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ABOUT THE HAMILTON COMMISSION
ON SECURING AMERICA’S NATIONAL
SECURITY INDUSTRIAL BASE

In 1791, Alexander Hamilton, America’s first secretary of the
Treasury, set out to make the United States “independent of
foreign nations for military and other essential supplies.” He also
foresaw a critical role for government in encouraging “new in-
ventions” in manufacturing through patent and trade policy, as
well as through government support, since these innovations
would be crucial to the new nation’s security.

Today policymakers are once again considering how to reduce
American vulnerabilities in strategic industries. Over the past
two decades, the United States grew dependent upon other
countries for the supplies of key components. These vulnerabil-
ities became apparent during the COVID-19 pandemic, which
laid bare US dependence on global supply chains across a
range of strategic industries. America’s competitors view this
dependence as a potent source of geopolitical leverage. China

in particular has weaponized economic dependence in its drive
for global preeminence. To reduce American vulnerabilities and
boost innovation, the United States must bolster manufacturing
capability and reshore supply chains in strategic industries.

Hudson Institute’s Hamilton Commission on Securing America’s
National Security Innovation Base examines sectors critical to
American national security and proposes policy recommen-
dations to reduce dependence and advance US leadership in
these industries. Members of the Commission include elected
officials of both parties, national security experts, former gov-
ernment and military officials, scientists, engineers, and industry
leaders. Supported by the latest Hudson Institute research, the
Commission will identify the policy tools needed to reduce US
vulnerabilities by building secure and resilient supply chains in
strategic sectors.

POWERING INNOVATION: A STRATEGIC APPROACH TO AMERICA'S ADVANCED BATTERY TECHNOLOGY






OUR COMMISSIONERS

Bryan Clark is a senior fellow and director of the Center for
Defense Concepts and Technology at Hudson Institute, where
he leads studies there in naval operations and fleet architecture,
electromagnetic warfare, autonomous systems, military com-
petitions, 5G telecommunications, and command and control.
He previously worked as a senior fellow at the Center for Stra-

tegic and Budgetary Assessments.

Dr. Thomas J. Duesterberg is a senior fellow at Hudson Insti-
tute. An expert on trade, manufacturing, economics, and for-
eign policy, Dr. Duesterberg conducts research on trade with
Europe and China, reform of the World Trade Organization
(WTO), global competition in advanced technologies such as
5@, and the strength of the US manufacturing sector.

US Congressman Mike Gallagher represents Wisconsin’s 8th
District in the US House of Representatives. He is a veteran of
the United States Marine Corps. Following his military service,
he worked as a staffer on the Senate Foreign Relations Com-
mittee. Rep. Gallagher currently serves as the co-chair of the
Cyberspace Solarium Commission and on the House Armed
Services and Transportation and Infrastructure Committees.

Dr. Sridhar Kota is the Herrick Professor of Engineering at
the University of Michigan. He is the founding executive di-
rector of MForesight: Alliance for Manufacturing Foresight, a
federally funded national think-and-do tank focused on en-
hancing the US manufacturing innovation ecosystem. From
2009 to 2012, Dr. Kota served as the assistant director for
Advanced Manufacturing at the White House Office of Sci-

ence and Technology Policy.

Dr. Zara Larsen is a global industry operational executive and
intrapreneur with diverse engineering, technology, and business
systems integration know-how, know-what, and most import-
ant, know-who. While serving at the US Department of State
into 2021, she was involved in interagency economic security
strategy endeavors with US allies and partners to address geo-

political challenges in critical technology sectors, including 5G,
semiconductors, energy, critical minerals, fintech, and supply

chain continuity.

Sec. Ellen Lord served in the Department of Defense as the first
undersecretary of defense for acquisition and sustainment. After
leaving her DOD role, Sec. Lord established EML Enterprises,
LLC, providing advisory services that leverage her industry and
government experience. Prior to her government appointment,
Sec. Lord was president and CEO of Textron Systems, where
she led a broad range of products and services supporting de-
fense, homeland security, aerospace, infrastructure protection,
and customers around the world.

Dale Lumme is the national executive director of the American
Society of Naval Engineers and has held a variety of execu-
tive leadership positions. After serving as a naval aviator for 25
years, he worked as the executive assistant to the Atlantic Fleet
Commander and to the Chief of Naval Operations, and as the
staff director to the Navy Office of Legislative Affairs, House of
Representatives for the Secretary of the Navy.

US Congresswoman Stephanie Murphy represents Florida’s
7th Congressional District in the US House of Representatives.
She previously served as a national security specialist in the
Office of the Secretary of Defense. She currently serves on the
House Ways and Means Committee and the House Armed Ser-
vices Committee, where she is vice chair of the Subcommittee
on Intelligence and Special Operations and is a member of the
Subcommittee on Tactical Air and Land Forces.

Scott N. Paul is president of the Alliance for American Manufac-
turing (AAM), a partnership established in 2007 by some of Amer-
ica’s leading manufacturers and the United Steelworkers Union.
He has written extensively about Alexander Hamilton’s role in
forming US national economic policy. Mr. Paul currently serves
as the board chair of the National Skills Coalition and sits on the

Leadership Council of the Alliance for Manufacturing Foresight.

POWERING INNOVATION: A STRATEGIC APPROACH TO AMERICA'S ADVANCED BATTERY TECHNOLOGY



Heather Penney is a senior resident fellow at the Mitchell In-
stitute for Aerospace Studies, where she conducts research
on defense policy with a focus on leveraging the advantages
of aerospace power. Ms. Penney is a recognized expert on a
broad range of defense policy issues, including future force de-
sign concepts, information and operational architectures, au-
tonomy and unmanned systems, acquisition and the industrial
base, and force structure considerations within the global secu-

rity competition.

Chair Kimberly Reed was the first female chair of the Board
of Directors, president, and CEO of the Export-Import Bank of
the United States (EXIM) where she worked helping companies
succeed in the competitive global marketplace. While chair of
EXIM, she introduced the “Program on China and Transforma-
tional Exports” to bolster US business competitiveness, espe-

cially in innovative sectors such as 5G and renewable energy.

Dr. Willy Shih is the Robert and Jane Cizik Professor of Man-
agement Practice in Business Administration at the Harvard
Business School in Boston, Massachusetts. Dr. Shih’s expertise
is in manufacturing, supply chains, and product development.
His paper “Restoring American Competitiveness,” co-authored
with Gary Pisano, won the 2009 McKinsey Award. His paper
on the challenges of reshoring was featured in the Fall 2014
issue of the Sloan Management Review, and his Summer 2020
paper, “Is it Time to Rethink Global Supply Chains?”, was the
most popular article of the year.

Pavneet Singh is a nonresident fellow at the Brookings In-

stitution. His current work focuses on the nexus of emerging

technology, national security, and broader geopolitics. He is
the co-author of the Department of Defense’s 2018 study on
China’s technology transfer strategy, which was instrumental in
the reform of CFIUS. Mr. Singh served in several roles on the
National Security Council and National Economic Council in the
Obama administration.

Dr. Anthony Vinci is a managing director at a private equity
fund and an adjunct senior fellow with the Technology and Na-
tional Security Program at the Center for a New American Se-
curity (CNAS), a fellow at the George Mason University National
Security Institute (NSI), and a member of the Board of Trustees
Technology Committee of MITRE. He previously served as the
chief technology officer and associate director for capabilities at

the National Geospatial-Intelligence Agency.

Lieutenant General Eric Wesley (Ret.) currently serves as the
executive vice president of Flyer Defense, LLC. He most recent-
ly served as the deputy commanding general of Army Futures
Command and the director of the Futures and Concepts Cen-
ter. In this capacity, he oversaw the signature document defin-
ing US Army operations in the future, “The US Army in Multi-Do-
main Operations 2028.”

Michael Wessel is president of The Wessel Group Incorpo-
rated, a public affairs consulting firm offering expertise in gov-
ernment, politics, and international affairs. Mr. Wessel is also
an original member of the US-China Economic and Security
Review Commission. He has worked in public policy for more
than 40 years, serving on the staff of former House Democratic
Leader Richard Gephardt for more than two decades.

This report reflects the views of the authors, but views expressed herein may not fully represent the opinions of members of the Ham-

ilton Commission. It does not reflect views of the respective employers of commission members. The authors take full responsibility

for any factual mistakes or errors.

10 | HUDSON INSTITUTE



EXECUTIVE SUMMARY

Changing consumer preferences and government policies point
toward widespread future adoption of electric vehicles (EVs).
Advanced lithium batteries are the primary power source for
EVs. Unfortunately, China dominates today’s battery supply
chain, from the extraction and processing of critical minerals
like lithium to the production, packaging, and recycling of bat-
tery cells. In today’s era of great power competition, control of
the supply chains for advanced technologies such as lithium

batteries will have a direct impact on national power.

Advanced battery technology will go a long way toward deter-
mining economic leadership in the EV market. The automobile
industry is one of America’s largest manufacturing sectors and
accounts for some 3% of US GDP. But EVs and advanced bat-
teries also have important military applications. EVs will function
as mobile energy nodes on the battlefield, providing power for
unmanned systems, communication links, electromagnetic war-
fare systems and more. These capabilities will help the US military

conduct more decentralized operations in contested regions.

Beijing long ago predicted the strategic shift from fossil fuels to
renewable energy sources and, in response, has spent years
tightening its grip on the supply chains for this critical technolo-
gy. If the United States desires to grow its EV industry, and fully
capitalize on the military capabilities that batteries offer, policy-
makers must develop a national battery strategy that:

Makes and encourages investments in mining, process-
ing, battery production, and recycling. Given the strategic
importance of batteries and their inputs, government sup-
port is necessary to build a robust American battery indus-
try. Policymakers should leverage diplomatic and economic
tools to work with friendly countries to ensure a sustained
source of critical minerals, plus offer incentives for domestic
mining and processing firms, cathode and anode manufac-

turers, and battery producers.

Drives innovation in mineral substitutes, next-genera-
tion battery technologies, and manufacturing methods
to minimize supply chain vulnerabilities and leapfrog
Chinese suppliers. The US must develop alternate battery
chemistries to substitute for costly or scarce minerals, boost
R&D for next-generation battery technologies, and increase
funding for improved manufacturing techniques for lithi-
um-ion batteries.

