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Source: Zepf et al. 2014. Materials critical to the energy industry.
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Materials for the energy transition

Critical materials in the energy transition

Definition (IRENA, 2024): Critical materials are the resources needed to
produce numerous key technologies for the energy transition, including
wind turbines, solar panels, batteries for EVs and electrolysers.

Permanent magnets for wind turbines require rare earth
metals such as neodymium and dysprosium,

CRITICAL \
MATERIALS

Permanent magnets for electric vehicles require rare
earth metals such as neodymium and dysprosium,

Batteries for electric vehicles and stationary ar—a
battery systems typically use lithium, { —~at 5 |
|
Solar energy technologies use s
large amounts of copper and silver, e
IN THE ENERGY I
TRANSITION The transmission and distribution cables that make R
up the electricity grid are composed largely of copper. &
O— £

Source: Critical materials (irena.orq), https://www.irena.org/Energy-Transition/Technology/Critical-materials



https://www.irena.org/Energy-Transition/Technology/Critical-materials
https://www.irena.org/Energy-Transition/Technology/Critical-materials
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Critical materials

Supply risk:

Trying not to rely on a single
provider (source)

* Includes aspects as
governance, trade
restrictitions, degree of
import...

* Availability of substitutes and
recycling reduce it

Likelihood of occurrence

Supply risk

critical

non-critical

Economic importance
Impact of disruption

Economic importance

Economic damages of disruption in the supply,
specially important the more strategic the field of
use is.

Again: Availability of substitutes and recycling
reduce it

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content



https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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Critical materials
Definition (IRENA, 2022)
Materials which...

* require a significant extraction effort
e a massive ramp-up of supply will be needed

Demand

* the production is concentrated in a few countries gy risk

» the quality of natural resources is declining

« prices have shown large fluctuations that reflect supply-demand
Imbalances.

Examples of non-critical materials

steel and concrete or aluminium: not considered to be critical,
despite a need for a massive ramp-up of supply: the resource is in
place and widely distributed
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Critical Materials

Top of important materials for Energy transition
By categories

Lithium plays a crucial role in renewable energy technologies
four REEs (neodymium, praseodymium, terbium and cerium)
borates,

Gallium

natural graphite

cobalt.

o 0hAWNE

The critical raw materials most in demand are:
1. feldspar,

2. Strontium

3. lanthanum

4. phosphorus.

Gypsum, selenium and silica are the most required non-critical raw
materials.

Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/5



https://rmis.jrc.ec.europa.eu/techprofiles/ind/5
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Critical Materials

Goals from the EU Critical material Act (2019)

* Atleast 10% of the EU's annual consumption for extraction

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

* Atleast 15% of the EU's annual consumption for recycling

« Not more than 65% of the Union's annual consumption of each
strategic raw material at any relevant stage of processing from a
single third country.

» Defines critical AND strategic raw materials

Source: Critical and Strategic Raw Materials identified



https://www.crmalliance.eu/post/critical-and-strategic-raw-materials-identified#:~:text=The%20Regulation%20aims%20to%20propose%20a%20comprehensive%20set,first%20time,%20a%20list%20of%20strategic%20raw%20materials.
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Critical materials
Definition (IRENA, 2022)
Critical materials are those which...

* require a significant extraction effort
e a massive ramp-up of supply will be needed

Demand

* the production is concentrated in a few countries gy risk

» the quality of natural resources is declining

« prices have shown large fluctuations that reflect supply-demand
Imbalances.

Strategic raw materials are...
Critical materials of strategic importance for the EU strategic objectives (i.e. military
defense, green transition, digitalization). Characterized by:

(1) high expected demand growth

(2) a difficulty to significantly increase production

(3) comparatively low level of identified economically extractable geological
resources (reserves) compared to current production
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Critical materials
Definition (IRENA, 2022)

Critical Raw Materials

Broad “important + risky” category

Focus: supply risk monitoring

34 materials

Identifies vulnerabilities

Strategic Raw Materials

Smaller priority subset of critical
materials

Focus: active industrial and
security policy

17 materials

Triggers stronger EU action
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SHORT TERM 202

Electrical Steel

Critical materials

0-2025

M Critical Near Critical  ® Not Critical
N
4 Lithium Dysprosium
Uranium 8 ‘ ¥eh
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Overview of critical materials

MEDIUM TERM 2025-2035

Importance to energy High )

Low

M Critical Near Critical ™ Not Critical
Lithium
4 O . Nickel
Uranium
gObat"t.t Dysprosium
Copper G;?Iri)ur:'le Iridium
3 Electrical Steel Pistiniim Neodymium
Silicon Magnesium Prasgodymlum
Silicon Carbide @ 1eroium
2 Manganese Aluminum
Titanium Fluorine
1 O O
Phosphorus Tellurium
1 2 3 4
Low Supply risk High )

Source: https://www.energy.gov/cmm/what-are-critical-materials-and-critical-minerals



https://www.energy.gov/cmm/what-are-critical-materials-and-critical-minerals
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By countries and their ,,governance*

Major EU suppliers of CRMs (2023) and their level of governance

_ Finland
_ Norway Nickel 38%
=~ Silicon metal 35%
:»'3( (,_-a’" £~ A Heaty,
.._A,o,—::ji‘:‘.\.;.; ‘Q j Y

