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Critical raw materials for the energy

transition
Not a rock-solid policy

Recommendation 4

primary critical raw materials

https://www.reuters.com/world/china/china-tightens-rare-earth-export-controls-2025-10-09/
https://www.politico.eu/article/eu-no-quick-release-china-rare-earth-choke-hold/

https://www.eca.europa.eu/en/publications/SR-2026-04

Make better use of the sustainable resource management to reduce dependence on

At the processing stage, four strategic
raw materials, which are relevant for
the energy transition (lithium,
magnesium, gallium and rare earth
elements) currently exceed the 65%
threshold of sourcing from a single
non-EU country. In case of extraction,
more than 65 % of EU’s boron supply
comes from one non-EU country
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Agenda

1. EU: what is the supply risk of different raw materials?
2. Analysis of supply risk for various motor technologies
3. Considering the raw material impact of losses

4. Evaluating potential higher MEPS from a raw
material supply risk perspective



EU: what is the Supply Risk of different raw materials?



A Critical Raw Material is important for the EU
economy and is subject to supply risk

Raw materials of high importance to the EU economy and associated with
hlgh risk of supply (https://sinqIe-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-

Critical Raw

Material
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Critical Raw Materials Act https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=0J:L._202401252#anx_%C2%A0l| 5
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Critical Raw Materials — 2023 list

Supply Risk
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A Strategic Raw Material is used in green or digital
transitions, defence or aerospace

Raw materials that are of high strategic importance for the functioning of the

Strategic Raw internal market, taking into account their use in strategic technologies
Material underpinning the green and digital transitions or for defence or aerospace

applications (Critical Raw Materials Act https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=0J:L 202401252)

Bauxite / Alumina / Aluminium Magnesium All strategic raw materials
Bismuth Manganese are included in the critical
. raw materials list
Graphite
Boron
Nickel*
Cobalt
Platinum group metals e N\
Copper* Rare earth elements * Copper and nickel do not
Gallium N reach the supply risk threshold,
Silicon metal but are included into list for
Germanium Titanium metal their strategic importance and
- to be eligible for support
Lithium Tungsten \_
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Analysis of supply risk for various motor technologies



Certain motor
technologies require
less material for their

manufacturing. Should

they be prioritised?




Bill of materials for a 55 kW IE4 motor of three different
technologies

[ Bill of Materials (in weight) ]

Pros:
« Simple to explain and to evaluate

Cons:
* Misses the key issue of supply risk and
scarcity of materials used

Potential improvement - ponder the mass
of raw materials with their supply risk

600,0

500,0

400,0

£ 300,0

200,0

100,0

0,0

M Iron ore kg
steel

BOM 55 kW motor IE4

255 kg saved
(mostly steel)

IM SynRel PM

Aluminium kg ® Copper kg ™ Neodymium kg m Boron kg

IM: Induction Motor
SynRel: Synchronous Reluctance 10
PM: Permanent Magnet



Bill of materials pondered with Supply Risk (mass x SR)

[ Pondered bill of materials with J

supply risk
Pros:
* Relatively simple to explain and to
evaluate
Cons:

» The balance is largely dominated by the
heaviest material, steel

» Fails to recognise the scarcity issue: the
relative impact of the use of 1 kg of raw
material in relation to the world production:
1 kg of iron out of 1,500 Mton/year is less
impactful than 1 kg of neodymium out of
0,034 Mton/year

Potential improvement - ponder the supply
.risk with a factor that takes into account the
= global market volume of the material

BOM 55 kW motor IE4 x SR
300

250
200

150

kg - SR

100

50

IM SynRel PM

M iron ore MW Aluminium ™ Copper
steel

Neodymium M Boron

IM: Induction Motor
SynRel: Synchronous Reluctance
PM: Permanent Magnet
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How to ponder adequately the supply risk of different
materials?

The Ecodesign preparatory study for product specific measures
on scarce, environmentally relevant and critical raw materials and
on recycled content (htips://www.ecodesignmaterials.eu/) faced a
similar issue: how to rank the priority of different products
according to their use of scarce and critical raw materials?

