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The large-scale integration of renewable energies and flexibility options such as batteries or electrolyzes
is crucial to decarbonize the European energy system. While these technologies can reduce
dependence on imported energy carriers, they require significantly more critical raw materials than
conventional generation [1]. As the production of these materials is geographically concentrated,
governments increasingly monitor the criticality and develop resource strategies to secure national
supply [2,3]. In this context, energy system models play an important role in informing such strategies
by quantifying future capacity requirements. Yet, most models do not account for the material demand
linked to their proposed infrastructures, potentially overlooking constraints that could challenge the
physical feasibility of the resulting systems [4]. To address this gap, we conduct a literature review of
European energy scenarios based on energy system models and perform an ex-post assessment of the
material feasibility of the future systems they describe.

Methodology

We conduct a literature review to identify a broad spectrum of scenarios that propose highly
decarbonized European energy systems. From all eligible studies, we extract the reported capacity
expansions if they are specified. Because the technological detail in these models is often
heterogeneous and available data on material intensities is limited, we focus on major technologies and
thus represent a lower bound of material requirements; technologies not considered make our estimates
conservative. As many studies do not specify technology sub-types, but they differ in their material
intensities, we apply future market share roadmaps for sub-technologies to the extracted capacity
expansions. To assess the material feasibility of each system, we calculate material-demand-to-reserve
ratios for all relevant materials. The evaluation is performed by combining capacity expansions with
multiple material-intensity scenarios and comparing the resulting material requirements to the reserves
accessible to the EU, measured relative to (a) population and (b) economic size.

Results

Preliminary results indicate that the material requirements of several proposed European energy
scenarios exceed the reserves accessible to the EU. This is more pronounced under the population-
based allocation, but material shortages also occur when using the economic allocation. Notably,
tellurium emerges as a limiting material for photovoltaic generation, while dysprosium poses constraints
for offshore wind generation. Our insights help to identify where technology choices or deployment
pathways could lead to material bottlenecks that need to be addressed through alternative sub-
technology development, improved recycling efforts or require an increased focus on supply chain
strategies.
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Figure 1: Excerpt from the preliminary results showing the material demand to reserve ratio for Photovoltaic
capacity expansion. Here, the reserve estimates are based on a population-weighted allocation for the EU.
Entries are omitted where no expansion data were available.
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