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Introduction

The United States battery industry has fallen dangerously behind the global leaders. A
cornerstone of the modern economy, batteries are essential and ubiquitous across consumer
electronics such as cellphones, military equipment such as drones, and clean energy products
such as electric vehicles (EVs) and power grid storage installations.

Opver the past decade, China has come to dominate this critical industry. Across every stage
of the value chain for current-generation lithium-ion battery technologies, from mineral
extraction and processing to battery manufacturing, China’s share of the global market

is 70-90 percent.' Japan and South Korea, once world leaders in battery technology and
production, now hold minority market shares, and the United States is in a distant fourth
place. As a result, the United States almost entirely relies on Asian imports for the batteries
widely used today.

The good news is that after years of development, far superior battery technologies could
reach commercial markets in the coming decade—and the race to scale them up remains
wide open. Next-generation batteries represent a fundamentally new architecture compared
with today’s lithium-ion batteries, leaving behind liquid components for a solid-state archi-
tecture and eliminating graphite, a material over which China has a chokehold on produc-
tion. U.S. companies and research institutions have made strides toward commercializing
next-generation batteries with dramatically better performance. These batteries have expand-
ed energy storage, quicker charging rates, and radical safety improvements. Yet competition
is intense, with U.S. rivals in Asia investing heavily in innovation. Washington will have to
act with force and speed to recover from its disastrous start in the global battery competition

and leapfrog China’s lead.



Even as it acknowledges the opportunities in next-generation batteries, the United States
must be realistic about its slim odds of competing in today’s technology. Over the last two
years, U.S. federal incentives for the battery supply chain have surged, but more than 90
percent of the funding spree has supported current generation, lithium-ion batteries. China’s
lead in lithium-ion technology is such that the United States will struggle to ever pull even.
To be sure, it is prudent to secure the supply of limited quantities of today’s batteries—
whether through domestic production or imports from trusted partner countries—to reduce
national security risks if China were to cut off battery exports. And there’s value in having a
base of American workers and firms with experience manufacturing batteries.

Yet the main thrust of the U.S. policy response to the battery crisis must be the urgent
commercialization of next-generation technologies where the United States can actually
enjoy a competitive advantage. Doing so will be a tall order, but it is achievable at reasonable
cost. The United States should redouble funding for research and development (R&D),
target incentives and public financing for demonstrating and scaling up commercial produc-
tion of next-generation batteries, and use public procurement to create protected markets for
innovative technologies to gain a market foothold.

Why Catching Up Is So Hard

The dire state of the battery race might seem surprising, given that the United States has
recently made historic investments in its battery industry. Over the past two years, U.S.
investments in batteries and critical minerals refining have grown at least threefold, with
battery manufacturing investments totaling $40.9 billion from Q2 2023 through Q2 2024
(see figure 1).? This is largely thanks to government policies and incentives, notably the
manufacturing and investment tax credits in the Inflation Reduction Act.? The United States
is enjoying a battery boom. Given this progress, why can’t it expect to close the competitive-
ness gap with China?

Simply put, China’s lead in existing lithium-ion battery production is too large. After
decades of Chinese investment in lithium-ion supremacy, even today’s U.S. surge, which is
almost exclusively focused on manufacturing current lithium-ion technology, hasn’t stopped
China’s widening lead on cost and economies of scale. Beginning in 2001, Beijing made
electric vehicles (EVs) and their batteries a priority in its Five Year Plan, motivated by its
realization that China would struggle to catch up to the United States and Japan when it
came to innovation in internal combustion engine technology. By the end of the 2000s, the
Chinese government was providing major support for the firms making EV batteries, includ-
ing tax breaks, cheap land, and public procurement. Researchers at the Center for Strategic
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Figure 1. U.S. Clean Energy Manufacturing Investment Is Booming

U.S. Clean Energy Manufacturing Investments, 2018-2024

Ml Batteries [l Critical Minerals [l Electrolyzers [l Fueling Equipment [l Solar [l Wind Zero Emissions Vehicles

$20,000,000,000

$15,000,000,000

$10,000,000,000

Millions of U.S. Dollars

$5,000,000,000
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and International Studies calculated that Chinese government support for the battery and
EV sector totaled $230 billion from 2009 to 2023.° China dominates the manufacturing

of every component of battery cells as well as the upstream supply chain (see figure 2a).
Chinese firms not only refine most of the world’s battery minerals at home but also have
extensive interests in mines abroad. For instance, more than 90 percent of Africa’s supply of
lithium this decade will be produced by entities at least partly owned by Chinese firms.®

And China plans to keep stepping up production. The International Energy Agency projects
that “Chinese dominance of the cathode and anode active material manufacturing capacity
will not see any significant reduction by 2030; it doesn’t see the US winning more than 15%

of the lithium-ion market by 2030, even if all announced projects materialize.””

