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's pour une Terre durable

Oprgm

The various types of mineral resources

Energy resources: Quarry minerals / industrial minerals:

= Uranium ' = Diamond: hardness (cutting tool)
= Coal = = Barite: Ba chemistry, mineral filler
B - (Gas k. = Talc: paper, pharmaceuticals
= Qil « = Halite: snow clearing, food
M. = Quartz: glassmaking, electronics
$ Building materials = Clay: ceramics
= Aggregates (sands for example) * Andalusite: refractory
@ - Ornamental stone = Gypsum: plaster
s = Clay soil (roof tiles, bricks)
" Efc. Metal ores:
Rock or mineral from which one or more metals can be
Gems and precious stones: profitably extracted:
= Sapphire .

Ferrous base metals (e.g. Fe, Mn, Mo)
: R.uby = Non-ferrous base metals (e.g. Cu, Pb, Zn)
* Diamond = Alloy metals (e.g. Co, Al, Ni, Ti)
= Precious metals (Au, Ag, Pt)
= High-tech special metals (e.g. Sb, In, Ge, rare earths)
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Qbrgm What is a supply chain ?

1) Mining extraction

VOLKSWAGEN > ore
' = ' ('\\'(\a(\J .
psu()‘)\\J 2) Mining treatment

- concentrate

Cathode Cell Module
production production assembly

- | 3) Chemical or metallurgical
transformation
- semi-finished product

4) Industrial use
- consumption product

i v
South America Australia &

5) Recycling
- Reusable semi-finished
product

(\da(\J

e
Lithium battery supply chain (source : Huntkey) S p\\J
S
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1.Increasing demand for raw materials...

Resources needed for the energy transition
Resources needed for the digital transition
A demand intensified by the global economic growth

2....

3....

4....
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with limited resources...
Raw materials unequally produced in the world
Dependence for your supplies
Risks of supply interruption for consumers

requires you to secure your supplies...
Raw materials criticality assessment
European initiatives
Solutions to secure our supply

and more and more in a responsible way.
The challenge of the mining industry
Responsible mining and responsible supply
Example of the aluminum GES emissions management




@brgm The need for raw materials is growing and will continue

- New technologies are mineral-intensive - strong
Net Zero Garbon increase in demand
\ - Innovative technologies are based on more and more
complex finalised materials - minor or rare metals,
purity requirements

Human engineering
= More and more
complex products

Variété des assemblages métalliques dans les produits

economic O
growth . , Y | ey

digital transition Aninée
Evolution of the quantity of mineral substances used in some major

technologies (source : Van Schaik et Reuter, 2012
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@brgm Raw materials needs for the energy transition

Keys to the energy transition:

= improving energy efficiency

= |ow-carbon energy production

= development of smart grids and
storage capacities

*  The energy transition (clean energy production &
electric mobility) results in a strong increase in
the need for metals, both "historical" (Cu, Al...)
and "new" (Li, Mn, Co...)

Transport (kg/vehicle) nCopper Growth of selected minerals in the SDS, 2040 relative to 2020
Etectric car N I | Lithlum %
f = Nickel n
Conventional car NG 2 42
X6 ®m Manganese S 40
50 100 150 200 250 x
x Cobalt 3
Power generation (kg/MW) £
Graphite 30
Offshore wind | — 25
m Chromium
Onshore wind NN 2 19
Molybdenum 20
Solar PV
mZinc
Nuclear NN
= Rare earths 10 7
coal I
- X6 Silicon .
Natural gas [ Gifars

Lithium  Graphite Cobalt Nickel Rare earths
4 000 8 000 12 000 16 000 20 000

Mineral demand for low-carbon energy use by scenario (source IEA)
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6brgfh Example of raw materials for battery market

NCA 0,10 0,67 0,13 0,00
NMC 111 0,15 0,40 0,40 0,37
NMC 433 0,14 0,47 0,35 0,35
NMC 532 0,14 0,59 0,23 0,35
NMC 622 0,13 0,61 0,19 0,20
NMC 811 o1 0,75 0,09 0,09

