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HIGHLIGHTS

• The Chinese government has recently released
the New Energy Vehicle Industrial Development
Plan for 2021 to 2035 and has been, through
extensive subsidies and protectionist policies,
capturing significant sections of the supply chain for
lithium-based batteries

• The U.S. has one of the world’s largest reserves of
lithium, but only provides around 2 percent of the
world’s annual supply

• American companies have lost control of important
cobalt mines overseas

• The U.S. Committee on Foreign Investment reviews
national security implications of foreign investments
in the U.S.; however, there is no governmental
committee or agency tasked with examining
the national security implications of American
transactions overseas

In the U.S., the gap between science research and
commercialization has grown in recent years. In order
to narrow this gap, the U.S. government could expand
efforts to facilitate commercialization and public-private
partnerships. This perspective compares the recent policies
by the Chinese and U.S. governments towards emerging
technologies. More specifically, we examine the current state
of electric vehicles technologies in China and the U.S.

In the past centuries, energy sources were restricted
primarily to coal, oil, and gas. Currently, Critical Metals play

an essential role in accelerating the Digital Revolution and
the transition to clean energy in the 21st century. The clean
energy transition requires shifting from fuel-intensive energy
sources to metals- and materials-intensive energy sources
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(Figure 1). The clean energy applications of Critical Metals
include using rare earth element “permanent” magnets in wind
turbine generators. Furthermore, Critical Metals are essential
to the expansion of electric vehicles (EVs) due to their use
of lithium, cobalt, and transition metals in lithium-ion batteries
(LIBs).

Background on China
To understand the U.S. and Chinese relations and shared

interests in acquiring Critical Metals, it is important to examine
the historical background. In 1978, Deng Xiaoping, the
successor of Mao Zedong, became the Paramount Leader of
the People’s Republic of China. Xiaoping was a pragmatist
leader. He succeeded in opening up China’s economy to
the world not only through currency and tax reforms, but
also increasing foreign investments through Special Economic
Zones, and setting up roadmaps for China to join the World
Trade Organization (WTO). Xiaoping’s legacy centers on the
The Four Modernizations, which sought to strengthen Chinese
agriculture, industry, defense, and science and technology.

Since joining the WTO, China’s export growth averaged
15% annually from 2001–2018. While China became the
world’s largest exporter, it remained the country with the
largest trade surplus [2].

The Chinese Government, in 2015, announced the
Made in China 2025 initiative that aims to move away
from low-cost labor-intensive manufacturing, a sector
China has been leading in, in an attempt to secure
China’s position as a leader in high-tech industries that
are more profitable. For example, about a decade ago,
the Apple iPhone’s assembly in China only cost Apple
$8 per iPhone, with the major cost ($110 per iPhone)
going to touchscreen manufacturers in South Korea [3, 4].
Moreover, China’s low-cost product manufacturing-based
economy has become unsustainable due to the increasing
availability of lower-cost labor in Southeast Asia; however,
the quality of Chinese supply chain management is strong
and not easily assailable by other countries. The Made in
China 2025 initiative is a top-down approach that targets
10 priority sectors the government wants the industrial
sector to achieve long-term self-sufficiency in: advanced
information technology; advanced control and automated
machine tools and robotics; aerospace and aeronautical
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Figure 1: Materials used in select energy technologies [1].

equipment; ocean engineering equipment and high-tech
shipping; advanced railway transportation equipment;
energy-saving and ‘new energy vehicles’; high-performance
medical equipment and biopharmaceuticals; power (energy)
equipment; new materials; and agricultural equipment. The
Made in China 2025 initiative emphasizes the strengthening
of the semiconductor domestic supply chain, given its
importance in electronics and therefore high-tech industries.

The spillover from U.S. Department of Defense Research
and Development (R&D) during World War II led to a huge
boom in scientific and technological advances in the U.S.,
establishing U.S. leadership in scientific discovery. Today,
the U.S. innovation system is losing the commercialization
and manufacturing battle. The size of the valley of death,
defined as the gap between basic science research and
commercialization, has been increasing. A famous example
is in the commercialization of photovoltaics (PV). In 1954,
Bell Labs researchers demonstrated the first silicon solar
cell. Further research funded by the Department of Energy
(DOE) and conducted at U.S. institutions developed feasible
and efficient solar cells. While PVs were being produced in
the U.S. shortly afterwards, it was on a small scale and not
widespread. While incremental technological advancements
were responsible for the early-stage price decrease in PVs
from 1980-2001, a study has determined that economies of
scale were the primary source of price drops from 2001
and onwards [5]. As PV manufacturers in the U.S. were
ramping up production, some Chinese provincial governments
introduced heavy incentives for the production of PVs.
Incentives, coupled with lax environmental regulations and
coal plants that supply the cheap electricity needed in
manufacturing, lead to China exponentially increasing its solar
panels production and becoming the top exporter of these
panels. U.S. companies, which produced about 20% of PVs
worldwide in the early 2000s, now produce only 1% [6]. The
primary reason being the strong industrial policy set by China.

