

Deliver through a sequenced investment programme (estimated €19-36
billion), underpinned by €9-18 billion of public capital that crowds in private
investment, and brings these supply chains to global competitiveness
providing a catalyst to commercial viability, not a perpetual subsidy. Each
transaction is independently viable, but together they reinforce one another.

Build a transaction capability to deliver at pace, using existing institutions to
originate, structure and close deals by combining export credit, development
finance and investment tools into a strategic execution capability.

Align with the diplomatic calendar — partnerships, summits and ministerial
timelines — to convert political declarations into binding commercial
agreements.
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Introduction

The challenge

A more volatile geopolitical environment has exposed tensions in Europe’s energy
transition. On the one hand, wars in Ukraine and the Gulf have strengthened the
case for clean energy. On the other, Europe has little control over the clean energy
supply chains on which it will increasingly depend; capacity constraints are
weighing on deployment; and high energy costs are making parts of some sectors
uncompetitive.

China has spent decades investing in key stages of clean energy manufacturing. It
controls 70 to 90 per cent of the battery value chain, 75 to 95 per cent of solar PV
manufacturing, 90 per cent of rare earth refining, and 94 per cent of magnet
production necessary for wind turbines, electric vehicles (EVs) and defence
systems (IEA, 2026). And it has been willing to use this dominance in some
sectors for geopolitical objectives. In April 2025, amid escalating trade tensions
with the US, China introduced export licensing on seven medium and heavy rare
earth elements and related magnets. Key components like magnets became
harder to source, delivery times more than doubled and around one in five
European wind projects were delayed (S&P Global, 2026).

Cost gaps between European and Chinese tech create a parallel squeeze. Around
a quarter of planned European gigafactories have been delayed or put at risk
because Chinese producers can make cells 30 to 50 per cent more cheaply,
raising EV costs and slowing uptake (Rhodium Group, 2025; BNEF, 2025). Europe
is also falling behind on hydrogen, with only a few gigawatts of electrolyser
capacity installed (equipment that uses electricity to split water into hydrogen)
and Chinese systems up to 40 per cent cheaper (IEA, 2026).

Europe also faces pressures from an increasingly protectionist US, which is
seeking to reshape supply chains including through tariffs and export controls.
Under the Biden Administration, the Inflation Reduction Act accelerated a global
subsidy race by pairing state support with managed market access. The second
Trump administration has reshaped supply chains on explicitly national lines
while retreating from the international frameworks intended to manage the
spillover effects of domestic economic policy. As a result, Europe now operates in
a system in which both major powers are shaping markets in ways that negatively
affect its industrial base.
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For European policymakers, the energy transition now sits at the centre of
economic and security policy. That requires choices about supply chains,
technologies and partners which are often in tension. Chinese technology will
generally remain the cheapest and fastest route to deployment, even as
dependence creates risk. Efforts to maintain or rebuild domestic capacity can
raise costs, slow deployment and invite retaliation. The US remains an important
supplier and partner but can no longer be relied on not to exploit its position.

Europe has set out a range of policies to address these challenges. In the EU, the
Net Zero Industry Act (NZIA) and REPowerEU aim to accelerate deployment and
support domestic production, while the Clean Industrial Deal targets sectors for
global competitiveness. The EU has also developed Clean Trade and Investment
Partnerships to build supply chains primarily focused on securing raw materials
and imports. The proposed Industrial Accelerator Act aims to strengthen the EU’s
industrial resilience by streamlining permitting, creating lead markets for low-
carbon products and ensuring foreign direct investments in strategic sectors
provide domestic value.

The UK has pursued similar objectives through its Modern Industrial Strategy and
Clean Power 2030 Action Plan, alongside instruments such as Great British
Nuclear and the National Security Investment regime. However, neither the UK nor
the EU has set out a framework for deciding what to build domestically, what to
source externally and where security considerations justify higher-cost
diversification. This risks leading to action by governments which is ineffective
and incoherent, or simply to inaction — and so ultimately to Europe’s choices
being determined by other powers.
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Figure 1: Technology selection methodology

/

LENS
National security
Energy resilience
Economic growth

LENS

Concentration risk
Strategic importance
Partnership feasibility

DIAGNOSIS

Geopolitical chokepoints
Strategic manufacturing
Partner capacity
Emerging bottlenecks

DEAL MODELS
Inward FDI
Strategic imports
Equity stakes
Joint ventures
Anchor offtake

