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As the world moves to decarbonize
transportation and the Biden admin-
istration pushes for greater adoption

of electric vehicles (EVs), an explosion in
demand for lithium for EV batteries may
outstrip existing and currently planned
supply sources. New deposits around
the world and new technologies to ex-
tract the light metal are likely to fill the
gap, however, and it’s possible that
cobalt and nickel supplies will become a
greater constraint on expanded EV bat-
tery production.

According to market analysis firm
Benchmark Mineral Intelligence, a deficit
of 26000 tons in lithium supply will de-
velop this year and will widen to 1.1 mil-
lion tons by 2030. By then, global de-
mand is expected to surge to more than
five times today’s levels, to 2.4 million
tons of lithium carbonate equivalent
(LCE), the industry’s standard unit of
production (see table, page 21). The
World Bank last year provided a some-
what less bullish outlook for the light
metal but said that a fivefold increase in
lithium demand by 2050 will be neces-
sary if the world is to limit global tem-
peratures to 2 °C above their preindus-
trial level.

Benchmark product director Andrew
Miller says the forecast shortage takes
into account current mines and mining
projects that are known to be in develop-
ment. “However, lithium is not scarce, so
the question is how quickly resources
can be developed or accelerated to meet
these requirements,” he says. 

Roderick Eggert, an economics pro-
fessor at the Colorado School of Mines,
agrees. “There is a significant amount of
unused mining capacity, principally in
Australia, that should allow growth in
demand over the next few years to be met

without a dramatic increase in price.”
President Biden’s $2 trillion jobs and

infrastructure package, announced on
31 March, reserves $174 billion to stimu-
late the US market for EVs. The prodi-
gious sum underscores the surge in de-
mand that lies ahead for the lightest
metal. Nearly all the growth in lithium
consumption in the next decade will be
attributable to EV batteries, Miller and
others say. Some growth in demand for
electric  utility-scale storage batteries is
expected during the latter part of the
decade. In the longer term, other types of
battery chemistry, such as flow batteries
now in the R&D phase, will likely com-
pete with lithium for large-scale storage
applications where weight and size are
less important.

Although specifics haven’t been re-
leased, Biden’s EV plan would seek to
secure domestic automakers’ supply
chains, beginning with the raw materi-
als, and to stimulate more EV battery
manufacturing in the US. But Eggert says
a better strategy would be to diversify US

lithium sources globally. Self- sufficiency
would be much more costly, he says. “It’s
less of an issue of will there be enough
and more of an issue of will there be a di-
versity of sources brought into produc-
tion in a time frame that matches the
growth in demand.”

Western Australia now supplies
around 60% of the world’s lithium from
five mines containing an igneous rock
known as spodumene. Most of the re-
maining global supply comes from salt
flats in Argentina, Bolivia, and Chile, in
the form of brines that contain high con-
centrations of the light metal. The brine is
pumped up from the ground and put into
manmade ponds, where the lithium salts
are concentrated via evaporation. “There
are a lot of undeveloped resources from
both Australia and South America, and
they will compete against one another,”
says Eggert.

The sole US mine, Nevada’s Silver
Peak, is a brine operation. Its owner,
Albemarle Corp, recently announced
plans to double production there. The

A PROTOTYPE lithium-metal battery developed by GM. In March 2021 the automaker
announced a joint development agreement with SES, a lithium-metal battery startup.

Fears of a lithium supply crunch may be
overblown
Unexploited lithium
 deposits lie throughout the
world, but investment in
new mines is lagging. 
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amounts were not disclosed.
As with many other critical minerals,

China has an outsized hand in the
global lithium supply chain. In addition
to the lithium mined domestically, China
processes almost all Australian raw ma-
terial to lithium carbonate and lithium
hydroxide, the compounds used in the
manufacture of cathodes for lithium-
ion batteries. Three companies, Japan’s
Panasonic, South Korea’s LG Chem, and
China’s Contemporary Amperex Tech-
nology Co Limited (CATL), produced
around three- quarters of all EV batteries
in 2020.

