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EXECUTIVE

The United States and China are competing for supremacy in manufacture of
electric vehicles(EVs)and EV batteries, and they have approached battery
technology development and factory expansion as a 21st-century arms race. To
compete with China, US officials are seeking to expand cell manufacturing through
cooperation with battery makers in South Korea. While automakers or battery firms
can scale up cell manufacturing relatively quickly, securing battery raw materials
remains the biggest obstacle to new supply chains.

Three countries currently dominate the global battery market: China, Japan, and
South Korea. Six battery cell manufacturers in China, one in Japan, and three in
South Korea account for over 30% of global production.'Firmsin the three Asian
nations also lead in manufacturing battery components and cells.? In no small part
due to their limited market presence, US and European Union manufacturers are far
behind in battery technology.

American officials appear to consider China’s dominance of the battery supply chain
and its battery technology advantages to be a serious threat to the US economy

and to US national security. The US is working to accelerate the expansion of the

US EVindustry and to reorganize the battery supply network—now dependent on
China—so that it relies more heavily on the US and its allies.

South Korea and its electric vehicle and battery industries can be a key economic
security ally in the expansion of the US electric vehicle industry and the
establishment of a US battery supply chain. But South Korean firms are also highly
dependent on China for critical minerals and battery components. Success in

this partnership—which involves South Korean firms’ manufacturing in the United
States as well as in Korea—will require close and effective cooperation between the
two governments and among companies.

n ENERGY INNOVATION REFORM PROJECT



Battery Materials, Components, and
Manufacturing

The battery supply chain begins with mining and
processing battery minerals. Anodes, cathodes,
electrolytes, and separators are then manufactured
and assembled to create battery cells. Manufacturers
make the large, powerful batteries required to move an
EV by combining large numbers of cells.

Figure Tillustrates a basic lithium-ion battery cell. When
the battery is discharging, electrons move from the

Figure 1. Key components of a lithium-ion battery

Credit: Shutterstock/sivVector.

anode to the load(inan EV, this includes electric motors
and other vehicle systems)to the cathode. At the same
time, lithium ions move from the anode, through the
separator, to the cathode. The lithium ions move within
an electrolyte. When the battery is charging, the charger
sends electrons from the cathode to the anode; at the
same time, lithium ions move through the separator
from the cathode to the anode.’

Critical mineral supply chains, including the
supply chains for EV batteries, are a new front
line in the global US-China rivalry. China exercises
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considerable control over each step of lithium-ion
battery production, from mining raw materials to
final assembly, and these advantages are likely to
last. Indeed, Chinese companies control over 70%
of lithium-ion battery manufacturing and nearly all
stages of the EV battery supply chain.” They also
have dominant positions in supply chains for key
battery minerals, including lithium, cobalt, nickel,
and manganese.® China's role in mineral processing,
which follows mining and precedes component
manufacturing, is especially strong.

The battery is the most important component of an
electric vehicle and often contributes about 40% of
the vehicle’s cost.® China dominates most battery
component manufacturing; Chinese firms make 74%
of separators, 82% of electrolytes, 92% of anodes,
and 77% of cathodes.” Of these, cathodes are perhaps
most significant, in that their energy-intensive
manufacturing contributes substantially to a battery's
final cost. China’s lithium iron phosphate (LFP)
batteries have recently won half the world’s cathode
market.® US companies are responsible for only about
1% of global cathode production.®

Cathode costs are an important factor in EVs' ability to
compete with internal combustion engine (ICE) vehicles
on price. Many see S100/KWh in battery capacity as the
threshold at which battery EVs achieve cost parity with
ICE vehicles.” Some current forecasts predict that the
industry could reach this pointin 2025, in large part

due to falling prices for key materials, including lithium,
nickel, and cobalt. Oil prices will also affect when cost
parity is reached—that is, lower oil prices will extend
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the time to reach parity." However, because Chinais
farahead in EV production, non-Chinese markets might
not reach this point until 2030.7

Battery manufacturers have worked to trim costs by
assembling fewer larger-sized cylindrical battery cells
into EV batteries. In the case of an electric car, 7,000
cells are required if an 1865 (diameter 18 mm, height 65
mm) battery is used;” 4,416 cells are required if a 2170
battery is used;"* and from 828 to as few as 690 cells
are required if a 4680 battery is used.” The cylindrical
shape maximizes space efficiency and energy density.