What’s more, China’s production capacity far outstrips the world’s demand, let alone its

domestic demand; a subsidy-driven manufacturing and export model is driving global
overcapacity of 400 percent (see figure 2b).
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Figure 2(a). China Dominates the Battery Supply Chain

Global Production of Battery Cell Components, 2024
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Admittedly, forecasts of future demand for clean energy products are always uncertain, and
2024 has brought a wave of consolidation and canceled investments to the Chinese battery
sector.® But it is clearly a massive challenge for U.S. factories and firms to compete with the
scale of Chinese production, which are priced competitively in the protected U.S. market
and are far more competitive than U.S.-produced batteries in markets around the world. In
the wake of U.S. tariffs on Chinese EVs and battery minerals, China’s leadership decided at
a crucial economic meeting on July 18, the Third Plenum, to double down on the manufac-
turing and export of batteries, EVs, and other low-carbon technologies.” Any attempt by the
United States to catch up with Chinese manufacturers of today’s lithium-ion batteries will
require enormously expensive subsidies to produce a commodity product with slim margins,
and China’s cost advantage is virtually insurmountable. Maintaining the political will to
fund an indefinitely uncompetitive industry would be taxing.

Yet the United States cannot cede the field and yield economic sectors that are vital to pros-
perity. The largest use of batteries is for EVs, and the transition to EVs puts at risk the U.S.
automotive industry, which makes a significant contribution to the entire U.S. economy.
More than a million Americans work directly in motor vehicle and parts manufacturing,
and the industry is at the core of U.S. metal-working capabilities.”” From California to
Texas, batteries are also increasingly being used to store energy and make possible grids that
rely on renewables."" Batteries power the modern U.S. economy through portable electron-
ics and a growing array of wearable devices. And batteries are critical to modern military
operations, including powering combat troops’ equipment and marine and aerial equipment.

The task, then, is to prioritize the next generation of batteries.

The Promise of Next-Generation Batteries

The lithium-ion batteries mass-produced by China today are industrial marvels. The battery
pack for an EV assembles thousands of tightly packed battery cells, each one comprising
dozens of layers with precisely honed chemical compositions. Yet after more than three
decades of improvements to commercial lithium-ion batteries, these devices are approaching
the theoretical limits of their performance.

Next-generation batteries, defined in this paper as batteries that use lithium-metal anodes
and enable solid-state architectures, could shatter those performance limits and eliminate the
drawbacks of lithium-ion batteries, with revolutionary impacts across applications.

The advantages of next-generation batteries start with safety. Today’s lithium-ion batteries
are based on a chemistry that is inherently flammable; when these batteries cross a tem-
perature threshold, they can explode spectacularly through a process known as thermal
runaway. Deadly fires from battery explosions have erupted on ocean tankers carrying EVs,
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and several incidents in South Korea, including fires that killed dozens at a battery plant and
in an apartment building, have reduced the country’s demand for EVs."? But next-genera-
tion batteries are inherently safe—they do not experience chain reaction thermal runaway
because of their architecture. Dramatically improving battery safety could reduce risks from
EVs and portable electronics, while also reducing fire shields that make today’s batteries
heavier and undercut their performance.

More importantly, next-generation batteries could far surpass the limits of today’s batteries
across key performance metrics, such as energy density by volume and weight, power
density, charging speed, and durability. Each of these advantages brings revolutionary new
capabilities. Next-generation batteries could unlock new generations of wearable electronics,
extend the range and potency of drones, and enable vehicles that can drive more than 1,000
miles on a single charge and command five times the horsepower of EVs with today’s battery
packs. There are also military advantages at stake: energy-dense batteries could power
uncrewed submarines and enable combat troops in the field to power equipment such as
night-vision goggles for longer periods and with lower weights."