A diversity of new sources
The supply base for lithium is expected
to diversify over the next decade, even as
South American and Australian output
increases. As of 2020, brine- based lithium
sources were in various stages of devel-
opment in Argentina, Bolivia, Chile,
China, and the US, and  mineral- based
lithium sources were being developed
in Africa, Australia, South America,
Canada, and Europe, according to the US
Geological Survey.

In addition, new mining techniques
and types of deposits are expected to
supplement traditional sources. Sedi-
mentary clay deposits are being evalu-
ated in the Southwest US, including at
Thacker Pass in Nevada, the world’s
second-largest prospective new source,
according to MINE magazine. Thacker’s
owner, Lithium Americas, estimates the
holding could yield enough lithium to
make 60000 tons annually of LCE for 46
years. Australia’s Hawkstone Mining,
owner of the Big Sandy sedimentary clay
prospect in Arizona, says its mine could
produce 50000 tons of LCE annually for
40 years. The mine could be operating by
2025, says Doug Pitts, Hawkstone’s US
general manager. 

A sedimentary clay deposit in Sonora,
Mexico, the world’s largest lithium proj-
ect in development, contains an esti-
mated 4.5 million tons of LCE, according
to MINE. Five of the world’s other top 10
mining projects are in Western Aus-
tralia. The other two are in Quebec and
Zimbabwe.

Another potential new source of
lithium is superheated brines brought up
from deep underground in the produc-
tion of geothermal energy. In the US, re-
cent interest has focused on the shores of
California’s Salton Sea, where a handful
of companies now operate geothermal
plants. The California Energy Commis-
sion has awarded $16 million in grants
over the past two years to explore the
feasibility of piggybacking lithium ex-
traction operations onto those facilities.
One awardee, the renewables subsidiary
Berkshire Hathaway Energy, operates 10
geothermal plants in the region, which is
sometimes called Lithium Valley. If suc-
cessful, the company says it could pro-
duce 90 000 tons of LCE per year—
roughly one- quarter of current global
demand.

Eggert says that the amounts of
lithium from geothermal operations will
be nontrivial, “but my impression is that
these are dilute sources compared to con-
ventional [mining].” The process hasn’t
been demonstrated at a commercial scale.
What’s more, geothermal energy and the
extraction of lithium from brines raise en-
vironmental concerns, particularly given
existing pollution in the Salton Sea. With
the infrastructure already mostly built,
however, geothermal brines have the po-
tential to quickly become a significant
supply source, Miller says. And, as with
the clay deposits, geothermal is particu-
larly attractive to US consumers who
want to source their material locally.

Standard Lithium, of Vancouver,

Canada, is developing a technology it
claims can extract up to 90% of lithium
from oil-field brines without the need for
the evaporation ponds of the conven-
tional evaporative process. The company
plans to produce 21000 tons of LCE per
year using the byproduct of bromine
production by the German company
Lanxess in southern Arkansas. 

In southern California, mining giant
Rio Tinto’s US Borax division is evaluat-
ing the recovery of lithium from wastes
generated from past borate mining. The
company reports its lithium–borate de-
posit in Serbia is a large undeveloped
mineral resource with a potential for
50000 tons of LCE a year. Spodumene
has been mined in North Carolina in the
past, and Piedmont Lithium and Albe-
marle Corp are considering restarting
operations there.

Investors have been somewhat hesi-
tant to commit to new mines due to
doubts over the duration of the boom in
lithium demand, says Eggert. New bat-
tery technologies could begin to sup-
plant lithium ion in 15 years. Investors
are reluctant to fund a production facil-
ity that will have a lifetime of several
decades when the technology’s future is
uncertain beyond 20 years, he says.

Higher-value elements
Other components of the lithium battery
are also facing a supply crunch. Surpris-
ingly, the light metal accounts for just 4%
by weight of the minerals used in a typ-
ical lithium ion cell. Graphite used in the
anode accounts for more than half the
total mass, and 19% is nickel. Most prob-
lematic, at 6%, is cobalt. Not only is it
rare and expensive, but most of the
world’s supply is mined in the Demo-
cratic Republic of the Congo, where child
labor and other human rights violations
are endemic.