The preceding example shares key similarities to the current
state of lithium-based batteries.

Electric Vehicles: Background and a brief warning
The 2021 Report to Congress of the U.S.-China Economic

and Security Review Commission contends that the Chinese
government is seeking to capture major stages of the supply
chain for lithium-based batteries through extensive subsidies
and protectionist policies [7].

The main difference between an EV and a gasoline vehicle
is the LIB which is the heart of the EV. The price of LIB
has been dropping continuously for the past few decades
from over $8,000/kWh in 1992, to $1,100/kWh in 2010, to
$140/kWh today [8]. In order to achieve cost competitiveness
with gasoline vehicles, the average price of an EV battery
pack must decrease to $100/kWh [9]. Recent studies predict
that the U.S. can achieve this decrease by 2023-2025 using
existing battery chemistries [10]. With price parity projected
to occur in the next 2-4 years, the increase in availability of
second-hand EVs, and the advantage of economies of scale,
the price of EVs are inevitably going to compete with gasoline
vehicles.

Since 1991, the DOE Vehicle Technologies Office (VTO)
has formed cooperative R&D agreements with the United
States Advanced Battery Consortium (USABC), whose
membership includes The Big Three U.S. automakers: Ford,
General Motors, and Chrysler. The main mission of the
USABC is to support nickel–metal hydride batteries, LIBs,
and lithium-metal batteries for use in plug-in hybrid electric
vehicles. In 2016, the DOE launched the Battery 500
Consortium among universities and DOE National Labs, which
aims to develop battery technologies capable of delivering
500 Wh/kg of energy, more than twice the capacities of the
state-of-the-art LIBs. The DOE has set targets for EV batteries
to cost less than $100/kWh (and ultimately $80/kWh), to
increase the driving range to 300 miles, and to have a charging
time of 15 minutes or less.
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The cathodes of LIBs consist of metal oxides that include
nickel, cobalt, manganese, and lithium. Typical EV batteries
can have up to 45 pounds of cobalt [11] and Tesla EVs have
about 10 pounds of cobalt [12]. More than two-thirds of the
world’s cobalt comes from Congo [13]. Under the Obama
and Trump Administrations, Chinese companies expanded
their control over cobalt mines and owned 15 of the 19
cobalt mines in Congo. In 2016, American mining company
Freeport-McMoRan sold its copper-cobalt mine in Congo
to China Molybdenum for $550 million. Freeport-McMoRan,
which was facing mounting debt due to bad investments,
received no support from the U.S. government. The U.S.
Committee on Foreign Investment reviews the national
security implications of foreign investments in the U.S.;
however, there is no governmental committee or agency
tasked with examining the national security implications of
American transactions overseas. The U.S. government could
have provided subsidies or incentives to other U.S. companies
to purchase the mine when Freeport-McMoRan was selling
it. According to an exposé by the New York Times [12, 14],
five of the biggest Chinese mining companies in Congo have
received a total of $124 billion in loans and financing from
the Chinese government, more than the publicly announced
figures of $12 billion in loans.

The DOE is currently funding research that aims to reduce
reliance on cobalt for LIBs due to economic and security
concerns [11]. Companies such as Tesla and Ford have
already started adopting LiFePO4 (LFP) cathode chemistries
that do not use cobalt for low-range vehicles [15]. The move
to LFP will reduce cost and dependency on cobalt. However,
they are less energy dense than cobalt-based cathodes, such
as nickel manganese cobalt oxide (NMC) cathodes, which are
still used for long-range vehicles. Therefore, it may be crucial
to invest in research aiming to develop high energy density
batteries without the need for cobalt.

Graphite is the anode material used in LIBs. China is
the world’s leading producer of graphite, accounting for over
60% of global graphite production [16]. China also has the
second-largest graphite reserves worldwide.

About 95% of global lithium extraction comes from
Australia, Chile, Argentina, and China. While Australia,
through hard-rock mines, and Chile, through evaporation
ponds, are the main sources of the world’s lithium, China
is the biggest lithium processor and LIB producer [17]. In
2020, China produced 77% of LIBs in the world. China is
also leading the world in EV adoption, placing a mandate on
automakers that penalizes manufactures that don’t meet EV
production quotas.

