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LITHIUM — CURRENT SUPPLY SCHEME

Source: AMG Lithium 2022 Source: SQM 2022 Source: EnBW 2022

Geothermal Brines
(XX % in 20xx)

Hard Rock (60 %) Brine (40 %)

Spodumene based

Different sources yield the same products through different
processing routes, thus different environmental footprints.
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Sustainability

Life Cycle GHG (tonne CO,e per tonne cathode)
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R journal homepage: www .elsevier.com/locate/resconrec

Full length article

Energy, greenhouse gas, and water life cycle analysis of lithium carbonate
and lithium hydroxide monohydrate from brine and ore resources and their
use in lithium ion battery cathodes and lithium ion batteries

Jarod C. Kelly , Michael Wang, Qiang Dai, Olumide Winjobi
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Table 6
Results of LCA for lithium concentrates and chemical products from brine and
ore.
Lithium Stage of GHG Energy Freshwater
source evaluadon emissions consumption consumption
Brine Lithium 0.06-0.18 ¢ 1300—2300 MJ/ 2.95-7.30
concentration CO-e/Tonne ronne lichium m®/tonne
lithium concentrate lithium
concentrate concentrate
Production of 2.7 - 31 30,000—36,000 15.5 — 32.8
Li,CO; from tonne COxe/  MJ/tonne Li,CO;  m®/tonne
lithium tonne LiCO4 Li.COg
concentrate”
Production of 69 - 7.3 76,600—-52,900 31-50 m*/
LiOHsH,0O tonng COye MJ/tonne tonne
from lithium /Tonne LiOH«H-.O LiOHsH.O
concentrate LiOHeH.O
Ore Spodumene ~0.42 tonne 5500 MJ/tonne 3.4 m®/tonne
concentration CO-e/tonne spodumene spodumene
spodumene
Production of 20.4 tonne 218,000 MJ/ 77 m®/tonne
Li.CO, from CO,e/tonne tonne Li,CO, Li,co,
spodumene* Li-CO5
Production of 15.7 tonne 187,200 MJ/ 69 m*/tonne
LiOHsH,0O CO-e/Tonne onne LIOH«H.O LiOHsH.O
from LiOHeH.O
spodumene

Source: https://www.sciencedirect.com/science/article/pii/S0921344921003712
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PRICE

DEVELOPMENT

Source: BGR 2022

LITHIUM: Spodumen, min. 5-6 % LiO,, CIF China

October 2022: 7.625 US$/t
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DEMAND 2030 (WHO KNOWS....)

3,500,000

_ Quo Vadis
s000000 gty E-Mobility??

2.23 Mt

2,500,000 1

- Extremely dynamic developments.

- Demand will be dominated by LIB.

- E-Mobility as major demand driver.

- Chinais key.

- EU and USA strong development.

- Regulatory frameworks will impact
growth thus demand.

2.000,000 4
1 1.68 Mt

1,500,000 1

Demand Lithium [t LCE]

1,000,000 ]

500,000 1
. - Customer acceptance and
0 - : . , infrastructure are important factors.
& oV {\0"5 - Technological advances play a role.
{\\
g o@,%’ - Sustainable use of lithium as demand
& .
A driver (E-SUV vs. small cars).
N7 : .
o Q - Global economy, inflation and energy
crisis.

- War in Ukraine.
1) permand 2026
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DEMAND 2030
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(CAGR: 15,6 %)

HECNE

Other

Aluminium Smelting
Polymer

Continuous Casting Flux
Air Treatment
Lubricating Grease
Glass/Ceramics

Battery Applications

* Demand scenario 1 and 2 based on SSP1 and SSP2 for EV penetration (Shared Socioeconomic Pathway)

Scenario 1*: LIB (91.7 %)
EVs (71.5 %)

Scenario 2*: LIB (88.8 %)
EVs (61.5 %)

Scenario 3. LIB (93.7 %)
EVs (78.2 %)

Source: BGR 2022
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SUPPLY/DEMAND SCENARIOS IN ANUTSHELL

Global Lithium Supply/Demand Scenarios 2030

2.98 2.98
1.16 1.68
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3 3 Scenario 1 Scenario 2
e Mine supply 2030 (incl. Recycling) s otal demand - Deficit
——  \ine supply 2020 e Demand EVs e Surplus

!
D:R Deutsche
Rohstoffagentur
Bundesanstalt fiir Geowissenschaften und Rohstoffe




GLOBAL SECONDARY SUPPLY FROM SPENT EV BATTERIES

3,000,000

2,500,000

2,000,000

Demand [t]

1,000,000

500,000 1

€D

Li-ion

Demand scenario 1 and 2 based on SSP1 and SSP2 for EV penetration (Shared Socioeconomic Pathway), Demand scenario 3 based on DERA assumptions for EV penetration.