Achieving these new performance thresholds will require leaping beyond existing lithi-
um-ion technology. Incremental approaches that modify existing lithium-ion technologies,
such as enriching anodes with silicon, can deliver performance gains, though these batteries
still suffer from drawbacks such as cell expansion that degrades reliability. Chinese firms
may be best positioned to solve these technical challenges, building on their dominance of
existing lithium-ion technology to become formidable competitors in these incrementally
improved battery chemistries, and continuing to use their scale and experience to innovate
in the manufacturing process. China is also moving swiftly ahead to dominate low-cost
battery chemistries, such as sodium-ion batteries, which perform worse than lithium-ion
batteries but can be far cheaper to produce and can enable low-cost, short-range EVs or grid-
scale electricity storage.

But dramatic improvements across all performance metrics—enabling the most profitable
and most compelling applications—can only be unlocked by eliminating a key component
of today’s batteries: the graphite anodes that store positive ions and release them during
discharge. Replacing these with lithium metal anodes would enable more energy-dense
architectures and faster charging speeds. However, this change requires redesigning much of
the rest of the battery cell to prevent degradation, such as by eliminating liquid electrolytes.
Indeed, many have hailed solid-state batteries as a holy grail of battery technology develop-
ment. It is no wonder, then, that the race is intensifying to develop and scale next-generation
batteries. Here, the United States has critical advantages thanks to its world-leading innova-
tion ecosystem, though China and other competitors aim to narrow the gap.
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Global Competition in Battery Innovation

Next-generation batteries represent a critical battleground in the global competition to
win market share in the battery industry. Over the past decade, the United States built
an early technology lead through the R&D efforts of research institutions and venture-
backed startups. Today, there are multiple publicly traded U.S. companies developing
next-generation batteries; the only multibillion-dollar American firm of this kind,
QuantumScape, has announced an industrial licensing and manufacturing deal with
automaker Volkswagen Group."

However, the global competition to be the first to bring next-generation batteries to market
is heating up. The largest Chinese battery companies, including CATL and BYD, have
joined together as part of a Chinese government-led consortium of companies and research
institutions aiming to commercialize solid-state batteries.” Elsewhere in Asia, Japanese
automakers Toyota and Nissan are targeting solid-state battery production by 2028, and
South Korean conglomerate Samsung aims to mass-produce next-generation batteries for
premium vehicles by 2027.¢

The reason for this fierce competition is that next-generation batteries could be the key to
both seizing market share and turning a profit. Extreme Chinese overcapacity in producing
today’s lithium-ion batteries means that the margins on today’s battery sales are slim or even
negative.”” Next-generation batteries could come with premium pricing power. Because of
their superior performance, they could power cellphones with energy-intensive artificial
intelligence (AI) computing hardware or high-end EVs with increased acceleration and
range, and they could unlock new market segments, such as more powerful and long-lived
wearable devices. The companies and countries that achieve this performance first will be in
pole position to rapidly capture a share of growing markets around the world.

Next-generation batteries could also bring important security benefits. Turning to batteries
with lithium-metal anodes would eliminate one of the most concentrated Chinese supply
chain advantages—the processing and production of graphite—defanging a potential
security risk were China to cut off graphite supplies to the United States.

China recognizes it has a great deal to lose if it does not dominate this next round of battery
innovation. As next-generation batteries reach commercial markets, China is forecasted to
take only a minority share of their production by 2030, according to Benchmark Mineral
Intelligence, which explains, “In a way, China sees solid-state batteries as a risk to their

control over the lithium-ion battery industry.”'®
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Figure 3. Next-Generation Batteries Are Arriving

Projections of next-generation battery share of the global battery market from 2029 to 2035
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The coming years are critical in the race to commercialize high-performance, next-genera-
tion batteries. By 2035, Bloomberg forecasts that 20—30 percent of the global battery market
could be served by disruptive next-generation batteries with lithium-metal anodes (see figure
3). But the proof points for commercial success—the first vehicles, consumer electronics,
and military-grade equipment to use next-generation batteries—could emerge in the next
twenty-four to thirty-six months.

The stakes are too high for the United States to fall behind.

Policy Recommendations for the
United States

Winning the race to dominate next-generation batteries will require a suite of policies
targeted at scaling up emerging technologies. A critical insight is that incentives and market
interventions required to cultivate next-generation batteries are very different from a policy
framework tuned to increase production of today’s technology."”

