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The energy transition iIs a commodities transition

Total metal demand by commodity in a STEPS and SDS scenario respectively (Mt)

Fact Current climate policies — STEPS (Mt) High climate ambition — SDS (Mt)
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source: Metals for Clean Energy,
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New clean energy demand will transform several
global metals markets

Fact % metal required in 2050 for clean energy technologies
vs. 2020 overall use (SDS ambitious climate scenario).

All based on metals:

: | o
Batteries, Electric Hithium | 20 | Al
Cars, Solar Panels, Dysprosium BRI Copper
Wind Turbines, Cobalt 403% Zinc
Hydrogen [ Tellurium 277% ini Silicon
B scandium 204%
Nickel 168% i 24% Lithium
| N B RN B
Question m Praseodymium 110% 22% Cobalt
[ Galium 77% 22%
How will global demand [ Neodymium 66% Dysprosium
for metals shift? B Pratinum 64% - Neodymium

Praseodymium

source: Metals for Clean Energy,
KU Leuven report for Eurometaux, 2022
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What about demand in Europe?

Until now,
batteries, solar
panels,
magnets have
been built
elsewhere...

...But Europe
has concrete
industrial plans
to build its own
technologies

| European
|

| Battery
| Alliance

-

EUROPEAN
RAW MATERIALS | ERMA
ALLIANCE

European Solar
Initiative

Rare Earth Magnets and Motors |}
A European Call for Action

@ RawMatenals
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Demand increase (Europe)

@ cEnergy transition uses Other uses

Copper (Mt) Lithium (kt, LCE)

_..
4.3 Mt

35 -
— +3535"

23 kt

861kt

&=

2020 2050 2020 2050

Top transition uses: @ EVs @ Electricity networks @ Wind Top transition uses (all battery metals): @ EVs @ Battery storage

source: Metals for Clean Energy,
KU Leuven report for Eurometaux, 2022
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Europe must replace its problematic fossil fuels dependency
with a secure and responsible metals supply

@) Challenge 1 @) Challenge 2 ® Question

Meeting the energy transition’s

metals demand only with

iIncreased imports from lower

regulatory regimes and How can Europe bridge
uncertain partners isn’t this real supply gap?
compatible with the EU’s

Green Deal sustainability

values

Without urgent action now,
Europe’s ability to secure the
right level of strategic
autonomy for energy transition
metals beyond 2030 is at risk

KU Leuven, Materials Engineering Department KU LEUVEN




Bridging Europe’s energy transition metals supply gap

STARTING END
POINT POINT
= Acceleration =Clean energy
of clean energy system with higher
transition level of strategic
_ _ autonomy & right
= Aim to improve level of sustainability
strategic autonomy
for energy
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Five necessary pillars for Europe’s metals & clean energy bridge

STARTING STRONGEST IMPACT: NOW — 2040 2035 ONWARDS END
POINT POINT
PILLAR 1 PILLAR 2 PILLAR 3 PILLAR 4 PILLAR 5
= Acceleration Fulfil domestic Maintain and Secure Maximise Drive =Clean energy
of clean energy mining potential increase domestic sustainable recycling, technological system with higher
transition refining output imports from including & behavioural level of strategic

_ _ reliable partners
= Aim to improve
strategic autonomy
for energy
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level of sustainability
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New primary supply is needed between now and 2035

F STRONGEST IMPACTS — 2040 T

PILLAR 1 PILLAR 2 PILLAR 3
Fulfilling Maintain and Securing
domestic mining increase domestic sustainable
potential refining output imports from

reliable partners

S
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Early stages of energy Primary metals needed Will be available for
transition for new technologies recycling in 15 years
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Pillar 1. Fulfil domestic mining potential

STARTING END
POINT POINT
PILLAR 1
= Acceleration Fulfilling =Clean energy
of clean energy domestic mining system with higher
transition potential level of strategic

. . autonomy & right
= Aim to improve level of sustainability
strategic autonomy

for energy
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Europe has high ambitions for mining new energy commodities
Mature markets struggle to keep up with depletion (1/2)

European mine output (kt)

140
120

New energy commodities 100
Lithium, rare earth elements 80
60
40
« Large project pipelines, but with a high level 20
. 0

of uncertainty 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

. Potential projects

« Potential for up to 55% (lithium) and 80%
(dysprosium) self-sufficiency rates by 2030*

European self-sufficiency rate
European mining projects have several
challenges: local opposition, challenging

economics, permitting, untested technologies Lithium
up to + 55% uncertain projects