Raw material footprint for some battery chemistries

= Raw material footprint

= Scenario for electric vehicle deployment
based on different technologies
development

- Global material needs

= But really difficult to estimate future needs:

Today lithium technologies...
Tomorrow sodium technologies ?
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Géosciences pour une Terre durable

rgm

Usages mondiaux du cobalt en 2012
Source : Darton Commodities, 2013

Aimants
permanents

5% _\ Autres
10%

Céramiques et
pigments
8%

Batteries
rechargeables
38%

Catalyse
9%
\

Carbures Superalliages \
métalliques 20% N\
10%

Consommation totale
en 2012 : 73,9 kt Co
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+66%

Consequences for the cobalt market

Usages mondiaux du cobalt en 2019
Source : Darton Commodities, 2020

Aimants
permanen7

Autres
8%

Céramiques et
pigments
5%

Catalyse _~
5%

Carbures
métalliques

7% p
Batteries

rechargeables
/ 58%

Superalliages
15%

Consommation totale en
2019:122,6 kt Co



@ bsmumas pour une Terre durable

Raw materials also needed for the digital transition

Map of submarine telecommunication cables (source

- Digital technologies are based on a physical structure that needs
metals: cables, data centres, semi-conductors, smartphones, etc....
- Development of the internet, of the data storage and exchange, of

the smart grids...

- raw material consum

ption

- energy needed - raw materials to clean energy production

Materials used in

Czom]

Front-end (chip)

|~
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Materials used in the fabrication of electronic chips

(source ST microélectronics)
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* For microprocessors, silicon
remains the material of first
choice, combined more and
more with various minor
elements to miniaturise

- use of new metals

www.submarinecablemap.com, Télégéographie



http://www.submarinecablemap.com/

@ bﬁéosdmm pour une Terre durable

Elements for energy and digital transitions A — 2
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digital transition

Converging needs for energy and digital transitions

Diversity: Many various
metals needed for new
technologies.

Quantity: More mineral
produced by 2050 than since
the beginning of Mankind.

Quality: more and more
complex substances

Conflict of use: different
technologies for different
applications using the same
resources.

- Metal-intensive transitions,
which will affect all countries.



@brgﬁ] Demand intensified by the global economic growth

Over the past five decades: « towards sustainability » hypothesis:

- World population x 2 * Responsible resource consumption in emerging/developing
+ Material extraction x 3 economies

- Gross Domestic Product x 4 + Absolute reduction in resource use in developed countries

Material extraction by resource type (2015-2060) ﬁ i

Million tonnes

/"L)

Kt g / é

Biomass Fossil fuels Metal  Non-metallic minerals

HISTORICAL TRENDS
TOWARDS SUSTAINABILITY

Evolution of the amount of material
extracted in the world between 2015 and
2060 (source Global Resources Qutlook

2019, International Resources Panel, UN)

40.3

93.7

112.3

x 1,5
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1.Increasing demand for raw materials...

Resources needed for the energy transition
Resources needed for the digital transition
A demand intensified by the global economic growth

2....

with limited resources...
Raw materials unequally produced in the world
Dependence for your supplies
Risks of supply interruption for consumers

3....

4....
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requires you to secure your supplies...
Raw materials criticality assessment
European initiatives
Solutions to secure our supply

and more and more in a responsible way.
The challenge of the mining industry
Responsible mining and responsible supply
Example of the aluminum GES emissions management




6 bseosumes pour une Terre durable
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* World cobalt mining production is concentrated in
the DRC for geological and economic reasons: 2/3 of

the known

Copperbelt

resources are associated with the
intra-sedimentary copper deposits in the

DRC and Zambia with grades 10 times higher than

other world

deposits.