Uses DOD tools to strengthen the supply chain for mil-
itary batteries, with a goal of putting new capabilities
in the field. DOD must employ its policy tools to secure
the supply chain for military-grade batteries, which are built

to more extreme specifications than commercial versions.

Invests in workforce development and talent programs
across the supply chain. The US should cultivate domestic
battery talent by investing in educational opportunities, sup-

plemented by foreign expertise where necessary.
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1. INTRODUCTION

Changing consumer preferences and deliberate government

policies point toward the widespread future adoption of elec-
tric vehicles (EVs).! These vehicles are powered by advanced
lithium batteries, which make up 30% of the cost of an electric
car.2 As the EV market grows, demand for lithium-ion EV batter-
ies will skyrocket: demand is expected to grow some 330% by
2025.% Beyond commercial uses, batteries also offer a variety
of emerging defense applications. The US military will require
advanced batteries to conduct dispersed operations with in-
creasing energy demands in regions such as the Indo-Pacific,
while many next-generation defense technologies rely on bat-

teries to operate.

As the global economy shifts toward EVs and renewable forms
of energy, such as solar and wind, advanced batteries sit at
the center of the emerging energy competition. Currently, the

People’s Republic of China (PRC) dominates the whole sup-
ply chain for advanced batteries. The competition begins with
critical minerals —including lithium, nickel, cobalt—which are vi-
tal inputs for a wide variety of renewable energy technologies,
including lithium-ion battery components. Beijing has for years
encouraged Chinese mining giants to control the production of
critical minerals around the world, as well as the refining and
processing of these resources. The PRC also dominates the
battery assembly process: 181 of the world’s planned or oper-
ational battery “megafactories” are or will be located in China,
compared to just ten in the United States.* Beijing even leads

the world in lithium-ion battery recycling efforts.

Photo: Robotics arms install the front seats of a Tesla Model 3 at the
Tesla factory in Fremont, California. (Mason Trinca for The Washington

Post via Getty Images)
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In an era of great power competition, control of advanced tech-
nologies —such as advanced batteries —and their critical inputs

will have a direct impact on national power.

This study examines the race for advanced batteries and their
critical components and frames the competition within a broad-
er strategic context. It then traces the current battery supply
chain, highlighting potential bottlenecks and areas where the
United States lacks critical domestic production capacity. Final-
ly, it offers a set of recommendations for reframing the American
approach to the battery supply chain and formulating a four-
part national strategy on battery development and production.

Without control of advanced battery and critical mineral supply
chains, efforts to shift toward a greener economy will be held
hostage by China, capping the economic competitiveness of
American companies. Moreover, the US military’s adoption of
unmanned systems (and weapons systems that can count-
er them); its shift toward decentralized operational concepts,
which enable operations far from American shores in contested
environments; and the exponential increase in energy demand
across the operational environment require more resilient battery

supply chains.

Defining Advanced Batteries

As defined by the battery manufacturer Saft, a battery is “a pack
of one or more cells, each of which has a positive electrode (the
cathode), a negative electrode (the anode), a separator and an
electrolyte,” with energy storage properties—power and energy
density, and an ability to be discharged and recharged —that
vary depending on the chemicals and materials used.® Batteries
come in all shapes and sizes, from the small cells that power your
remote control or cell phone to the massive, warehouse-sized
batteries used to store energy for the power grid. This paper
will focus primarily on medium-sized batteries, roughly the size
of those used to power EVs, as these batteries carry the most
strategic value thanks to their military applications and their role
as the power source for EVs.
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Having first entered commercial use in 1991, lithium-ion bat-
teries are the most widely used battery technology, powering
everything from cell phones to EVs. In the 30 years since they
entered the commercial market, lithium-ion batteries have grown
significantly cheaper, safer, and more efficient. According to re-
searchers at MIT, lithium-ion battery costs have fallen 97% since
introduction.® Of the battery technologies currently on the mar-
ket, lithium-ion technology offers a number of clear advantages,
including a high energy density, more efficient charging, and a
longer life span.” These batteries contain a lithium-based metal
oxide as the cathode—for EVs, this tends to be Lithium Nickel
Manganese Cobalt Oxide, or NMC—and, most often, a graph-
ite anode. Unfortunately, many of the minerals found in today’s
cutting-edge lithium-ion batteries are prone to supply chain bot-
tlenecks (see “Understanding the Battery Supply Chain,” below).

The battery landscape also features a wide variety of legacy and
next-generation chemistries. The latter include lithium-sulfur, nick-
el-sodium, lithium-silicon, and a host of other options. Benchmark
Mineral Intelligence, a battery and mineral market research firm,
predicts that over the next ten to twenty years, battery chemistries
will diversify based on their applications and price points.

One promising option is the solid-state battery, a potential can-
didate to supplant lithium-ion chemistries.® Solid-state batteries
feature a solid electrolyte in place of the liquid electrolyte found in
lithium-ion batteries, and they usually contain a silicon or lithium
metal anode, rather than a standard graphite-based anode. This
arrangement boasts several advantages, including solid-state bat-
teries that can achieve higher safety standards and a higher energy
density than traditional lithium-ion batteries. Solid-state technology
might also allow for a transition away from cobalt and nickel in the
cathode®—two critical minerals that pose significant supply chain
hurdles. Unfortunately, solid-state technology continues to be held
back by technical problems and limited durability. US start-ups
such as QuantumScape and Solid Power plan to unveil commer-
cial offerings within the next few years,™ but it may take at least
decade before solid-state technology becomes competitive.



For the purposes of this paper, advanced batteries is defined as lithium-ion technology. Discussion will be limited to batteries ca-
current and future lithium-ion batteries, as well as novel battery pable of powering commercial or military vehicles, except where

chemistries, such as solid-state, that might someday supplant otherwise noted.
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2. ELECTRIC VEHICLES, BATTERIES,
AND STRATEGIC COMPETITION

To be strategically significant, an energy technology must have

an impact on a country’s national power. Past examples of en-
ergy revolutions with a strategic impact include the nineteenth
century’s turn toward steam power—which drove the Industrial
Revolution, transformed land and sea transportation, and revo-
lutionized the world’s battle fleets—and the twentieth century’s
unleashing of fossil fuel energy, which turned a byproduct of
geology into a major source of strategic competition.

From this perspective, lithium-ion batteries are strategically sig-
nificant for three reasons.

First, the growing global demand for renewable energy sources
has elevated the geopolitical importance of critical minerals—

the key input for batteries, as well as other renewable energy
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sources—to the level that oil and natural gas have enjoyed for
the last forty years.

Second, in the twenty-first century, a country’s level of techno-
logical advancement is proving to be the chief determinant of
national power. Thanks to the growing importance of technology
across most industries, countries that control the inputs for and
production of critical “platform” technologies, like batteries and
semiconductors, now enjoy boosted economic competitiveness

in the global market, as well as significant geopoalitical leverage.

Photo: Aerial view of the No.3 pegmatite mining pit that contains depos-
its of 84 mineral types at the Koktokay National Geopark on September
27, 2020 in Fuyun County, Xinjiang Uygur Autonomous Region of Chi-
na. (Shen Longquan/VCG via Getty Images)



Third, advancements in batteries will be crucial in enabling the
US military’s shift toward a more decentralized, agile, and sur-
vivable force posture, especially its push to both incorporate
and counter unmanned systems.

Energy and Geopolitics: The Case of China
Access to energy supplies has long been a critical factor in geo-
political calculations. By setting renewable energy and climate
policy as a priority for his administration, President Joe Biden
has chosen to embrace renewable sources of energy at the ex-
pense of US oil and natural gas production. Some energy policy
experts have termed this shift “The Great Transition.”""

President Biden’s initiatives reflect a broader political trend:
around the world, key stakeholders in government, industry,
and academia have committed to a global transition toward
renewable energy sources. At the G7 Summit in June, for in-
stance, leaders from the world’s seven largest democracies
pledged to support the “green revolution” for renewable en-
ergy. The document included a commitment to “accelerate
the transition away from new sales of diesel and petrol cars
to promote the uptake of zero emission vehicles.”"? The idea
of an energy reset has also gained traction with investors and
energy executives.'® Earlier this year, BP chief Bernard Loo-
ney announced that the British energy giant would “embrace
[the] energy transition,” while Exxon Mobil CEO Darren Woods
claimed his company would be “supportive” of the Biden ad-
ministration’s zero-emissions goals.' More recently, represen-
tatives from ten of the world’s largest oil companies met with
the Biden administration’s top climate official and expressed

support for a carbon tax.'®

A key challenge to implementing this energy transition—of
which EVs are a key driver—is that China “stands to gain more
strategic advantage” from this shift “than any other country,”'®
as a result of Beijing’s long-term, conscious planning. There are
four main factors driving China’s push for clean energy: ener-

gy security, environmental concerns, economic considerations,

and the Chinese Communist Party’s (CCP) push for technolog-
ical self-sufficiency.

First, though rich in minerals and coal, China depends heavily
on oil and natural gas imports. In 2017, the PRC surpassed
the United States as the world’s top importer of oil, and, as of
2019, China was importing some three million barrels more per
day than the United States.'” Beijing is also the world’s largest
buyer of Middle Eastern oil.” This leaves China reliant on stra-
tegic maritime chokepoints, including the Strait of Hormuz and
the Strait of Malacca, which could be disrupted or closed in the
event of a conflict. In 2016, nearly 80% of Chinese oil imports
passed through the Strait of Malacca, a waterway roughly a mile
and a half wide at its narrowest point.°

Second, environmental concerns are also playing a part in driv-
ing the PRC’s energy transition. This might seem paradoxical,
given that China has built some 240 coal-fired power plants
across its Belt Road Initiative to date, with at least 13 countries
in the Belt seeing double-digit growth in CO2 emissions.?® De-
spite Beijing’s continued reliance on fossil fuels, the shift toward
green energy seems to be gaining traction in China. Chinese
media outlets claim that Xi Jinping’s personal political slogan
and environmental policy —“clear waters and green mountains”
KB LRt 2% LR L], which he coined as a provincial sec-
retary in 2005—has supposedly pushed Chinese cities and vil-
lages toward protecting the environment.2! On a more pragmat-
ic level, much of China’s population lives in low-lying areas near
the Pacific coast that could be prone to rising sea levels and
extreme weather events. China’s major rivers are fed by gla-
ciers high in the Himalayas, which could be threatened by rising
temperatures —meaning that the country may face a significant
water shortage in the coming decades that could exacerbate
political tensions.??