Electric Vehicles: An opportunity for growth
In 2021, the DOE released the National Blueprint for

Lithium Batteries, which seeks to strengthen and secure the
lithium-based battery materials and technology supply-chain
and production in the U.S. Additionally, the DOE Loan
Programs Office received authority to disperse $17.7 billion in

loans to support the manufacturing of advanced technology
vehicles, which includes EVs and LIBs. BloombergNEF
projects that the transition to EVs and clean energy globally
may require as much as $173 trillion in energy supply and
infrastructure investment over the next three decades [18].
The study projects lithium and nickel demand will increase by
five times this year’s levels, whereas the demand for cobalt
would increase 70%.

According to the U.S. Geological Survey (a bureau within
the U.S. Department of the Interior), the U.S. has one
of the world’s largest reserves of lithium. It comes from
continental brines, geothermal brines, hectorite, oilfield brines,
and pegmatites, however, only provides around 2% of the
world’s annual supply [17]. The U.S. has only one operating
lithium mine in Clayton Valley, Nevada, which produces about
5,000 tons of lithium per year [12]. There have also been
excavations at the Oregon-Nevada border since 2007, and the
Thacker Pass Lithium Mine was announced in January 2021.
Arkansas [19], North Dakota [20]. Furthermore, reports from
California indicate that the Salton Sea in California contains
lithium in briny water ponds and lakes.

Berkshire Hathaway Energy owns and operates 10 of the
11 geothermal power plants in the Salton Sea in California.
According to a press release by Berkshire Hathaway Energy,
the Salton Sea is said to have a 75-year supply of lithium
and the capacity to supply 90,000 of the 300,000 tons of
lithium produced globally, providing at least a quarter of the
world’s demand and potentially 40%. The California Energy
Commission has formed a Lithium Valley Commission to
study the viability of California lithium, and a report will be
issued in October 2022. Berkshire Hathaway Energy has
received over $20 million from the State of California and
the DOE to determine the feasibility of recovering lithium from
the geothermal brine it generates from producing geothermal
energy.

American and Chinese government approaches
The U.S. commercialization issue is not due to a lack

of research or innovation, but rather due to a lack of a
strong industrial policy. Industrial policy, commonly defined
as government intervention to support particular industries,
is generally absent from U.S. government approaches due to
neoliberal sentiments in American politics.

The stated mission of the Chinese Ministry of Science and
Technology is to, “formulate and facilitate the implementation
of strategies and policies for innovation-driven development,
and plans and policies for S&T [science and technology]
development and the attraction of foreign talent.” The Chinese
Ministry of Science and Technology’s role is to coordinate the
development of the national innovation system by working with
companies and promoting “military-civilian integration.” The
Made in China 2025 initiative is under the jurisdiction of this
Ministry.

The U.S. currently lacks such a long-term structured plan
or initiative that aims to catalyze both public and private
entities. Existing U.S. science agencies have well-defined
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commitments to a specific national goal, such as health,
defense, energy, agriculture, and space; however, there is
lack of significant coordination, integration, and collaboration
among these agencies, leading to minimal effects on industry.

Senators Chuck Schumer [D-NY] and Todd Young [R-IN]
have led the efforts and passed in the Senate the United
States Innovation and Competition Act of 2021 (USICA)
(1) which aims to create a new Directorate for Technology
and Innovation and bridge the gap in the valley of death
between research and commercialization (previously known
as the Endless Frontier Act and advocated for by MIT
Leadership). The bill received bipartisan support in the senate
and would authorize over $250 billion for fundamental and
advanced technology R&D, with a key focus on artificial
intelligence, lithium-based batteries, semiconductors, and
quantum computing. The bill also aims to fund test beds
for new technologies and authorize $10 billion for the
Department of Commerce to fund regional technology centers,
further catalyzing collaborations with the private sector. The
Department of Commerce is also tasked with strengthening
supply chain resiliency to address vulnerabilities in critical
industries, and awarding grants to “facilitate development
and implementation of comprehensive regional technology
strategies”. The U.S. National Science Foundation (NSF) has
already recently created a new Technology, Innovation and
Partnerships (TIP) Directorate, though the specifics have not
been released yet.

The House of Representatives has also passed the
America Competes Act of 2022 (COMPETES) (2), which
among other investments in research, authorizes the NSF to
create a Directorate for Science and Engineering Solutions,
but it does not provide detailed guidance on the vision
or implementation of the Directorate. It provides the NSF
with flexibility to determine how the directorate operates and
provides around 5 times less than what USICA sets.

