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Has the demand for lithium in electric vehicles reached its peak?

The year of 2017 marked a pivotal juncture in the trajectory of lithium demand. In 2017, Tesla launched the first
generation of its Model 3, signalling the company's official entry into the affordable electric vehicle (EV) market.
Concurrently, in the latter half of 2017, China sold 377,000 new EVs, a figure surpassing the combined sales of the
rest of the world. Furthermore, the demand for lithium in battery applications in 2017 reached 30 thousand tonnes
(kT) in lithium carbonate equivalent (LCE), which for the first time in history, constituted a remarkable 50% of the
total lithium end market (Chart 1).

Chart 1: Global Lithium Demand and End Market 2007 — 2017
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Demand for lithium used in battery applications began to accelerate. Fast forward five years to the end of 2022 and
80% of lithium was used in batteries, with over 75% of this allocation earmarked specifically for EVs. l.e., EVs
accounted for 60% of overall lithium usage (Chart 2).



Chart 2: Global Lithium Demand and End Market 2022
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To gauge future global lithium demand, it is necessary to understand the demand for lithium within the EV industry.
Antares has built a global EV database and analysed lithium usage within the EV sector. In this article, we present
the key findings of our research and endeavour to address the central question highlighted in the title...Has
demand for lithium in EVs peaked?

Growth in lithium demand for EVs

The EV market has been growing rapidly. More automakers are entering the market, but the top manufacturers are
able to capture a larger share.

Between January 2017 and June 2023, the compound annual growth rate of the global EV market reached an
astonishing 51%, with EV penetration in new car sales surging from less than 2% in 2017 to 18% in June 2023
(Chart 3, left). The rapidly expanding EV industry has attracted a greater number of players, including both
traditional automakers and newcomers to the industry. Globally, 84 companies are now capable of producing and
commercialising EVs, double the number of companies in 2017.

Counterintuitively, an increased number of participants did not lead to market fragmentation. In fact, the top 5
manufacturers of new vehicles (OEMSs) have continued to gain market share in this highly competitive market. As of
1H2023, these top 5 OEMs account for 53% of the global market. (Chart 3, right)

Chart 3: Global EV Sales and Market Share of Top OEMs
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Chinese OEMs and non-Chinese OEMs have historically pursued different approaches to battery technology and
pack size. Nevertheless, in recent years, there has been a noticeable trend toward convergence.

There is no doubt that Chinese OEMs are experiencing much faster growth than their Western peers. They are not
only expanding within the domestic Chinese market but are also rapidly extending their footprint to Europe,
Australia, the Middle East, and the United States. Post-COVID, BYD has overtaken Tesla to become the world's
number one EV company in terms of sales volume.

EV battery preferences and growth

Our next step was to conduct a detailed analysis of individual EV models from the top 15 OEMs, which collectively
represent 80% of the market. Our objective was to determine the battery pack size and identify their battery
technology, primarily focusing on cathode materials. Here are our key findings:

Battery EVs are gaining market share over plug-in hybrid EVs, which is a net positive for lithium demand
since Battery EVs typically require three times the amount of lithium compounds compared to plug-in EVs
(Chart 4).

On average, the size of the battery pack for Ex-China OEMs are 40% larger than the Chinese OEMs (Chart
5, right) and we attribute this to the following reasons.

o Non-Chinese OEMs tend to concentrate on the premium end of the market, whereas Chinese
OEMs target the entry-level EV market.

o Chinais leading in the deployment of EV charging infrastructure compared to other markets.
Consequently, domestic Chinese customers do not require a long mileage range to meet their
travel needs

The average size of battery pack across China and ex China OEMs reached a peak level in 2020 at 52
kWh per vehicle and moderated to the 46 kwWh mark between 2021 — 2023 (Chart 5, left), which poses a
challenge for lithium demand.

o The decline in the global average pack size is not primarily due to individual OEMs adopting
smaller battery packs but is mainly driven by Chinese OEMs gaining a larger market share.
Cost-efficient cathode materials, such as lithium iron phosphate (LFP), are gaining popularity among global

OEMs (Chart 6).

Chart 4: Global EV sales by type (Battery EV vs Plug-in Hybrid EV vs Hydrogen Fuel Cell EV)
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Chart 5: Average pack Size Per Vehicle, China vs Ex-China
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Chart 6: Percentage of LFP batteries, China vs Ex-China
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We believe that the incremental lithium demand in the EV industry may have already reached its peak level
in 2022

Ramifications for lithium prices

Incremental lithium demand is the primary driver of the demand-supply balance in the lithium market and spot
prices. Essentially, incremental lithium demand is what incentivises suppliers to adjust their production capacity,
either increasing or decreasing it.