Third, China has positioned itself to garner massive economic
benefits from the energy transition. Consider the economic re-
wards Beijing can reap by being the world’s solar panel and bat-
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tery factory as policymakers around the world shift their coun-
tries toward green energy. China has spent years tightening its
grip on the supply chains for emerging technologies, including
by controlling the production and processing of critical minerals.

These efforts are especially visible in Chinese attempts to corner
the rare earths market, a subset of critical minerals used in var-
ious green and digital technologies (including wind turbines and
EV motors). In 1992, Chinese leader Deng Xiaoping quipped
that “the Middle East has ail, [but] China has rare earths.” Chi-
na first began exporting rare earth mineral concentrates in the
1970s, then, as technology progressed, began to work its way
up the value chain and “by the 1990s, it began producing mag-
nets, phosphors and polishing powders.”?® By the early 2000s,
the PRC had rapidly scaled its rare earths production and pro-
cessing operations, and by 2010, it controlled some 95% of
global rare earths production, though that percentage has since
decreased as other countries have caught up.?*

Over the last decade or so, China has taken a similar strategic
approach to the strategic minerals and resources that are es-
sential to producing batteries for EVs (See “Understanding the
Battery Supply Chain,” below).

Fourth, Beijing’s moves to dominate green tech reflect the
CCP’s wholesale push toward technological self-sufficiency. For
decades, China relied mainly on forced technology transfer and
intellectual property theft to drive innovation. But Xi, following
his predecessor Hu Jintao, has sought to move away from this
model, arguing that China must become “the master of its own
technologies.”® “It is hard for China at this stage of develop-
ment to acquire crucial core technology from other countries,”
he explained in 2015, “because Western countries believe that
the master will starve if he passes on his knowledge to his ap-
prentice. So we must focus on our own innovation.”?® The CCP
has recently doubled down on Xi’s vision of promoting “indig-
enous innovation” in “core technologies.”?” China’s 14th Five-
Year Plan includes $1.4 trillion investment in R&D for strategic
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sectors, including batteries and electric vehicles.?® Beijing has
also rolled out a new geo-economic policy, known as the “dual
circulation policy,” that seeks to reinforce Chinese technologi-
cal innovation and self-sufficiency by building robust, self-con-

tained supply chains in strategic sectors.®

EV Batteries, Economic Competitiveness,
and National Power

China’s bid for centrality in core technology sectors threatens to
impact the global economic competitiveness of American firms,
but the growing importance of technology in today’s world means
that economic competitiveness also has a geopolitical impact.
In the twenty-first century, economic competitiveness in critical
industries has emerged as a key factor in geopolitics. Countries
that host the producers of “platform technologies” gain valuable
leverage that can be converted to political benefit. To take one
example, Taiwan is home to TSMC, the leading manufactur-
er of cutting-edge 5 nm semiconductors. Commentators have
dubbed Taiwan’s semiconductor industry a “silicon shield,” in ref-
erence to the security benefits provided by TSMC'’s position in the
global semiconductor value chain.®® This link between economic
competitiveness and national power informs China’s approach to

matters of political economy and industrial policy.

With EV sales projected to jump more than 1000% by 2030,*'
advanced batteries are crucial to the future of the automobile in-
dustry. The auto industry is one of America’s largest manufactur-
ing sectors, contributing some 3% to the total US GDP.*? Each
year, the auto sector purchases hundreds of billions of dollars’
worth of US-produced raw materials, including rubber, steel,
glass, and semiconductors.®® According to the Center for Auto-
motive Research, the industry “contributes to a net employment
impact in the US economy of nearly 8 million jobs.”* A loss of
US competitiveness in the auto industry as the world transitions

toward EVs would deal a significant blow to the US economy.

Along with other sectors of the global economy, the auto indus-
try is adapting to growing political pressures to promote clean



energy options and meet net zero emissions targets. In Europe,
for example, the United Kingdom has set 2050 as its target date
for net zero emissions; Germany aims for a 95% reduction of its
greenhouse gas emissions by the same date.*® To help accom-
plish this, the European Union plans to offer EV purchase sub-
sidies to consumers while fining companies that do not meet
their emissions standards. Other global blocs are following suit,
with China extending its tax break policies on EVs to 2022 to

stimulate investment through the pandemic.®®

Shifting government policies, combined with a growing con-
sumer interest in EVs, are motivating major auto companies to
tap into the EV market. In 2019, automakers pioneered 143 new
EV models and are expected to develop as many as 450 before
the end of 2022.%" These numbers include manufacturers not
typically associated with the EV market such as Volkswagen,
Ford, and General Motors. GM CEO Mary Barra recently an-
nounced that her company would move toward an all-electric
vehicle lineup by 2035.% A few smaller brands, including Bent-
ley and Volvo, have promised to phase out gas-powered mod-
els as soon as 2030.%° University of Michigan professor of public
policy Barry Rabe, describing the reasons for new corporate
entry into the EV market, said that most auto manufacturers
are afraid of being left behind to make “nostalgic vehicles that
are being regulated or priced out of existence.”*® Compounding
these shifts, the Biden administration has announced an execu-
tive order that “sets a new target of electric vehicles represent-
ing half of new vehicles sold in 2030.”#'

The combined effects of consumer interests, political incen-
tives, and corporate competition will steadily expand EV pro-
duction worldwide. Deloitte’s 2030 forecast anticipates a total
EV sales jump from 2.5 million in 2020 to 30.1 million vehicles
in 2030. According to the forecast, China will occupy half of the
global EV consumer market, Europe 27%, and the US 14%.%
Within these countries, 48% of new cars in China are projected
to be electric, Europe’s EV market share would approach 42%,
and the US will have 27%.%

This explosive projected growth in the EV market will produce
a corresponding need for batteries. Global EV lithium-ion cell
manufacturing is expected to grow dramatically from 747 giga-
watt-hours (GWh) in 2020 to 2,492 GWh in 2025.4 It is vital-
ly important for US policymakers to prevent a new kind of
energy dependence—a reliance on China for the batteries
needed to power electric vehicles.* Across the entire battery
supply chain, China vastly outstrips the US and will continue to
do so, barring a realignment of US public and private interests.
Without such a shift, the CCP could exert significant economic

pressure on the United States.

This possibility touches on a key feature of Chinese economic
and grand strategy: the CCP views economics and technology
in starkly zero-sum competitive terms, as a contest involving
clear winners and losers, and it readily weaponizes economic
dependence for political gain. As one observer has summa-
rized, “China thinks that power is the arbiter of world affairs, and
that technology is power.”#¢ Beijing feels poised to come out on
top in the twenty-first century, with the domination of advanced

technologies as a crucial key to victory.

Under China’s state capitalist model, the CCP utilizes industri-
al planning to drive innovation, especially in strategic sectors.
Electric vehicles, advanced batteries, and other renewable en-
ergy technologies have stood at the forefront of these efforts for
over a decade.* In China’s 12th Five-Year Plan, for instance,
CCP leaders singled out new energy vehicles and the “new en-
ergy industry” as two of seven “strategic emerging industries”
that would receive additional support.”® As scholar Willy Shih
noted shortly after the release of the 12th Five-Year Plan, Bei-
jing’s EV policies “are designed to help the country become the
leading global supplier of electric vehicles and components.”®
Because “China recognizes that they are not saddled with leg-
acy infrastructure associated with the manufacture of gasoline
powered vehicles,” he explained, Beijing has positioned itself
to use China’s “large market to leapfrog to a position of global
leadership in electric vehicles.”®
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China’s efforts to gain a foothold in the EV market were broad-
ened in 2015 when the CCP released its Made in China 2025
industrial plan. New electric vehicles (NEVs) and advanced en-
ergy technology, including batteries, were again singled out as
one of ten strategic sectors and promised government sup-
port.®" Made in China 2025 also makes clear that establishing
internationally recognized “national champion” companies in the
automotive industry is a core goal of Beijing’s EV policies. For
years, China has sought to develop brand-name car companies
to vie with American, European, and East Asian competitors,
but to no avail. CCP leaders view the transition from internal
combustion engine vehicles to NEVs as a strategic opportunity
for Chinese automakers to break through this glass ceiling.%?
Experts differ on whether China can realistically attain this goal
on their desired timeline, but, so far, the country’s blend of sub-
sidies and regulatory incentives has proved effective in boosting
sales, at least in the Chinese market. As of 2019, China ac-
counted for roughly half of global EV sales.®®

Scheduled for release this year, China Standards 2035 is the
successor plan to Made in China 2025. It calls for establishing
Chinese control over technology standards—the international
rules that govern tech interoperability between different coun-
tries and companies.® Beijing’s efforts to control standards for
the EV and energy sectors are already underway. Last year, for
example, the China Electricity Council published a set of nation-
al standards for next-generation wireless EV charging.® Beijing
then released an additional set of standards for electric cars,
electric buses, and EV batteries which went into effect at the
beginning of this year.%® Shaping tech standards allows China
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to write the rules for future technologies, easing its path to eco-
nomic and technological dominance.

By announcing and implementing these plans, the CCP has
made clear that it views economic development and indus-
trial dominance as a central arm of its grand strategy. China’s
growing posture at the center of strategic industries and their
supply chains grants Beijing significant geopolitical leverage,
which it uses to coerce other powers and elicit support for its
preferred policies.®” According to the Australian Strategic Pol-
icy Institute, China has used “coercive diplomacy,” which of-
ten involves economic threats, some 150 times over the past
10 years.%® One of the clearest examples has been China’s
willingness to weaponize rare earths production. In 2010, for
instance, China cut off rare earth supplies to Japan for months
amid an ongoing political dispute.®® In 2019, Beijing issued
veiled threats that it may cut off rare earths supplies to the
United States if the Trump administration continued to clamp
down on Chinese high technology.®® These threats have grown
even more acute under the Biden administration: in spring
2021, Beijing threatened again to cut off rare earths imports to
the United States.®'

China’s willingness to leverage access to rare earths is part of
the CCP’s broader strategy, which involves exercising political,
economic, or diplomatic coercion to pursue its policy objec-
tives.®? The case of rare earths is just one example of the CCP’s
exercise of economic coercion to achieve its strategic goals.
China’s consolidation of the advanced battery supply chain
grants the CCP ample leverage should it continue this strategy.