\_

GOVERNMENT STRATEGY

A 4

01
TECHNOLOGIES

Prioritise from market and government strategies

02
SUPPLY CHAINS

Prioritise within the key technologies

03
INTERVENTIONS

Match the type of vuinerability

04
PARTNERSHIPS

Structure deal architecture

BANKABLE DEALS

OUTPUT

Priority technologies
From long list

OUTPUT

10 priority supply chains
Across the eight technologies

OUTPUT

Four intervention tracks
Structuring the portfolio

OUTPUT

Focus list of transactions for execution
Bankable deals

)

The results are ten transactions with proposed partners, a partnership model and
investment structure. We assess these to be the highest priority transactions for
European governments in the clean energy and technology sectors based on their
stated policies. Policymakers, using the same approach, could weigh security,
resilience and growth factors or transaction types differently. The aim of the CTPI
is to provide a framework for evidence-based decisions and so to address a gap in
policymaking — although governments have recognised the case for international
partnerships to address vulnerabilities, they have not created a clear framework to
translate this into project proposals that can be advanced with private sector
partners.
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Batteries

Batteries matter for decarbonisation, industrial competitiveness, strategic
manufacturing, defence and wider economic growth. Batteries are central to
electrification in the transport and power systems and increasingly relevant to the
defence industry. They account for 30 to 40 per cent of EV value, and European
demand is projected to reach 3-4 TWh by 2030 (Rhodium Group, 2026).

Europe’s vulnerabilities are concentrated in upstream materials and cell
manufacturing. China controls 70-90 per cent of the battery value chain, including
around 90 per cent of cathodes, 85 per cent of anodes and 75 per cent of cells,
with even higher concentration in engineered materials and refining (IEA, 2026).
European producers face a 40-50 per cent cost disadvantage (BNEF, 2025), and
much of the gigafactory pipeline remains commercially fragile.

Batteries are well suited to third-country partnerships because Europe cannot
replicate all of these upstream segments domestically at competitive cost, but it
can reduce dependency by building trusted alternatives in selected stages of the
supply chain. Partnerships with countries able to supply graphite and anode
materials, cathode materials and cells can diversify exposure, while European
policy can continue to support domestic assembly, recycling and downstream
manufacturing. The objective should be selective diversification, not full value
chain replication.

In diversifying battery supply chains, governments face a trade-off on cost, speed
and terms of access. Chinese cell manufacturers currently offer cheaper and
faster supply than Japanese or South Korean firms, and the only at-scale source
of lithium iron phosphate (LFP). The trade-off is on terms of access. Chinese
investments in Europe have typically retained cell IP, process know-how, and the
upstream supplier base in China; European Original Equipment Manufacturers
(OEMs) have not been granted leading technology or favourable joint venture (JV)
terms. Japanese and Korean firms have a longer record of partnering with
Western OEMs on terms that share cell technology and bring cathode, anode and
electrolyte suppliers onshore. A Korean- or Japanese-anchored European base
secures that access at a cost premium; a Chinese-anchored base is cheaper in the
near-term but leaves technology, upstream value and the upgrade path under
foreign control.

11




Grid equipment

Grid equipment is the enabling infrastructure for the entire energy transition. The
scale of required investment is vast, with hundreds of billions of euros needed by
2030. This is an area of industrial strength given European firms remain global
leaders in transformers, cables and control systems. These assets are also critical
national infrastructure (CNI), meaning that supply disruption directly affects
resilience and recovery from shocks, including cyber and physical attacks.
Cybersecurity of grid equipment is an increasingly central concern: transformers,
inverters and control systems are now networked assets, and European
governments increasingly consider trusted-supplier sourcing essential to
managing supply disruption and the risk of embedded vulnerabilities in foreign-
manufactured components.

Europe’s vulnerability lies less in single source dominance than in severe capacity
and input constraints. Transformer lead times have extended to 120 to 210 weeks
(Wood Mackenzie, 2025), cable production is limited to a small number of
suppliers, inverters and power electronics are highly concentrated in Chinese
supply and key inputs including copper and grain-oriented electrical steel have
seen sharp price rises and concentrated supply.

Grid equipment is well suited to third-country partnerships because, despite
Europe’s strengths, it cannot expand capacity quickly enough on its own. The core
challenge lies in securing inputs and relieving bottlenecks. Partnerships can help
secure copper and electrical steel, bring in external manufacturing capacity and
shorten delivery timelines in the most constrained parts of the chain, while
allowing European firms to focus on higher-value segments.
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Offshore wind

Offshore wind is central to European decarbonisation and one of Europe’s
strongest clean technology industries, with roughly 40 per cent of global turbine
capacity (Wind Europe, 2025). It is essential to meeting EU and UK deployment
targets (REPowerEU targets around 100 GW offshore), while also supporting a
major area of industrial strength.

