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Role of Clean energy materials and their supply
iIn the Energy Transition

Energy transition:
Rapid deployment of renewables to meet climate targets

Shift from fuels to technologies, manufacturing, materials

» The energy transition is a materials transition

« Manufacturing renewable plants, electric vehicles, etc. requires raw materials and a whole
supply chain up to the final technology
. Which are our materials needs for meeting our targets and how resilient is their supply?



Critical Raw Materials Act

Ensuring a secure and sustainable supply

of critical raw materials for the EU

« Setting priorities

« Creating secure and resilient supply chains

« Risk monitoring and mitigation

« Improving sustainability and circularity of critical raw materials on the EU market
« Diversifying the EU imports of raw materials
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2023 Critical and Strategic Raw Materials

including Strategic Raw Materials (in

), new CRM in bold, ex-CRM struck-out

Antimony Coking Coal Lithium Phosphorus
Arsenic Feldspar Light Rare Earth Elements Scandium
Baryte Fluorspar Magnesium Silicon Metal
Bauxite/Aluminium  Gallium Manganese Strontium
Beryllium Germanium Graphite Tantalum
Bismuth Hafnium Niobium Titanium Metal
Boron Helium Platinum Group Metals Tungsten
Cobalt Heavy Rare Earth Elements  Phosphate Rock Vanadium
Pletesl s bher Focboen Copper* Nickel*
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Materials and supply chains — Foresight report

Two main dimensions:

JRC SCIENCE FOR POLICY REPORT * Supply chain analysis
il eteigsinie i i * Demand forecast and supply/demand balance

in the EU - A foresight study

Carrara, 5., Bobba, 5., Blagoeva, D, Alves Dias, P,
Cavalli, A, Georgitzikis, K., Grohol, M., Itul, A,
Kuzov, T, Latunussa, C, Lyons, L., Malano, G,
Maury, T, Prior Arce, A, Somers, J., Telsnig, T,
Veeh, C, Wittmer, D, Black, C, Pennington, D.,
Christou, M.
2023
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=
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Foresight report:
15 technologies in 5 strategic sectors
(renewable energy, e-mobility,

, ICT, aerospace & defence)
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Supply chain analysis

What are the components, the
processed and the raw materials used
in clean energy technologies?

Y
- - Isthe EU exposed to any vulnerability
N\ along the supply chains?

What actions can be taken to
overcome these bottlenecks?

How can the European industrial
development be supported?
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Supply chain analysis — Wind: raw materials

Iron: 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 silicone in
polymers (sealants, adhesives, lubricants)

. Strategic Raw Material

@ Critical Raw Material

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

cables, inverters, control systems

electricity transmission (offshore)

different components of the turbine

Lead: for soldering or cable sheathing in

Nickel: in alloys and stainless steel for

Copper: widely used in generator windings,

Boron: in composition of NdFeB permanent
magnets or as lubricant

Dysprosium: important additive of NdFeB
permanent magnets

Neodymium: in NdFeB permanent magnets
for electricity generation

Praseodymium: together with neodymium
in permanent magnets
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Supply chain analysis — Wind: supply chain ()

Dysprosium

Terbium - [
Niobium - [

Boron
Neodymium
Praseodymium
Silicon metal
Aluminium
Manganese
Molybdenum
Chromium
Nickel

Iron ore
Silica
Aggregates
Zinc

Copper

Lead
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Processed materials

Balsa wood

NdFeB permanent
magnet alloys

PE (polyethylene)

PET

Polyurehtane
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Steel

Carbon fibres

Cement
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Glass fibres

PS (Polystyrene)

Epoxide resins

0 2 4
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Nacelle casing

Blades
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Shafts
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Tower (concrete)

Components Assembly

Power
generator
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Super
assembly

Wind
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Supply chain analysis — Wind: supply chain
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Supply chain analysis — Solar PV: raw materials

Aluminium: in panel frames and
inverters or in alloys for construction and
support

Iron: in steel alloys for different parts and in
fixing systems

Lead: in alloys with tin as solder for electric
circuits and interconnectors

Nickel: in electroplating or in stainless steel
frames, fasteners and connectors

Zinc: as transparent conductive oxide in the
front contact of solar cells

. Strategic Raw Material

. Critical Raw Material

I

Boron: as dopant in crystal lattice of
the silicon-based wafers

Germanium: as semiconductor
materials for multi-junction solar cells
for space applications

Silicon: as semiconductor materials in
crystalline solar cells

Silver: as conductive paste on front
and back side of the crystalline solar

000060006

Copper: highly used for wires, cables, inverters,
also in thin-film copper indium gallium selenide
(CIGS) technology

Selenium: in thin-film CIGS solar cell

Indium: as indium-tin-oxide (ITO) conductive layer
or in CIGS technology

Molybdenum: as back contact for CIGS or in
stainless steel frames

Gallium: as dopant in semiconductors or in CIGS
technology

Tin: in combination with lead for
soldering or with indium in
ITO conductive layers

Tellurium and Cadmium: in thin-film cadmium
telluride (CdTe) PV technology

European
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Supply chain analysis — Solar PV: supply chain (I)
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Supply chain analysis — Solar PV: supply chain (ll)

Raw materials Processed Components Assemblies
materials
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Supply chain analysis —
Technology overview

Technologies: Li-ion Batteries, Fuel cells,
Electrolysers, Wind turbines, Traction motors,
solar PV panels, Heat pumps, H2-DRI,

Data transmission networks, Data storage and
servers, Mobile Devices, 3D printing, Robotics,
Drones, Space launchers and satellites.