Both of these legislation set different visions for the
American research enterprise over the next decade. While
a Conference Committee was formed to reconcile the
differences of USICA and COMPETES, in August of 2022,
Congress passed, and President Biden signed into law H.R.
4346 – The CHIPS and Science Act of 2022 (CHIPS)
(3). The bill appropriates over $52 billion to support U.S.
semiconductor manufacturing, RD, and supply chain activities
to advance economic and national security concerns. The
bill also authorizes $81 billion to the NSF over a five-year
period, of which, $20 billion will be allocated to the newly
formed NSF TIP Directorate. The NSF will also be required
to establish an Office of Research Security and Policy, with
an allocated $6 million annual budget, to consult with federal
(including intelligence and law enforcement) agencies to
develop policies to address potential research security risks.
The NSF Office of Research Security and Policy has the
authority to obtaining annual summaries and even contracts
of direct and indirect foreign financial support received by
U.S. universities. Countries of concern are identified to be
China, Russia, North Korea, and Iran and the NSF can reduce,

suspend, or terminate funding under certain circumstances
of such collaborations. The DOE Basic Energy Sciences
Program is appropriated $120 million per year for the next
five years for electrochemical energy storage (batteries) R&D.
The bill significantly removes DOE restrictions and prohibitions
on the use of funds for commercial application of energy
technology. CHIPS addresses many of the contents in USICA
and COMPETES; however, the unaddressed content will
remain in conference.

The content of USICA would have alleviated the concerns
about the widening valley of death and lack of specific
government science strategies, where some such as former
National Institutes of Health (NIH) Directors Harold Varmus
and Elias Zerhouni have even called on for the creation of a
Department of Technology and Science Policy [21].

In August 2022, President Biden also signed into law
H.R.5376 - Inflation Reduction Act of 2022 (IRA) (4). A
major implication to EVs is a tax credit of up to $7,500
for new EVs and $4,000 for used EVs . The EVs must be
assembled in North America and should not have reached a
200,000 unit sales cap (therefore, Tesla is excluded). Over
the next 10 years, the Inflation Reduction Act will grant
$161 billion in clean electricity tax credits and $37 billion
in clean manufacturing tax credits for energy storage, solar,
wind, geothermal, hydrogen, and hydropower technologies
(which includes their supply chains and critical materials
acquisitions). The IRA also places a 15% book-income
minimum tax on corporations with an annual net income over
$1 billion.

Electric Vehicles today
EVs and electric light trucks reached 2 percent of U.S.

vehicle sales in 2020, and jumped to more than 20% of all
passenger vehicles sales in the summer of 2021. In the fourth
quarter of 2021, hybrid, plug-in hybrid, and EVs accounted for
11% of U.S. vehicle sales. EV sales have even increased 60%
in the first quarter of 2022 [22].

The Chinese government has recently released the New
Energy Vehicle Industrial Development Plan for 2021 to
2035 which is a continuation of the progress made in
the Energy-Saving and New Energy Vehicle Industry Plan
for 2012 to 2020. The plan tasks the Chinese Ministry of
Industry and Information Technology and Ministry of Science
and Technology to strengthen the industrial ecosystem of
New Energy Vehicle (NEV) sector (which includes EVs,
autonomous vehicles, and electric buses). The plan seeks
to strengthen cooperation between NEV companies, National
Key Laboratories, and manufacturing innovation centers in
order to bolster R&D of key technologies pertaining to
NEVs. Similar to Chinese provincial governments incentives
that were used to accelerate PV production, the Chinese
state-wide and provincial governments have been allocating
Industrial Guidance Funds to key industries, which includes
those outlined in the Made in China 2025 initiative. The funds
not only support manufacturing but raises private-equity and
venture-capital funds [23].
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The Chinese government has been carefully planning the
transition to EV for over a decade. Six of their EV automakers
have entered the European automobile market. EV sales in the
European Union (EU) doubled last year and constituted 20%
of car sales this year. Given the lack of options for European
automakers, Chinese EV automakers are attempting to enter
competitively in the EU market.

China, given its greenhouse-gas emissions, heavy
pollution, and growing share of energy imports, found it
critical to invest in this transition to EVs. A decade ago,
the government started with subsidies to EV buyers and in
2020 phased them out and replaced them with mandates on
car manufacturers. In 2020, EVs accounted for about 6% of
vehicles in China whose government has an ambitious plan
of having 40% NEV by 2030.

China runs on a planned economy with heavy involvement
from the state. The U.S. government cannot adopt the same
measures taken by the Chinese; however, some strategies
may be adopted. A comprehensive long-term plan (at least
10 years) could be set to incentivize key industries.

Ultimately, there is bipartisan consensus in Congress
to strengthen U.S. competitiveness with China, and this
may become possible if technology implementation and
commercialization initiatives are established (similar to what is
outlined in USICA) and strong industrial policy is implemented.
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