8 | Winning the Battery Race



Therefore, policymakers should avoid fighting yesterday’s war. As frustrating as it is that
China has come to dominate the production of today’s lithium-ion battery technology
through a mix of genuine innovation and manufacturing prowess as well as state-sponsored
intellectual property theft and unfair trade and subsidy practices, it would be a mistake to
try to beat China at its own game. Lavishing subsidies at a grand scale on domestic manu-
facturers to produce the same batteries that could otherwise be imported much more cheaply
from China amounts to closing the barn door after the horse has bolted. U.S. producers will
never catch up to the tremendous scale economies and experience that Chinese lithium-ion
battery producers have achieved, and U.S. firms will remain woefully uncompetitive in
global markets if they only produce today’s technology. To be sure, it would be wise for

the United States to keep working to reduce its reliance on batteries (and refined minerals)
produced in China by cultivating other suppliers such as Vietnam and India; the share of
batteries imported from China reached 72 percent in 2023—50 percent would be more
appropriate. But U.S. policymakers have to be realistic about what level of competitiveness
they can achieve with tariffs on graphite and EVs like the ones the Biden administration
introduced in May 2024.%°

Unfortunately, the vast majority of current U.S. incentives for battery production, such as
the Inflation Reduction Act (IRA) Section 45X tax credits, do not target next-generation
batteries over existing technologies. As a result, these incentives are being used almost
exclusively to support manufacturing facilities to produce lithium-ion batteries. In addition,
a Carnegie analysis of the $24 billion in U.S. federal grants and loan guarantees through
the Department of Energy over the last two years reveals that more than 90 percent of the
funding has supported lithium-ion batteries, the current generation of technology. Some

of the remaining funding has supported low-cost and low-density architectures that can be
used to back up the power grid. And less than 1 percent of federal funding has supported
next-generation solid-state batteries.

Given the extreme imbalance of U.S. government support for current-generation technology,
U.S. firms seeking to harness government subsidies have looked to contract with leading
Chinese producers of conventional batteries to build up domestic U.S. manufacturing
capacity. Although it may be possible for the United States to benefit from Chinese expertise
and foreign direct investment and protect intellectual property generated through these
manufacturing partnerships, this should not be the only model for scaling up U.S. battery
production. Indeed, there is no pathway to dethroning China’s dominance in the battery
industry so long as U.S. producers depend on China for technology and manufacturing
prowess. The only way to narrow, rather than entrench, China’s massive lead will be to invest
decisively in next-generation batteries.

A wholesale shift in strategy to cultivate a U.S. industry developing and producing next-gen-
eration batteries will require three types of policies: (1) robust R&D funding, (2) funding to
rapidly scale up new technology, and (3) protected markets for the early deployment of these
new products.
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Increase R&D Funding

Pushing the technological frontier for battery performance and cost will require U.S.
universities, research institutions, and National Laboratories to reestablish U.S. supremacy
in battery technology. China has more than closed the gap in battery R&D—it has taken
the lead (see figure 4). Thanks to aggressive Chinese R&D funding, 68 percent of highly
cited technical papers on battery technology now come from Chinese research institutions,
compared with just 10 percent from U.S. institutions.”

Although published scholarly work is widely available across borders, the know-how and
centers of excellence generated to push the technological frontier confer competitive ad-
vantages to the countries that undertake cutting-edge R&D. Therefore, the U.S. Congress
should urgently increase appropriations through the National Science Foundation (NSF),
the Department of Energy, ARPA-E, the Department of Defense, and other funding sources
for next-generation battery R&D. This would help fill the pipeline of pioneering research,
including into battery technologies on the horizon that are so energy dense they could power

long-distance aviation.

Figure 4. China Leads the World in Publicly Available Battery Research
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Boost Incentives for Scaling Up Next-Generation Batteries

The U.S. government should urgently increase funding dedicated to scaling up next-gen-
eration battery demonstrations and production. Today, there is a major gap between funds
available for university research, such as from ARPA-E and NSF, and incentives for the mass
production of mature lithium-ion battery technology, such as IRA tax credits and Loan
Program Office manufacturing loans. The missing middle represents funds for scaling up
production of next-generation battery technologies.