) R Arsenic 59% S China
-~ €
T ;_;;:-:,Z;‘.., France Baryte 45%
‘ Dy s Tt Hafnium 76% Bismuth 65%
USA | Ve A Spain 7 : Gallium 71%
) N ¥ L R & Germanium 45%
Beryllium™ 67% - J Strontium 31% ey % = . Magnesium 97%
4 Morocco — irkiye \ /
5, Phosphate rock 27% h i ™ \Ant,'m%g’sﬁ%qj__ - Natural graphite 40%
_ T “yBoron9 LREEs 85%
Level of governance (based on e, Guinsa WSI N - \®| HREES 100%
average of six Worldwide ) Aluminium 23 i >/ % Scandium** 67%
Governance Indicators’, 2021) ' £0%Pan 33% (bauxite) 63% Tk ' Kazakhstan Tungsten 32%
m‘rj Phosphorus 71% Vanadium®™ 62%
; L Titanium metal 36%
B High (125 to 25) | Cobalt63% | 4 e
Medium (0.1 to 1.24) ) &b Tantalum 35% & .
Chile '/ 2 \ o Australia | ;
W Low(-124t00) " Brazil :
Lithium 79% > Niobium®* 920 % Coking coal 25%
W Very low (-1.25to -2.5) y : N
South Africa g
g Iridium** 93% &
= Palladium** 36% ~
< Platinum** 71%
Rhodium™ 81%
Ruthenium** 94% Italic: extracti h
* Including: Voice and accountability; Political stability and absence of Manganese 41% USRS ACTIR PR

regular: processing stage

violence/terrorism; Government effectiveness; Rule of law; Control of corruption ** share of global production

Source: https://rmis.jrc.ec.europa.eu/eu-critical-raw-materials



https://rmis.jrc.ec.europa.eu/eu-critical-raw-materials
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Production rates, historic data
Lithium

Currently, about 600 kt/a (per year!)

Global primary production
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EU World

Evolution of annual production (extraction/mining)
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Source: RMIS - Raw materials' profiles (europa.eu), https://rmis.jrc.ec.europa.eu/rmp/Lithium



https://rmis.jrc.ec.europa.eu/rmp/Lithium
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Production rates, historic data
Cobalt
Currently, about 160 kt/a (per year!)
Global primary production
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Source: RMIS - Raw materials' profiles (europa.eu), https://rmis.jrc.ec.europa.eu/rmp/Cobalt



https://rmis.jrc.ec.europa.eu/rmp/Lithium
https://rmis.jrc.ec.europa.eu/rmp/Cobalt
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Projected global demands for E-batteries
2020 - 2040

Figure 1 — Forecast of battery demand globally from processed raw materials [ki]

M 2020 [ 2025 [ 2030 [ 2040

4,250

Cobalt Refined Graphite batt- grade Lithium Refined Manganese batt-grade (HP) Nickel batt-grade

Page 16 .
Source: JRC analysis.

Source: RMIS - Battery supply chain challenges (europa.eu)



https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749
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Resources and reserves
Lithium
Currently, about 600 kt/a (per year!), with current reserves: ca. 25 years!

* Projected demand 2030 for E-batteries! = 9 years!
* Projected demand 2040 for E-batteries! - 3 years!

Lithium
25000 Resources M Reserves
£ 20000
8}
<
@ 15000
1)
)
= 10000
2
3]
S 5000
Argentina Australia  China Chile Mexico DRC Canada USA EU
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Data source: RMIS - Raw materials' profiles (europa.eu), https://rmis.jrc.ec.europa.eu/rmp/Lithium



https://rmis.jrc.ec.europa.eu/rmp/Lithium
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Resources and reserves

Cobalt

Currently, about 160 kt/a (per year!), with current reserves: ca. 28 years!
« Projected demand 2030 for E-batteries! - 14 years!
* Projected demand 2040 for E-batteries! - 8 years!
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Data source: RMIS - Raw materials' profiles (europa.eu), https://rmis.jrc.ec.europa.eu/rmp/cobalt



https://rmis.jrc.ec.europa.eu/rmp/Lithium
https://rmis.jrc.ec.europa.eu/rmp/cobalt
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Regional supply

Dependencies and fragilities
- Oligopolies concentrated in China
- Despite of diversification: expected to remain for Co, Ni, Graphite &

Manganese)
Graphite (Anode
precursors from Manganese
natural (HP
Cobalt graphite+synthetic Lithium EMM+HP Nickel
Country  (Refined Co) graphite) (Refined Li) MSM) (NiS04) Cells
(| 87% 34% 56% 59% 65%
= | I I3% | &3 14% 8% 14%
o [1% 7% 6% 0%

o 3% [1% |0% 0% 6% 1%
= 0% | B2 B o 0% 1% 14%
(M| | [1% B 0% 1% 0%
= [1% 0% 0% 10% 1% 0%
. 0% 0% 2% 0% 2% 1%
= | 2% |1% 0% 0% 0% 2%
- |1% 0% 0% 0% 9% 0%
| 2% 0% 0% 0% 0% 0%

[ § | [1% 0% I 2% 0% 0% 0%

== 0% 0% 0% 0% 0%

- 0% 0% 0% 8% 0% 0%
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' 0% 0% [ Rk 0% 0% 0%

Source: RMIS - Battery supply chain challenges (europa.eu)



https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749
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EU methodology
Supply risk
A Generating the score for "supply risk"
critical
§ Concentration of supply
o
S5 x Global primary .
Q
8 g supply ﬁ EU sourcing
R Impon
3 5 reliance
o w
k=
B t
X )
- :
non-critical Trade =
> restrictions S
i~ limit S
Economic importance ‘ 3
. i accessibility 4
Impact of disruption g
Governance in s
supplying countries
as proxy for Substitution
reliability of providers EoL recycling

Figure 2: Elements of the equation for calculating the "supply

risk" score in the EU criticality methodology.
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Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content



https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content

Generating the score for "supply risk"

Carl von Ossietzky Concentration of supply

g?&\éenrks) Ltragt C r I t I C aI m at e r I aI S GIOb:Jpp;)T;nary l ' EU sourcing
EU methodology I
Tr;d_e :
Supply risk
Governance in @

Substitution
EolL recycling

supplying countries
a r

Developed in 2017, revised and more complex now

e equation for calculating the "supply

risk” score in the EU criticality methodology.