Manufacturers of EV batteries have
been working to minimize or replace
cobalt with different combinations of

Lithium Market Balances
(Tons of lithium carbonate equivalent)
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LITHIUM DEMAND will begin to outstrip supply beginning this year and the imbalance
will grow rapidly in the absence of further mine development, according to market
analysis firm Benchmark Mineral Intelligence. (Figures may have rounding errors.)
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other transition metals, mainly nickel
and manganese, says George Crabtree,
director of the Joint Center for Energy
Storage Research at Argonne National
Laboratory. But some cobalt remains de-
sirable to stabilize the cathode, improve
battery life, and enhance EV perfor -
mance. The cathodes of the first EVs, in-
cluding Tesla’s original Roadster, were
made of lithium cobalt oxide, which con-
tributed to the car’s high cost.

Most of today’s EV cathodes are
lithium nickel manganese cobalt oxide,
containing much smaller amounts of
cobalt. Elon Musk recently reported that
Tesla Model Threes sold in China are
equipped with  cobalt-free lithium iron
phosphate cathodes. That chemistry has
mostly been limited to power tools be-
cause of its lower energy density. (For a
discussion of lithium-ion battery chem-
istry, see the article by Héctor D. Abruña,
Yasuyuki Kiya, and Jay C. Henderson,
PHYSICS TODAY, December 2008, page 43.)

Given its combination of high energy
density and light weight, the lithium-
ion battery is expected to dominate for at
least the next decade. “Lithium ion is ob-
viously the best battery we’ve ever had,” says Crabtree. But the battery has evolved

and will continue to do so. Recent ad-
vances suggest that some EVs could re-
quire as much as twice the lithium as
today’s versions. GM and  Singapore- based
SES, for example, are developing a solid
lithium anode to replace graphite. The
anticipated increase in energy density
should enhance range and potentially re-
duce charging time, GM says. The part-
ners will build a high- capacity manufac-
turing line in Woburn, Massachusetts, for
a pre- production battery by 2023.

QuantumScape, of San Jose, Califor-
nia, is developing lithium-metal batter-
ies in partnership with Volkswagen.
Their design would also eliminate the
liquid organic electrolyte that is a feature
of all current  lithium-ion cells. A solid
electrolyte would put an end to the in -
frequent battery fires caused by thermal
runaway reactions.

Some research indicates that silicon
graphite composites have a storage ca-
pacity about half to three- quarters that of
pure lithium, says Crabtree. 

Recycling not a factor
Limited recycling of lithium-ion batter-
ies is under way, but the economics are
not attractive enough for widespread
adoption, says Jeff Spangenberger,

group leader of materials recycling at Ar-
gonne. Recycling can be accomplished
using pyrometallurgical or hydrometal-
lurgical processes. 

If recycling were to take hold, cobalt,
not lithium, would be the driver, he
says. The less cobalt contained in EV bat-
teries, the less attractive are the econom-
ics of recycling them. With their high
cobalt content, consumer electronics are
much more valuable per given weight,
but the challenge of collecting cell-
phones and laptops on a mass scale has
stood in the way. 

Nitash Balsara, a University of Cali-
fornia, Berkeley, chemical engineer, says
regulations may be necessary to stimu-
late recycling. That was the case with
lead‒acid batteries, nearly all of which
have long been recycled. “We didn’t
know how to do that until we were
forced to do it,” he says. “It’s important
enough, and the time is now to develop
the processes.” 

A Department of Energy–supported
program known as the ReCell Center is
developing direct recycling technology
aimed at recovering, regenerating, and
reusing  lithium-ion battery components
without melting them down or other-
wise changing their chemical structure.

David Kramer

A LITHIUM BRINE operation at the Salinas Grandes salt flats in Argentina. Around 30%
of the world supply of lithium is from South American brines.
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