Companies at the forefront of developing solid-state batteries with lithium-metal anodes
need tens of millions (in some cases hundreds of millions) of dollars in grants and low-cost
loan financing to build pilot lines that iron out the kinks in their technologies. This funding
is also essential for scaling up companies’ production now to at least a gigawatt-hour—
enough to power 1,000 electric vehicles—and to hundreds of gigawatt-hours by the end of
the decade. The Department of Energy has the latitude through its Loan Programs, Clean
Demonstrations, and Manufacturing Ofhices to concentrate the support it offers toward
next-generation battery manufacturing instead of only supporting existing technology
manufacturing. The Department of Defense should also focus on cultivating new produc-
ers of next-generation batteries. And Congress should build on the IRA and Bipartisan
Infrastructure Law by focusing new tax incentives on manufacturing for next-generation
batteries, because today’s incentives will almost certainly be monopolized by producers of
existing technologies.

Utilize Public Procurement

It will be critical to create market opportunities for emerging U.S. producers of next-
generation batteries to sell their products without fear of competing with low-cost, Chinese
producers of existing lithium-ion batteries that can undercut new technologies. For next-
generation batteries to gain initial scale and costs to fall, companies will need to ship initial
volumes of product and build experience in serving customers and analyzing battery perfor-
mance in the field. U.S. government procurement offers an excellent route to do just this.

The U.S. military should provide American firms with a dedicated market to power a small
segment of military vehicles, drones, and other equipment with next-generation batteries,
ensuring that existing lithium-ion technologies and Chinese suppliers are ineligible for these
procurements. Similarly, these efforts could target other government purchasers of batteries,
including the U.S. Postal Service truck fleet and the other twenty-eight government agencies
that committed to ramping up procurement of EVs and bought nearly 10,000 of them in
2023.% Shifting a fraction of those procurements to only target U.S.-produced next-gen-
eration batteries could create a critical beachhead market for companies to underwrite and
finance new production lines and guarantee sales of a new technology that needs to get off
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the ground. Although the executive branch already has some leeway to develop these small
procurements, Congress should explicitly authorize the U.S. federal government to prioritize
next-generation U.S. battery technologies over existing ones.

As policymakers develop trade policy, they should ensure that U.S. competitors cannot take
advantage of the country’s market to scale their next-generation battery designs by dumping
or undercutting U.S. technologies through artificially depressed prices and government
subsidies. Although in the long run, U.S. firms will need to build globally competitive
next-generation batteries to truly realize the full market potential of these revolutionary
technologies, the U.S. goal in the near term should be to tilt the playing field in favor of
American next-generation battery commercialization and early sales. Failing this, China will
dominate the next chapter of the global battery industry exactly as it has done to date.

The cost of these interventions is small—on the order of several billion or at most tens of
billions of dollars—compared with the hundreds of billions needed to compete with the
vast Chinese manufacturing complex for existing lithium-ion technologies. Leapfrogging
China with U.S. innovation has the dual benefit of saving taxpayer resources and enabling
a superior U.S. product that can compete effectively in global markets, particularly for
premium applications. This is a strategy that plays to U.S. strengths and could reset the race
for the batteries of the future, a race where America can actually hope to compete, rather
than aspire to a distant second or third place. There is no time to waste.

Correction: A calculation in the underlying data for figure 3 was revised. The aggressive scenario
in 2035 was corrected from 54 percent to 32 percent, and the reference scenario was corrected
from 32 percent to 22 percent.



About the Authors

Varun Sivaram is senior fellow for energy and climate at the Council on Foreign Relations
and brings experience spanning the corporate, policy, and academic sectors. He was formerly
chief strategy and innovation officer at @rsted, the world’s largest producer of offshore wind
energy, and chief technology officer at ReNew Power, India’s largest producer of renewable
energy. He also previously served for the first two years of President Joe Biden’s administra-
tion in the White House and State Department as the managing director for clean energy
and senior advisor to Secretary John Kerry, the U.S. Special Presidential Envoy for Climate,
where he created and led the First Movers Coalition. Note: Sivaram would like to disclose that
his father, Siva Sivaram, is CEO of QuantumScape Corporation, a U.S. battery firm. Varun
Sivaram has no financial or other relationship to QuantumScape.

Noah J. Gordon is acting co-director of the Sustainability, Climate, and Geopolitics
Program at the Carnegie Endowment for International Peace in Washington, DC. His
research focuses on climate change and how it’s changing international politics. He manages
projects on climate geopolitics and security, global clean energy supply chains, and the
interplay between climate change and migration. Before joining Carnegie, Noah worked

as an advisor at the Berlin-based climate think tank adelphi, where he led the Transatlantic
Climate Bridge initiative.