Uses two main indicators as basis:

1. Herfindahl-Hirschman-Index
Measures the concentration of a market into one single actor, or the diversity
of actors in a given market segment (proxy for monopolies)

N
H := Za?
i=1
mit
a; = L — X is the share of a given actor (in % or normalized)

E_f;il Tj H has values bewteen 1 (or 10000) = monopoly or
1/N (or 10000/N) = hihgly diverse market

Example: 20% shares for 5 actors corresponds to a (not normalized
value) H of: 400+400+400+400+400=2000

Page 22

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content



https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content

Generating the score for "supply risk"

: Glabal primayy. ) EU sourcin
Carl von Ossietzky supply 9

Import

ol Critical materials =

Oldenburg

Trade

EU methodology

Governance in
supplying countries

Substitution

S u p p I y r i S k . G.(...m...g iy —— actors :.r:irudicr:nr & World Governance Index Imf%x
Developed in 2017, revised and more e
complex now e —

Public Security . v~
Violent Crime

Homicides / 100,000 inhabitanis

Uses two main indicators as basis: Sty o Laws Refieston fnematerel Testes

Protection of Property Rights

Independence
Rule of Law
Legal Systermn Effectiveness
2. World-Governance-Index -
" Corruption Conruption Perceptions Indesx

Measures governance of (right now Respect o G igh

Respect of Physical Integrity Rights
Civil and Pelitical Rights

over 200 countries) based on the Fressomotve s

‘iolence against the Press

following dimensions: Panipaton n Plica i

Human Rights / Participation Participation Electoral Process and Pluralism

* Peace / Security

Women's Poditical Rights

 Democracy / Rule of Law e

Discrimination / Gender Inequalities
‘Women's Economic Rights.

 Human Rights / Participation

Gross Domestic Product (GDP) per capita

« Sustainable Development | 07 o e
* Human Development

Inflaion Rate
Ease in starting a business
Poverty Rate / Inequalities (Gini Coefficient)
Sustainable Development
Social Dimension Unemployment Rate
Ratification of Intemational Labor Law Treaties
Ecological Footprint / Biocapacity
Environmental Dimension Environmental Sustainability

Environmental Performance Index

Development Human Development
Human Development Subjective Well-being
‘Well-being | Happinass
Page 23 Happiness

Source: Worldwide Governance Indicators, https://www.worldbank.org/en/publication/worldwide-governance-indicators



https://www.worldbank.org/en/publication/worldwide-governance-indicators
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EU methodology

Supply risk

Developed in 2017, revised

Worldwide Governance Indicators (2
and more complex now
Indicator
(Alle)
H H H Indicator Country Year Percentile Rank (0 to 100) Voice and Accountability
USeS tWO maln Indlcators aS ” . - Political Stability and Absence of Viol...
Voice and Accountability Afghanistan 2013 _
- . 2018 Government Effectiveness
b aS I S . - Regulatory Quality
2:23 Rule of Law
Germany 2013 Control of Corruption
2018
2023
2 WO r I d _G O Ver n an C e - Political Stability and  Afghanistan 2013 Year
L] Absence of 2018 (Mehrers Werte) v
Violence/Terrorism 2023
I n d eX (WG I) Germany 2013 Color by:
2018 Indicatar v
2023
Government Afghanistan 2013
Effectiveness 2018 ntw 2
M M - Afghanistan
Database with extensive
Germany 2013 Algeria

American Samoa

interactive data available o

IT||I-!T|‘|T!TII|T!T|||TT Ill
| ]

Andorra
Regulatory Quality Afghanistan 2013 Angola
(World Bank)
2023 Antigua and Barbuda
Germany 2013 Argentina
2018 Armenia
2023 Aruba
Rule of Law Afghanistan 2013 Australia
2018 Austria
2023 Azerbaijan
Germany 2013 Bahamas, The
2018 Bahrain
2023 Bangladesh
Control of Corruption Afghanistan 2013 Barbados
I Belarus
0 20 40 60 80 100 Belgium
Belize
Benin
Source: (W GOV org)
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Source: Worldwide Governance Indicators, https://www.worldbank.org/en/publication/worldwide-governance-indicators/interactive-data-access



https://www.worldbank.org/en/publication/worldwide-governance-indicators/interactive-data-access
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EU methodology

Supply risk
Developed in 2017, revised and more complex now

Uses two main indicators as basis:

Weighting the two indicators

Low supply risk given both in:
- Monopoly with perfect governance
- avery diverse market supply with very low governance

Page 25

Source: Worldwide Governance Indicators, https://www.worldbank.org/en/publication/worldwide-governance-indicators



https://www.worldbank.org/en/publication/worldwide-governance-indicators

Generating the score for "supply risk"
w . = . II Ci ion of supply Il
weccal  Critical materials L s

Oldenburg ks
EU methodology 1
Tr'aqe _%
SUpply rISk Governance in . %
supplying countries .
Developed in 2017, revised and more complex now ot recylng

Figure 2: Elements of the equation for calculating the "supply
risk" score in the EU criticality methodology.