Ecodesign preparatory study for
product specific measures on
scarce, environmentally relevant
and critical raw materials and on

recycled content e N\ /
1) Consider 2) Use the
Interim Study Report
Phase 1: Prioritisation of materials and product th.e Supply ove.ra" market
Final Draft 11 June 2024 Risk of the size of raw
raw materials materials as a
: N used D \weighting factor/
Source: Ecodesign preparatory study for product specific measures on scarce, environmentally relevant and critical raw materials and on
recycled content - Interim Study Report - Phase 1: Prioritisation of materials and product - Final Draft 11 June 2024

https://www.ecodesignmaterials.eu/ files/ugd/4b5356 920326d0e00543298f3a3ffe9e076057.pdf

12


https://www.ecodesignmaterials.eu/_files/ugd/4b5356_920326d0e00543298f3a3ffe9e076057.pdf
https://www.ecodesignmaterials.eu/

Proposed ranking methodology as per Ecodesign
preparatory study on scarce and critical raw materials

“The masses of CRMs and non-CRMs contained in regulated products sold in 2020 and 2030
vary by a factor of nearly a million, e.q. from 778 kton of copper in 2020 to 0.001 kton for
bismuth or platinum. These amounts have to be weighted somehow to yield adequate
comparisons between different product groups, otherwise copper would dominate the

prioritization.”
Ecodesign preparatory study for
product specific measures on
scarce, environmentally relevant
and critical raw materials and on .
recycled content o mass of min EU market for product
Product priority = SR, X
Phase 1: Prioritisation of materials and product tﬂtal markEt tﬂnna‘ge m
Final Draft 11 June 2024 m
Dy Nd B
Pt Ga Ta Au Ag W MolLi NiPb Cu Al F

Tonnage
10t 100t 1000t 10.000t100.000t 1Mt 10Mt 100Mt 1 bn

1tAu 1tCu Logarithmic scale

> .
lobal Au production lobal Cu production
g

Source: Ecodesign preparatory study for product specific measures on scarce, environmentally relevant and critical raw materials and on

recycled content - Interim Study Report - Phase 1: Prioritisation of materials and product - Final Draft 11 June 2024
https://www.ecodesignmaterials.eu/ files/ugd/4b5356 920326d0e00543298f3a3ffe9e076057.pdf A3.3 Product group prioritization for CRM

13



https://www.ecodesignmaterials.eu/_files/ugd/4b5356_920326d0e00543298f3a3ffe9e076057.pdf

Resulting ranking as per Ecodesign preparatory study on
scarce and critical raw materials methodology

1- Photovoltaic panels and inverters
2- Personal computers
3- Light sources
Ecodesign preparatory study for
product specific measures on
scarce, environmentally relevant 4- SEWEFE and data Stﬂrage prﬂdUCtE
and critical raw materials and on
recycled content 5- Phones and tablets
Interim Study Report 6_ Cﬂnki ng appliances

Phase 1: Prioritisation of materials and product

Final Draft 11 June 2024

7- Electronic displays

f _ 8- Industrial fans
9- Electric motors

Prepared by Viegand Mdagee. Van Holsteijn en Kemna, Fraunhofer IS| and VITO
June 2024

10- Vacuum cleaners.

38 product groups analysed in total

Source: Ecodesign preparatory study for product specific measures on scarce, environmentally relevant and critical raw materials and on
recycled content - Study Report - Phase 1: Prioritisation of materials and product - Final Draft 15 October 2024
https://www.ecodesignmaterials.eu/ files/ugd/4b5356 381c694a0d964382829f30975a88ebal.pdf A3.3 Product group prioritization for CRM
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https://www.ecodesignmaterials.eu/_files/ugd/4b5356_381c694a0d964382829f30975a88eba1.pdf

Adopting the Ecodesign study methodology: supply risk
(SR) divided by global annual production (GP)