Daniel Helmeci is a research assistant in the Carnegie Sustainability, Climate, and
Geopolitics Program. He was previously a James C. Gaither Junior Fellow in the Carnegie
Sustainability, Climate, and Geopolitics Program. Before joining Carnegie, Dan studied
Political Science and History at Rice University.

13






Notes

1 “Batteries and Secure Energy Transitions,” International Energy Agency, April 2024, https://www.iea.org/

reports/batteries-and-secure-energy-transitions.

2 Lily Bermel et al., “Clean Investment Monitor: Tallying the Two Year Impact of the Inflation
Reduction Act,” Rhodium Group and Massachusetts Institute of Technology Center for Energy and
Environmental Policy Research, August 7, 2024, https://www.cleaninvestmentmonitor.org/reports/
tallying-the-two-year-impact-of-the-inflation-reduction-act.

3 Ahmed Mehdi and Tom Moerenhout, “The IRA and the US Battery Supply Chain: One Year On,” Center
on Global Energy Policy at Columbia University, September 20, 2023, https://www.energypolicy.columbia.
edu/publications/the-ira-and-the-us-battery-supply-chain-one-year-on.

4 Zeyi Yang, “How Did China Come to Dominate the World of Electric Cars,” MIT Technology

Review, February 21, 2023, https://www.technologyreview.com/2023/02/21/1068880/
how-did-china-dominate-electric-cars-policy.

5  Scott Kennedy, “The Chinese EV Dilemma: Subsidized Yet Striking,” Center for Strategic
and International Studies, June 28, 2024, https://www.csis.org/blogs/trustee-china-hand/

chinese-ev-dilemma-subsidized-yet-striking.

6 “China Is Winning Africa’s “White Gold Rush’ for Lithium,” Economist, November 9, 2023, https://www.

economist.com/middle-east-and-africa/2023/11/09/china-is-winning-africas-white-gold-rush-for-lithium.

7 “Batteries and Secure Energy Transitions,” International Energy Agency.

8  Auke Hoekstra, “Batteries Light the Way to Renewable Energy but the IEA Is Missing It,” Auke’s Substack,
June 20, 2024, https://aukehoekstra.substack.com/p/batteries-light-the-way-to-renewable; and Gloria Li,
Kana Inagaki, and Harry Dempsey, “Chinese Battery Industry Faces Consolidation Wave,” Financial Times,
August 6, 2024, hteps://www.ft.com/content/4fa5e7a3-5649-4392-b964-d722f0b61b11.

9  “President Biden Takes Action to Protect American Workers and Businesses from China’s Unfair Trade
Practices,” White House, May 14, 2024, https://www.whitchouse.gov/briefin
releases/2024/05/14/fact-sheet-president-biden-takes-action-to-protect-american-workers-and-
businesses-from-chinas-unfair-trade-practices; and Anika Patel, “What China’s Push for ‘New Quality
Productive Forces’ Means for Climate Action,” Carbon Brief, July 18, 2024, https://www.carbonbrief.org/

-room/statements-

ga-what-chinas-push-for-new-quality-productive-forces-means-for-climate-action.

15


https://www.iea.org/reports/batteries-and-secure-energy-transitions
https://www.iea.org/reports/batteries-and-secure-energy-transitions
https://www.cleaninvestmentmonitor.org/reports/tallying-the-two-year-impact-of-the-inflation-reduction-act
https://www.cleaninvestmentmonitor.org/reports/tallying-the-two-year-impact-of-the-inflation-reduction-act
https://www.energypolicy.columbia.edu/publications/the-ira-and-the-us-battery-supply-chain-one-year-on
https://www.energypolicy.columbia.edu/publications/the-ira-and-the-us-battery-supply-chain-one-year-on
https://www.technologyreview.com/2023/02/21/1068880/how-did-china-dominate-electric-cars-policy
https://www.technologyreview.com/2023/02/21/1068880/how-did-china-dominate-electric-cars-policy
https://www.csis.org/blogs/trustee-china-hand/chinese-ev-dilemma-subsidized-yet-striking
https://www.csis.org/blogs/trustee-china-hand/chinese-ev-dilemma-subsidized-yet-striking
https://www.economist.com/middle-east-and-africa/2023/11/09/china-is-winning-africas-white-gold-rush-for-lithium
https://www.economist.com/middle-east-and-africa/2023/11/09/china-is-winning-africas-white-gold-rush-for-lithium
https://aukehoekstra.substack.com/p/batteries-light-the-way-to-renewable
https://www.ft.com/content/4fa5e7a3-5649-4392-b964-d722f0b61b11
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-t
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-t
https://www.whitehouse.gov/briefing-room/statements-releases/2024/05/14/fact-sheet-president-biden-t
https://www.carbonbrief.org/qa-what-chinas-push-for-new-quality-productive-forces-means-for-climate-action
https://www.carbonbrief.org/qa-what-chinas-push-for-new-quality-productive-forces-means-for-climate-action

