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Financial, industrial and legislative forces are all converging
on EVs

l;l) POLICY n European |

Commission

Critical Raw Materials Act: securing the new gas & oil at the

The Inflation Reduction Act Is the heart of our economy | Blog of Commissioner Thierry

Start of Reclaiming Critical

Mineral Chains @ .

£% REUTERS®
@hc Nelll ﬁﬂl’k Cimes Volkswagen, Mercedes-Benz
o o o team up with Canada in batter

California E.V. Mandate Finds a materi :ls bush y
Receptive Auto Industry

The Washington Post

The Great Lithium Squeeze
Ford Supply-Chain Leadership Overhaul Reflects EV

Ramp Up
INDUSTRY (& MARKET FORCES
: Bloomberg
yahoo/finance .
Lithium Smashes New Record as Supply

Electra and LG Energy Solution Sign Three-year Cobalt Supply  Struggles to Feed EV Growth

Agreement
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Lithium ion batteries are moving from start up to scale up

60

GWh

2015
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North America is facing a generational challenge to sustain clean
energy ambitions

P2~

(43 e

122 GWh

of li-ion battery

61 GWh

of li-ion

1.4m

EVs (BEV +
PHEV) are
expected to be
sold in North
America in 2023

[ ]
batteries will be N I M n

produced in N.
America
in 2023

demand from
the region is
projected in
2023

Co
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HOW MUCH RAW MATERIAL WILL 4 BENCHMARK
TESLA'S 140 GWH BATTERY ..
CIGAFACTORY CONSUME2 | S

£

(13.5%")

G - = —c i S .

NICKEL
110,000 - 125,000 tonnes

LITHIUM
100,000 - 115,000 tonnes
(LCE) (18.1%*)

MANGANESE
9,000 - 14,000 tonnes
(14.0%*)

COBALT
11,000 - 15,000 tonnes

* Denotes how much of global supply this
represents for each raw material
compared with 2022 production

ALUMINIUM
1,000 - 1,500 tonnes

,.',.;‘,"'-”1' Cobalt, nickel, manganese and aluminium
e _range uses Benchmark assessed split
< between NCM and NCA chemistries for

y Tesla end use

For further information on Benchmark’s products & services for the lithium ion battery to EV supply chain, please contact info@benchmarkminerals.com, or visit, www.benchmarkminerals.com




And time is running out - keeping pace with the downstream
trajectory will be difficult for less agile upstream markets

EXTRACTION CHEMICAL CATHODE/ANODE CELL APPLICATIONS
PROCESSING PRODUCTION MANUFACTURING
Li | | Ni 4+ | cathode t
Coll C = | Anode ® ®
Market determines Major raw material Major raw material Major raw material Price Taker
price and producers costs passed on costs passed on costs passed on
are price takes (Limited price risk
management tools)
(Supply/ Demand,

Costs, Inventory)

RECYCLING

YEARS TO PRODUCTION

5-25 YEARS m 2 -3 YEARS 2 - 5YEARS 4 -7 YEARS
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Other strategic considerations only add hurdles to supply chain
success

Location Sustainability Product specs
* Regional supply security of « EV producers green * The right type of chemical
increasing importance credentials increasingly tied (delivered in the optimal
to consumers to supply chain form) is essential
* Financial incentives to « Brand/reputational risks « VIU will differ across
localise from IRA etc technologies
) | 2 Automotive
¢ n Post 1 3 p == |
@h maghm gto 1]05 i i REU Rgian® i World est.1902
o ‘ Exclusive: Facing green pressure, Indonesia BMW GrouP
The Great Lithium Squeeze | halts deep-sea mining disposal | Sustainability through
\ Innovation 2022
P The,.
Guardian
The Inflation Reduction Act Is the ey .
Start of Reclaiming Critical Dark matter and lithium water
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Project development timelines are getting longer as we build the
wider ecosystem for EV-scale extraction

Machinery Infrastructure Workforce

60 B

We are already seeing
intensifying shortages in
equipment, infrastructure,
refining materials and
skilled labour. This is having
an inflationary impact on
project economics....
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A battery raw material cliff edge is on the horizon

Tonnes
(contained nickel) Tonnes
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Money needs to be deployed today to avoid the challenges of the coming decade
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As the supply chain scrambles to keep pace, the threat of price

volatility escalates

Benchmark EXW China lithium

Benchmark NiSO4 (Min 22%)

Lithium Prices: December 2021 - December 2022
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$80,000
$70,000 e Ay o/
$60,000

$50,000

$40,000

USD / Tonne

$30,000

$20,000

$10,000

~—e— Lithium Hydroxide (Min 56.5% )
Lithium Carbonate (Min 99.5%
Battery)
Lithium Carbonate (Min 99.0%
Technical)