 EU shows significant vulnerability along the
supply chains examined: only 17 bubbles are
grey out of a total of 70.

 The raw materials step is systematically
critical for all technologies. Here, the EU
share in global production is never higher
than 7%.

« The EU is reasonably strong in the
manufacturing of the final technologies.
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Demand foresight and supply/demand balance

What will be the future demand of
energy technologies, components,
processed and raw materials?

[
NP
- - How does future demand compare to
2\ supply?

Which materials have a critical
demand growth?

What are the effects of technological
developments and material intensity?

European |
Commission




Forecast analysis — Material demand scenarios

© EUFWindannualideployed capacity Material demand forecast - Wind turbines - EU
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Objective: support policy making

Possible actions to increase resilience of supply chains

Challenging but feasible

Well adapted to some technologies  Targeted diversification

Technology * Based on International Cooperation and

* Based on availability of tech solutions i Strategic Partnerships

(esp. for onshore wind; PV cells)

Diversificatio Untapped potential

Challenging, long-term of supply * Medium- / long-term

Recycling & g Recycl. volumes to increase
Resource

EU domestic'\ efficiency
production &
manufacturing

* Both materials and designs

+ R&D efforts (incl. through Horizon
Europe) for innovative efficient
technologies

* Recycling needs to start now

Promising potential
* Important for raw materials and downstream
categories (components and assemblies)

* Public acceptance & responsible
mining * Respect social/environmental standards

Fair and sustainable conditions

TR &L ELI-N  ° Promoting responsible mining practices
and ensuring level playing field

 Strategic investments
* Increased public acceptance

European
Commission




Advanced materials for substitution
In the clean energy sector

« Advanced materials can contribute to CRM
substitution, potentially reducing the EU
dependency on third countries, making the relevant
supply chains more resilient and increasing the EU
strategic autonomy.

« Their impact could be particularly significant in
sectors such as renewable energies and mobility,
where demand is expected to grow while EU
production potential is limited.

« Our recent Science for policy Brief reviews how
advanced materials can contribute to decrease the
use of CRMs in clean energy technologies

* Full report: Autumn 2024

Europe:
Commissi
SCIENCE FOR POLICY BRIEF !

Advanced materials for

an
ion

substitution

in the clean energy sector
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- Advanced materials play a crudial role in
the development of clean energy technolo-
gies by enhancing performance, reducing
costs and increasing sustainability. They
foster innovation in industries and tech-
nologies, which can boost the EU's
economic competitiveness and growth.

- Advanced materials also contribute to criti-
cal raw material substitution, thus
potentially reducing the EU’s dependency
on third countries.

IIIIIIIIIIII

Advanced materlals are engineered to possess
spedfic properties that go beyond those of traditional
materals. They offer superior cost and operational
performance, are more sustainable or recyclable or
can replace strategic or critical materials used n a
similar function. Marny advanced matertals have been
successfully adopted by the markets and are now
used In a wide range of applications. Examples
Include super-alloys, polymers, nanomaterials, carbon
matertals, optical, electronic and magnetic

xtremely important for
increasing the resilience of the relevant
supply chains and increasing the EU's stra-
tegic autonomy.

As such, they are e

- The impact of advanced materials substitu-
tion to reduce dependence on critical raw
materials could be higher in sectors such
as renewable energies and mobility, where
demand is expected to grow or remain high,
and European production potential is im-
ited.

to circulanty, zero-pollution, climate contribution, and
traceability, aligned with the broader goals of
sustainability [1)

New materlals appear corntinually In the course of
Industrial progress, following more shallow or deep
Irnovations. While advanced inatertals hold great
proivise for long-tenm Innovation, thelr widespread

are met. Challenges related to cost, scalability,
, il

superconductors, techrical ceramics, composites and

Irstitutiors and contributes to the creation of more
efficlent, sustainable and cutting-edge technologles.
Advanced materlals are also expected to offer
efficlent resporses to addressing challenges related

regulatiors, dards, risk aversion
and market dynamics have to be considered.

ralC Next-generation, solution-oriented advanced

materals will play a relevant role and already have
strategic Importarce for econol|
Industrial competitiveness of the Europear clean
energy sector. Europe Is a global leader In advanced
materals and processes, which make up 20% of Its
Industrial base [2] It Is now linperative that this

nic growth ard the
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and keep In touch
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