Using LFP batteries also reduces manufacturing
costs. Although LFP batteries are lower in energy
density than nickel manganese cobalt (NMC)
batteries, they are cheaper and safer from fire than
NMC batteries, which have a lower flash point.'
South Korean manufacturers have concentrated on
producing NMC batteries because of their higher
energy density, which both reduces weight and allows
an EV to travel longer distances on a single charge.”
LFP batteries do not contain nickel or cobalt, which
are expensive raw materials, and are 30% cheaper
than NMC batteries.

LFP batteries gained ground due to supply chain
instability and raw material price increases associated
with the COVID-19 pandemic and Russia’s invasion

of Ukraine,’® though slumping EV demand has

since reduced prices somewhat. China’s large EV
manufacturers adopted LFP batteries first; US and
European carmakers have also moved in this direction.”®
LFP batteries are increasingly popular for stationary



grid-scale energy storage systems, where their lower
energy density and greater weight are less important.?°

Growth of Chinese battery manufacturers like
Contemporary Amperex Technology Co., Ltd. (CATL)
and BYD has largely been at the expense of their
competitorsin South Korea and Japan. Officials in
Beijing define batteries as a strategic technology
and have invested time and money in developing
the industry.?' Today, Chinese firms can build new
battery factories at a significantly lower cost than
their US and other Western rivals.??In 2022, China's
EV battery industry had 77% of global battery cell
manufacturing capacity.?

02

South Korea’s Dependence on China

Three South Korean manufacturers were among the
global top-five battery makers in 2023: LG Energy
Solutions, with 16.4% market share; Samsung SDI, with
7.8%; and SK On, with 7.5%. All were behind China’s CATL
(35.6%). The Chinese EV company BYD was in third place.
(15.6%).% South Korea's battery manufacturers rely
heavily on China for battery materials. As of September
2023, Chinese imports supplied South Korea with over
96.6% of its precursor chemicals for cathodes,?® 93.7%
of its synthetic graphite foranodes, 80.4% of its lithium
hydroxide, and 69.5% of its cobalt oxide.?®

Figure 2 illustrates key steps in the lithium-ion battery
manufacturing process, which yields not only EV
batteries, but also grid-scale storage batteries and the
batteries for myriad personal electronic devices.

In 2022, South Korea's overall trade balance with China
turned into a deficit for the first time in over 20 years.?’
EV batteries, components, and materials along with
other high-tech products contributed importantly to
this situation. If South Korea's EV industry continues
to grow without addressing its dependence on China,
its trade balance could continue to deteriorate.

Indeed, trade statistics demonstrate ongoing
deterioration. South Korea’s trade deficit for lithium
hydroxide grew from $3.2 billion in 2022 to $4.8
billion in 2023.%8 Deficits are also increasing for other
battery materials. Moreover, many South Korean EV
manufacturers rely on Chinese batteries and not just
on Chinese components; Hyundai’'s Kona EV and the
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Figure 2. Lithium-ion battery manufacturing process
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Kia Ray EV both use CATL LFP batteries.?® As late

as 2022, Hyundai was reportedly considering using
CATL batteriesin all its vehicles, and possibly even
replacing the lead-acid batteries in ICE vehicles with
lithium-ion batteries.3°

Finally, South Korea's dependence on China is not
strictly a matter of material or battery imports;
South Korean companies also manufacture batteries
in China. For example, of the 40 GWh/year in total
production capacity that battery manufacturer SK On

hadin early 2022, 27 GWh was at three plantsin China.

The company’s other plants were in South Korea, the
United States, and Hungary.*'

South Korea's dependence on Chinainits EV battery
supply chainis especially problematic in view of
China’s past efforts to impose economic pressure
on South Korea. After Seoul deployed the American-
based Terminal High Altitude Area Defense (THAAD)
missile defense system in 2017, China halted group
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tours to South Korea and shut down a South Korean
grocery chainin China.*? The diplomatic flare-up has
motivated some Korean companies to reduce their
dependence on China.?®’

Lesser reliance on Chinese importsis also a goal of
South Korea’'s battery industry, which is reorganizing
its supply chains and seeking the chemicals and
materials needed to decrease its use of Chinese
battery minerals. For example, in 2021, LG Energy
Solutions announced plans to invest $5.2 billion (about
W6.2 trillion) in battery material production through
2025.% LG Chem, one of South Korea's largest cathode
material manufacturers, plans to produce 65% and
50% of its necessary lithium and nickel, respectively,
by 2028.5° LG Chem has invested $75 million in a US
lithium company and will buy 50,000 tons/year from
2023 to 2027 from a Canadian source.*®

Steelmaker POSCO is especially ambitious and has set
a goal to become a global top-three lithium company



by 2030.% In addition to sourcing lithium in Canada,®
POSCO is building a domestic plant to extract lithium
hydroxide.* Separately, POSCO has signed contracts
to buy graphite (for anodes) from Tanzania.“® POSCO
hopes to obtain 750,000 tons of graphite from Tanzania
over 25 years, an average of 30,000 tons/year.
Considering that South Korea imported 48,000 tons

of graphite from China in 2022, this could contribute
importantly to diversifying graphite supplies.