Fundamentally the three key aspects driving the lithium demand in the EV industry are:
e Technology advancements
e EV penetration; i.e., new EV sales
e Average battery pack size

On the technology front, the difference in lithium demand per kwWh between LFP and Lithium-Nickel-Manganese-
Cobalt-Oxide (NMC) is negligible. As a rule of thumb, 160g of lithium metal is required for every kWh of energy
storage capacity, or 580g of lithium carbonate equivalent (LCE) per kWh. Solid State Batteries and Fuel Cell EVs
are likely to represent the next generation of technological advancements in the automotive industry. However,
both technologies are still in the early research stage and are not expected to be commercialised within the next
five years. In theory, Solid State Batteries are likely to consume more lithium compounds on a per EV basis, while



Fuel Cell EVs are likely to have smaller battery pack sizes. Therefore, we believe that overall, technological
evolution is likely to have a neutral impact on lithium demand.

In relation to EV market penetration, Table 1 illustrates new EV sales as a percentage of the overall vehicle
market in major markets. We have witnessed a rapid increase in most major markets, including China, Australia,
and the United States. In more mature European markets, we have observed that EV penetration has stabilised at
elevated levels. Conversely, we've noticed a significant slowdown in the growth rate of EV sales post-COVID. In
2021, EV sales were growing at over 100%, but in 2022, this figure decreased to 70%. In the first half of 2023, the
growth rate further moderated to 50% due to a higher baseline and challenging macroeconomic conditions.
Additionally, traditional internal combustion vehicle (ICE) OEMs intensified their price competition in 2023 and
reclaimed some market share. Based on the current trend, we anticipate the growth rate of new EV sales to remain
in the range of 50% to 60% in 2023, with potential upside risks in 2024 and 2025.

Table 1: New EV Sales (units) as a % of overall vehicle market in major markets

2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 Country or region Cumulative sales Annual sales 2022 Market share 2022 % of cars in use 2022

] B7.80%| 86.20%| 74.70% 55.90% 49.10%| 39.20%| 2910%| 22.40%[ 1280%[ a&10% 14,100,000 5 000 421 20.00% 2.90%
56.10%| 5470%| 45.00%| 2260%| 17.20%| 11.70%| 560%| 360% 2.10% 1.30% ina 10 o2 : g

= 56.10%| 4330%| 3220%| 1140%| B820%| 520%| 350%| 262%| 153%| 071%| Europe 7,800,000 2,602,431 23.00% 2.40%

H 38.60% 3520%| 16.40%| 4.20% 2%| 060% 060%| 229%| 088%| 029%| United States 2,960,000 990,000 7.70% 1.30%

R - BB A R AR B o T T T e L7772 532,652 a0 285%

- 31.40%| 26.00% 1350%| 3.00% 190% 158%| 110%| 073%| 043% 025% 0o 1,385,383 343,244 18.70% 3.85% (2021)

[ 30.00%| 15.00%| 540%| 4.90%| 420% 210%| 131% 084%| 023% 008% France 950,000 346,843 21.60% 2.70%

1 26.50%| 18.40%| 10.70%| 3.20%| 250%| 270% 180% — — — United Kingdom 950,000 368,617 22.90% 2.80%

% 2500%| 2250%| 14.30%| 5.50%| 3.20% 265% 1.80% 198%| 0.75%| 0.44% pnorway 817,471 153,144 87.80% 27.73%

z 22.90%| 18.60%)| 10.70%| 290%| 253%| 186% 137%| 1.07%| 059%| 016%

1 22.20%)| 15.70%  7.40% 4.10% 1.57%| 0.72% 048% 046%| o027 _ | etherlands 515,838 106,854 34.90% 5.80%

— 2200%| 20.00% 950%| 3.50% 2.60% 2.06% 160% 090% — — Sweden 440,000 161,649 56.10% 8.80%

o 21.70%| 2000%| 1350%| 570%| 360%| 190% — - — Japan 410,000 102,000 3.00% 0.60%

:: 2170%| 1560% 712%| 418% 289% 211% 103% 050% 028%| 034% canada 380,000 114,000 9.40% 1.60%
2160%)| 18.30%)| 11.20%| 280%| 211%| 198%| 140%| 119%  070% 083%

= 13.00%| 360% 2.80%| 280%| 1.90%| 1.20% 060% 020% 0.10% — Global total 25,300,000 10,200,000 14.00% 2.10%