Supply Risk / Primary production
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Gold

Tin
Bismuth

Zinc

Lead
Chromium
Baryte
Nickel
Silicon metal
Magnesium
Boron
Lithium
Silver

Molybdenum
Cobalt

Iron ore
Coking coal
Copper
Aluminium
Manganese
Natural graphite
Antimony
Tungsten
Strontium
Niobium
Cerium
Lanthanum
Selenium
Neodymium
Beryllium
Praseodymium
Tellurium
Yttrium
Indium
Tantalum
Samarium
Gadolinium
Dysprosium
Palladium
Platinum
Terbium

Logarithmic scale

Source: Ecodesign preparatory study for product specific measures on scarce, environmentally relevant and critical raw materials and on
recycled content - Interim Study Report - Phase 1: Prioritisation of materials and product - Final Draft 11 June 2024
https://www.ecodesignmaterials.eu/ files/ugd/4b5356 920326d0e00543298f3a3ffe9e076057.pdf

Gallium

Germanium

15

Europium


https://www.ecodesignmaterials.eu/_files/ugd/4b5356_920326d0e00543298f3a3ffe9e076057.pdf

Bill of materials pondered with Supply Risk and Global
Production (mass x SR/ GP)

[ Pondered bill of materials with J BOM 55 kW motor IE4 x SR / GP

supply risk and global production

1,00E+00
IM SynRel PM
Pros: 1,00E-01
* Fully reflects the impact of using raw
. . . . 1,00E-02
materials, based on their scarcity and their
. [a
supply risk O 1,00E-03
S
~ 1,00E-04 1
&
i" 1 00E-05 250 times bigger
1,00E-06
1,00E-07 . I
Hlronore M Aluminium ™ Copper Neodymium M Boron
steel
IM: Induction Motor
SynRel: Synchronous Reluctance

PM: Permanent Magnet

Logarithmic scale
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Certain motor
technologies require
less material for their
manufacturing.
Should they be
prioritised?

Permament Magnet (PM) motors require less steel for
their manufacturing, reducing the motor weight by almost
50%.

However, to make this saving happen, it introduces
highly critical and scarce raw materials

The raw material supply risk exposure is multiplied by
250 when shifting from induction motor to permanent
magnet motor.

CONCLUSION: from a material efficiency perspective,
induction and synchronous reluctance technologies
are clearly superior

17



Considering the raw material impact of losses



Power losses in a motor mean extra electricity that needs
to be produced by generation assets

Total installed power

55 kW IE4 needed for losses
4 poles 3.2 kW
95.7% eff
2500 h/year FLE
-
i ®0 | —
Mechanical 1— 1.8 kW wind
power ':_ g
e a——
RO
Power losses l!l 1.4 kW PV
5.9 MWh/year -_—

Ratio anual production / installed power: 1200 h/year for PV; 3214 h/year for offshore wind; 2076 h/year for onshore wind. based on

https://www.entsoe.eu/data/power-stats/ Ponderated average = 1857 h/year, based on share wind / solar as per projections made by JRC Raw

materials demand for wind and solar PV technologies in the transition towards a decarbonised energy system -
https://publications.jrc.ec.europa.eu/repository/handle/JRC119941 and Deep dive on critical raw materials for wind turbines in the EU

https://publications.jrc.ec.europa.eu/repository/handle/JRC141759

19
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Generation assets require raw materials, some of which
are scarce or come with a relevant supply risk

Material Ton/MW
2030
Concrete 400
Steel 110
Aluminium 1,1 Material Ton/MW
Chromium 0,4 2030
> Copper 1,9 Concrete 56,4
- Iron (cast) 19 I::} Steel 65,3
h Manganese 0,8 ] L ' ’
Molybdenum 0,1 .-I CP;IIaas;tslc 474’?7
N.ICke| 0,4 Aluminium 7,2
Zinc 5,4 Copper 4,5
Polymers 4,7 Silicon 2,5
Glass/carbon composites 7,5 Silver 0,006
Boron 0,0029
Dysprosium 0,0055
Neodymium 0,0540
Praseodymium 0,0080
Terbium 0,0016