3. CONCEPTS AND CAPABILITIES:
BATTERIES, DOD, AND THE FUTURE OF WAR

Beyond the importance of batteries for the auto industry and

their role as a platform technology that contributes to national
power, these devices are crucial to future US military efforts to
fight wars and complete missions. Batteries power everything

from unmanned systems to electromagnetic warfare systems.

When the 2018 National Defense Strategy labeled China and
Russia strategic competitors, it signaled that the Department
of Defense (DOD) must reorient itself for great power compe-
tition.®® Advancements in energy storage, such as next-gener-
ation lithium batteries, will be key in this shift because they will
help enable the US military to operate further from traditional
logistics chains. Thus, advanced batteries will help DOD adopt

new operational concepts—such as the US Army’s Multi-Do-
main Operations and the US Marine Corps’ Expeditionary
Advanced Base Operations—which will require US forces to
operate in decentralized formations tailored for contested en-

vironments.

Today, DOD uses thousands of different types of batteries,
from tiny wearable cells to huge batteries for energy storage.

Photo: A US soldier from the 1st Infantry Division prepares an RQ-11
Raven miniature unmanned aerial vehicle during a mission to search for
weapons caches on April 10, 2009 in Nishagam, Afghanistan. (Liu Jin/
AFP via Getty Images)
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Batteries and Energy Fungibility

Discussions of electrification for the Department of De-
fense often focus on cutting emissions and decreasing
energy costs, but the battery power found in EVs and
hybrid-electric platforms could offer other advantages
on the battlefield. One advantage is the fungibility of the
electrical energy stored in batteries. Energy is fungible
if it is easy to exchange or convert into a different form.
The energy stored by fossil fuels is not especially fungi-
ble, as it can be difficult to convert into other forms of

energy. You can’t power your laptop with gasoline.

Unlike military vehicles powered by a traditional internal
combustion engine, EVs (or hybrids) can function as
an energy-providing “platform” for other systems in the
field. The electrical energy stored in batteries can pow-
er or recharge any number of systems, such as satellite
communication terminals, soldier systems, high-per-
formance edge computing for artificial intelligence, un-
manned systems, and electromagnetic warfare systems
(including both high-powered microwave weapons and

directed energy weapons).

To summarize, battery-powered military EVs should be
viewed as a mobile energy node that can distribute en-

ergy for use beyond the drive train.

In addition, batteries are needed to power next-generation
weapons. These include unmanned vehicles and the systems
used to counter them, especially electromagnetic warfare sys-
tems. Plus, since unmanned systems must emit to perform
their function, electromagnetic warfare systems will increas-
ingly be deployed on unmanned systems, which will depend
on batteries for power. Furthermore, energy demands on the
battlefield are increasing at an exponential rate, while fossil fuel
optimization and delivery will only see marginal improvement.
Electric energy provided by batteries, meanwhile, will enhance

22 | HUDSON INSTITUTE

the fungible distribution of power (see Batteries and Fungible
Energy, inset). To realize these applications fully, the United
States must secure the supply chain for military batteries—a
project which will require time, funding, and persistence. The
US military cannot be dependent on energy sources produced

by a strategic rival.

Operational Energy and DOD

From powering bases to fueling weapons systems, energy plays a
crucial role on the modern battlefield. DOD consumes more than
10 million gallons of fuel daily, plus some 30 terawatt-hours of elec-
tricity per year.®* Unfortunately, this energy supply chain creates
vulnerabilities for American forces operating in contested environ-
ments. As Air Force General Deputy Chief of Staff for Strategy, In-
tegration and Requirements Lieutenant General S. Clinton Hinote
has explained, “when we play our wargames, amost always, our

opponents will target energy as a major source of vulnerability.”®

These vulnerabilities came to the fore more recently during the
wars in Irag and Afghanistan:

A 2009 report by the Army Environmental Policy
Institute calculated that US forces sustained one
casualty for every 24 fuel resupply convoys in Af-
ghanistan, and one US casualty for every 39 fuel
resupply convoys in Iraqg. The report estimated that
in 2007, there were 5,133 required fuel convoys for
Iraq and 897 required fuel convoys for Afghanistan,
or 170 US servicemembers killed or wounded in ac-
tion securing fuel convoys in 2007 alone.®

Meanwhile, at the height of these wars, DOD energy bills ran in
excess of $20 billion per year.®” Congress, seeking to address
the problem, instructed the Pentagon to form an “operation-
al energy” office that would address how the US military con-
sumed energy on the battlefield.®® In 2011, DOD released its
first Operational Energy Strategy.®® According to Sharon Burke,
the Pentagon'’s first assistant secretary of defense for opera-



tional energy plans and programs, a key concern was to reduce
the DOD’s energy bills.” The main consumers of the 2011 Op-
erational Energy Strategy were senior leaders in Afghanistan:
according to US Army estimates, fuel and water represented 70
to 80% of the supply chain during the conflict.”

Great Power Competition,

Decentralized Operations, and Batteries
Over the past decade, policymakers in Washington have
largely shifted their attention from the Middle East toward East
Asia. Yet, though the geopolitical environment has changed,
the energy supply chain remains a major source of vulnerability
for the US military. Russia and China have adopted strategies
that use long-range precision massed fires—launched from
maneuverable or difficult to detect platforms, with significantly
improved sensor-to-shooter accuracy—to cripple opponents
from a distance. Russian forces were able to use this strategy
effectively during their 2014 incursion into Ukraine, and Mos-
cow would likely use a similar strategy in a conflict with US
and NATO forces.”? China, meanwhile, has developed a similar
concept called the anti-access/area denial (A2/AD) strategy,
designed to inhibit adversaries from moving freely into and
within a theater of operations.” This strategy combines the
use of long-range anti-ship missiles with submarine attacks,
air interdiction, and cyberattacks, thus putting the US Navy
in a much more vulnerable position and reducing unfettered

access for US maritime forces.

To make matters worse, unfavorable geography in the Pacif-
ic means that resupplying US forces during a conflict would
be both complicated and dangerous. DOD officials sometimes
refer to this challenge as the “tyranny of distance”: to resup-
ply troops stationed at bases in the western Pacific, ships de-
parting Naval Base San Diego—America’s largest Pacific naval
hub—must sail across the largest ocean in the world, a journey
that can take several weeks. In an age of satellite imagery, ev-
er-present sensors, and long-range missiles, this would be a

risky proposition during wartime.

To solve these dilemmas, DOD strategists are developing oper-
ational concepts for completing missions in decentralized, more
agile formations that can operate far from supply lines. Exam-
ples include the Marine Corps’ Expeditionary Advanced Base
Operations, the US Navy’s Distributed Maritime Operations,
and the US Army’s Multi-Domain Operations.” Each of these
concepts seeks to use small, forward-deployed, highly capable
units that are spread out across a large area. The physics of
“being there” is a crucial part of deterrence; indeed, it has only
increased given improvements in weapon accuracy, range, and
lethality.

For these concepts to succeed, however, DOD must transition
toward energy sources which can operate independently of
legacy energy supply chains. General David Berger, 38th Com-
mandant of the Marine Corps, has called logistics and supply
chain management “the hardest problem going forward” for de-
fense planners. “Nobody has contested our supply lines in 70
years,” he added.” Given the importance of the energy supply
chain and the vulnerabilities it poses, the development of de-
centralized energy storage, like batteries, is vital to the future of
decentralized operations. Today’s diesel-electric generators—
which currently power many of DOD’s systems that use electric-
ity —require fuel that must be transported. Renewable sources,
such as wind and solar, could generate power independent of
these supply lines (see Power Generation and Distributed Oper-
ations, inset). And yet, harnessing renewable power and storing
it for use in defense systems requires energy storage technolo-
gy, like batteries. As one DOD official put it to us, “Batteries are
the one thing that allows distributed operations to work, since
we need the increased range of weapons without the traditional
logistical tail.”"®

The Pentagon has not remained blind to the importance of bat-
teries. Since the 1990s, the Defense Department has sought
ways to keep its supply of batteries reliable and secure.”” Since
2017, the Defense Logistics Agency has run a Battery Network
R&D Program to oversee the transition from lead-acid to lithi-
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um-ion batteries. It has also procured batteries with a total value
of more than $1.1 billion to support the military power source
supply chain.”® The Pentagon has also joined the Federal Con-
sortium for Advanced Batteries, which brings together federal
agencies that are interested in ensuring a domestic supply of
lithium batteries.™

Nonetheless, the Defense Department also needs to con-
sider how battery innovation will create new capabilities that
boost force projection and mobility —key objectives for making
decentralized operations a reality. For instance, since batter-
ies are quiet and lack the heat signature created by internal
combustion engines, hybrid vehicles or EVs can operate in a
“silent watch” mode, allowing them to evade detection in con-
tested environments. Over time, these developments could
alter the US Army’s force structure as it reorients for great
power competition. “In 10 years, some of our brigade combat
teams will be all-electric,” explains Donald Sando, deputy to
the commanding general at the US Army’s Maneuver Center
of Excellence. Sando envisions 75-ton vehicles powered by
high-capacity batteries, with electric motors capable of being
recharged by a 10-50 kw generator. “Does that mean in 10
years, the Abrams tank will be fully electric? No, we’re going
to replace it” and other combat vehicles over time, initially with
hybrid-electric technology, Sando added, noting that tens of
thousands of vehicles in the Army’s fleet would be replaced

rather than recapitalized.®

Battery-powered EVs also carry utility as a mobile energy node.
As noted above, batteries in these vehicles offer platforms that
power other technologies in the field (see Batteries and Ener-
gy Fungibility, inset; and “Batteries and the Battle for the Elec-
tromagnetic Spectrum,” below). These include satellite-linked
communications networks, electromagnetic warfare kits, and
small unmanned systems. To take one example, the US Air
Force’s High Energy Laser Weapon System, or HELWS, is a
directed energy weapon powered by a lithium-ion battery and
mounted on a hybrid-electric utility task vehicle.®!
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Energy Storage, Distributed
Operations, and the Power
Generation Challenge

Batteries are an energy storage technology—a medi-
um to store power generated by other sources and
move it another location. However, many of the chal-
lenges facing the energy supply chain involve power
generation, or the process of generating electric pow-
er (which falls outside the scope of this study). As DOD
shifts towards more decentralized operations, it must
rely on a broad mix of decentralized energy sources,

including wind, solar, and nuclear power generation.