% domestic mining of overall 2030 demand

rce: Metals for Clean Ener
SOUICE etals tor Clea erey, KU Leuven, Materials Engineering Department KU LEUVEN
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Europe has high ambitions for mining new energy commodities
Mature markets struggle to keep up with depletion (2/2)

European mine output

1000
Mature markets 800

Copper, nickel, cobalt, zinc 600
400

200

« Thinner project pipelines, with mixed
. 0
certainty 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

. Potential projects . Certain projects . Existing capacity

« Limited 2030 self-sufficiency rate (4-25%)

» Depletion ranges from 0% to 19%

European self-sufficiency rate
Mining projects have several challenges: local
opposition, challenging economics, permitting,

untested technologies Copper
up to + 3% uncertain projects

% domestic mining of overall 2030 demand

rce: Metals for Clean Ener
SOUICE etals tor Clea erey, KU Leuven, Materials Engineering Department KU LEUVEN

KU Leuven report for Eurometaux, 2022



Pillar 1. Fulfil domestic mining potential

STARTING END
POINT POINT
PILLAR 1
= Acceleration Fulfilling =Clean energy
of clean energy domestic mining system with higher
transition potential level of strategic

autonomy & right

= Aim to improve level of sustainability

strategic autonomy
for energy
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Pillar 2: Maintain and increase domestic refining output

STARTING END

POINT POINT
PILLAR 2
= Acceleration Maintain and =Clean energy
of clean energy increase domestic system with higher
transition refining output level of strategic

. . autonomy & right
= Aim to improve level of sustainability
strategic autonomy

for energy
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European smelting and refining operations are struggling
There are no real growth prospects, only few exceptions

European metal outlook

4.600
Struggling markets 4.400
Aluminium, zinc, silicon 4.200
4.000
« High energy prices have big impact on >80
. . . 3.600
power intensive smelters, leading to 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
temporary closures (10-40%) @ Existing capacity
- Low-cost and subsidized imports, leading to European self-sufficiency rate

trade defence measures

Aluminium
no new projects planned (-8% offline 2022)
% primary production of overall 2030 demand

rce: Metals for Clean Ener
SOUICE etals tor Clea erey, KU Leuven, Materials Engineering Department KU LEUVEN
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Impact on environment

@ curope Global Europe as a
% less than global

L ]
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Aluminium -59
17.0 -

Copper -10

26
Zinc
3.6 -
3.3 o
Lithium* -71
1.3
. 14.0 o
Nickel 22
(Class 1) 18.0 -

Silicon

L ]
)
4
Figure 176. CO2 footprint for primary metal production, European values vs global average (European values are defined by

combining the carbon footprint of domestic mining and domestic metal/chemical making)

rce: Metals for Clean Ener
SOUICE etals tor Clea erey, KU Leuven, Materials Engineering Department KU LEUVEN
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Pillar 2: Maintain and increase domestic refining output

STARTING END
POINT POINT
PILLAR 2
= Acceleration Maintain and =Clean energy
of clean energy increase domestic system with higher
transition refining output level of strategic

. . autonomy & right
= Aim to improve level of sustainability
strategic autonomy

for energy
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Pillar 3. Secure sustainable imports from reliable partners

STARTING END

POINT POINT
PILLAR 3
= Acceleration Securing =Clean energy
of clean energy sustainable system with higher
transition imports from level of strategic
reliable partners autonomy & right

= Aim to improve level of sustainability
strategic autonomy

for energy
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Does (projected) supply match the demand (globally)?

Global copper demand-supply outlook (Mt) Global lithium demand-supply outlook (kt, LCE)
35 - / A _
) 88% 4,000 ‘ 56"
30 | of uncertain .
; A higher demand
project pipeline ng today's
an required to o available project
meet demand vailable proj
20 - pipeline
2,000
15 4 -
10 A
1,000 —
5 4
0 0 -l
2020 2030 2020 2030
Operating mines @ Likely additions @ Uncertain additions =0- Current climate policies Ambitious climate policies

source: Metals for Clean Energy,
KU Leuven report for Eurometaux, 2022
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STEPS Scenario SDS Scenario