Share of World cobalt mining production in 2022, by Countries
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Production is not equally spread around the world
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China's mining (Ml) or metallurgical (ME) production (source
rapport ANCRE 2015, ressources minérales et énergie)

China is the world's leading mining and/or
metallurgical producer of more than thirty
mineral raw materials




@br""giﬁ Complex processing sequences

« Supply chains = succession of processing
steps

« These operations are often spread over
different countries = control of the value
Quhcnummélal Polysmcnum '—'"9015 Cellules Modules Chaln can be done at any |eve|

‘  China is specialised in intermediate
processing industries

Silicon value chain for solar panel manufacturing (source BRGM, inspiré de Bernreuter,

The lithium inside you car travels more than 50,000km before you even start driving*

Cle;.rtt?:;r:te Hl;lc;?::(?;e Cathodes Cells Battery Pack End
Customer
@ U (- ()
."2\ 4 e ﬁéﬁ ﬂ ﬂ;n;;ﬂ d ﬁd ﬂ -ﬂx? i‘*g‘?
P o000km 18,000Km 400Km 9,700Km 450Km 16,000Km
Chile Japan South Korea USA Europe
e T — B
A\ N4 —
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@brgm Difficulty in satisfying demand and high price volatility

High price volatility Difficulties in matching supply to demand
ysse " Cours officiels LME de Al, Pb, Zn comptant c Copper
ebigﬁ] = (hssée:ol:esnfeenao;v}::;'%ows} opper & 3 5
source : LME (www.Ime.com) 5 1000 80 2
4000 +-
e A oA Reserves
3500
~ Plomb, cours LME officiel comptant 750 60 30
500 40 25
Production
250 20 20
Production
T = £ T E = T o o o o
i & & & & & & & 8 & 8 5 =8 L 2020 2022 2024 2026 2028 2030
. . . . Copper reserves and production compared to demand in the SDS and STEPS
« Strong increase in prices = slowing down

the deployment of the energy transition.
- Volatility is not good for industrial
consumers

16

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR

scenarios (source IAE)

- Growing tension and difficulties in meeting demand



Géosciences pour une Terre durable

@hrgm
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Oriqgin of critical raw materials used in Europe (RM scoreboard 2021)
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European dependence on raw materials supply

Extractive and processing
activities have been progressively
relocated to countries with low
labour costs and less concern for
environmental impact.

The EU is more than 50% import-
dependent  for  around 20
substances.

78% of European Lithium comes
from Chile, over 70% of Platinoids
from South Africa, over 70% of
Cobalt from DRC and 99% of
Rare Earths from China.



@hrgm Recent events show the importance of securing supplies

0-5% 15-30 %
a 545% [ >30% .
Example of the invasion of Ukraine by Russia I 3 |
Li Be B o} F Ne
Many European manufacturers depend on
Russia for their metal supplies: titanium Na || mg Al s|lall a

sponges for aeronautics, nickel crisis on the
LME in March 2022...
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What could a crisis between the US and
China over Taiwan look like?

89
Actinides : Ac

@ Grsicances past wse lew
Source : European Commission, 2020 h rg m

* Based on trade data (2012-2016), % of total imported tonnages by category

Share of imports of some strategic materials from Russia to the EU, 2012 -
2016 data (source Commission Européenne, BRGM)
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1.Increasing demand for raw materials...

2....

Resources needed for the energy transition
Resources needed for the digital transition
A demand intensified by the global economic growth

with limited resources...
Raw materials unequally produced in the world
Dependence for your supplies
Risks of supply interruption for consumers

3....

requires you to secure your supplies...
Raw materials criticality assessment
European initiatives
Solutions to secure our supply

4....
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and more and more in a responsible way.
The challenge of the mining industry
Responsible mining and responsible supply
Example of the aluminum GES emissions management




Gbrgm Raw materials criticality assessment

= Various methodology to evaluate the criticality of supply but Approche BRGIM:

always based on the supply risk in relation to the strategic
importance of the substance

BRGM methodology based on various criteria:

= Main hazards (causing a gap between supply and demand):
+ Logistical disruption
* Price increase

Faible

Importance stratégique pour l'industrie francaise

«  Geopolitical event

Faible Moyen Fort

= Main vulnerabilities

) ) ™ A I'OCh e Re nau It. Risques sur les approvisionnements
* Loss of incomes / business PP

+ Loss of first necessity product s _A
« Strategic vulnerability

Wfe : Pt

A Cu

= Capacity to react to a supply disruption E . cr-Tb Pd_|meh ,
;i; _AAgl’m} e La.xscbe
W ®tn I WNb |
- Each consumer (region, country, industrial) has is own critical o Mo | naw ooy
raw materials depending on its needs =
1
1 2 3 4 5
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@brgm Raw materials criticality assessment

ﬁ

The Critical Minerals to

China, EU, and
U.S. Security

Governments formulate lists of
critical minerals according to their
industrial requirements and strategic
evaluations of supply risks.