Though the US military plans to deemphasize fossil fuels
as an energy source, they will not be phased out: die-
sel-electric generators offer a cheap and reliable decen-

tralized power source and will continue to remain relevant.

Wind and solar are two of the fastest growing renew-
able power sources. Though quiet and easily acces-
sible, these sources are dependent on environmental
conditions. DOD is also studying the use of hydrogen
fuel cells and biomass fuels. In addition, the Pentagon
is exploring mobile nuclear reactors as a power source,
with the leading proposal known as Project Pele. This
is not a new concept, as aircraft carriers and nuclear

submarines are currently powered by nuclear reactors.

Going forward, batteries will play a crucial role in stor-
ing energy generated by various types of decentral-
ized power sources. Because these sources will not
always be co-located with US troops, energy storage

is essential to realize their benefits.

Finally, mobile battery packs will allow the individual soldier to
operate more independently, keeping him or her linked to the
overall command network while conducting distributed opera-



tions. On an average mission today, the typical American soldier
carries about seventy batteries weighing between fifteen and
twenty-five pounds total—enough to power a soldier’s devices
for a standard seventy-two-hour patrol.®? To improve mobility,
the Army wants to extend these patrols to 144 hours.® Imple-
menting the highly mobile, “decision-centric warfare” that DOD
strategists envision requires lighter and more mobile advanced
battery technology.

With these goals in mind, DOD awarded a contract in July
2021 to Enovix Corporation—an American battery manufac-
turer based in California—to demonstrate “safe and efficient
advanced lithium-ion battery technology” that will be worn and
carried as part of US Army soldier equipment. Enovix will part-
ner with Inventus Power, a firm that specializes in the design
and manufacture of lithium-ion battery packs, smart chargers,
and efficient power supplies. Inventus estimates that the total
US wearable military battery market has reached $350 million

per year.®

Wearable battery packs are certainly a harbinger of the future
of “distributed operations,” but additional roles, such as un-
manned systems and next-generation weapons systems, exist
for advanced batteries.

Batteries and the Unmanned Revolution
Beyond stealth and mobility benefits, batteries will play a signif-
icant role in powering unmanned systems, which are key to the
future of warfare. Unmanned systems come at a fraction of the
cost of manned ones, can perform more dangerous missions,
and run a higher risk of destruction. Incorporating these sys-
tems is a top priority for US policymakers. According to Chris-
topher O’Donnell, acting principal deputy assistant secretary of
defense for acquisition, “the current administration is putting
emphasis on autonomous and remotely crewed systems, or
ARCS, as a cross-cutting enabler for all DOD missions.” The
aim is to “accelerate the adoption of these capabilities across
all the domains,” he added.®

Unmanned systems can be powered by a number of different
sources, depending on their size and mission requirements.
Generally, smaller platforms are more likely to be battery pow-
ered, while larger systems are powered by fossil fuels, fuel cells,

or hybrid-electric engines.

Electric unmanned aerial vehicles (UAVs) offer several advan-
tages: they are capable of being charged almost anywhere, are
relatively easy to transport, offer reduced noise and thermal sig-
natures, and can easily be recharged by replacing the battery
pack.® Yet current limitations in battery technology constrain
endurance and range: typical battery-powered UAVs can fly
for a maximum of ninety minutes before they need to be re-
charged.®” Moreover, these drawbacks mean batteries alone
cannot power medium or large systems, or those that must fly
for long periods of time.

The Department of Defense separates unmanned aerial systems
into five groups based on weight, altitude, and speed. Group |
systems make up the smallest classification, and include vehicles
weighing under twenty pounds that fly less than 1,200 feet above
the ground.® Of the DOD classifications, Group | and Group Il sys-
tems are the most likely to be powered by batteries. These sys-
tems are designed to be lightweight, stealthy, and portable, and
are typically used to conduct intelligence, surveillance, and recon-
naissance missions—the top combatant commander priority for
unmanned systems.® Group | systems are most useful at the tac-
tical level to provide information on enemy positions beyond line
of sight. Some Group Il and lll systems perform similar functions,
though these cannot be launched by hand and are more likely
to be used for lethal missions. Groups IV and V systems include
the US military’s largest and most well-known UAVs, including the
MQ-1 Predator and the MQ-9 Reaper. Systems in groups IV and
V tend to be powered by traditional internal combustion engines,
but hybrid propulsion arrangements are also a future possibility.

Since the introduction of drones nearly two decades ago, bat-
teries have been used mostly to power smaller UAVs. In 2005,
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for instance, AeroVironment's RQ-11 Raven won the Army
SUAV (small unmanned aerial vehicle) competition. The Raven
is a hand-launched, fixed-wing reconnaissance drone that al-
lows soldiers to gather intelligence on enemy positions beyond
line of sight. It has become one of the most widely deployed
UAVs in the world, and has been quickly adopted by the Ma-
rine Corps, Air Force, and Navy. The Raven is powered by a
rechargeable lithium-ion battery that provides sixty to ninety

minutes of flight time.

For larger unmanned systems, the US military has begun in-
vestigating hybrid propulsion systems. These systems use tra-
ditional jet fuel to turn an engine turbine, which then charges
a battery.®® Rolls Royce reports that such technology can be
used to optimize performance at various stages in the flight
path: “gas turbines could be designed for stable travel perfor-
mance,” but “batteries and electric drives could provide addi-
tional power for climbing.”®" According to analyst Bryan Clark,
hybrid arrangements could potentially power systems as large
as the MQ-9 Reaper drone, as long as speed is not a priority.*?
For the US Air Force, in particular, larger unmanned systems
and electric vertical take-off and landing aircraft are key priori-
ties, as evidenced by the recently unveiled Agility Prime acqui-
sition program.®®

Ultimately, a shift toward unmanned systems powered by ad-
vanced batteries will require addressing the military’s concerns
about lithium-ion technologies. For years, the US Navy shied
away from lithium-ion technology due to safety concerns (lith-
ium-ion batteries can be prone to thermal overload, meaning
they present a fire risk). In addition, though batteries have be-
come much more powerful in recent years, they still offer a low
energy density compared to traditional fossil fuels. This means
that batteries must be recharged frequently, which requires a
nearby ground station and accessible energy source. Due to
these power constraints, batteries have also lagged as a power
source for autonomous or Al-enabled platforms, which need
extra energy to perform calculations and transmit data.
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As a result, many American UAVs, for instance, are powered by
hydrogen fuel cells or internal combustion engines. To unlock the
stealth and mobility benefits that batteries provide, however, the
US military must develop more powerful, longer-lasting batteries.

Batteries and the Battle for

the Electromagnetic Spectrum

Batteries also help power next-generation weapons, including
electromagnetic warfare systems (formerly called electronic
warfare systems). First deployed during World War I, elec-
tromagnetic warfare systems weaponize the electromagnetic
spectrum to disrupt communications, destroy enemy equip-
ment, gather intelligence, or counter enemy attacks. These
systems are designed to help militaries gain an advantage in
an increasingly contested information environment. Over the
last few decades, the proliferation of cheap sensors and digi-
tal communications has made the electromagnetic spectrum
a much busier place. In the civilian world, the combination of
cheap sensors and internet connectivity —with signals sent via
5G networks—has helped create the Internet of Things, open-
ing the door to a host of commercial applications. In the military
world, opposing forces take advantage of the electromagnetic
spectrum to communicate, spy on potential adversaries, and
detect enemy forces.

Dominating the electromagnetic spectrum is a priority for mili-
taries around the world, including the US military. In 2018, the
bipartisan and independent National Defense Strategy Com-
mission labeled electronic warfare “critical in any future conflict,”
especially in great power contests against Russia or China.®*
According to the Congressional Research Service, DOD re-
quested $10.1 billion for electronic warfare systems in FY2019,
$10.2 billion in FY2020, and $9.7 bilion in FY2021. The Pen-
tagon is projected to spend more than $50 billion on electronic
warfare over the next five years.*®

Electromagnetic warfare also includes directed-energy weapons.
According to the Defense Department’s Joint Publication 3-85,



directed energy is “an umbrella term covering technologies that
produce a beam of concentrated electromagnetic energy or
atomic or subatomic particles.”® DOD defines a directed-ener-
gy weapon as “a weapon or system that uses directed energy
to incapacitate, damage, or destroy enemy equipment, facilities,
and/or personnel.”®” Directed-energy weapons come in two main
forms: high-energy lasers and high-powered microwave weap-
ons. Each is a cost-effective solution for countering unmanned
systems: lasers disable or destroy individual targets via a single
concentrated light beam, while microwave weapons can take on
multiple enemies and will be used to counter drone swarms.%®
One industry expert noted that “in five years, any large base that
needs to defend its assets will have laser weapons, regardless of
service.”® Pentagon spending on directed energy doubled be-
tween FY2017 and FY2019, from $535 million to $1.1 billion.'®

Electromagnetic warfare systems are important to counter un-
manned systems, which most modern militaries are in the pro-
cess of adopting. Unmanned platforms are relatively cheaper
than manned counterparts and can be deployed against targets
in large numbers, making it costly and tactically challenging to
defend against them with traditional precision-guided muni-
tions. Electromagnetic warfare offers precise and inexpensive
ways to disable or destroy unmanned systems, and they boast
a track record of success in countering smaller systems like
drones: analysts believe that a Marine Corps electromagnetic
warfare system successfully downed an Iranian drone over the
Persian Gulf in July 2019.1%!