Relyl ng On Im pOr‘t? 2020-2030 | 2030-2040 | 2040-2050 | 2020-2030 ‘ 2030-2040 = 2040 - 2050
Aluminium ‘ . ' ‘ ‘ ‘
Copper ‘ ‘ ‘ ‘ ‘ ‘
-~ @ ¢ @0 0 ¢
. Share of import dependency (ore and/ore metal). - ' ‘ ' '
The colour indicates the global market tightness. ficon
= r
. Not enough projects announced to meet demand o Lithium . ‘ ‘ . G ‘
3 B o S
O ase case supply |.n5uff|ue.nt, project pipeline - Nickel “ ‘ . y ‘ '
sufficient. Innovation and investments needed >
c
. No issues expected, supply potential sufficient % Cobalt “ ‘ ‘ “ ‘ ‘
8 —
[}
E Dysprosium . ‘ . ‘
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Figure 117. European expected import rates compared to expected global market supply-demand situation

rce: Metals for Clean Ener
SOUICE etals tor Clea erey, KU Leuven, Materials Engineering Department KU LEUVEN
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Geopolitics...

Furope - ] Furope

Copper Chile - Peru - Brazil - Other Copper

clobal | D Global

Chile - Peru - China - Other

Chile - Russia - Congo (DRC) - Other

China - Chile - Japan - Other

Europe | Imports of spodumene and petalite Europe
Lithium Lithium

Global T e Global

Australia - Chile - China - Other

Chile - Argentina - USA - Other

ore
metal

China - Chile - Argentina - Other

Europe | Minor imports Europe
REE REE

Globa! | Global

China - Myanmar - Australia - Other

China - Unreported (Probably China) - Other

China - Malaysia

source: Metals for Clean Energy,

KU Leuven, Materials Engineering Department
KU Leuven report for Eurometaux, 2022 ° o =EE hitmindeboc



Figure 6. Biodiversity risk map and correlation to commodity production (% of total mine output for each commodity)

Bx Cu Zn Si Li Ni Co REE
n 2 27 Indonesia
2 Papua New Guinea
“ 2 1 2 1 Brazil
Philippines
1 New Caledonia
3.5 “ 0.5 Mexico
2 Zambia
Ghana
DRC
15 Colombia
10 10 Peru
1 2 1 South Africa
2 Australia
n 6 1 1 7 United States
1 2.5 0.5 Kazakhstan
2 1 2 Canada
1 2 1 Russia
1.5 0.5 Mongolia

0-2.9 349 @599 @ 10199 @ >0

Low risk (10 - 7.5)
@ High risk (7.5 - 5)

@ verynighrisk (5- 2.5)

Source: Verisk Maplecroft, Minespans



Securing sustainable imports from reliable partners
Key challenges: availability, sustainability, diversification

Do we want to swap
existing fossil fuel
dependencies for new
metals dependencies at

Risk of 2030 supply k?[W zusfjai’r;ability
standards

Can Europe secure the
imported metals its
energy transition needs?

Can Europe maintain its
currently high

diversification as metals
requirements increase?

bottlenecks for copper, Risk of growing
lithium, nickel, cobalt, rare Certified responsible dependency on China,
earths Russia

import partners needed

rce: Metals for Clean Ener
SOUICE etals tor Clea erey, KU Leuven, Materials Engineering Department KU LEUVEN
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Pillar 3. Secure sustainable imports from reliable partners

STARTING END

POINT POINT
PILLAR 3
= Acceleration Securing =Clean energy
of clean energy sustainable system with higher
transition imports from level of strategic
reliable partners autonomy & right

= Aim to improve
strategic autonomy
for energy

level of sustainability
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EU challenged
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sustainable
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imports in tight
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Pillar 4. Maximise recycling, including new streams

STARTING END

POINT POINT
PILLAR 4
= Acceleration Maximise =Clean energy
of clean energy recycling, system with higher
transition including level of strategic
new streams autonomy & right

= Aim to improve
strategic autonomy
for energy

level of sustainability
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Recycling is Europe’s key driver in creating strategic autonomy
Massive potential after 2040 for new energy commodities (1/2)

. Metal from recycling

Mature markets
Aluminium, Copper, Zinc

m 2020 42%

» Recycling can supply 40-65% of Europe’s Aluminium 2050 -
base metals demand in 2050

» Addressing recycling bottlenecks will further

. 2020 55%
raise rates:
- Improved collection and sorting systems Copper 2050 66%

- Smarter product design
- Control of scrap leakage

m 2020

Zinc
2050

source: Metals for Clean Energy, KU Leuven, Materials Engineering Department KU LEUVEN

KU Leuven report for Eurometaux, 2022



Recycling is Europe’s key driver in creating strategic autonomy
Massive potential after 2040 for new energy commodities (2/2)