© i ————— HHlyg = Z [(share in production) ounery X 100]2 X WGlcountry
.E ) countries
oY) SR = HHlwg+(1 — EoLgig)eSI
= Rty G
o \ \ Substypqe = z share of material ng yse X sSubstitutability eng use
\\ end uses
g contribution of recycling to supply
Import — Export . (butinterpreted differently!}
iporthelianes () = Domestic production + Import — Export \ \\
) 9 \
w —
2 IR IR
S SR = (HHIW(,‘I—I)GS'T"'(HHIWGI—I)I-.'U.umning 1 - = o(1 = EoLgg) *Slsg
(]
o

/A‘_—/ & Slsg = ZI(SP,» = SCri+ SCo))V* + Z(Sub — share;, + Share,) |
7

(HH’W(}IJ)GSWI:'Usoun‘lng= ZC(SC)ZWG’( *_t.i

«

~
St = (ET-TA. or EQ. or EP. or EU,)

Figure 5: Calculation of the supply risk score in the original and revised EU methodologies (Blengini et al. 2017a; Blengini et al. 2017b;
European Commission 2010, 2017b). SR = supply risk; HHlwe = Herfindahl-Hirschmann-Index weighted with the WG/ = World Governance
Indicators; EoLgr = end-of-life recycling input rate; S/ = substitutability index; GS = global supply; IR = import reliance; HHlwe.+ = HHIwe but
also including trade restrictions (t.) as a weighting factor; t. acounts for export taxes and trade agreements (ET-TA.), export quotas (EQ.),
export prohibitions (EP.) in non-EU countries while EU countries receive the scoring of 0.8 (EU.), ; Slsz = substitutability index for the supply
side considering substitute production (SP), substitute criticality (SCr), substitute co-production (SCo) as well as the share of the raw
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material in a given application and the sub-share that the substitute may achieve.

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content



https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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Supply risk

Developed in 2017, revised and more complex now

C— R — HHlyg = [(share in production)counery X 100]° x WGI
£ ) o . contries
[ SR = HHlwgi(1 — EoLgig)SI
= —
o \ ~—— SubStma = Z share of materialomg use X substitutability,
* end uses
....................................................................... PR e R R o R S T
contribution of recycling to supply
R e Import — Export \ fbut interpreted differently!)
- Domestic production + Import — Export N
= N
o e ' X \
Q g Y
2 IR IR -
S SR = (HHI»‘(;I-,):;S'T+(HHIW(;/-,)u\....,.m 1= = o(1 = EoLgg) *Slsg
g ? - | “ .-y

— oSt = D ISP+ SCr+ $Cop' ) (Sub  share,, + Sha
(HHIWGL)GS or Esourcing= $.(S)*WGI, * L ¢ ¢

e = (ET-TA or EQ. or EP. or EU.)
New features:

- EU vs RoW focus
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Generating the score for "supply risk"

[Cor ion of supply ]
Global primary ﬁ EU X
supply sourcing
Import
reliance
T
Trade 9
restrictions =
limit 5
accessibility z
Governance in 3
supplying countries
as proxy for Substitution
reliability of providers EoL recycling
Extraction stage
o
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R O o
o
=
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(HHlwg1 Des

Figure 11: Global vs. EU sourcing at the mining (top) and
processing stage (bottom). A dot in the orange half shows a
higher risk of global sourcing vs. EU sourcing. A dot in the blue
half shows higher EU sourcing risk compared to global. Data

from European Commission (2023a).

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content



https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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EU methodology

Supply risk

Developed in 2017, revised and more complex now

2
- D S——— | T z [(share in production) ounery X 100]” X WGleounery
E = countries
() SR = HHlwg+(1 — EoLgg)+SI
= N
\ ~ . .
(@] \, ~~————  Substpqa; = share of material g yse X substitutabilityeng use
L enduses
e
N\ contribution of recycling to supply
- \_{but interpreted differentlyl)
Import Reliance (IR) = Topert — Krport — NG P *
Domestic production + Import — Export .
| e a
° = <
- N
K] IR IR
S SR = | (HHlyg)-, Jose—-+( HHIwG1-)Evsourcing| | = —- | [+(1 = EoLgig) *Slsg
3 7 - A - —

/ e

YA
(HHIWGLL)Gs or EUsourcing= $..(S:)* WGl Yl

e = (ET-TAc or EQc or EP: or EU.)

Imports of secondary
material Imports of processed
matenal (pnmary & secondary)
Imports of primary o .

material I

N\ Sl = Zl(SP, * SCry+ 5Co))"* « Z(Sub- share;, + Share,) |
T 0

New features:

Rest of the World
111l B
Extraction sy Processing  Manufacturing ~ Use
- EU vs RoW focus e
from the EU and R
- Recycling g e
by-product)
EolL secondary material fromthe ™ @
EU and processed in the EU I

Figure 15: Flow data necessary for calculating the recycling rate
(EU EoL RIR) used in the EU criticality methodology. Flows in blue
go into the numerator and denominator, while flows in dark
orange go into the denominator only (Talens Peiré et al. 2018;
Page 28

Tercero Espinoza 2021). The flow in gray is not included in the
calculation.

3 o
g © _
g_ —

[ =
g &3

i | | T I |
00 02 04 06 08 10
Fractional recycling rate

o
T ©
4
-
o o —
w
o o
I <+ & °
—-— ]
x &
(@] 0

o
D —

IR IR
C = (HHlwgi )as * 2+ (HHlwg ey (1 —E]

Figure 16: (top) Distribution of recycling rates used in the latest
EU criticality exercise (cf. European Commission 2023a), and
(bottom) the indicator for concentration of supply (denoted by
"C" in the legend for convenience, cf. Figure 14) before
(horizontal axis) and after accounting for recycling (vertical axis).
Data from European Commission (2023a). Raw materials for
which the risk score is significantly reduced are highlighted in

light brown.

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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Supply risk

Developed in 2017, revised and more complex now

= — HHlye = Z [(share in production) counery X 100]2 X WGl eountr y
c o X countries
B0 SR = HHlwgi+(1 — EoLgir)+SI
- et s
(@] \ Y —————  Substpyq; = Z share of material g yse X substitutabilityeng use
. end uses
B SRR SR SRR R R S U S TRRP R, Ry B S P U IOn PR e TS PR P p Y e
\ ¥
Import — Export "\ fbut interpreted differently!)
Import Reliance (IR) = - o \
Domestic production + Import — Export " e
R \ N "
- =S R 2
] IR IR o
5 SR = | (HHlwG1-0)Gss—+(HHIWGI- ) bvsourcing| | = — | |*(1 = EoLgg) *Slsg
[} 2 2 -
o< 7 W =

2 SEESS———— ==

o

v b ¥ Slsp = ZI(SP, * 5Cry+ $Co))'* « Z(Sub~ share,, + Share,) |
(HHIWGLL)Gs or EUsourcing= $..(S:)* WGl ‘e T .