Batteries are an important power source for these systems,
especially those designed for use with smaller, stealthier plat-
forms, but poor battery performance remains a hurdle to further
deployment. Last year, for instance, a DOD report noted that
the batteries housed in the US Army’s Stryker vehicles were
insufficient to power some electromagnetic warfare systems,
including the Tactical Electronic Warfare System (TEWS). A
Stryker equipped with TEWS “could operate on battery power
for 20 minutes before requiring the engine to run to recharge the

vehicle batteries,” the report noted.'®? Likewise, before portable
directed energy weapons can be usable in the field, batteries
must become longer-lasting, more powerful, and easier to re-
charge. “The problem [with directed energy] is the battery right
now,” explains Brigadier General Julian Alford, commander of
the Marine Corps Warfighting Laboratory/Futures Directorate.
“When the scientists figure out how to make the size, weight
and power much smaller, that would be something we can
use.”'%® Thus, future applications of electromagnetic warfare
systems, especially those deployed on smaller platforms, will

depend partially on battery innovation and procurement.

Batteries in Orbit

Battery advancements are also critical for satellite systems,
which will play an important role in any future conflict. Satellites
and other space-based assets allow the US military to commu-
nicate, as well as track and target enemy forces. Military leaders
have stated clearly that satellites are central to the unfolding
competition in space. “The threat is clear: we're in an era of
great power competition, and the next major conflict may be
won or lost in space,” former acting defense secretary Patrick
Shanahan has warned.%

Since the early 2000s, satellite manufacturers have shifted to-
ward lithium-ion batteries to power their systems. For larger
satellites, these batteries can be massive: currently, the most
hazardous space debris is discarded batteries left to explode
in orbit. Earlier this year, for instance, the International Space
Station jettisoned a 2.9-ton pallet of spent batteries.'® Smaller
and more efficient batteries mean less mass launched into or-
bit—in other words, less risk accrued in an already contested

environment.

The US military’s shift toward distributed operations—cou-
pled with operational and strategic demands for stealthier
vehicles, survivable unmanned systems, electromagnetic
warfare-enabled information dominance, and additional satel-
lites—mean that DOD must prioritize continued development
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and access to advanced batteries. In the end, however, re-
lying on battery rather than fossil fuel energy will be less a
wholesale transition or transformation than a migration, much
as the adoption of unmanned systems has been. The De-
fense Department needs to oversee a process in which in-
novations can be integrated without major disruptions, but
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it also needs to look beyond existing supply chains for ad-
vanced lithium-ion batteries, to new battery designs such as
solid-state, and adopt a realistic timeline for developing scal-
able domestic sources to meet DOD’s battery needs, includ-
ing the ability to manufacture battery cells. The reasons will
become apparent in the next section.



4. UNDERSTANDING
THE BATTERY SUPPLY CHAIN

The United States controls only a tiny fraction of the advanced

battery supply chain. China dominates much of the mining and
processing of critical minerals as well as cell manufacturing and
battery assembly. These bottlenecks grant Beijing significant
strategic leverage: given the CCP’s penchant for economic co-
ercion, it is not difficult to imagine how China could weaponize
the battery supply chain against the United States.

The battery supply chain begins with the production of critical
minerals, such as lithium and cobalt. Key metals must be ex-
tracted from mines, then chemically processed and refined in
special facilities. These refined minerals are then used to create
battery cells. Once cells are produced, they are combined to
form modules, which are then wrapped into battery packs—a

process that takes place in dedicated “megafactories.” The
last stage of the battery supply chain, recycling, comes about
during the end-of-life cycle.

Critical minerals make up between 50 and 70% of the cost of an
EV battery.'% Currently, the United States lacks the capability to
produce and refine many of these minerals, while China remains
the leading global producer. In 2018, the US Geological Survey
released a list of thirty-five mineral commodities considered crit-
ical to the economic and natural security of the United States.

Photo: Workers assemble lithium battery products on the production
line of an energy company on May 28, 2019 in Yichang, Hubei Province

of China. (Zhang Guorong/Visual China Group via Getty Images)
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That list includes most of the minerals considered critical to the
production of lithium-ion batteries: cobalt, lithium, manganese,
and graphite.1”

Cobalt

Under the CCP’s “Go Out” investment strategy, China has
sought to secure critical minerals from around the world for its
rapidly growing EV industry.'® This is evident in the global com-
petition for cobalt production. Cobalt is one of the most poten-
tially problematic inputs for lithium-ion batteries, as production
is concentrated in politically unstable regions: almost 72% of
the mined production of cobalt comes from the Democratic
Republic of the Congo (DRC). This is problematic due to hu-
manitarian concerns, as reports suggest that child labor is still
used in some Congolese cobalt mines.'® While very little cobalt
mining occurs domestically in China, Chinese companies have
acquired stakes in foreign mines, particularly in the DRC, as well
as Papua New Guinea and Zambia. Eight of the fourteen largest
cobalt mines in the Congo are now Chinese-owned, account-
ing for more than half of the country’s output.’® Thanks to the
equity positions Chinese companies have acquired in foreign
mines, “Go Out” policy activities have reduced China’s reliance

on cobalt imports from 97% to 68%."

In addition to investing in the foreign mining of cobalt, China dom-
inates the upstream processes of cobalt supply. Cobalt must be
chemically processed and refined before it can be used to make
batteries. In 2019, China accounted for 82% of the chemical
processing and refining of cobalt supply.'™ Just three Chinese
firms are responsible for 46% of the world’s total output.'"®

Lithium

Lithium consumption for batteries has increased significantly
in recent years, and as the world transitions toward EVs, de-
mand for the mineral is expected to spike. A recent report from
McKinsey & Company anticipates a 340% increase through
2050, with 79% of growth projected to come from battery de-
mand.""* Today, most lithium mining is concentrated in Latin
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America and Australia; however, Chinese companies acquired
mining operations in these countries to the point where they
control much of the supply. Chinese mining giant Tiangi Lith-
ium, for instance, owns a 51% stake in the world’s largest
lithium reserve, Australia’s Greenbushes mine.'"® Ganfeng
Lithium, another Chinese mining giant, completed a deal in
2019 to secure 50% of one of the world’s largest high-grade
reserves at Mt. Marion mine in Australia. As a result of these
efforts, China now holds direct or indirect control over 70% of
the global lithium supply.’® Once mined, lithium, like cobalt,
must be processed and refined in specialized facilities. China
is also the dominant player in this step, refining 59% of the
world’s lithium in 2019."7

The US has the potential to develop a lithium supply chain. One
American company, Albemarle, is among the world’s largest
lithium companies and owns the only operational lithium mine in
the United States. While sources of lithium are relatively abun-
dant in North America—the US has the fourth-largest reserves
in the world"'®—there are significant barriers for US companies
associated with its extraction. Many of these challenges are
environmental and political: in January 2021, for instance, a
second domestic lithium mine site was approved by the Trump
administration, but it has faced stiff resistance from organized
camps of environmental protesters and activists."™® Another
hurdle is the lithium refining process: processing facilities are
not only expensive, but they are also extremely energy-inten-
sive, making it difficult for US companies to set up domestic

operations.

Other Materials

Other minerals necessary for lithium-ion EV batteries include
graphite, manganese, and nickel. Graphite makes up the an-
ode material in most lithium-ion batteries, but China dominates
all aspects of this supply chain as well. Beijing controls about
65% of the world’s natural graphite mining capacity.®® Before
graphite can be used in batteries, however, natural graphite
must either be refined into spherical graphite, or the material



Supply vs. Demand-Side Approaches
to Battery Policy

The federal government can encourage growth in the
battery and EV markets through two types of tools: de-
mand-side incentives, which seek to increase consumer
demand for batteries; or supply-side incentives, which
support producers in bolstering production across the
battery supply chain.

The Biden administration’s supply chain report on batter-
ies calls for a mix of both, but its use of demand tools has
attracted the most attention. In the American Jobs Plan,
the administration advocates for consumer EV rebates
to increase market demand by offsetting the higher cost
of electric cars. By contrast, supply-side approaches
focus on boosting battery production by employing fed-
eral loan guarantees, tax credits, or subsidies to reduce
producer costs. Examples of supply-side EV policies in-
clude the 48C Clean Energy Manufacturing Tax Credit

and fast-tracking permitting for lithium mining.

In the battery market, federal purchasing is dwarfed by
commercial demand, meaning that government pur-
chase commitments for military-grade batteries are insuf-
ficient. Unfortunately, demand incentives, especially EV
rebates, have mixed backing politically. Few Republicans
in Congress support them, so EV producers cannot rely
on these rebates to drive growth. In addition, over the last
few months, leading producers of EVs—including Ford,
GM, and Stellantis—have pledged to move towards
all-electric lineups, meaning that demand incentives tar-

geted toward consumers may no longer be necessary.

must be produced synthetically. China produces 80% of the
world’s synthetic graphite and 100% of the world’s spherical
graphite.'' The United States imports the majority of its graph-
ite from China.

The story is similar for manganese, also an important input
for battery cells. While China has very little mined produc-
tion of manganese—only around 7% —it controls 93% of
the chemical refining process.'?? The United States has not
produced manganese ore domestically since 1970 and relies
fully on imports.'?3

Unlike manganese, nickel is mined and produced in the United
States; however, imports still account for some 50% of total
consumption.™* Despite minimal mined production of nickel,
China is still able to dominate the upstream global supply of
the mineral, as 65% of nickel chemical processing and refining

occurs in the country.'2®

Cell Component Production

After these minerals have been mined, refined, and processed,
they are used as inputs for the components of the battery cell:
the cathode, anode, electrolyte, and separator. All of these ma-
jor components have supply chains of their own, but as with
raw materials, the production of these component parts is dom-

inated almost entirely by China.

Most of the lithium, cobalt, and nickel found in lithium-ion bat-
teries is used to produce the cathode, making this component
the most expensive part of the battery. Indeed, cathode mate-
rials account for over half of the total cost of producing battery
cells.® China holds sway over the majority of global cathode
production, some 61% in 2019.7%"

China also dominates the production of anode material, which
is primarily graphite-based. As noted above, China remains the
sole commercial-scale producer of spherical graphite used in
lithium-ion battery anodes, and it also controls manufacturing
for battery-grade synthetic graphite. China produced 86% of
all anodes (natural and synthetic graphite).™?® China also dom-
inates electrolyte production—Chinese companies accounted
for close to 60% of production in 2015'2°—while Japan controls

separator supply.'®
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Battery Pack Assembly

Once these components are manufactured, they are packed
into battery cells. These cells are then combined into modules,
which are wrapped into finished battery packs. This process
takes place in dedicated battery “megafactories.” As noted
above, the majority of these specialized facilities are located in
China, while relatively few can be found in the United States. As
of this year, there are some 181 megafactories in various stages
of planning and construction around the world. Of these, 136
are or will be based in China, as opposed to 16 in continen-
tal Europe and only 10 in the US In 2020, China accounted for
72.5% of the world’s total lithium-ion battery cell capacity, with
Europe accounting for 5.4% and North America for 9.2%. These
numbers are not expected to change significantly over the next
decade: Benchmark Mineral Intelligence, a mineral supply chain
intelligence firm, projects that by 2030, China will account for
66.9% of the world’s cell capacity; Europe, 16.7%; and North
America, 11.9%."" This reliance upon Chinese industry could

create major headaches for US manufacturers.