1,500,000 -

Base Case

Demand

Total demand (incl. 3,140 GWh EV demand)
Total demand (incl. 2,004 GWh EV demand); Base Case

Total demand (incl. 4,500 GWh EV demand)
EV demand

Hl | -

Supply from EV Recycling (25 % recycling quota; 2,004 GWh)

Supply from EV Recycling (75 % recycling quota; 2,004 GWh)
Global Mine Production 2020 (82,000 t Li; 0.436 t LCE)

HI

Global Supply from Recycling 2030

29 8.6
A ;

25% 50% 75% 100%
Recycling Rate

Key assumptions

- EV Batteries only.

- Return matrix based on
demand 2020 — 2030

- 50 % return after 8 yrs.

- 60 % return after 10 yrs.

- 90 % return after 12 yrs.

- 10 % lost due to...

- Collection rate of 70 %.

- Recycling rate 25 %, 75 %.

- No secondary life.

- Material suitable for LIB.

- Processes are
economically and
ecoligically viable.
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SUPPLY 2030
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Scenario 1

HHI: 2,795

H/B =53.7 %/ 46.4 %

Scenario 2

HHI: 1,938

H/B =62.6 % /37 %

Source: BGR 2022
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IS THE HYPE OVER?

Scenario 3
Scenario 2 9yrs > 9-13,3Mt LCE

Scenario 1 Demand 2021 - 2030

Production

60 yrs = 5.3 Mt LCE

0 0.5 15 2 2.5 3
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EUROPE AS ANEW EV INDUSTRY HOTSPOT

Published by: | SEEMIOGWh+X || GER:477,6 GWh
Battery projects BEYONDER MORHOW | . . De mMman d 2030
As of BA‘ITERY- EE!I‘E'FI@'E 2024, Agder MMWIt e % CALB ‘ Blackstone Resources
March 2022 NEWS.DE 2028, MoiRana 2024, Rogaland Upto | 2025, 202X, Germany 2024, Ddbeln
Up to 83 GWh 10 GWh 32GWh Skelleftea, 20 GWh Up to5GWh N
m | I =1309 GWh + X | +11% (a= of February) 4 (ng:greﬁgzurg . -’”_L- eclnche ‘{__ @ 1 . 309 GWh - 127 y 300 t
e 202X, Europe 1N0GWh + X 2020, Willstat 20XX, Bitterfeld 678 OOO t L CE
- o X GWh Upto25GWh Uptole GWh y
o A S ope o
+ 2024, Tubi  Salzgitter
oG +X Upto24Gih @ 1.000 GWh = 97,140 t*
' SVOLT CATL
I e 2023, Ubernerm 2025, Erfurt 517,000t LCE
10 OWh + X Up to 35 GWh 24 GWh Up to100 GWh
e Qcc T=SLA
2025, Coventry 2023, Blyth 2022, Kaiserslautern 202X, Grinheide = *
Up toGSVGeSW? Up t030yEJWh Up to24 GWh Up to200 GWh @ 1000 GWh 72’500 t
northvolt o) ili i
verion 2026, Heide gt}’zﬁ“hwangen (75 /o UtlllS&tIOI’])