S te= (ET-TAc or EQ. or EP; or EU)

New features:

- EU vs RoW focus

- Recycling

- Taxes and trading barriers
- Substitutability
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Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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EU methodology Generating the score for
"economic importance"

Value from products using raw materials

critical Share of raw material end-use
in different NACE sectors

reduces
impact
GVA per NACE sector Substitution

highlights sectors with large
contribution to EU economy

Likelihood of occurrence
Supply risk

wah Figure 4: Elements of the scoring equation for economic
non-critical . ks

importance. GVA = gross value added; NACE (nomenclature

e
statistique des activités économiques dans la Communauté
Economic 'mportance européenne) is the industry standard classification system used
Impact of disruption in the European Union.
Pt Ga Ta Au Ag W MolLi NiPb Cu Al FK
Tonnage k + + + + + t t +
10t 100t 1000t 10.000t100.000t 1Mt 10Mt 100Mt 1bnf
Fe A N B sy R Ay
Price per tonne
$10 $100 $1k $10k  $100k S$1TM  $10M  $100M T : H :
ical economic indicators
Ga ° w B N s P . .
Market Voume |ttt e+ do not give the picture
$10M $100 M $1bn $10 bn $100 bn $1 trillion

Figure 3: Ranking raw materials by tonnage (global primary production), price (average for 2020) and market volume (tonnage x price per
Page 30 tonne) (DERA 2020; Tercero Espinoza & Erdmann 2018). Pt = platinum, Ga = gallium, Ta = tantalum, Au = gold, Ag = silver, W = tungsten,
Mo = molybdenum, Li = lithium, Ni = nickel, Pb = lead, Cu = copper, Al = aluminium, Fe = iron.

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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E U m et h O d O I O g y Generating the score for

"economic importance”

Value from products using raw materials

Share of raw material end-use
in different NACE sectors

Developed in 2017, revised 2020. I rfi‘?::if]
GVA per NACE sector Substitution

Now includes substitution as a reduction of the importance o sectors win iree

contribution to EU economy

Figure 4: Elements of the scoring equation for economic

ﬁ importance. GVA = gross value added; NACE (nomenclature
= statistique des activités é i dans la C¢ é
—

[-T:] européenne) is the industry standard classification system used
"I-_ in the European Union.
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/ )
/ substitute cost performance in
share of raw material use in / J Walue assigned to the / aleched application (from table)
a particular application | matching sector '
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l.." o~ share of substitute n application
/] / y
/ / / |
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T Sl = ZZSCP"“ + Sub — share;, + Share,
[

share af raw material use in a particular application

Figure 18: Calculation of the economic importance score in the original and revised EU methodologies (Blengini et al. 2017a; Blengini et
al. 2017b; European Commission 2010, 2017b). E/ = economic importance; As = share of raw material use in a particular sector; Qs = gross
value added of the sector using the raw material; 5/g = substitutability index for the economic importance dimension, based on the
substitute cost performance in each application (SCP;.) as well as the share of the raw material in a given application and the sub-share
that the substitute may achieve.
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Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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EU methodology

Developed in 2017, revised 2020.

use of a particular material

- Instead: NACE indices

Manufacture of | (e of

Manufacture of machinery
and equipment n.e.c.

N products

basic re of

Page 32 from European Commission (2023a) and Eurostat (2023).

Now includes substitution as a reduction of the importance

Manufactu

chemicalsand | electrical
chemical equipment

Manufacture of | panufactu
pharmaceutical | 1 bber and

products and plastic
pharmaceutic... products

Economic importance

Generating the score for
"economic importance”

Value from products using raw materials
Share of raw material end-use
in different NACE sectors

reduces
impact

GVA per NACE sector
highlights sectors with large
contribution to EU economy

Substitution

Figure 4: Elements of the scoring equation for economic
importance. GVA = gross value added; NACE (nomenclature
statistique des activités é i dans la C¢ é

européenne) is the industry standard classification system used
in the European Union.

Difficult to estimate the added value of a sector as a result of the

- very detailed and extensive I/O analysis required for this

Table 1: Substitute cost performance (SCP) evaluation matrix
from Blengini et al. (2017a).

Manufacture | Manufacture Other
of computer, | of other... manufa
electronic

and optical...

Manuf | Printi

actur.. | ng.
Manufacture Ex
of basic
metals m

Performance
Much

Better Similar No
substitute
0.9 1.0 1.0
higher

Slightly 0.8 0.9 1.0
higher

Similar 0.7 0.8 1.0
or lower

Manufacture
of other non-
metallic...

Figure 19: Value added of 2-digit NACE sectors used in the calculation of the economic importance axis in the last criticality exercise. Data

Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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"economic importance”

Value from products using raw materials
Share of raw material end-use

in different NACE sectors

Developed in 2017, revised 2020. I i‘i?::?fi
GVA per NACE sector Substitution

Now includes substitution as a reduction of the importance o sectors win iree

contribution to EU economy

Figure 4: Elements of the scoring equation for economic
importance. GVA = gross value added; NACE (nomenclature
statistique des activités é i dans la C¢ é

européenne) is the industry standard classification system used
in the European Union.

Difficult to estimate the added value of a sector as a result of the

use of a particular material

- very detailed and extensive I/O analysis required for this

~ Instead: NACE indices e G e
- Subsitute cost performance MATRIX

Better Similar No
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_ substitute cost performance in
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higher
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Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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Figure 21: Results of the 2023 criticality study, with some
diagnostic additions (data from European Commission 2023a).
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Source: https://publica-rest.fraunhofer.de/server/api/core/bitstreams/9498c80d-b958-48a9-857a-dac2d7237cdd/content
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Critical materials

Methodologies and indicators

Highly dynamic and not uniform field - 10 pages with different methods!!