$0
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Dec
22

USD / Tonne

$5,000

Nickel Prices: December 2021 - December 2022

—e— NiSO4 (Min 22% ) - per
tonne of sulphate
[-)
-26%
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21 22 22 22 22 22 22 22 22 22 22 22

Source: Benchmark Lithium Price Assessments

BENCHMARK

Source: Benchmark Nickel Price Assessments

n




The lack of a single market price makes supply chain
optimization incredibly challenging

Increasingly liquid, but
informal, Chinese
domestic spot market

T Spot market volatility in past

1
A Lithium carbonate 4 12 months
| | Lithium hydroxide

90,000 = Less liquid international spot market,
80.000 — informal, non-exchange traded
70,000 —

Long term contracts, some with fixed
60,000 — price but increasingly with frequent
pricing renegotiation breaks that tie

50,000 = price to market indexes
40,000 =
30,000 —
20,000 —
10,000 —
0]

> > > —> —>

EXW China EXW China CIF Asia CIF Asia FOB CIF CIF EXW CIF CIF CIF CIF

(T) (B) (spot) (contract) S America NA EU China Asia Asia EU NA

(spot) (contract)
Bar width represents relative traded volume in region
“# BENCHMARK 12



Batteries are the platform technology for electrifiction
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Raw materials are now firmly at the heart of EV economics

Cathode Cost Breakdown
70% = BOM

—

* Natural spherical * Synthetic Graphite * Foils

e Graphite * Silicon * Binders
P ey Dy Py e
e e L e L L e e
SELNIIIINNEEE Other
L ‘
e e e L e e T
Pl Tl Tl ol Tl Tl Pl Tl ol Tl Tl
R e e e
el el el el * Separator * Electrolyte

* Lithium * Nickel *  Aluminium

* Cobalt * Manganese * lIron phosphate

\ J CAM E Other

Source: Benchmark Battery Cost Mode/
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This will force further OEM involvement upstream...

Mining resources

Current supplier

Battery Materials

Future supplier

Undisclosed/None

Batteries
Lithium Nickel Cobalt Cathode Anode Electrolyte Separators
e BTR, Shanshan, Chinese Mitsubishi .
T Albemz;ral‘i,lganfeng, Ta\llg:\erE:tIZIs Glencore Sumitomo suppliers Chem,Tincl Sumitomo Panasgzl_lc_:l,_ Lot
Syrah (2024+) high-Tech
Ganfeng, Vulcan Energy Huayou cobalt Huayou cobalt . LGES,
@ (2026+) Tsingshan Tsingshan Umicore (2025) CATL, SDI
N7, Sumitomo PPES
TOYOTA
gm Lithium Americas, Controlled POSCO
Thermal Resources (2024+) QPM (2024+) BASF POSCO (2024+) LGES, CATL
LGES,
@» SDI, CATL
SK On, AESC,
DAIMLER LGES, CATL
Vulcan Energy (2026+),
svecoantis | Controlled Thermal Resources|  Terrafame (2025+) CATL
(2024+)
loneer, Compass, Liontown Vale, Huayou, BHP SK On, LGES, CATL
2 = Vulcan Energy (2026+) Terrafame LGES, AESC
@ Ganfeng, Livent Glencore, Managem CATL, SDI, AESC
anfeng, Liven Group 2 5

*This table indicates public announcements and is not an exhaustive list. For full details, please contact info@benchmarkminerals.com
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Can North American meet localised battery demand?

P WS

NORTH AMERICA’'S SUPPLY* AS A % OF DOMESTIC DEMAND
across the Lithium ion Battery Value Chain in 2030 (f)

‘0\ Raw Chemical (+) cathode Battery
\ Material Reflnmg/ & Anode In
ﬂ Sourcing E] Production Poductlon

North America has a long =0 E O =0
way to go to displace
Chinese supply chain

dominance
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N 2022 Vs 2035 _ Average No. of Mines/
Supply Y= Demand Mine/Plant Size Plants Needed
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Longer-term clean energy targets make the scale of the challenge
even more daunting

300 TWh Total Deployed (Present Pathway) 20 TWh/year
A Total Deployed (Net Zero Pathway)
THE ENERGY
Cobalt

| Sopab/. TRANSITION IS
o o/ IN ITS EARLY STAGES
Q Lithium
*aC'S 12m tonnes
(o]
< neTwh Manganese We need to accelerate
© 2m tonnes .
° the entire ecosystem
= Nickel

8rm tormes to reach net zero

50 TWh
50% 100% 200%
2022 2025 2030 2035 2040 2045 2050
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FOR ANY QUERIES, CONTACT US :

@ ‘ amiller@benchmarkminerals.com

info@benchmarkminerals.com

Scan to find
out more
about
Benchmark
Mineral
Intelligence

‘ www.benchmarkminerals.com
@amiller_bmi
Q @benchmarkmin
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