This is particularly true of batteries procured by DOD. Sup-
pliers are forced to rely on cells made overseas, especially
in Asia. Battery contractors concentrate on meeting the very
specific requirements of individual DOD systems, rather than
making standard types of batteries that meet multiple needs.
As a result, few incentives exist to scale production to attract
larger manufacturers to the DOD market. Without reliable do-
mestic sources for cells; without large-scale manufacturers
able to provide batteries cost-efficiently; and without an EV
market and a corresponding demand for lithium-ion batteries
to make up the differences, the prospect for meeting DOD’s
long-term battery needs safely and securely is uncertain, to

say the least.

Recycling

Recycling is the final step in the lithium-ion battery supply chain
process. Large percentages of the critical materials in batteries
can be reused, which can help reduce costs for these expen-
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sive components. In addition, because the United States figures
very little in the production of the key minerals and components
needed for EV battery production, recycling can play an import-
ant role in reshoring some of these crucial supply chains.

Unfortunately, as is the story with the rest of the supply chain,
China dominates the EV battery recycling industry, while US re-
cycling of lithium-ion batteries remains in its infancy. In 2018, it
was estimated that, of the 98,000 tons of lithium-ion batteries
reported to have been recycled, 67,000 tons were processed in
China.™2 Given China’s status as the world’s largest EV market,
it comes as no surprise that Beijing has treated recycling as a

strategic priority.

Lithium-ion battery recycling faces a number of issues in the
United States, including materials collection, transportation
challenges, and regulatory hurdles. There is presently no nation-
al strategy for the mass collection and recycling of lithium-ion
battery waste, as can be found in Europe and China. The re-
moval of batteries from EVs is also costly and requires exper-
tise, and it relies on large economies of scale that have not been
developed in the United States. Regulatory and policy issues
also increase the cost of transportation and handling of battery
waste, which increases the cost for commercial recyclers—
making it harder to recycle without the aid of federal subsidies.
Another problem is the limited data surrounding recycling rates
for critical minerals, as data in the US depends on voluntary
business submissions and is highly variable.

Final Assessment

From mining to recycling, China dominates the battery supply
chain from end to end. Ultimately, if this trend holds, US auto
manufacturers will find their competitive edge eroding as the
world transitions toward EVs. The Department of Defense, mean-
while, will continue to find itself reliant on Chinese battery cells.
To ensure that its future economic and military competitiveness is
not subject to Beijing, the United States and its allies and partners
must build a more resilient advanced battery supply chain.



5. TOWARD A STRATEGIC
APPROACH TO BATTERIES

To counter China’s dominance in the battery industry, America

must embrace a strategic approach to batteries. The United
States can minimize Chinese leverage by embracing a limited
form of supply chain decoupling. Going forward, this means fo-
cusing on boosting domestic mining, processing, and battery
production, as well as advancing innovation. These lines of ef-
fort contribute to building a strong and resilient domestic man-
ufacturing base. In particular, the United States needs a battery
strategy that fully meets DOD’s current and future needs, in-

cluding a reliable and secure manufacturing base.

Evaluating the Biden

Administration’s Battery Blueprint

In February 2021, the Biden administration announced that it
would undertake a 100-day supply chain review across four

strategic sectors: advanced batteries, active pharmaceutical in-
gredients, critical minerals and materials, and semiconductors.
Each review was led by a separate executive agency, and in
June, results were released in the form of a 250-page report
(referred to here as the 100-Day Report). Findings from the bat-
teries portion—which was conducted by the Department of En-
ergy (DOE)—were included soon after in the form of a “National
Blueprint for Lithium Batteries.”!

Overall, the DOE Blueprint presents a detailed, whole-of-gov-
ernment strategy for building a robust, domestic-oriented bat-

Photo: Lithium Americas Corp. seeks to develop a major lithium
mine in Thacker Pass, Nevada. (Carolyn Cole/Los Angeles Times

via Getty Images)
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tery supply chain within the next ten years. It calls for the use
of various policy tools (coordinated across multiple agencies) to
boost demand for EVs, ensure sustained supply of raw materi-
als, and develop a domestic production base for batteries. The
Blueprint also proposes jumpstarting battery recycling in the
United States and supporting STEM education and workforce

development.'® These are all commendable goals.

And yet, while the strategy claims to meet “national secu-
rity requirements,” it fails to approach batteries through a
sufficiently strategic lens. At a recent public appearance, Da-
vid Howell—director of the DOE Vehicle Technologies Office,
which helped coordinate the Blueprint—noted that his agency
is focused on two objectives: first, to decarbonize the transpor-
tation sector by 2050; and second to decarbonize the electricity
sector by 2050."*° These goals are certainly worthwhile, but if
pursued on their own—without the priority placed on shifting
the battery supply chain away from China—they might lead to

an increased reliance on Beijing.1%®

In addition, the 100-Day Report gives defense-related uses for
batteries short shrift. The report focuses mainly on the com-
mercial sector and offers few recommendations for building a
supply chain specific to military batteries, which must be built
to more extreme specifications than commercial, off-the-shelf
batteries. Of the eighty-some pages in the 100-Day Report
that cover batteries, defense-related uses are confined to just
a few pages.’®”

In the process, the report overlooks the many policy tools avail-
able to the Department of Defense to build out a domestic bat-
tery supply chain. Most notably, the Blueprint does not mention
nodes in the Pentagon’s innovation ecosystem —including DAR-
PA, AFWERX, or the Defense Innovation Unit, among others—
that develop and procure battery technology for DOD. These
pathways are crucial to bridging the gap between off-the-shelf
products and defense needs, and they also provide important
funding and partnership opportunities for innovation.
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The Defense Production Act

The Defense Production Act (DPA) allows the president
to exercise his emergency authority to control and re-
direct private industry for national defense purposes.
Passed in 1950, the DPA has been invoked over 50
times since.

The Act confers a number of authorities. Title | permits
the executive branch to reprioritize contracts and “allo-
cate materials, services, and facilities” to promote the
national defense—provided an industry is both “critical”
and “strategic.” Title lll allows the president to offer fi-
nancial incentives, including loans, loan guarantees,
direct purchases, and purchase commitments to shore
up industrial base capacity. Title VII, meanwhile, protects
against anti-trust issues that might arise when the gov-
ernment award contracts and the associated funding to
one company without competition.

During the early stages of the COVID-19 pandemic, the
Trump administration invoked DPA Title Il to increase
production of masks and other personal protective
equipment. Title lll was also used to support various
parts of the defense industrial base, including critical
minerals production. In January 2021, for instance, DOD
entered into an agreement with an Australian rare earths
firm under Title Ill to construct a separation plant in the
United States.

Strategic Objectives

Developing a strategic proposal for batteries starts with set-
ting the right objectives. Rather than beginning with climate
benchmarks, any national strategy for batteries should seek to
achieve the following goals:

Reduce Beijing’s leverage in strategic tech sectors by em-
bracing “selective decoupling.” Developing a domestic sup-



ply chain for lithium batteries means breaking Chinese bottle-
necks in a strategic sector. As former Deputy National Security
Advisor Matt Pottinger has explained, China’s aggressive eco-
nomic strategy—which involves establishing centrality in criti-
cal supply chains and weaponizing the ensuing dependence—
means that “all of the areas that China has identified in its Made
in China 2025 strategy” are sectors in which the US “should be
proactively and selectively decoupling from.”'38

Develop power sources that offer new military capabili-
ties, enabling DOD'’s shift toward distributed operations.
The Department of Defense is currently reshaping its force
posture, doctrine, and strategy for great power competition
and battery innovation is an important part of this shift. Better
batteries will unlock new capabilities, like unmanned systems
and electromagnetic warfare, that will loom large in any future

conflict.

Support US economic leadership in the automobile in-
dustry. As noted above, the auto industry is America’s larg-
est manufacturing sector and contributes 3% to the US GDP.
Each year, it purchases hundreds of billions of dollars” worth of
US-produced raw materials, including rubber, steel, glass, and
semiconductors.'®® According to the Center for Automotive Re-
search, the industry “contributes to a net employment impact in
the US economy of nearly 8 million jobs.”*° As the world transi-
tions toward EVs, remaining reliant on Chinese suppliers would
set American automakers behind, dealing a significant blow to

the US economy.

Policy Recommendations

To achieve these objectives, US policymakers should adopt a
four-part strategy to create a secure, domestic-oriented supply
chain for advanced batteries.

First, the United States should use available policy tools to make
investments in mining, processing, and battery production, as
well as battery recycling. Second, policymakers should deploy

tools that drive innovation in substitutes for Chinese-controlled
critical minerals, next-generation battery technologies, and
manufacturing techniques for lithium-ion batteries in order to
leapfrog Chinese suppliers. Third, the Department of Defense
should undertake a full review of its battery supply chain with an
eye toward using DOD-specific policy tools that strengthen the
industrial base for military batteries. Fourth, the US government
should invest in workforce development and talent programs

across the supply chain.

Some of these steps are already being taken, but the Hamilton
Commission remains concerned that these activities are being
approached from an insufficiently strategic lens. The strategy
outlined below seeks to address this issue and offers specific

recommendations for implementation.

|. Make and encourage investments in mining,
processing, battery production, and recycling.