| 9.60%| 7.80% 480% 140% 000% 060% 032% — — —

L) 9.40%| 660% 350%| 2.00% 220% 092% 058% 035% 028% 018%

I 8.50%| 9.30%| 430%| 060%| 026% 010% 008%| 009%| 008% 0.07%

= 7.70%|  400%| 220%| 190%| 210%| 110%| 090%| 066% 072%| 0.60%

ol 510%| 240%| 078%| 060%| 030%| 019%| 012%| 0.15%| 0.12%| 0.03%

[ 3.00%| 1.00%| 060%| 090%| 1.00% 110%| 059%| 068% 1.06% 0.91%

Global 12.00% B8.60% 4.60%| 2.50%| 2.10%| 1.30% 0.86% 0.70% 0.40% 0.30%

California | 18.70% 12.80% B.10%| 7.60%| 7.60%| 4.90%| 360%| 310%| 3.20%| 250%

Europe 23.00% 19.00%| 1140%| 360%| 250%| 174% 130%| 141% 066% 049%

Hong Kong 2300% 1400%| 5.00% 5.00%  4.84% 0.39%

Source: Bloomberg NEF, Wikipedia; September 2023

As for the average size of the battery pack, we believe the strategy of EV OEMs blindly increasing the size of
battery packs has gradually become a thing of the past. Data suggests that EV OEMs are now more cautious about
battery size after 2020. As indicated in Chart 5, the average size of battery packs reached its peak level in 2020.
Statistically, EVs using LFP batteries typically have smaller pack sizes compared to EVs using NMC cathode
material. With an increasing number of OEMs adopting LFP for their entry-level EVs, we believe this also presents
a potential headwind for lithium demand.

Chart 7 shows the contribution to (LCE demand from sales of EVs and from the size of battery pack.



Chart 7: LCE Demand Growth Breakdown
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We present our analysis of total LCE Demand between 2017 and 2023 and the incremental LCE demand on a
rolling 12-month basis during the same period (Chart 8). We believe the growth in the EV market is likely to
continue driving the growth in total LCE demand. However, we anticipate it's unlikely that the EV market can
replicate the rapid growth rates of the past.

We expect the total LCE demand from the EV sector in the second half of 2023 to be slightly above the 200 kT,
representing YoY incremental LCE demand growth of 25 kT for the 3rd and 4th quarters compared to the 2022
peak of 32 kT. Consequently, we believe that incremental lithium demand in the EV sector reached its peak level in
2022 and 2023. This suggests pressure on the lithium price has also peaked as EV related lithium has been a key
driver for global lithium demand.

Chart 8: Total LCE Demand and Incremental LCE Demand in Electric Vehicles
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On the broader lithium market, we anticipate the share of lithium demand from EVs will moderate. This is mainly
driven by the potential legislative tailwind in the European stationary battery space. Under a more favourable macro
environment for stationary batteries, we expect the market share to increase from 7% to 10%, taking a 2% share
from EVs and 1% share from other usage.

Where to for lithium?

With stationary batteries taking share from EV batteries for overall lithium demand, it'’s possible that incremental
lithium demand will increase albeit not at the exponential rate of the past few years. What this means for lithium
prices requires further analysis but our expectation is that there will be greater stability. This means there will be a
greater need to be selective rather than buying anything with a whiff of lithium exposure. For Antares portfolios, we
will continue to adhere to our fundamental research-based stock selection. Our current analysis favours lower cost
producers, those which are more efficient in pipeline development and those whose strategy is most likely to
capitalise on broader market trends. We have avoided (or shorted where possible) stocks that have higher costs
and / or are more technically risky.



Glossary

Electric Vehicle (EV) — Four main types:

o Battery EV (BEV) — Purely battery powered, no fuel component.

o Plug-in Hybrid EV (PHEV) — The battery pack can be recharged by plugging a charging
cable into an external electric power source or internally recharged by its on-board internal
combustion engine-powered generator.

o Hybrid EV (HEV) — The battery pack can only be recharged by its internal combustion
engine-powered generator. In some jurisdictions (and in this article), HEVs are not
considered new energy vehicles.

o Fuel Cell EV (FCEV) — Next generation hydrogen EV. Battery pack can be charged by its
hydrogen powered generator.

Fuel Cell (FC) - A fuel cell is an electrochemical cell that converts the chemical energy of a fuel (often
hydrogen) and an oxidizing agent (often oxygen) into electricity.

Kilowatt Hour (kWh) — Unit of energy, equivalent to the energy consumption of a one kilowatt device running
for one hour.

Lithium Carbonate Equivalent (LCE) — Industrial standard terminology to standardise the lithium compound
usage.

Lithium Iron Phosphate (LFP) — A type of cathode material used in battery. LFP battery has the advantage of
low cost, excellent cycle life, better safety performance.

Lithium-Nickel-Manganese-Cobalt-Oxide (NMC) — A type of cathode material used in battery. NMC battery
has the advantage of higher energy density and thus better peak performance. NMC also performed better in
extreme weather conditions.

Original Equipment Manufacturer (OEM) - a company that makes a product to be sold by another company
under its own name. In the car industry, OEM generally means car manufacturer.

Solid-State Battery (SSB) — Next-generation battery technology that uses solid electrodes and a solid
electrolyte instead of the liquid or polymer gel electrolytes. Research indicates that SSB has higher energy
density than most current battery technology.
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