10

11

12

13

14

15

16

17

18

19

20
21

22

23

“Automotive Industry: Employment, Earnings, and Hours,” U.S. Bureau of Labor Statistics, August 23,
2024, hteps://www.bls.gov/iag/tgs/iagauto.htm. and Stephen Ezell, “How Innovative Is China in the Electric
Vehicle and Battery Industries,” Information Technology and Innovation Foundation, July 29, 2024, https://

itif.org/publications/2024/07/29/how-innovative-is-china-in-the-electric-vehicle-and-battery-industries.

Colin McKerracher, X post, August 14, 2024, 7:07 AM, https://x.com/colinmckerrache/
status/1823677937591451673; and Brad Plumer and Nadja Popovich, “Giant Batteries Are
Transforming the Way the US Uses Electricity,” New York Times, May 7, 2024, https://www.nytimes.com/
interactive/2024/05/07/climate/batter

Julian Ryall, “South Koreans Hit the Breaks on EVs After Battery Fires,” DW, August 19, 2024, https://
www.dw.com/en/south-koreans-hit-the-brakes-on-evs-after-battery-fires/a-69978616.

-electricity-solar-california-texas.html.

Joeseph Webster, “Batteries as a Military Enabler,” War on the Rocks, June 20, 2024, https://warontherocks.
com/2024/06/batteries-as-a-military-enabler.

Andreas Grof§ and Stefan Ernst, “PowerCo and QuantumScape Announce
Landmark Agreement to Industrialize Solid-State Batteries,” Volkswagen
Group, July 11, 2024, https://www.volkswagen-group.com/en/press-releases/

owerco-and-quantumscape-announce-landmark-agreement-to-industrialize-solid-state-batteries-18494.

Shunsuka Tabeta, “CATL, BYD, Others Unite in China for Solid-State Battery
Breakthrough,” Nikkei Asia, February 12, 2024, https://asia.nikkei.com/Business/Technology/
CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough.

Nathan Bomey, “Toyota and Nissan Developing Next Generation EV Batteries,” Axios, May 13, 2024,
hteps://www.axios.com/2024/05/13/toyota-nissan-solid-state-batteries-ev-charging; and Emily Dreibelbis,
“Samsung to Mass Produce Solid-State Batteries for ‘Super Premium’ EVs by 2027,” PC Mag, July 29, 2024,

https://www.pcmag.com/news/samsun

-to-mass-produce-solid-state-batteries-for-super-premium-evs-by.

“China’s Manufacturers Are Going Broke,” Economist, August 8, 2024, https://www.cconomist.com/
business/2024/08/08/chinas-manufacturers-are-going-broke.
“Is 2024 the Year of Solid-State Battery Powered EVs?,” Benchmark Source, May 3, 2024, https://source.

benchmarkminerals.com/article/is-2024-the-year-of-solid-state-battery-powered-evs; and Rachel Cheung,
“Chinese Battery Makers Get Solid Support,” Wire China, June 23, 2024, https://www.thewirechina.
com/2024/06/23/chinese-battery-makers-get-solid-support-solid-state-batteries.

Varun Sivaram, John Dabiri, and David M. Hart, “The Need for Continued Innovation in Solar, Wind,
and Energy Storage,” Joule 2, 1,639-1,647 (September 19, 2018): https://www.cell.com/joule/fulltext/
S2542-4351(18)30336-2.

“President Biden Takes Action to Protect American Workers,” White House.

Jaime Gaida, Jennifer Wong Leung, et al., “ASPI’s Critical Technology Tracker — Sensors and Biotech
Updates,” Australian Strategic Policy Institute, September 22, 2023, https://www.aspi.org.au/report/

critical-technology-tracker.

