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An increased supply of lithium will be needed to meet future expected demand growth for lithium-ion batteries for
transportation and energy storage. Lithium demand has tripled since 2017' and is set to grow tenfold by 2050 under the
International Energy Agency’s (IEA) Net Zero Emissions by 2050 Scenario.? Currently, the lithium market is adding demand
growth of 250,000-300,000 tons of lithium carbonate equivalent (tLCE) per year, or about half the total lithium supply in
2021 of 540,000 tLCE.? For comparison, demand growth in the oil market is projected to be approximately 1% to 2% over
the next five years.*

Leading experts estimate a supply deficit by the 2030s, creating pressure to increase lithium production and processing.
Benchmark Mineral Intelligence, an information provider on the lithium-ion battery supply chain, estimates a 300,000
tLCE supply deficit by 2030 in its business-as-usual demand scenario.® Albemarle, one of the largest lithium producers,
estimates a 500,000 tLCE deficit by then.® Deutsche Bank sees an even greater shortage of 768,000 tLCE by 20307

Upstream: Lithium Deposits

The upstream portion of the lithium supply chain, namely mining, is severely concentrated in a few countries: Australia,
Chile, and China account for 90% of production.t (See Figure 1.) These three countries, together with Argentinag, hold most of
the economically viable reserves. The concentration, or grade, of the lithium resource is a strong determinant of economic
viability. Other countries, such as Bolivia, possess lithium resources that are currently considered uneconomical. The limited
geographical distribution of lithium production tightens the market despite the metal’s abundance in the earth’s crust.®

Higher lithium grades equate to lower capital and operating expenses per ton of lithium produced. Lower lithium grades lead
to more mining, waste, and processing per ton. Lithium is found predominantly in salt brines (salars) or hard rock deposits.
Brines can be directly processed into lithium carbonate, suited for cheaper but less energy-dense cathodes. To extract the
lithium, brine in underground aquifers is pumped to the surface into a series of evaporation ponds. This process requires a hot
and arid climate with considerable space, as the evaporation ponds can be kilometers long, making the Atacama Desert in
Chile, for example, an ideal location. Brines are measured in milligrams per liter (mg/1) or parts per million (ppm), with brines
over 200 mg/| considered economically viable.® Albemarle’s Salar de Atacama brine mine in Chile measures 2,211 mg/1."

Hard rock deposits are measured in percentage of lithium oxide

Figure 1: Share of global mined lithium by (Li20).2 These deposits can be processed into lithium carbonate or
country, 2022 lithium hydroxide, which are used in higher energy-density cathodes.
(1Ok13iCE) Australia is the leading producer of hard rock lithium, with the state
3% of Western Australia being the main location for lithium mining.”® The
5% (25 ktLCE) mineral spodumene has the highest lithium grade among hard rock

deposits, and is economically viable at between 1% and 2% Li20.*
The Greenbushes mine in Australia, the largest spodumene mine in
production, is 1.47% Li20.®

Currently, the only lithium production in the United States is from
Albemarle’s Silver Peak brine facility in Nevada.® Direct lithium
extraction (DLE), an emerging lithium production technology, could
allow for additional domestic brine production, especially in the
Smackover region of Arkansas and the Salton Sea in California.”

DLE could potentially allow for lithium brine production without

m Australia m Chile evaporation ponds, with the brine being reinjected underground after
m China Argentina lithium is extracted. There are currently no hard rock lithium mines in
mZimbabwe  mRest of world production in the United States, but production is expected to begin
this decade at Lithium America’s Thacker Pass and loneer’s Rhyolite
Ridge in Nevada™ and Albemarle’s Kings Mountain in North Carolina.”
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Many lithium mines located in American-allied countries are financed by Chinese investment, locking in existing and
future capacity for Chinese companies. These investments have allowed China to further influence the supply chain
despite lacking domestic resources. For example, Chinese companies have acquired lithium mining rights in Africa,
Australia, and Latin America.?° Chinese company Tiangi Lithium owns a 26% share in the Greenbushes mine and an
approximately 22% share in SQM, a leading lithium chemical producer in Chile.? Chinese companies Ganfeng Lithium,
CATL, and Huayou Cobalt have stakes in projects in Africa, Australia, and South America.?

Midstream: Lithium Processing

Lithium must be “processed,” or refined into a chemical in the form of lithium carbonate or lithium hydroxide, before being
used in batteries. In the midstream sector, approximately 65% of the world’s lithium processing capacity is concentrated
in Chinag, solidifying the country’s dominant role.?* (See Figure 2.) Chile and Argentina account for 29% and 5% of
processing, respectively, focusing on in-country conversion of lithium from brines to lithium carbonate. Despite being the
world’s largest lithium producer, Australia is only now trying to diversify into processing. Ninety-eight percent of Australian
spodumene was exported to China for processing in fiscal year 2022-23.24

Figure 2: Share of global refined lithium by
country, 2022
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Looking into the next decade, China is likely to strengthen its hold
on lithium chemical production. The United States and Australia

are expected to show remarkable increases in terms of growth

1% percentage, but China is projected to more than triple its current
capacity and maintain a commanding position, accounting for well
over half of the world’s lithium processing.?

The local content requirements and foreign entity of concern
restriction in the Clean Vehicle Tax Credit of the US Inflation
Reduction Act incentivize the construction of lithium processing
facilities outside of China. The Clean Vehicle Tax Credit attempts
to build an ex-China supply chain for mining and processing by
limiting the tax credit to vehicles whose critical minerals are mined
and processed in the United States or Free Trade Agreement
countries. Additionally, the foreign entity of concern restriction
severely limits the role of Chinese companies in the supply chain,

even when those companies are involved in mining or processing

Source: Critical Minerals Market Review 2023, IEA, July 2023.

projects in Free Trade Agreement countries.?

Albemarle and Piedmont Lithium, an emerging American lithium
company, are constructing lithium processing facilities in the United
States and have received financial support from the US government.?
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