é‘o B Psation: ~ Uranlum
23 T ) 3

e
== AL >k
> Aluminum/  Antimony Cobalt
The European Union is a

i bauxite
significant importer of coking e
coal used in steel production, \ Cu Caf
As . Copper Fluorspar Graphite  Lithium
Arsenic ™

China leads in mineral processing,
controling 100% of the world's
refined supply of natural graphite,
over 90% of manganese, 70% of
cobalt, nearty 60% of lithium, and
40% of copper refining.

Au

\ Zirconium

Ni .
BaSO, 8 g . Nickel Rare earths  Tungsten | ( Ceslum
Barite  Beryllium - ==

Chromium
Bi

Bismuth Germanium Hafnlum Magnesium Manganese /"
Indlum Rubidium

Niobium Platinum Tantalum  Titanium /,/""

Samarium  Tellurium

Vanadium

Source: IRENA, The US. Departrment of Energy Note: Data a3 of September 2023

ELEMENTS [&)] ELEMENTSVISUALCAPITALIST-COM
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= EU critical raw materials list updated every 3 years

= Critical substances: raw materials that are
important to the European economy and present a
high risk of supply disruption.

= European Funds to CRM project development

Nickel  Graphite naturel
Hélium  Niobium  Gallium Manganése Titane métal wm:u e
teres s lowdes. Germanium  Antimoine  Phosphore  Feldspath  sieum méustique
Cobalt Arsenic  AuminumBause Charbon dcoke  Spath fluor Phosphorite
Magnésium Scandium  Lithium  Tererelégie  Tantale  Vanadium
Tungsténe  Hafnium  Strontium  Barytine  Bismuth Bore/Borate

Béryllium Cuivre
34 critical raw materials for EU

including 17 strategic ones (orange)



6 bseosumes pour une Terre durable

European Critical Raw Materials Act
2030 benchmarks for strategic raw materials:

EU EXTRACTION
At least 10% of
the EU’s annual
consumption for

EU PROCESSING
At least 40% of
the EU's annual
consumption for

EU RECYCLING
At least 15% of
the EU’s annual
consumption for

EXTERNAL SOURCES
Not more than 65%
of the EU's annual
consumption of each

extraction processing recycling strategic raw material
at any relevant stage
of processing from a
single third country
European

Commission

Comprehensive set of actions to ensure the EU's
access to a secure, diversified, affordable and
sustainable supply of critical raw materials:

¢ Simplification of administrative procedures
¢ Financial support for R&D and new projects
¢ National exploration programmes

¢ Coordination of EU strategic stocks

¢ Audit of company supply chain resilience
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Critical Raw Materials Act (European CRM Act)
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* The European Union is working to recover its
independence - 6 billion euros of public funds
have been released to support the construction
of giant battery production plants.
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@5~ Solutions to manage your supply

US$/kg

Recycling is an opportunity to be taken in terms of sso0 (P e v FoB e & T e T
. . . . (source : www.metal-pages.com) M
relocation, industrial control, resource saving and o B
SOVG reig nty = Prix du dysprosium en Usslkg‘ '&h,/'/ \\\\
But implementation is difficult: e & 1 o
Collection of end-of-life products & G
. . . £ N
Efficient recycling processes & oy
. N 1500 6“), \\o,
Processing industry N
1000 y it - N 244 kg ]
A , o " i
'% ,/ 500 2002-20( -~ N . li
g / Al _’_,J, \_“\_—-—a—n_\ﬂ,/‘
o i ’
¢ _current demand 0