Venkatasubramanian Viswanathan et al., “The Challenges and Opportunities of Battery-Powered Flight,”
Nature 601, 519-525 (2022): https://doi.org/10.1038/s41586-021-04139-1.

“USPS Intends to Deploy Over 66,000 Electric Vehicles by 2028,” US Postal Service, December 20, 2022,
https://about.usps.com/newsroom/national-releases/2022/1220-usps-intends-to-deploy-over-66000-electric-
vehicles-by-2028.htm.

16 | Winning the Battery Race


https://www.bls.gov/iag/tgs/iagauto.htm
https://itif.org/publications/2024/07/29/how-innovative-is-china-in-the-electric-vehicle-and-battery-industries
https://itif.org/publications/2024/07/29/how-innovative-is-china-in-the-electric-vehicle-and-battery-industries
https://x.com/colinmckerrache/status/1823677937591451673
https://x.com/colinmckerrache/status/1823677937591451673
https://www.nytimes.com/interactive/2024/05/07/climate/battery-electricity-solar-california-texas.html
https://www.nytimes.com/interactive/2024/05/07/climate/battery-electricity-solar-california-texas.html
https://www.dw.com/en/south-koreans-hit-the-brakes-on-evs-after-battery-fires/a-69978616
https://www.dw.com/en/south-koreans-hit-the-brakes-on-evs-after-battery-fires/a-69978616
https://warontherocks.com/2024/06/batteries-as-a-military-enabler
https://warontherocks.com/2024/06/batteries-as-a-military-enabler
https://www.volkswagen-group.com/en/press-releases/powerco-and-quantumscape-announce-landmark-agreement-to-industrialize-solid-state-batteries-18494
https://www.volkswagen-group.com/en/press-releases/powerco-and-quantumscape-announce-landmark-agreement-to-industrialize-solid-state-batteries-18494
https://asia.nikkei.com/Business/Technology/CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough
https://asia.nikkei.com/Business/Technology/CATL-BYD-others-unite-in-China-for-solid-state-battery-breakthrough
https://www.axios.com/2024/05/13/toyota-nissan-solid-state-batteries-ev-charging
https://www.pcmag.com/news/samsung-to-mass-produce-solid-state-batteries-for-super-premium-evs-by
https://www.economist.com/business/2024/08/08/chinas-manufacturers-are-going-broke
https://www.economist.com/business/2024/08/08/chinas-manufacturers-are-going-broke
https://source.benchmarkminerals.com/article/is-2024-the-year-of-solid-state-battery-powered-evs
https://source.benchmarkminerals.com/article/is-2024-the-year-of-solid-state-battery-powered-evs
https://www.thewirechina.com/2024/06/23/chinese-battery-makers-get-solid-support-solid-state-batteries
https://www.thewirechina.com/2024/06/23/chinese-battery-makers-get-solid-support-solid-state-batteries
https://www.cell.com/joule/fulltext/S2542-4351(18)30336-2
https://www.cell.com/joule/fulltext/S2542-4351(18)30336-2
https://www.aspi.org.au/report/critical-technology-tracker
https://www.aspi.org.au/report/critical-technology-tracker
https://doi.org/10.1038/s41586-021-04139-1
https://about.usps.com/newsroom/national-releases/2022/1220-usps-intends-to-deploy-over-66000-electric-vehicles-by-2028.htm
https://about.usps.com/newsroom/national-releases/2022/1220-usps-intends-to-deploy-over-66000-electric-vehicles-by-2028.htm

Carnegie Endowment for
International Peace

In a complex, changing, and increasingly contested world, the Carnegie Endowment gen-
erates strategic ideas, supports diplomacy, and trains the next generation of international
scholar-practitioners to help countries and institutions take on the most difficult global
problems and advance peace. With a global network of more than 170 scholars across twenty
countries, Carnegie is renowned for its independent analysis of major global problems and
understanding of regional contexts.

Sustainability, Climate, and Geopolitics Program

The Sustainability, Climate, and Geopolitics Program explores how climate change and the
responses to it are changing international politics, global governance, and world security.
Our work covers topics from the geopolitical implications of decarbonization and environ-
mental breakdown to the challenge of building out clean energy supply chains, alternative
protein options, and other challenges of a warming planet.

17



CARNEGIE
ENDOWMENT FOR
INTERNATIONAL PEACE