Both LG Energy Solutions and POSCO are seeking
nickel supplies in Indonesia, which holds the world'’s
largest reserves. By 2022, LG Energy Solutions was
already planning nearly $S10 billion in investments in
Indonesia’s EV battery supply chain, including $3.5
billion for a nickel smelter and $2.4 billion for a factory
to make precursor chemicals and cathodes.“?

Separately, POSCO is investing S441 million to build

its own nickel smelting plant in Indonesia“® on top of a
smaller investment in a domestic nickel factory.** Many
firms are pursuing battery recycling as an additional
pathway to procuring needed materials.

Finally, South Korean firms are also building battery
plants overseas, including in the United States,
Hungary, and Poland.“® Hyundai is working to develop
its own LFP battery technology and is investing $7.3
billion in a wider EV battery program; the company
aims to become one of the world’s top-three EV
manufacturers by 2030.%6 Of course, until the
companies find new sources for key minerals, these
plants will contend with material supply chains that are

highly concentrated in China.
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The US Inflation Reduction Act

The 2022 US Inflation Reduction Act (IRA) has
complicated the challenges confronting South Korea’s
EV battery companies and othersin the industry as
they work to reduce dependence on China for battery
materials.

The IRA's $7,500 EV tax credit provides a $3,750 credit
for EVs that satisfy a battery component requirement
and $3,750 for EVs that satisfy a critical minerals
requirement.*”” South Korea was initially concerned
about the battery component requirement, which
requires an escalating share of battery components
to be manufactured or assembled in North America. In
distinction, the critical mineral requirement permits
extraction or processing of critical minerals only in
countries with free trade agreements with the United
States, including South Korea.*® America eventually
addressed this issue through liberal interpretations

of the IRA in Internal Revenue Service rules. Most
immediately, this meant great flexibility in EV leasing,
which is exempt from these two requirements.*®

South Korea also has concerns about another

aspect of the law: vehicles incorporating products

of a“foreign entity of concern”(FEOC)are not

eligible for the tax credit. A rule implementing this
restriction defines FEOCs as being “incorporated in,
headquartered in, or performing” their work in China,
Iran, North Korea, or Russia. Under the rule, an entity
is also considered an FEQOC if these governments, their
regional or local governments, or current or former
senior officials hold at least 25% ownership or control.
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If an FEOC's contracting arrangements establish de
facto control over another entity, that organization
also becomes an FEOC.*°

After the US Department of the Treasury released this
rule as a proposal in early December 2023, one-third

of EV models that had been eligible for tax credits no
longer qualified. Reports suggest that the pending rule
was the principal cause.®' South Korean trade officials
have expressed several concerns about the proposed
rule to the United States. Perhaps most notably,
officials asserted that "no companies will be able to
qualify for the tax credit in 2025 without an exemption
for graphite.”? South Korea was not alone in expressing
concerns about graphite; several comments on the
proposed rule focused on this problem.®s

South Korean battery companies are diversifying

their mineral supply chains to Argentina,® Australia,®®
and Indonesia,*® among other places, though it will be
extremely difficult to eliminate all dependence on China
before the rule takes effect, despite exceptions that
delay this through 2027.5’ The FEOC rule appears likely
to undercut a S1billion 2023 deal between SK On and
two Chinese precursor chemical suppliers.®®

Moreover, the FEOC rule poses its own challenges for
the United States. Recent studies suggest that while
the United States might be able to meet its EV battery
demand with factories in North America by 2032, it
will likely remain dependent on imported anodes (92%
dependent, requiring graphite) and cathodes (82%
dependent) at that time.**(This analysis assumes that
annual EV battery demand reaches 800 GWh in 2032.)
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The IRA’s battery component and critical mineral
requirements reflect a US effort to develop domestic
EV battery supply chains and where necessary to
source key components and materials elsewhere in
North America(battery components)orin US free
trade partners(critical minerals). The IRA encourages
foreign EV manufacturers selling into the US market
to do the same. As aresult, the law is driving a South
Korean search for battery minerals outside China; it is
also driving substantial integration of the US and South
Korean EV battery supply chains and considerable
South Korean investment in the United States.

