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Background and scope of the presentation
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▪ At VTT, we are developing new energy and 

industrial technologies and process concepts, 

including sustainable material design, industrial 

circular economy, digitalisation, etc.

▪ In Finland, strategic several strategic projects 

under EU’s Critical Raw Material Act. 

▪ Scenario modelling with TIMES-VTT on global 

demands of selected metals and minerals started 

already ten years ago.

▪ Recently, demands of selected metals in energy 

related technologies were updated based on 

literature and new 1.5 C mitigation scenarios.
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EU’s strategic projects under CRMA

Source: Selected projects - European 

Commission

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials/strategic-projects-under-crma/selected-projects_en


Clean energy transition challenged by
sustainable supply of several metals
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Source: USGS 2022 

Source: IEA 2025
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Integrated assessments with closer look at 
the demands of metals and minerals in 
clean energy transition since 2014 

https://www.sciencedirect.com/science/article/abs/pii/S0960148116302816

https://www.sciencedirect.com/science/article/abs/pii/S0960148116302816


Deriving resource sufficiency indicators: 
Example early analysis with the TIMES-VTT model: Cumulative use of 
“critical” metals 2000-2060 under a low-carbon scenario.
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Case study: 
Electrification of 
global passenger car 
fleet by 2050 -
Focus on demands 
and supply of 
selected metals, e.g. 
Cu, Co, Nd and Li
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Long term Cu demand projected to be 
significantly affected by electrification
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Source: IFP Énergies Nouvelles, 2021



Long term Cu demand and supply 
projections – after 2050 most of Cu 
supply should be secondary
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Long term Cobalt demand and supply 
projections
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Case study: The 
impact of negative 
emissions 
technologies and 
practices on demands 
of selected metals
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Specific metal demands of selected
technologies were updated in our
assessments based on literature
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Characteristics of the metals selected
for TIMES-VTT modelling and net EoL
and recycling rates
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Very large uncertainty



Energy technology demands of selected
metals were modelled in three mitigation
scenarios
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Summary of the modelled cumulative 
net demand for primary production of 
metals 
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Estimated cumulative primary requirements 
of selected minerals for energy technologies* 
Results are shown for the 1.5C-Tec scenario in proportion to identified total 
global resources 
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* Excluding electricity networks



Negative emsission technologies doesn’t
seem to require critical metals but there is 
lacking data available
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▪ Investments in negative

emission technologies

constrained in 1.5Env 

scenario due to 

assumptions on more

strict sustainablity criteria

on land use.

▪ In 1.5Env scenario metal

demands increased even

more as even more rapid

elctrification was

required.
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Conclusions
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Based on our scenario assessments the most critical in terms of sufficiency 
are cobalt (Co) and dysprosium (Dy).

Above 90% of the cumulative energy technology use of these metals in the 
energy sectors are used in cars, which reflects the urgency for radical 
changes in our mobility and transport.

Energy system modelling is a useful tool for assessing not only energy but 
also material demands for a clean energy transition.

We need better understanding of recycling and substitution of critical metals, 
analysis of future critical metal demands outside of the energy sector, and 
realistic analysis of new mine development.



Thank you! Tiina Koljonen

tiina.koljonen@vtt.fi

vttresearch.com