3.2 Organisations developing their own methodologies

methodelegy and its use in the
definition of a list of critical materials

w
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= > v B g =]
o = g 2 ]
k] < o2 £T ]
£ UES T R a
[ = o™ g F= i £
o w 5 o L5 o
5 © s ¢ E z
To identify raw minerals of economic References
ADELPHI (DE) interest, from th_e perspective of EC See Institute for Futures Studies and Technology Assessment (Erdmann_2011b) for further
German companies, whose supply methodolo details.
situation could become critical ay
AEA_2010: The two dimensions of criticality are consumption/production and
scarcity/availability, based on the following indicators:
» Availability of alternatives
To assess future resource risks faced » Supply distribution
by UK business through the References + Supply domination
':EA(JE?]HMOQY development of a _criticality EC » Extent of Geopolitical Influences
methodology and its use in the methodology | # Press Coverage
definition of a list of critical materials * Price Fluctuations
See Scotland & Northemn Ireland Forum for Envirenmental Research (SEPA_2011) for fellow-up
and further details.
To menitor potential disruption in References
ﬂﬁ:ggs;nn ;ﬁg‘;l:g:. 2?:::',;83?;:1;:2;‘b$um See university of Leeds (Roelich_2014) for further details.
infrastructure methodology
To identify potential constraints on the From Peck_2015: The term ‘energ\_.r—_critical element’ is used to describe a class of c:he_mical
American availability of energy-critical elements elem_;ntsuﬂ'lat currently appears critical to one or more new energy-related technologies. Mors
e - ; S specifically:
(P:g;maulp_;omety Mo an?eﬁj::ear:tlif:nﬁ;e ;ﬁ:ﬂg?t:fftsa:; 1. Elements that have not been widely extracted, traded, or utilised in the past
= 1S, fc' cure their Y'I bili ShEEs 2. Elements that could significantly inhibit large-scale deployment of the new energy-related
o insure their availability technologies
See BGS_2011 for orginal methodology.
To assess elements needed to BGS_2012: An Excel spl_‘eadsheet was used to rank the al:l_m.-'PT elements in terms of the relative
British maintain UK economy and lifestyle risk to supp ly. The ranking system was based on seven criteria scored between 1 and 3.
s ccan
Geological through the development of a E{e:ference.. : ;Ca"ic'g. trati
Survey (BGS, criticality methodology and its use in thodol . Rm u ";".r‘;‘}g‘i:_“ raten
UK) the definition of a list of critical methodology SSErVe distribution
materials * REWC.I'HQ Rate
» Substitutability
+ Governance (top producing nation)
* Governance (top reserve-hosting nation)
To improve understanding of the risk BP_2014: Criticality is defined as the degree to which a matenal is necessary as a contributor to
to the sustainability of each existing ?nRenergy pathway, based on:
British Petroleurn energy paﬂlway_s induced by restricted | References . Tle_:;ges,
(BP QUK} supply of materials 1_i1_|'0L.!gh the EC . Ecolo di‘c:al impact
! development of a criticality methodeology 9 pact,

* Processing,
s Substitutability,
» Recyclability
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Raw Materials. 2017. JRC Science Hub, https://ec.europa.euljrc

Source: Technical Report - Assessment of the Methodology for establishing the EU List of Critical
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Highly dynamic and not uniform field - 10 pages with different methods!!

Table 3. Overview of different criticality indicators applied to the considered Elements and their specific special focus, where red indicates a high,
yellow a moderate, and green a low “criticality ™. Corresponding minimum and maximum values are provided at the very bottom of the table.

Element EU Supply Risk (SR™) Massaret al. Supply Risk  Hayes et al. - USGS Static range Three main suppliers (int. Country codes) Level
Review [¥] by global share

Scope Europe us Clobal Global Global

Al 0.6 0.6 13 153 CN 55%, RU 579%, IND 4, 6% Processing

Co 0.6 CD72.4%, AL 37%, RU 3.5% Mining

F 03 S7 CN 52,795, MX 29.5%, VN 3.6% Mining

Fe 0.5 25 ALl 36.8%, BR 19.3%, CN 13.8% Mining

La 0.35 40 240 AU B0.9%, CL19%, CN7.5% Mining

Mg - CN90.9%, USA 3.7%, IL 2.2% Processing

Mn 0.9 ZA 28%, AL 16.9%, GA 13.6% Mining

Na N/JA NJA

Mi CM 313%, 1D 13.29%, |P8.5% Processing

P CN 41.7%;, MA 15.6%, USA 10.3% Processing

S M/A MA

Si CN 61.9%, USA 14.8%, BR 6.5% Processing

Ti ZA14.8%, MZ 12.8%, AU 11.6% Mining

v TN 58.7%, RU 18.8%, ZA 16.4% Mining

Ir AU 32.3%, ZA 29.5%, USA 8.0% Mining

Min

Max

Threshald 1 M A MA M A

FA9E S8 Source: Baumann et al. 2022. https://doi.org/10.1002/aenm.202202636.
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- Critical materials

- Examples
- Ways out

- Example: electric vehicles
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Supply required for different sectors
Dependencies and fragilities

Technologies
Materials
Batteries n -
Supply Risk
(sorted largest to smallest)
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Source: RMIS - Raw Materials Information System (europa.eu)
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Page 39 Sankey diagram of the raw materials present in each technology of the renewable energy sector (critical = bright red; strategic = dark red)

Source: JRC, 2023.
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Supply required for different sectors Renewables
Dependencies and fragilities ICT, smart-grids
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i Sankey diagram of the raw materials present in each technology of the renewable energy sector (critical = bright red; strategic = dark red)

