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Agenda

Premiere partie: 5 minutes

*Background

Deuxieme partie: 10 minutes

*Les opportunités technologiques de I'industrie miniere du futur
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Background

. Premiere partie
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34 Critical raw materials (CRMSs)
« High economic importance for the EU
Helium | Niobium | Gallium  Manganese memmnent e ® HIgh risk of supply disruption

Nickel Natural Graphite

neymessneenes. Germanium  Antimony  Phosphorus  Feldspar  Silicon metal

Cobalt  Arsenic auminiumsauie Coking Coal Fluorspar Phosphate Rock

Magnesium Scandium Lithium umeccweaea Tantalum Vanadium

Key objectives of the Critical Raw Materials Act

Tungsten Hafnium Strontium Baryte  Bismuth Boron/Borate

The regulation sets clear benchmarks for domestic capacities along the
strategic raw material supply chain and aims to diversify EU supply by 2030
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Major EU suppliers of CRMs (2023) and their level of governance 10 new metal mines
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Solar PV supply chain

Module Mounting ‘ Inverter

Mining & Electrochemical

—  production > Manufacturing > End-use —> End-of-life oo
( X J

Feel inspired Wallonia.be

EXPORT
INVESTMENT

Processing



Wind supply chain

Mining &

Processing »  Manufacturing » End-use —— End-of-life
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Lithium-ion battery supply chain

Mini El hemical
ining & ectrochemica Manufacturing > End-use ——  End-of-life Wallonia.be
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Current  Project | Current  Project | Current  Project | Current Project | Current  Project
pipeline pipeline pipeline pipeline pipeline

Solar PV Wind Batteries Electrolysers Heat pumps

m China OViet Nam OIndia O European Union OUnited States O Other

IEA. CC BY 4.0.

Concentration geographique actuelle et prévue des activites .
de fabrication des principales technologies propres °°
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Conserver les

Initial selling of product
Initial waste streams
Recirculating of product
Sacondary selling of product
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renewable energy
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Technologies clés

0], [0°

Fuel cells Electrolysers

T e 1

Secteur: 7

én erg I €S Wind turbines Traction motors
renouvelables

Heat pumps Hydrogen direct reduced iron and Data transmission networks

electric arc furnaces (H2-DRI)

Additive manufacturing (AM)

oo
Robotics Drones Space launchers and satellites 'Y
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Technologies clés secteur stratégigue energies renouvelables

Copper: as current collector foil at anode
side, in wires and other conductive parts AN

Graphite: natural or synthetic high-
grade purity in ancde electrode in all Li
ion batteries

Silicon: in future anodes to enhance
energy density

- +

Titanium: in future anode materials and
coatings, in LTO, for battery packaging

Phosphorous: in cathode materials in
LFP batteries

. Strategic Raw Material
. Critical Raw Matenal

Amérique Latine:
16% matieres premieres

@_
@_
@_

Platinum group metals: Iridium, Palladium,
Platinum, Rhodium, Ruthenium as catalysts

Gold: coating of cell plates

Cobalt: electrodefcatalyst, bipolar plates

Chromium: electrode/catalyst, bipolar plates,
casings, gas diffusion layer (GDL), porous
transport layer (PTL), interconnectors

Potash: electrolyts

Aluminium: for battery packaging or
as current collector foil (cathode), in
cathode materials of NCA batteries,
high purity alumina (HPA) in coatings

Niobium: in future anode and
cathode material (coatings) to
improve stability and energy
density

Source: JRC analysis

e

Zirconium: solid electrolyte, separator, diaphragm e

Silver: current collector, brazing alloy

Titanium: separator plates and current collectors,
GDL, PTL, bipolar plates, catalyst

bipolar plates, PTL

Nickel: electrode/catalyst, porous transpert layer, 0

. Strategic Raw Material

@ Ciitical Raw Material

Amérique Latine:

Boron, Limestone, Magnesium,
Silicon, Tantalum: sealants

Rare Earth Elements: Cerium
(Ce), Gadolinium (Ga), Lanthanum
(La), Scandium (5c), Yttrium (Yt)
(e, Ga, La as electrode/catalyst;
La, Yt as sealants; Ga, Sc, Ytin
electrolytes, inermediate layers
and interconnectors

Crsmrmn. I mmabosmis

00000060

Cobalt: in cathode materials in LCO, NCA and
NMC batteries

Lithium: in cathode materials (LMO, NMC,
NCA, LMO, LFP, etc)) and as salt (electrolyts).
Li metal in future anodes

Manganese: in cathode materials
for NMC and LMO batteries

Nickel: as hydroxide or intermetallic
compaunds in NMC, NCA batteries

Natural graphite: electrodes, separator plates,
support for catalysts, bipolar plates, GDL. PTL

