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Critical raw materials: the spices of technological societies

* The energy transition

» Batteries (storage and EVs), solar cells, windturbines, (smart and super) grid
etc

 Digital infrastructure

» Servers, chips, hard drives, photonics, edge computing, quantum computing,
Al etc

+ Defence

» Radar, guided missiles, lasers, drones, electronics, night vision, camouflage
» Automation, robotization

* Humanoids etc.
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What is critical ? A moving target !

 Critical: important for the economy AND potentially supply constraints

» Material basis of society changes rapidly, so what is important ?
CRT, car catalysts are out while battery materials are in

« battery chemistries change rapidly (new CATL batteries are cheap (10$/kWh)
and contain no Li, Co, Ni Mn ...

» Trade relations shift rapidly in an unstable world so what are safe supply
routes?

Russian gas
e Conflict in the Middle East
US tariffs
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More complex products

RESULT
More and more different elements in everyday
products
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elements used in the production of computerchips
1980s: 12 of 92 elements
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elements used in the production of computerchips
1990s: 16 of 92 elements
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elements used in the production of computerchips
2000s: 61 of 92 elements

Data: National Research Council, 2007 / Intel
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The energy transition creates a demand shock for many
(critical) materials

220m
A64m
w0\
e ~ [ A\
%0m / A |
am | '\
il \! INL
LA
2610 2(;13 2016 2021 203
3MW  6MW smMw 12 MW 15-20 MW

%‘ Universiteit Leiden




Planned wind parks
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China Changji-to-Guquan

3300 km, 1100 kV, 12 GW

..Direct current

$ 6 billion *
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12 GW crossing the Yangtze River
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The energy transition is in fact a commodity / material
transition (from fossil fuels to metals)

Mineral demand for clean energy technologies by scenario

Growth to 2040 by sector Growth of selected minerals in the SDS, 2040 relative to 2020
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IEA. All rights reserved.
Motes: Mt = million tonnes. Includes all minerals in the scope of this report, but does not include steel and aluminium. See Annex for a full list of minerals.
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EVs contain a wide variety of metals

Transport (kg/vehicle)

Electriccor |
Conventional car || NI

50 100 150 200

B Copper I Manganese M Chromium I Rare earths
Lithium Cobalt I Molybdenum Silicon
I Nickel Graphite I Zinc Others

Eilu et al, 2021, modified from IEA,
2021
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Volkswagen ID4
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Battery ID4

Battery 500-900 kg: lithium, nickel, cobalt, manganese, (copper,
aluminum, steel)
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Traction motor ID4

Traction motor: ~30 kg, copper, steel and a few kg
magnets (neodymium, praseodymium, dysprosium)
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Battery demand expected to increase 5-7 fold till 2050

16+ m EVs mStorage
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Datasource: IEA: Global Critical Minerals outlook 2024, p87
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Geopolitics & supply security
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Supply crunch & vulnerable supply chains:
COVID, Russian aggression & power politics
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NEW WEAPONS USE MORE MATERIALS

12,400 LBS.

1951—-JET FIGHTER (F-94C)

5,500 LBS.

1944—JET FIGHTER (P-80)

4 ‘51
COPPER

Source: Lockheed Aircraft Corp.
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More protectionism

Trade policy interventions

800 4
600 - Liberalising
400 4

Protectionist
200 4

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Note: Measures include teriffs, export-related measures, subsidies, contingent trade-protective measures, and trade-related investment measures.

Source: Global Trade Alert, 2024.
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Concentration of the extraction and processing of critical resources

tries in total prodi ed resources and minerals, 2022

Share of top-three producing c:

Extraction Processing
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IEA. Based on S&P Global, USGS, Mineral Commodity Summaries and Wood Mackenzie, 2024.
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China dominates batteries and EV markets

Geographical distribution of the global EV battery supply chain, 2023

Mining Material processing Cell components Battery cells EVs
100% - i — )
7% — | |
50% i
25% |
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Li Ni Co Gr Li Ni Co Gr Cathode Anode Batteries EVs

uChina ®Europe ®=United States = Japan Korea *DRC m=Australia = Chile Indonesia ®Russia Other

IEA. CCBY 4.0
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China dominates the magnet supply chain

JRC estimate global
demand 2030:
90,000 tons Nd-Fe-B
for wind

China (63%)

China (93%)
)
*I EU (38%)
EU (2%) EU (< 1%) Japan (14%) EU (< 1%) R ——
Sources: USDA; USGS; JRC 2017; JRC 2020; Adamas Intel 2019 RAWMATERALS ERM/
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Who Controls the
Solar Panel Supply Chain?

4{ The ing Process for Solar PV Panels }7
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A Ore extraction IEA NZE and

L. sensitivity recycling
The energy transition

requires less mining 9000
than the fossil fuel based 8000
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Nijnens et al, Joule ,2023
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Not energy transition minerals but gold and coal cause the
highest risk to fresh water ecosystems

All mines Gold Coal Key ETMs
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Fostering the urban mine:
design is key : act now — harvest later
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Technology reduces critical raw materials demand

Share of battery capacity of electric vehicle sales by chemistry and region, 2021-2023

100% — 1
80%

aLFP
60%

B High-nickel
40%

@ Low-nickel
20%
0%

2021 2022 2023 | 2021 2022 2023 | 2021 2022 2023 2021 2022 2023
s

World China Europe United State:

instiute of

¢ 7 Universiteit Leiden Source: IEA, Global EV Outlook 2024 S

Tesla Model Ystructural battery pack with 4680 ceIIs

MEF’I

e == Ml 53

16



30-10-2026

Rare Earth magnets in EV motors
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The need for resilient supply

chains
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From just-in-time to just-in-case
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Resilience comes at a cost:

Inventories / buffers / stocks require capital

Not only the cheapest supplier but diversity of supply at higher cost

Shift from less to more reliable trade partners (bilateral deals US, UK..)

Develop alternative (sub-optimal?) product designs / technologies, in
case preferred option is not available

Substitute rare materials by more common materials (performance?)

institute of

So what should Europe do to secure supply ?
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Self-suffiency ?

Self-sufficiency # strategic autonomy
full self-sufficiency is an illusion (and undesirable)

Re-shore some supply chains for critical technologies (steel, aluminum, energy, IT)
including mining and refining

Friend-shoring ?

Bilateral deals with the our friends: Australia, Canada

Bilateral deals ‘with benefits’ with more complex partners ?

Untied Loan Guarantee / Raw Material Guarantee
Combine investments in raw material sectors with aid and responsible sourcing

Foster the urban mine : circularity !

Develop industrial ecosystems from mine to product for critical supply chains

All of the above..... but only works if combined with a level playing field to create

industrial ecosystems around CRMs
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This is no longer just economics...

* In a world in geopolitical turmoil, economic dependency becomes a

political issue

* Economic optimization through globalization has served us well in the

past

» Secure and resilient supply and circularity come at a cost

+ But the costs of shortages, or worse, weaponized resource / tech

supply, are much higher!
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