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Context and objectives

« Economic importance:

Importance of a raw material per economic sector and importance of the
sector in the selected economy

» Supply risk:

Political and economic stability
Level of production concentration
Potential for substitution
Recycling rate

« Environmental country risk:

Risk of environmental protection measures by supplier countries
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Context and objectives
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* RMs are key enablers for all sectors of the global £ a{

economy. Ei_a e’
Renewables Photovoltaics Wind Generators Robotics

CRMs are essential prerequisites for the development of strategic

sectors such as renewable energy, electric mobility, defence and 7 ;7
aerospace and digital technologies. - - -
d 8

e-mobility Batteries Traction Motors Fuel Cells

« Most nations are largely dependent on imports and
exposed value chains:

Following the global energy transition, the consumption of metallic .
RMs necessary for wind turbines, PV panels, batteries and

hydrogen production and storage will drastically increase

Defence &
Space Drones (UAV) 3D Printing (ag

used by sector used by ather technology (icen)
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Resources Technology and CRM

Our growth opportunities in Resource Technologies

Develop Develop cross-
technologies to cutting

recover value manufacturing
from waste technologies

Growth opportunities in Critical Minerals

Leverage
rnvironmental, social

and goverance
credentials
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Critical raw materials in strategic
technologies

» Advanced (Li-ion) battery technology:

Becoming a mature technology with a wide range of
applications. Li metal oxide batteries use Ni, Co, Al, Mg,
Graphite, Nb etc.

« EU produces only 1% of battery materials:

Co supply risk (DRC, Li (Chile), not all Ni in the global
supply chain is suitable: Ni sulphate is the preferred form,
risk in Ni refining capacity due to price volatility

» Strategic Action Plan:

Diversifying supply, recycling and reuse, substitution

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

Graphite: natural or synthetic
high-grade purity in anode electrode
in all Li-ion battery types

Silicon: in (future) anodes to
enhance energy density

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

Aluminium: for battery
packaging or as current collector
foil (cathode), in NCA batteries

—0

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

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

Lithium: as lithium-cobalt oxide
(cathode) and as salt (electrolyte) in
Li-ion battery

Manganese: in cathode materials
for NMC and LMO batteries

Nickel: as hydroxide or intermetallic
compounds in NMC, NCA batteries
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Critical raw materials in strategic

technologies

 Wind Turbine Generators:

Wind energy is one of the most cost-effective technologies
of climate-change mitigation

 Critical supply issues concerning REEs:

Supply not sufficient to meet the growing demand for the
global transition to sustainable energy; near-monopolistic
China

» Strategic Action Plan:

Develop appropriate recycling technologies; reduce certain
REEs (e.g. Dy)

Iron: as cast iron or in steel
composition for tower, nacelle,
rotor and foundation; in 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

Nickel: in alloys and stainless steel

for different components of the
turbine

Niobium: a microalloying element @
in high strength structural steel for

towers of a turbine

Boron: in composition of
neodymium-iron-boron (NdFeB)
magnets or as lubricant
B @ Dysprosium: important additive of
neodymium-iron- boron (NdFeB)

permanent magnets

B @ Neodymium: in NdFeB permanent
magnets for electricity generation

— Q 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
sheathing in electricity transmission

(offshore) @ Critical Raw Material
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3D Printing (Additive manufacturing)

» 3D printing (3DP) disrupts traditional supply
chains:

Replaces conventional manufacturing technology. #DP has
a potential to reduce supply risk for high performance,
lightweight components and assemblies

» 3DP offers specific advantages:

It allows for more prototyping and design freedom, weigh
reductions to optimized designs and more complex
geometries and customization in serialized production

* New materials can be used:

Development of new metal powders, intermediate alloys
and metalloids (metal polymer blends)

Aluminium: main alloy family = @ Niobium: in super-alloys, Ti-Al-Nb
used in 3DP for aerospace, light alloys, in engines, blades, valves,
and stiff, cabins interiors A4 rotors

Iron: main alloy family of stainless = |I Scandium: for lightweight - high
Stefls instructural and engine strength non-structural parts and
parts

fittings
Nickel: for Ni and Ni-Ti alloys
(Hastelloy series), ductile and
corrosion resistant, in turbine and
engine parts

Silicon: as alloying element in

e light-weight Al-Mg alloys

Copper: alloying element in Ni and

- ) ! | Tungsten: in various heat resistant
Titanium: main alloys family. super-alloys super-alloys, in stainless and
Ughter than ALMa alloys,high . hardens tool steels, turbine blades
strength, for aerospace and medical @ Hafnium: Ni-based super- and vares
Magnesium: in high- = alloys, h‘\gh strength-high temp.
performance Al-Mg alloys applications Vanadium: alloying element in

Manganese: as alloying element in various Ti-Al alloys

Chromium: corrosion resistant in various Ni-alloys

CoCr alloys, gas-turbines, engines,
dental and medical

Cobalt: in various super-alloys, @
CoCr, in gas-turbines, engine,

dental and medical

Zirconium: element in Ti-alloys, in
Bulk Metallic Glass, sprockets,
springs, gears, sensors
Molybdenum: Alloying element in
various Ti-alloys, adds strength
@ (Critical Raw Material
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Additive manufacturing: The
opportunity for producers

« Main Advantages of additive manufacturing:

Possibilities for reduction, substitution, recycling and mitigation in the use of
CRM in traditionally manufactured components. Market is growing by approx.
50% in the next 5 years with the aerospace, automotive and medical device
industries leading the way

« EU is the major supplier of processed materials:
Largest producer of materials required in 3D printing technology ~54%

» Bottleneck in the supply chain:
Raw Materials

* Mastering the quality of 3DP/Additive Manufacturing:
A core element in maintaining EU competitiveness

Market-prospects.com
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Thank you

Make tomorrow better.