1/01/03
1/01/04
1/01/05
1/01/06
1/01/07
1/01/08
1/01/09
1/01/10
1/01/11
1/01/12
1/01/13
1/01/14
1/01/15
1/01/16
1/01/17
1/01/18
1/01/19
1/01/20

minimum gap to be filled
by primary resources today

Example of Rare Earths:

. = theoretical recycling Strong Chinese pressure in 2010-2011
Recycling | potentia

Sobriety
Substitution

International diplomacy

Industrials partnership

Responsible design of products

Dramatic rise in prices

Y

Vulnerability of Western players, particularly for permanent magnets
Technological substitution:
Response from several European manufacturers

Car engines (Renault, BMW): copper coil or induction motors

Wind turbine rotors (Enercon): induction magnets
23

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR



@ hﬁeas eeeeeee pour une Terre durable
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Summary

1.Increasing demand for raw materials...

Resources needed for the energy transition
Resources needed for the digital transition
A demand intensified by the global economic growth

..with limited resources...

Raw materials unequally produced in the world
Dependence for your supplies
Risks of supply interruption for consumers

..requires you to secure your supplies...

Raw materials criticality assessment
European initiatives
Solutions to secure our supply

..and more and more in a responsible way.

The challenge of the mining industry
Responsible mining and responsible supply
Example of the aluminum GES emissions management
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@brgm Opening new mines is an extremely difficult challenge

* Numerous barriers: long and costly exploration

Global average, 2010-2019

phaseS, h|gh CAPEX, admInIStratlve d|ff|CU|t|eS, z = Construction  Construction
. . Discovery, exploration to feasibility planning to production
opposition from local populations, etc.
12‘5 1.8 -

- Need to integrate the environmental impact
which depends on each ore and site: CO2
emissions, water consumption, pollution and
waste, land use, etc.

3 6 9 12 15 18 Years

Average time necessary between discovery of a deposit and its production (source IEA)

Water use (my/kg)
20

* Need to take into account the concerns of local
populations >  Sustainable development

u Processing u Mining
15
0.100
objective 0
0.010
5 .
» - I I 0.001
A A R AV .
~ P _ | . . [ il l I
e > B gy lronand  Zinc  Refined Lithium Class 1 Aluminium Cobalt 0.000
n ’.' # -~ !
| / A =

1CO;-eq per tonne of metal
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HELP SAVE THE WORLD § v w0 GHG emissions and water use in the production of some raw materials (source IEA)

BY STARTING HERE.
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Several international initiatives: IRMA, ICMM, IAl, EITI, Kimberley Process, etc.

Consideration of environmental impacts:

= Water consumption

= Greenhouse gas emissions
= Waste management
= Biodiversity

= Site restoration

Consideration of social impacts:
= Populations concerned
= OHS
= Employment and training
= Site closure management
= Diversity, inclusion, equality

Consideration of societal impacts:
= Local taxation
= Governance
= Regional economic development
= Land use
= Areas of conflict
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Responsible mining and responsible supply

&) OCDE

Various impacts: noise, dust, visual

226000

IRMAX

Initiative for Responsible

Mining Assurance

©

onsible’

D

D

ICMM Ik A

International Council Finance

on Mining & Metals f,;’,,{np&ﬁi,f;g"

. Global 4
Reporting )
Initiative™ "o inteicne



@hrgm Energy consumption and greenhouse gas emissions
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Electrical origin of aluminium smelters in some regions of the World (source IEA)

= Carbon footprint: between 5 and 25 tons of
CO2eq per ton of aluminum produced
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The various initiatives to reduce emissions:

Responsible sourcing at the LME: LME
passport and green brand

Carbon taxes: Around twenty countries
around the world have already introduced
carbon tax systems of varying degrees of
constraint (Canada, Norway, EU).

National initiatives: the United Arab
Emirates has a national strategic plan to
use 70% low-carbon electricity by 2050 for
its aluminium industries.

Company initiatives: objective of market
differentiation, cost reduction, R&D, etc.
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