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Neodymium-iron-boron (NdFeB) magnets are indispensable to modern technologies that drive
the green transition. From electric vehicle motors and wind turbines to advanced robotics and
defense systems, these permanent magnets enable the high efficiency and power density re-
quired in critical applications. By 2030, global demand for NdFeB magnets is expected to rise
from approximately 5,000 tonnes in 2019 to 70,000 tonnes annually (a more than thirteenfold
increase) driven largely by the electrification of transport and expansion of renewable energy
infrastructure.

Overview

Despite this strategic importance, the European Union (EU) remains vulnerable across the
rare earth magnet value chain. China currently supplies approximately 98% of the EU’s de-
mand for rare earth magnets and compounds. China is pursuing a clear strategy of vertical
integration in the rare earth magnet value chain, purposefully increasing dependence Chinese
supply where the value-added is greatest - i.e. magnet alloy manufacturing (see Figure 1).
While Europe possesses known reserves of rare earth elements (REEs), it has no active min-
ing operations and recovers less than 1% of magnet scrap. The EU’s supply chain is frag-
mented, lacking integration across upstream mining, midstream processing, and downstream
magnet manufacturing. This fragmentation undermines Europe’s climate goals, industrial com-
petitiveness, and energy security.
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Figure 1 - value-adding steps and shares in the rare earth magnet value chain.*

4 Source: https://www.energy.qgov/sites/default/files/2024-12/Neodymium%2520Magnets%2520Sup-
ply%2520Chain%2520Report%2520-%2520Final%5B1%5D.pdf, accessed July 24, 2025.



https://www.energy.gov/sites/default/files/2024-12/Neodymium%2520Magnets%2520Supply%2520Chain%2520Report%2520-%2520Final%5B1%5D.pdf
https://www.energy.gov/sites/default/files/2024-12/Neodymium%2520Magnets%2520Supply%2520Chain%2520Report%2520-%2520Final%5B1%5D.pdf
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A recent large-scale network-based analysis of international trade and production dependen-
cies from 2007 to 2023 offers important new insights into the nature of these risks and the
types of interventions needed.® The study analysed trade data using a multilayered production
network model and Al-augmented statistical methods to map dependencies in rare-earth-re-
lated products. This allowed the assessment of exposure (the share of imports in domestic
supply), concentration (supplier dominance), and systemic trade risk (vulnerability to cascad-
ing shocks across trade networks). Each of these indicators was computed separately for all
products and for a focused set of intermediate input products closely tied to products in which
regions show comparative strength, including alloys, processed compounds, and component
parts.

Key Findings and Interpretation

The results reveal that dependencies were particularly high for direct inputs—particularly
those that embed rare earth materials such as permanent magnets. In these intermediate
products, exposure and supplier concentration were consistently higher than for other rare-
earth-related products, reflecting Europe’s lack of domestic processing and manufacturing ca-
pacity. While systemic trade risk (i.e., the risk of disruption cascading through trade networks)
was relatively lower for inputs than for finished products, the input layer therefore still repre-
sents a critical bottleneck.

Moreover, a cluster analysis of trade profiles placed the EU alongside other high-income coun-
tries like the USA, South Korea, and Taiwan in a group with advanced manufacturing capabil-
ities but persistent midstream vulnerabilities. These countries had lower overall depend-
ency levels than lower-income economies but still lacked influence in input-intensive stages of
the value chain. In contrast, China formed a distinct cluster with very low dependencies and
high influence, reflecting its control over both upstream resources and midstream processing.