Bill of materials as per JRC Raw materials demand for wind and solar PV technologies in the transition towards a decarbonised energy system -
https://publications.jrc.ec.europa.eu/repository/handle/JRC119941 and Deep dive on critical raw materials for wind turbines in the EU
https://publications.jrc.ec.europa.eu/repository/handle/JRC 141759



https://publications.jrc.ec.europa.eu/repository/handle/JRC119941
https://publications.jrc.ec.europa.eu/repository/handle/JRC141759

Bill of materials for generation assets pondered by Supply

Risk and Global Production (mass x SR/ GP)

BOM PV and Wind for losses x SR / GP

0,00012

% 0,0001

§ Terbium

=~  0,00008

(9]

é‘n Neodymi
0,00006 eodymium
0,00004 _

Dysprosium
0,00002
0
Wind
1.8 kW
M Iron ore B Aluminium B Chromium
B Molybdenum ® Nickel B Zinc

B Neodymium

B Praseodymium M Terbium

Praseodymium

=S,

- Silicon metal

PV
1.4 kW
Copper B Manganese
H Boron B Dysprosium

M Silicon metal m Silver
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Net bill of materials for motor + generation assets pondered
by Supply Risk and Global Production (mass x SR / GP)

3,5E-04
3,0E-04
2,5E-04
2,0E-04

1,5E-04

kg - SR/ GP

1,0E-04
5,0E-05

0,0E+00

BOM for motor + generation assets x SR / GP

IM SynRel

B Generation assets - Ponderated supply risk index

B Motor - Ponderated supply risk index

PM

Permanent magnet technology still has 3
times bigger impact than other technologies
for the same efficiency level

For induction and synchronous reluctance,
the supply risk is dominated by the
contribution of losses = minimizing losses
makes sense from a material efficiency
perspective

Loss minimization would not make sense if it
involves a shift towards permanent magnet

technology
Even if efficiency were 100%, the impact
introduced by permanent magnets would not be
compensated

22



Evaluating potential higher MEPS from a raw material supply
risk perspective



Does it make sense
to keep increasing
MEPS?

What can be the
unintended effects of
higher MEPS from a
supply risk
perspective?

24



Raw material supply risk evolution when moving from IE3
to IE4 with different motor technologies

kg - SR/ GP

3,5E-04

3,0E-04

2,5E-04

2,0E-04

1,5E-04

1,0E-04

5,0E-05

0,0E+00

BOM for motor + generation assets x SR / GP

137% increase

I | 20% reduction |

IM IE3 IM IE4 SynRel IE4

B Generation assets - Ponderated supply risk index

B Motor - Ponderated supply risk index

PM IE4

In this case (55 kW motor, operating 2500 hours/year
full load equivalent), moving from IE3 to IE4 makes
only sense if it doesn’t trigger the use of permanent
magnet technology.

The supply risk can be mitigated significantly if
induction or synchronous reluctance technologies
are prioritised.

On the contrary it would significantly worsen if the
share of permanent magnet technology increases.

Higher MEPS could be considered in combination
with EU action favouring low-supply-risk
technologies.

25



Supply Risk is a
crucial indicator
in the EU raw
materials policy
(Critical Raw
Materials Act)

The masses of
raw materials
used need be
weighted to
have a clear
picture of their
impact from a
supply risk
perspective

It is far less
impactful using
one more kg of
steel than one
more gram of
neodymium.
Scarcity and
supply risk
matter.

For the same
efficiency level,
induction and
synchronous
reluctance
motors show
250 times less

supply risk than

permanent
magnet motors

"' §=
5

MEPS regulation
should be
accompanied by
supply risk
mitigation
measures,
otherwise cure
can be worse
than disease

26



International Copper
Association

Thank you!

fernando.nuno@internationalcopper.org
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