Source: JRC, 2023.
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Supply risks for RE
Supply chain bottlenecks

Raw materials Processed Components Assemblies Super
materials assemblies

Hydrogen

technologies

Overview of supply risks, bottlenecks, and supply patterns along the selected supply chains relevant to the renewable energy
sector. Source: JRC, 2023.
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Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/5
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Critical materials

Technology profiles

Photovoltaics

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

00000

06600

@
©
@

©

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
cells

Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/7

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


https://rmis.jrc.ec.europa.eu/techprofiles/ind/7
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Gallium
Boron
Phosphorus
Antimony
Germanium
Arsenic
Silicon metal
Aluminium
Fluorspar
Tin

Silver
Molybdenum
Indium
Nickel
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Selenium
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Silica

Zinc
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Copper
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Raw materials

o
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H

Critical materials

Technology profiles

Processed materials

Si wafer (Silicon wafer)
BBr3 (Boron tribromide)
Polysilicon

POCI3 (Phosphoryl chloride)
Glass (low iron)

GaN

Al paste

Ag paste

Backsheets

Encapsulants

CdS (cadmium sulfide)

Cu semis

TMAL (Trimethylaluminum)
TMI (Trimethylindium)

Ge wafer (Germanium wafer)
Steel

PH3

GaAs wafer (Gallium arsenide...

TMG (Trimethylgallium)
AsH3

Al alloys

o
N
N

Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/7

Photovoltaics- Supply risk for different materials

Components

Crystalline Si cells

Inverter

Junction box

Frames (all types)

Connectors

11I-V group compounds
cells

o
N

N

Assemblies

Crystalline Sillicon
modules (c-Si)

Thin film modules
(CdTe; CIGS)


https://rmis.jrc.ec.europa.eu/techprofiles/ind/7
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Technology profiles

Photovoltaics

Raw materials Processed Components Assemblies
materials
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Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/7
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Technology profiles

Wind turbines

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

Boron: in composition of NdFeB permanent
magnets or as lubricant

Dysprosium: important additive of NdFeB
permanent magnets

Manganese: essential for steel production

Neodymium: in NdFeB permanent magnets
used for many parts of a turbine

for electricity generation

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

@ Praseodymium: together with neodymium

2 o : : cir in permanent magn
Aluminium: as lightweight material in EpE eIt et

nacelle equipment, blades, etc.
Zinc: in protective coatings against

corrosion Copper: widely used in generator windings,

. ) L cables, inverters, control systems
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)

Lead: for soldering or cable sheathing in
electricity transmission (offshore)

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

0600060606 0-
00060

. Strategic Raw Material
. Critical Raw Material
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Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/7
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Technology profiles

Wind turbines — Supply risk

Raw materials Processed materials Components Assembly Super
assembly
Dysprosium [ Batsa wood [
Terbum
NdFeB permanent _
Niobium I magnet allays
Boron PE (polyethylene) [ Nacelle casing -
Neodymium
Per
Praseodymium [ RGN Blades -
Silicon metal [N Polyurehtane -
Aluminum [N camic
Cu semis - Gearbox .
M :
anganese [N . Power
< generator Wind
Molybdenum [l turbine
Shafts .
Chromium [l Carbon fibres -
Nickel
- Cement .
Ironore M Tower (steel) .
Al semis
Silica i .
Aggregates i Glass fibres . Bearings .
Zinc i
PS (Polystyrene) I
Copper |
Tower (concrete) .
Lead | Epoxide resins I
0 2 A4 6 0 2 < 6 0 2 - 6 0o 1 2 0 1
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Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/6
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Technology profiles

Wind turbines

Raw materials Processed Components Assemblies Super
materials assemblies
o © o © ¥
Ui 2% I 5% I | e . 34%
Rest of Europe |l 6% 2% 1 1% | 0% 0%
Russia J 2% 1 1% | 0% 0% 0%
UsA I 4% 1% . 5% - 0% - A%
China I 2% e —— e —] L EE I 520
Japan | 0% - s 1 2% 0% 0%
Korea | 0% 4% 0% 0% 0%
Taiwan | 0% 2% 0% 0% 0%
Restof Asia NN 10% . 6% W 4% . 12% 0%
Africa 9% 0% 0% 0% 0%
atin A ) 18% 9% 3% 5% 0%
Others [ 7% - %% . 7% i 2% 0%
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Source: https://rmis.jrc.ec.europa.eu/techprofiles/ind/6
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Technology profiles

Copper: as current collector foil at Cobalt: in cathode materials in
anode side, in wires and other LCO, NCA and NMC batteries

conductive parts

- +
Graphite: natural or synthetic high- Lithium: in cathode materials (LMO,
grade purity in anode electrode in — [r— NMC, NCA, LMO, LFP, etc.) and as salt
all Li-ion batteries ] (electrolyte). Li metal in future anodes
Silicon: in (future) anodes to — . )
enhance energy density _@ Manganese: in cathode materials

for NMC and LMO batteries

Titanium: in future anode materials T — .

and coatings, in LTO, for battery —_ Aluminium: for battery packaging or

packaging as current collector foil (cathode), in Nickel: as hydroxide or intermetallic
cathode materials of NCA batteries, compounds in NMC, NCA batteries

Phosphorous: in cathode materials° high purity alumina (HPA) in coatings

in LFP batteries

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

—

. Critical Raw Material
. Important Material for the Supply Chain

Figure 1: Selection of raw materials used in Li-ion batteries and their function. Source: JRC, 2023
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Source: RMIS - Technologies and sector profiles
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Technology profiles

Li-Batteries— Supply risk
Raw materials Processed materials Camponents Assembly
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Figure 2 : Detailed Supply Risk of all elements in the Li-ion battery supply chain. Source: JRC, 2023.