QccC 2030, Dunkirk Up to60 Gwh Jp o2 GWh 386,000t LCE

- Up to50 GWh
2022, Douvrin .
Up t024 GWh & Envision/\ESC 2022, Wroclaw
2024, Douai @ LG Chem Up to 65 GWh
Upto24 GWh —
SOOI 2020, Bratislava
© Phiacr TnoBat 10 GWh
@ 2027, Noblejas
20 GWh . . .
2026, Sagunt BASQUE | IT: 102 GWh . camm CZ: X GWh SB:16 GWh K rovation
40GWh S=vil 1QcC ITALVOLT e ) 202x, || . 2029, SAMSUNG 2028, Komarom &
2026, Spain 202X, Termoli 2024, Italy 2024, Terevola X GWh E[w\:;EsSubotica 2021, God lvancsa Base Case
10 GWh 24 GWh Upto70 CWhUpto8 GWh E 1 16 GWh Up to 40 GWh Up to 473 GWh

Source: https://battery-news.de/index.php/2022/03/18/batterieprojekte-in-europa-stand-maerz-2022/

* Based on internal assumptions for cathode chemistry,
cathode mix towards 2030, vehicle size and battery size.
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SUPPLY/DEMAND: A EUROPEAN PERSPECTIVE

) EV demand: 1.000 GWh (75 % utilisation)
Scenarios Europe

100,000
80,000
60,000
40,000
20,000

0

-20,000 {1 Self sufficiency: 27 %

-40,000

-60,000

-80,000

[t Lithium]

Self sufficiency: 34 %

-50,750

-595,890

Scenario 1 Scenario 2

s Mine supply 2030 s Total demand I Deficit
(incl. Recycling) s Demand EVs
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SUPPLY/DEMAND: A EUROPEAN PERSPECTIVE (SECONDARY SUPPLY)

Demand [t]

140,000

120,000

100,000

80,000

60,000

40,000

20,000

Base Case

Demand

I Demand 1,000 GWh @ 75 % utilisation (Base Case)
B Demand 1,000 GWh
B Demand 1,310 Gwh

\:’ Supply from Recycling (25 % recycling quota; 1,000 GWh @ 75 %)
- Supply from Recycling (75 % recycling quota; 1,000 GWh @ 75 %)
---| Global Mine Production 2020 (82,000 t)

25%

Supply from Recycling 2030 in Europe

90%

Recycling Rate

75%

100%

EU Targets 2030/2035

- Key assumptions equal to
global scenarios.

- 70 % LIB collection rate
- 70 % Lithium recovery rate
- 4% secondary lithium
content in LIB
(2030)
- 10 % secondary lithium

content in LIB
(2035)
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FINAL THOUGHTS - THE GREAT DISCONNECT -

- The Lithium market is a specialty chemicals market and not conventional mining.

- Surplus in mine supply does NOT necessarily translate into sufficent chemical supply.

- Announced mine capacity is NOT equal to refining (chemical) capacity.

- Announced capacities and timelines of projects are ,numbers” and sometimes wishfull thinking.

- Derived chemical supply may or may not be directly suitable for downstream applications (batteries).

- Between 54 % and 63 % of supply in 2030 will be hard rock based.

- This material needs to be converted into lithium chemicals. > Mostly China

- Therefore conversion capacity of spodumene will be key for future supply.

- Sustainability issues (Hard rock vs. Brine vs. Geothermal Brines).

- Many new brine based projects plan to introduce DLE technology for production that is yet not comercially
applied in the industry.

- Supply uncertainties in many countries due to legal and regulatory developments (i.e. Mexico, Bolivia, Chile)
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FINAL THOUGHTS - THE GREAT DISCONNECT -

- Few major global players and China is dominant in the downstream sector with a clear strategy.

- Current lithium prices on all-time high levels (high price volatility).

- Lithium demand for batteries (EVs) as major driver (= 90 % of total lithium demand in 2030)

- Primary lithium supply has to increase 4 to 7 fold.

- Demand projections difficult due to market dynamics (320 — 560 kt Lithium in 2030) [1.7 — 3 Mt LCE)

- Supply gap towards 2030 if no action from industry. Hard rock will dominate the market in 2030.

- Lithium is geologically not scarse. Sufficient supply depends on timely development and investment.

- Mine lead time 4 - 10 years. Refining lead time 12 — 24 months.

- Secondary supply will have to contribute and needs to be developed now (DESIGN FOR RECYCLING).

- Production and import of lithium chemicals has a certain water and CO, footprint which varies and depends

mostly on the source (Brine vs. Hard Rock). ESG issues (high CO, emissions, mine and processing wastes).
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