In searching for resources, South Korean battery
manufacturers have focused significantly on
Australia and Canada, which have free trade
agreements with the United States as well asrich
natural resources and developed mining industries.
Canada holds 3.6% of the world’s lithium reserves;®°
Australia is one of the top-two holders of reserves of
lithium,®' cobalt,®? and nickel.®?

SK On has been seeking to diversify its supply chain

in Australia. In late 2022, the company signed a
memorandum of understanding with Australia’s
Global Lithium Resources.5% Established in 2018,
Global Lithium holds significant lithium resources in
Western Australia and is currently exploring at multiple
sites. Notably, however, the Chinese firm Suzhou
TA&A Ultra Clean Technology Co. is a“cornerstone
investor”in Global Lithium and owns almost 10% of
the company®®—an arrangement that illustrates the
challenges involved in untangling complex supply
chains. SK On has a separate contract with Australia’s



Lake Resources to supply lithium from sites in
Argentina for its US battery plants.®®

LG Energy Solutions has joined with three Canadian
mineral companies to establish a North American
battery mineral supply chain. In September 2022, the
company signed agreements with Canada’s Electra,
Avalon, and Snowlake to secure cobalt sulfate, lithium
hydroxide, and other key raw materials for batteries.®’
The Global Lithium-lon Battery Supply Chain Ranking,
issued annually by BloombergNEF (BNEF), placed
Canada ahead of China for the first time in early 2024.
This was in large part due to the IRA’s stimulation

of demand as well as China’s weak environmental,
sustainability, and governance conditions.®®(The
United States ranked third for similar reasons.)

Since the IRA's enactment, South Korean firms

have announced six separate EV battery projects

in the United States, each with investments of over
S1billion.?® These include two LG Energy Solutions
projects, specifically battery plantsin Arizona and
Michigan; an LG Energy Solutions battery project
with Hyundai in Georgia; an LG Chem mineral and
component plantin Tennessee; a Samsung/GM plant
in Indiana; and an SK Innovation plant in Georgia. In

addition, SK On and Ford are building a $5.8 billion
complexincluding two battery plants in Kentucky.”

America’s Big Three automakers—GM, Ford, and
Stellantis—have each partnered with South Korean
battery manufacturers to varying degrees. Tesla has
largely relied on Japan’s Panasonic (generally for
providing nickel cobalt aluminum, or NCA, batteries)
and more recently CATL (for LFP batteries).” The GM-LG
Energy Solutions alliance, Ultium Cells LLC, is expected
to produce about 160 GWh/year in batteries in a total of
four factories.”? Ford and SK will build 129 GWh;”* and
Stellantis will build one factory with LG Energy Solutions
and one with Samsung at 40 GWh and 23 GWh.”* POSCO
Chemical is building a cathode material plant in Canada
to supply materials for Ultium Cells.”

With these varied agreements, and others, US and
South Korean companies are becoming deeply
intertwined. Indeed, South Korean battery firms are
well on their way to establishing a leading position in
markets outside China, having secured 49% of relevant
sales globally in the first quarter of 2023.7
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Looking Ahead

The IRA and ongoing interpretations and rulemaking
will continue to shape the US-China competition for
supremacy in electric vehicles and batteries as well

as South Korea’'s role in this techno-economic clash.
The global battery industry is still in its infancy; the
United States, South Korea, and other partners are
increasingly developing “de-risked” battery supply
chains that maintain some dependence on China while
expanding their own capabilities.

Given China’s dominance in EV battery markets,
contesting its role will require a dramatic expansion

of manufacturing capacity. Announced battery plant
projects in North America as of November 2022 could
increase manufacturing capacity from 55 GWh/year in
2021to0 998 GWh/yearin 2030, with the vast majority of
this capacity in the United States.”” Yet some forecast
that by 2031, China’s manufacturing capacity will reach
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4,605 GWh/year—still far greater than America'’s,
despite great effort.”

Moreover, some express concern that planned EV
battery production capacity far outstrips expected
demand, as China’s capacity alone already exceeds
current global needs.”® Though this excess capacity
could benefit consumers by driving down prices, it
would also reduce profitability, especially for high-
er-cost producers. China's dominant market position
is especially advantageous in such conditions. The
United States and South Korea are making a big bet
that cooperating to manufacture EVs and batteries will
enable them to compete with China’s massive EV in-
dustry. For the bet to pay off, along-term commitment
by both partners will be essential.
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