Zinc: electrodes

Vanadium: electrodes

Strontium: clectrode/catalyst, sealant

Baryte: electrode, sealant

Manganese: electrode/catalyst, bipolar plates,
GOL, PTL

Molybdenum: electrode/eatalyst, bipolar plates,
GOL, PTL

Aluminium: electrode/catalyst and sealant

Iron ore: electrode/catalyst, bipolar plates,
interconnectors, GOL, PTL

Copper: electrodejcatalyst

Matieres premieres: 13% AWE, 8% PEM, 12% SO, 12% AEM

Nickel: in the compaosition of anode for
SOFC

Gadolinium: in the composition
of anode and electrolyte for SOFC

Cerium in the composition of anode and
electralyte for SOFC

Yttrium in the composition of anede
and electrolyte for SOFC

Zirconium in the compasition of anode

and electrolyte S0FC

. Strategic Raw Material
. Critical Raw Material

materials for SOFC

Strontium: in the composition of cathode
materials for SOFC

L Manganese: in the composition of cathode
material for SOFC

@ Lanthanum: in the composition of cathode

L

Amérique Latine:

Cobalt: in the composition of cathode material
—@ for SOFC and as catalyst replacing platinum in
PEMFC

—e Platinum: as catalyst in PEMFC
. Palladium: as catalyst replacing
platinurm in PEMFC

—@ Ruthenium: as catalyst replacing platinum in
PEMFC

- Iron: in stainless-steel for the bipolar plates and
in the composition of cathode materials for SOFC

—o Iridium: as catalyst replacing platinum in PEMFC

Source: JRC analysis

7% matiéres premieres, 1% matériaux transformés

Iren: as cast iron or in steel composition
for tower, nacelle, rotor and foundation; in
neodymium-iron-boron (NdFeB)
permanent magnets

Chromium: essential for stainless steel
and other alloys in rotor and blades

Manganese: essential for steel production
used for many parts of a turbine

Molybdenum: in stainless steel
composition for many components of the
turbine

Zinc: in protective coatings against
corrosion

Niobium: a microalloying element in high
strength structural steel for towers of a
turbine

Silicon: as alloying element in high-
performance steels and as silicene in
polymers (sealants, adhesives, lubricants)

. Strategic Raw Material
. Critical Raw Material

Ameérique Latine:

18% matieres premieres, 9% matériaux transformes,

Boron: in composition of NdFeB permanent
magnets or as lubricant

Dysprosium: important additive of NdFeB
permanent magrets

Neodymium: in NdFeB permanent magnets
for electricity generation

Praseodymium: together with neodymium
in permanent magnets

Aluminium: as lightweight material in
nacelle equipment, blades, etc

Copper: widely used in generator windings,
cables, inverters, control systems

@ Lead: for soldering or cable sheathingin

electricity transmission (offshore)

Nickel: in alloys and stainless steel for
different components of the turbine

Wallonia.be

3% composants, 5% assamblages



Technologies clés secteur stratégigue energies renouvelables

Palladium: used to make printed circuit
boards, which are used in the compressor,
controller and fan

Silicon: used to make printed circuit boards,
which are used in the compressaor, controller
and fan

Nickel: used to make steel for various
components; also directly used for printed
circuit boards, which are in the compressor,
controller and fan

Chromium: used in the compressor motor,
drive, and piston

. Strategic Raw Material
. Critical Raw Material

=

Boron: used in permanent magnets

Dysprosium: used in permanent
magnets

Neodymium: used in permanent
magnets

Iron ore: used to make steel for the compressor,
heat exchangers, housing and piping; also for nodular
cast iron, used in sheet metal for housing

Molybdenum: used to make steel for various
components

Zinc: used to make sheet metal for use in the
housing

Silver: used in piping

Aluminium: used in piping and heat exchangers

Copper: used in heat exchangers, piping, valves and
wiring

Fluorspar: used in refrigerant

Amerique Latine: 17% matieres premieres

Wallonia.be
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Se positionner face a la demande croissante de métaux pour
la transition énergétique

Opportunitées pour les entreprises wallonnes
 Développement de technologies avancées
 Automatisation de I'exploitation miniere

e Partenariats stratégiques

* Innovation dans le recyclage

Avantages concurrentiels

* Acces a de nouveaux marchés

* Diversification économique

Feel inspired 1 Wallonia.be



Répondre aux exigences ESG et aux innovations technologiques

Alignement avec les considérations ESG
 Technologies vertes

 Amélioration de I'empreinte sociale

Avanceées technologiques clés

* Intelligence Artificielle (IA) et Internet des Objets (loT)
* Plateformes numériques pour ESG

Feel inspired 17 Wallonia.be



Conclusion : Technologies et Synergies

Les technologies innovantes issues de divers domaines se renforcent mutuellement, offrant des perspectives
nouvelles pour l'industrie miniére :

*Outils de numérisation
« Capteurs d'identification par radiofréquence (RFID)
 Equipements portables
* Drones et satellites
Mégadonnées ("Big Data")
« Ultilisées en apprentissage automatique et intelligence artificielle
‘Intégrateurs de mégadonnées
« 5G
* Internet des objets (loT)
» Logiciels de gestion de systemes
« Technologie "blockchain”

*Optimisation des processus : \
TN

- Equipements automatisés et véhicules électriques | AR

« "Jumeaux numériques" R0b0m|ners

» Technologies de gestion de l'eau et de récupération des résidus

* Production d'énergie renouvelable ooe

Feel inspired 1 Wallonia.be
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