. Metal from recycling . Metal from domestic ore . Metal from imported ore . Imported metal

New energy commodities
Lithium, cobalt, nickel, rare earth elements
2020 0%
 Recycling volumes will rise after 2040, with Hthium 2050 s

potential for:
- 65-75% of Europe’s 2050 battery cathode needs*
- 200% of Europe’s 2050 rare earths needs* m

2020 0%

* High supply from electric vehicles with 15 years
expected lifetime 2020
* Required:
- New recycling capacity
- Process improvements Dy|Nd Pr IR
- ECOn0mIC V|ab|||ty Rare Earth 2050

Elements

source: Metals for Clean Energy, KU Leuven, Materials Engineering Department KU LEUVEN

KU Leuven report for Eurometaux, 2022



Recycling potential?

European secondary supply potential

700 7 (X
600 - A
500 -
400 -
300 -
200 -

100 -

2010 2020 2030 2040 2050

Figure 101. European lithium secondary supply outlook (old scrap) (kt)

source: Metals for Clean Energy,

Impact on European primary demand

1,000

800

600 A

400 A

200 A

+12.8% @ Total demand

¢ . Primary demand

+8.0%

_IIl

2010

2020

2030 2040 2050

Figure 103. European total and primary lithium demand outlook (STEPS) (kt)

KU Leuven, Materials Engineering Department KU LEUVEN

KU Leuven report for Eurometaux, 2022



Scenarios for supply

@ Vetal from recycling® @ Metal from domestic ore @ Metal from imported ore ~ Imported metal
6+
R 55 15 24 13
Cu 2030 l
2040
Copper 2050 66 20 B

10**

2020 83
L 2030 l

2040
23

2050

Lithium

source: Metals for Clean Energy,
KU Leuven report for Eurometaux, 2022

KU Leuven, Materials Engineering Department KU LEUVEN




Pillar 4. Maximise recycling, including new streams

STARTING END
POINT POINT

2050

PILLAR 4
= Acceleration Maximise = Clean energy
of clean energy recycling, system with higher
transition including level of strategic
new streams autonomy & right

= Aim to improve
strategic autonomy
for energy

level of sustainability
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: - 'l R Key takeaway: , : -

K Recycling is

. Europe’s major
long-term self
sufficiency
potential,
requiring action
now
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Pillar 5: Drive technological and behavioural change

STARTING END

POINT POINT
PILLAR 5
= Acceleration Driving =Clean energy
of clean energy technological system with higher
transition & behavioural level of strategic
change autonomy & right

= Aim to improve level of sustainability
strategic autonomy

for energy
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Technological and behavioral change can reduce our demand
Time Is needed to achieve measurable impact

o @ Flecticverices @® innovation and substitution
70.000 Other energy transition uses

60.000 » Europe: frontrunner in R&D to reduce metals
intensities in products
50.000
» Substitution in focus: cobalt in batteries,
non-rare earth magnets

40.000

30.000

-60%

Transport sector @ Behavioral change
as % of metals energy

transition demand
2050 » Transport sector represents 60% of metals

demand + big supply risks

20.000

10.000

Impacts will be longer term « Shared economy can here make a real
difference (but not quantified)

rce: Metals for Clean Ener
SOUICE etals tor Clea €rey, KU Leuven, Materials Engineering Department KU LEUVEN
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Conclusion: 10 EU actions to bridge its looming metals supply gap

STARTING NOW — 2040 2035 ONWARDS END

POINT POINT
PILLAR 1 PILLAR 2 PILLAR 3 PILLAR 4 PILLAR 5
= Acceleration Fulfil Maintain and Secure Maximise Drive =Clean energy
of clean energy domestic mining increase domestic sustainable recycling, technological system with higher
transition potential refining output imports from including & behavioural level of strategic
reliable partners new streams change autonomy & right

= Aim to improve
strategic autonomy
for energy

level of sustainability

X XX m' = EM\N\L SO | S O
= "/
%
viable mining closures of partners while current continued R&D ' 74
projects existing driving ESG bottlenecks on @ leadership on . ..
_ capacity - .| collection, g optimisation e
» Set high ESG = @ " Source from sorting and
standards = " Support new certified, retention ¥ = [nvestigate
T‘ refineries for responsible how to evolve
ly battery metals ® suppliers » Invest into new consumption
& rare earths recycling for patterns in the
- batteries, PV, transport
magnets sector

T S | =

W |
W = Take forward l = Prevent further = Diversify trade = Remove = Ensure
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