Crucially, a regression analysis of trade data over time showed that countries with high base-
line exposure, low supplier concentration and low systemic trade risk for rare-earth-
related products were more likely to develop new comparative strengths—a signal of
successful import substitution and industrial upgrading. However, this effect disappeared when
focusing only on input products: here, high supplier concentration at baseline predicted suc-
cess, while high systemic trade risk was a barrier to developing industrial competitiveness.
These findings suggest that rare earth vulnerabilities can only be overcome if also indirect
dependencies in intermediate products are reduced and play a disproportionate role in shaping
industrial trajectories. These findings are particularly worrying because systemic trade risk has
consistently increased over the last fifteen years in the EU. This suggests that past policies
aimed at securing rare earth supplies and intermediate products have not yet resolved this
persistent vulnerability.

Strategic Policy Implications

These findings have clear policy implications: to reduce vulnerability and build industrial
strength, the EU must target the 'missing middle' of the rare earth value chain. This means

5 Klimek et al., Systemic Trade Risk Suppresses Comparative Advantage in Rare Earth Dependent
Industries (forthcoming, ASCII Working Paper Series, 2025).
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addressing not only upstream mining, but also midstream processing and magnet alloy pro-
duction), which are precisely the stages where dependencies are most concentrated, and
where current EU dependencies are particularly strong.

1.

Investing in Processing and Magnet Production Infrastructure

While EU firms are increasingly active in downstream electric engine and wind turbine
manufacturing, the absence of a domestic base for REE separation, alloying, and sin-
tered magnet production leaves the entire value chain exposed. Strategic funding
should prioritize demonstration plants, pilot facilities, and commercial-scale invest-
ments in these midstream capabilities. Harmonizing permitting rules for environmen-
tally responsible processing across Member States will be essential to enable timely
scale-up.

Building Circular Supply Chains and Recycling Capacity

Europe currently recycles less than 1% of end-of-life rare earth magnets. Public support
should facilitate advanced sorting, disassembly, and metallurgical recovery technolo-
gies. Mandating design-for-recyclability in magnet-containing products and creating in-
centives for OEMs to return magnet scrap can help scale secondary supply.

Enhancing Innovation and Substitution

While not a panacea, innovation in magnet alternatives, such as ferrite or Mn-based
magnets, and efficiency improvements can reduce rare earth intensity in key applica-
tions. Funding under Horizon Europe and related research programs should explicitly
support substitute development, hybrid designs, and performance optimization.

Developing Human Capital and Industrial Skills

One of the barriers to scaling magnet production is the shortage of trained engineers
and technicians in materials science, metallurgy, and precision manufacturing. Europe
must launch targeted training programs in collaboration with universities, research in-
stitutes, and industry. These programs should be integrated into national industrial
strategies and supported at the EU level.

Strengthening Strategic Coordination and International Partnerships
Coordinated action is needed to align industrial policy, trade instruments, and funding
tools. The European Critical Raw Materials Act already places emphasis on the entire
value chain of strategic raw materials, from mining over processing to recycling. How-
ever, clearer guidance on the practical application of the regulation to various stages
of the rare earth value chain would reduce ambiguity and uncertainty for the involved
companies. To this end, a European Rare Earth Magnet Task Force could be estab-
lished to also improve cross-sector collaboration and streamline public support. At the
same time, international partnerships with countries like Canada, Australia, and Nor-
way can help diversify upstream supply. The EU should also promote global standards
for responsible sourcing and environmental performance.

Conclusion

The EU’s reliance on foreign-controlled rare earth input products (particularly magnet alloys
and components) poses a growing threat to its clean energy, industrial, and security objectives.
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Dependencies are not just about where materials are mined, but about where value is added.
This study confirms that structural vulnerabilities are concentrated in midstream produc-
tion, and that overcoming these dependencies requires systemic interventions including but
not limited to investment, coordination, innovation, and regulation targeted at critical bottle-
necks.

By strategically supporting midstream capabilities, recycling systems, and innovation ecosys-
tems, the EU can not only reduce risk but gain industrial leadership in rare earth magnet
production. In doing so, it will move beyond reactive policy to a proactive, resilient, and com-
petitive industrial base fit for the green and digital transitions.

Link to the official preprint: hitps://arxiv.org/abs/2508.00556
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