Europe’s main vulnerabilities lie in a small number of critical inputs and
bottlenecks. China controls over 90 per cent of rare earth refining and 94 per
cent of permanent magnet production, both essential to turbine manufacture
(IEA, 2026). High voltage direct current (HVDC) cables face lead times of more
than five years because manufacturing capacity is limited, and deployment is
also constrained by shortages in specialised vessels and heavy fabrication
capacity (Wood Mackenzie, 2025).

Offshore wind is well suited to third-country partnerships because Europe’s
weakness is in specific upstream components and system bottlenecks that it
cannot quickly solve alone. Partnerships can secure alternative magnet supply,
expand cable and vessel capacity with trusted partners and support co-
production in constrained inputs without displacing Europe’s broader industrial
advantages. Partnership in this case is a means of protecting and extending an
existing area of strength.
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Nuclear

Nuclear provides reliable low-carbon power at scale and underpins energy
resilience. In the UK and France, it is also closely tied to strategic industrial
capability and to the defence industrial base.

Europe’s vulnerability is concentrated in the fuel cycle and heavy industrial inputs.

Russia accounts for a large share of the world’s uranium enrichment, and remains
the only country currently producing enriched fuel — i.e. High-Assay Low-Enriched
Uranium (HALEU) — at commercial scale. The specialised factories needed to
forge large nuclear components exist in only a handful of facilities. These are
acute dependencies in segments where substitution is slow and domestic
expansion is already under strain.

Nuclear is well suited to third-country partnerships because no single European
country can fully solve these constraints alone within the required timeframe.
Only a few trusted partner countries have the facilities and expertise needed for
enrichment, HALEU fuel and heavy nuclear manufacturing. By working together,
they can combine demand, align funding and scale up capabilities faster.
Partnership here is not an alternative to domestic capability but the necessary
complement to it.

Geothermal

Geothermal energy is central to scaling across Europe’s 19,000 district heating
networks and industrial heat applications in the near-term, and baseload power
generating capacity in the medium-term (Carnegie, 2025). It is constrained by
dependence on a narrow set of critical capabilities, most notably deep drilling rigs
and operational expertise. These are concentrated in countries with established
oil and gas industries, particularly the US, where shale-era advances have
expanded global geothermal potential second only to solar.

Drilling capability, the core input required to unlock next-generation geothermal
systems at depth, determines the pace and cost of deployment. European
deployment has been insufficient to drive the innovation and cost learning needed
to access deeper resources. The weakness is therefore concentrated in execution
and expertise rather than across the wider supply chain. Europe retains a viable
industrial base in turbine manufacturing and surface equipment, but it lacks
competitive drilling capacity — building that capability domestically takes time.

Geothermal is well suited to third-country partnerships, as Europe needs to import
expertise in a narrow but essential part of the value chain. Partnerships with
established drilling nations — the US, Iceland and countries with specialised rig
capability — could accelerate deployment, lower costs through shared learning
and transfer operational know-how into European markets, without undermining
domestic manufacturers.
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Green steel

Steel is a foundational material across construction, defence and clean energy
systems and supports a large industrial workforce. It is also by far the largest
emitting industrial sector. Green steel is constrained by structural dependence on
upstream inputs. Limited availability of the high-quality (Direct Reduction (DR)
grade) iron ore needed to make low-carbon steel and high hydrogen costs mean that
low-carbon iron production is more competitive in regions with favourable resource
endowments.

The main vulnerability lies in access to green iron, particularly processed (“hot
briquetted”) iron, and to low-cost hydrogen. While some European countries are
investing in domestic low-carbon iron production, a number of high-profile projects
have been delayed or cancelled, underscoring the fragility of the current pipeline and
the likelihood that Europe will remain dependent on imports for a significant share
of these inputs. While some steel can be produced domestically by recycling scrap
in electric arc furnaces (the steelmaking furnace that uses electricity, rather than
coal, to melt metal), scrap supply is limited and is not suitable for all uses, especially
where high-quality primary steel is required in aerospace, defence, automotive and
nuclear applications.

This is primarily a problem of resource geography and production costs rather than
technology. Europe does not have enough of the right raw materials or low-cost
energy to produce primary green steel competitively at scale. Long-term agreements
with resource-rich countries can secure the supply of green iron and other upstream
inputs while allowing Europe to retain steelmaking capacity in downstream stages.
In this case, partnership is not a second-best alternative to domestic production. It
is the most credible route to sustaining a European steel industry.
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