Source: RMIS - Technologies and sector profiles



https://rmis.jrc.ec.europa.eu/techprofiles/ind/2

Carl von Ossietzky

Universitat
Oldenburg

Page 50

Critical materials

Technology profiles

Li-Batteries

Raw materials

Processed
materials

Components

Assemblies

Figure 3: An overview of supply risks, bottlenecks, and key players along the supply chain of Li-ion batteries Source: JRC, 2023.

Source: RMIS - Technologies and sector profiles
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Source: Pehlken 2023. Lecture V01 — Hidden Champions for RE
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data base for MFA can be found in the link
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Source: Pehlken 2023. Lecture V01 — Hidden Champions for RE
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Critical materials

Global demand and supply
Primary sources - directly obtained from nature, raw materials

Secondary sources - are any processed materials at any stage of the
subsequent material use
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C.1.4 Secondary materials

Source: https://rmis.jrc.ec.europa.eu/msa
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Global demand and supply
Primary sources - directly obtained from nature, raw materials

Secondary sources - are any processed materials at any stage of the
subsequent material use
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Collected and pre-processed

EU scrap for recycling elsewhere

Source: https://rmis.jrc.ec.europa.eu/msa
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Critical materials

Global demand and supply
Primary and secondary sources

Forecast of global Supply-Demand balance for lithium [t LCE]

Demand
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batteries
and other
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Supply
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primary
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sources
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for other

T T T T T T T T T T T T
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

Source: RMIS - Battery supply chain challenges (europa.eu)

T uses
2040


https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749
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Critical materials

Global demand and supply
Primary and secondary sources

Forecast of global Supply-Demand balance for nickel [t]
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Source: RMIS - Battery supply chain challenges (europa.eu)
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Universitét Critical materials

Oldenburg

Potential secondary sources
Forecast of global Supply-Demand balance for nickel [t]

Figure 4 — Estimated consumption of battery raw materials [t] and supply potential from secondary raw
materials (old+new scrap) [%] in the EU (2020-2040)
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Source: RMIS - Battery supply chain challenges (europa.eu)
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Page 60 Source: https://www.volkswagengroup.it/ita/media/comunicati-stampa/i-veicoli-elettrici-hanno-il-miglior-bilancio-di-co2




Carl von Ossietzky

Wkl  Critical materials > Tank-to-wheel analysis

Oldenburg

Example: E-vehicles
Circular Economy

300 # 20-year GWP for methane

M Fuel/electricity production
B Fuel consumption

Bl Maintenance

W Hydrogen tank manufacture
B Battery manufacture

B Vehicle manufacture

I Current policies vs Paris
Agreement-compatible
electricity mix
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Gasoline + Battery EV, Battery EV, Fuel cell EV, Fuelcell EV, FuelcellEV, Fuelcell EV,
biofuels 2021-2038 renewable 2021-2038 renewable natural gas natural gas
grid mix electricity grid mix hydrogen hydrogen + CCS
hydrogen hydrogen

Reference: ICCT WHITE PAPER, GLOBAL COMPARISON OF THE LIFE-CYCLE GREENHOUSE GAS EMISSIONS OF PASSENGER CARS, 2021

Page 61 Source: Pehlken 2023. Lecture V02 — Hidden Champions for RE
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Example: E-vehicles

_ = CO2 is not the only relevant
Circular Economy

indicator!

300 # 20-year GWP for methane
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Reference: ICCT WHITE PAPER, GLOBAL COMPARISON OF THE LIFE-CYCLE GREENHOUSE GAS EMISSIONS OF PASSENGER CARS, 2021
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Projections of demand for battery materials (IRENA 2022)
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Adapted from: BloombergNEF, 2021a.

Page 63 Source: Pehlken 2023. Lecture V02 — Hidden Champions for RE
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...for battery materials
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Page 64 Source: Forecasting the EU recycling potential for batteries from electric vehicles. https://doi.org/10.1016/j.procir.2020.01.109 ,
2020.

Batlery recycling
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Second-life, reusing, refurbishing and recycling...
...for battery materials

Rucklaufmenge LIB
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I
. N7 Zelle NFZ Pack i
1208 ESS Zell ESS Pack ]
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Abbildung 4: Prognose  zur Rucklaufmenge  gebrauchter LIB  aus
unterschiedlichen Anwendungen (PKW, Nutzfahrzeuge: NFZ,
stationare Speicher: ESS, »Computing, consumer,

communication”: 3C) und von Zellproduktionsschrotten in ein
europaisches Recycling. Die Balken bilden das Basis-Szenario ab.
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Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2021/VDMA Kurzstudie Batterierecycling.pdf
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Second-life, reusing, refurbishing and recycling...
...for battery materials

Rezyklatmenge europdisches Recycling
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Abbildung 6: Entwicklung von Rezyklatmengen aufgeteilt nach

unterschiedlichen Metallen und Rohstoffen bis 2040. Die Balken
bilden das Basis-Szenario ab.
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Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2021/VDMA Kurzstudie Batterierecycling.pdf
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Recycling processes and their outcomes

Gehduse,
Tabs, etc. Wirme

Energy
intensity

Elektr. Gehiuse, Cu, Al Co, Ni U Co, Ni,

Energie Tabs, etc. Mn
Abbildung 8: Mogliche Prozessrouten des Recyclings von Lithium-lonen-

Batterien. [Doose2021]
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Source: https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2021/VDMA Kurzstudie Batterierecycling.pdf
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Take aways

« Critical materials (amount or origin) are required for many
technologies within the energy transition:

 Wind, PV, batteries, smart-grids
- Demands for these materials are expected to ,sky-rocket” as
compared to current demands

* Depletion times in the range of a decade for future demands
and current reserves!

 Recycling and second life:

« Possible but:
« Energy intensive!
* Low recyclability rates for some materials

» Potential for yearly supplies from recycling processes in the
EU: 40% for Cobalt and ca. 15% for Lithium, Nickel und
Copper for new batteries.
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