Like many twenty-first-century industries at the leading edge,
battery production, as well as the mining and processing of crit-
ical minerals, is extremely capital intensive. Battery producers in
particular face “wafer-thin margins and the assumption of large
warranty liabilities.”™*! For these reasons, “every major North
American company that has looked at getting into the business
of high-volume lithium-ion battery cell manufacturing over the
last twelve years has taken a pass on the opportunity.”'*? Given
the strategic importance of batteries and their inputs, as outlined
above, government support is necessary to build a robust Amer-
ican battery industry.

The US government should use diplomatic and economic tools
to work with friendly countries to ensure a sustained source of
critical minerals. To bring domestic sources online, DOE should
offer incentives, especially loan guarantees, to mining and pro-
cessing firms, cathode and anode manufacturers, and battery
producers. These actions will signal sustained support for bat-
tery-related companies, which in turn would funnel private cap-
ital toward building a domestic supply chain.
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The Biden administration should begin by:

Expanding the State Department’s Energy Resourc-
es Governance Initiative (ERGI) to include additional
partners, especially countries in the South American
“Lithium Triangle.” Launched in 2019, ERGI is a State
Department-led coalition designed to promote sound min-
ing sector governance and resilient energy mineral supply
chains. Current members include the US, Australia, Botswa-
na, Canada, and Peru.

It may take ten to fifteen years before the United States can
secure domestic access to the critical minerals used in bat-
teries; therefore it must deepen collaboration with allies and
partners to ensure continued access to these resources.
The Biden administration has already expressed a willing-
ness to expand ERGI, and reportedly views it as a key vehi-
cle for procuring critical minerals for batteries. The Hamilton
Commission applauds these efforts but they should not
substitute for bringing domestic mining operations online.

To build production capacity for batteries and their inputs, the

administration should:

Use the Federal Consortium on Advanced Batteries
to fast-track the permitting process across the supply
chain. In China, cathode and anode manufacturing facili-
ties often receive permits in six to nine months. In the Unit-
ed States the same process usually takes upwards of two
years. Acquiring the needed permits for mining in the United
States, meanwhile, can take roughly ten years.

During the final weeks of the Trump administration, officials
successfully fast-tracked permitting for Nevada’s Thacker
Pass Mine, the country’s second domestic source of lithi-
um. The Biden administration must ensure that fast-tracking
continues across the supply chain, for mining as well as pro-
cessing and production facilities.

Offer loan guarantees to domestic mining operations,

processing firms, and cell manufacturers. Establishing
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new mining operations, processing facilities, and cell manu-
facturing plants can be extremely capital intensive. Loan guar-
antees can add an extra level of security for potential investors.

The Biden administration has announced that it would re-
vive the DOE’s clean energy loan guarantee program, an
Obama-era initiative that promised aid to renewable energy
projects. While reviewing applications, DOE officials should
prioritize projects that would reduce US dependence on
China for critical minerals, cathode and anode materials,
and battery cells.

Revitalize the 48C Clean Energy Manufacturing Tax
Credit to promote the creation of battery megafacto-
ries and cathode and anode production facilities. Man-
ufacturing battery cells and cathode and anode materials in
the United States is crucial to creating a domestic battery
manufacturing ecosystem. Under the Obama administra-
tion, the 48C Clean Energy Manufacturing Tax Credit was
created to provide government support for projects related

to clean energy.

One significant weakness of the original 48C program was
its failure to ensure that firms remain in the United States
after receiving their tax credits. In 2016, the Obama admin-
istration could not prevent Carrier Corporation, an HVAC
company which received credits to build natural gas furnac-
es, from closing its Indianapolis plant and relocating to Mex-
ico.™3 The Biden administration must require that firms keep
their operations in the United States in order to receive their
credit. Alternatively, the government could expand the 48C
program to provide battery corporations with an ongoing tax
incentives for remaining domestic, outside a one-time, limit-

ed duration application process.

Use government incentives to boost domestic elec-
trode coating sources. Once the critical minerals needed
for battery cells are combined, the resulting mixture must
be sprayed onto sheets of metal foil. This process creates
the electrode found in every lithium-ion battery. Electrode

manufacturing is the second most expensive component in



the battery fabrication process, after the procurement of raw
materials. There is an acute shortage of electrode manufac-
turing in the United States.

Assess the Federal Acquisition Regulation (FAR) and
Defense Federal Acquisition Regulation Supplement
(DFARS) to determine what changes might promote
domestic battery development. FAR and DFARS are
sets of regulations that govern federal acquisition. Changing
these regulations could shift the playing field away from Chi-
nese battery manufacturers by requiring domestic or allied

nation sourcing.

Until 2019, for example, DFARS did not require that mag-
nets made from rare earth minerals come from an allied
country, only that finished products did. This unintentionally
granted preference to Chinese mining operations, which can
offer lower prices thanks to lax environmental standards and
heavy government support. Changes stipulated in the 2019
National Defense Authorization Act (NDAA) should, within a
five-year transition period, promote domestic mining opera-
tions which have been undermined by Chinese pricing and
other industrial policies.*

The 100-Day Report and National Blueprint for Lithium Bat-
teries each call for changes to FAR, but changes to DFARS
are not mentioned in either document. The Federal Con-
sortium on Advanced Batteries should coordinate with the
Department of Defense to assess changes to DFARS that

could promote domestic battery manufacturers.

Adjust tariffs on finished battery packs from China. In
2018, when the Trump administration levied Section 301 tar-
iffs on Chinese companies, battery cells, cobalt, lithium, and
nickel imported from China were included on the level 1 list,
meaning they remain subject to a 25% tariff. By contrast, fin-
ished battery packs were included on the level 4 list and are
subject to an additional 7.5% duty.* The Section 301 China
tariffs are still in force. To encourage domestic production,
finished battery packs from Chinese manufacturers should
be shifted to the level 1 list.

The Department of Energy should take steps to boost battery

recycling, as outlined in the National Blueprint for Lithium Bat-

teries. First steps should include:

Creating a national battery recycling initiative To effi-
ciently collect and recycle batteries at scale, the US should
launch a national recycling initiative, coordinated by DOE.
Through its robust system of loan guarantees totaling over
$40 billion, DOE should stimulate the production of domes-
tic battery recycling plants. The DOE should also foster part-
nerships between battery producers and battery recyclers to
further reduce the economic risk of starting recycling plants.
Finally, DOE should award additional R&D grants for innova-
tive battery recycling technologies and bring them to market
through ARPA-E.

Reviewing federal regulations on transportation of lith-
ium-ion batteries. Due to potential safety risks, the trans-
portation of lithium-ion batteries remains strictly regulated.
However, many of these regulations are overly cumbersome,
rendering the transportation of battery components costly
and nearly impossible. Establishing a large-scale battery re-
cycling capacity will require loosening these regulations. In
particular, DOE should loosen regulations on the transport
of “black mass” —the sludgy mix of nickel, magnesium, and
cobalt from NMC-cathode based cells.

Instituting federal regulations requiring batteries be
“built to recycle.” The cells that make up battery packs
are often welded into place, which greatly increases the cost
and complexity of recycling efforts. The DOE should require
battery manufacturers to rely on dissolvable adhesives and
other methods to package battery cells.

Il. Drive innovation in mineral substitutes, next-
generation battery technologies, and manufacturing
methods to minimize supply chain vulnerabilities
and leapfrog Chinese suppliers.

In terms of production, US battery companies remain about a

decade behind their Chinese competitors. 46 Catching up to and
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eventually surpassing the Chinese will require carefully targeted

government investment in battery innovation. Funding should

be directed toward three main areas: finding substitutes for in-

puts controlled by China, such as cobalt and graphite; investing

in potential breakthrough technologies; and developing novel,

more efficient manufacturing processes for lithium-ion batteries.

The White House should:

Direct the US Commerce Department to include ad-
vanced lithium-ion and next-generation battery com-
ponents on its list of “emerging and foundational
technologies.” As the US.-China Economic and Security
Commission recently noted, the Commerce Department has
yet to carry out its responsibility to compile a list of “emerg-
ing and foundational technologies,” as required under the
2018 Foreign Investment Risk Review Modernization Act
(FIRRMA) and Export Control Reform Act (ECRA).#

Lithium-ion and next-generation battery technology should
be included on the final list. Adding these battery technolo-
gies to the list unlocks a slate of policy tools, including ex-
port controls, that an administration can use at its discretion.

The Department of Energy should focus additional resources on:

Achieving substitution for cobalt-heavy cathode
chemistries. The nickel-magnesium-cobalt (NMC) cathode
chemistry is a popular choice for battery cell manufacturers
because it offers high energy density and reliability. Unfor-
tunately, cobalt is expensive, rare, and subject to human
rights concerns. The DOE is currently working to develop
and commercialize reduced cobalt cathode chemistries, but

this goal remains two to four years away.

Achieving substitution for graphite anodes. Today’s
lithium-ion batteries usually feature a graphite-based an-
ode, and as noted above, China produces some 80% of
the world’s spherical graphite and 100% of global synthetic
graphite. Breaking this monopoly would be costly, to the
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point where it would make more sense to seek alterna-
tives. One potential solution is silicon anodes—silicon is
more widely available than graphite and other critical min-
erals, though production is also clustered in China. Another
option might be solid-state batteries, which use a lithium
metal anode.

The Department of Energy should encourage innovation in

next-generation batteries by:

Creating a one-time $10 million prize for the most sig-
nificant advance in next-generation battery storage
technology. DOE is currently running a $5.5 million prize
competition for advances in battery recycling. Awarding a
major prize for innovation in next-generation batteries could
help identify technologies that could overtake Chinese sup-
pliers. This effort could be coordinated with the DOE’s Ener-
gy Storage Grand Challenge (ESGC).'*® Submissions should
be required to include a draft roadmap to commercialize the
technology, as well as a consideration of the technology’s

relevance to the Department of Defense.

Significantly boosting basic and applied research
funding for beyond lithium-ion battery chemis-
tries. Significant R&D funding should be directed to-
ward achieving, then commercializing, a breakthrough in
novel battery chemistries. As of FY2019, DOE appears
to be spending about $35 million on R&D for beyond
lithium-ion battery technology.'*® Funding should be in-
creased significantly. Technologies to investigate include
solid-state and flow batteries, as well as lithium-sulfur
batteries and silicon anodes. First-mover advantage in
one of these areas could significantly disrupt the Chinese

battery quasi-monopoly.

Boosting ARPA-E funding, but dropping support for a
“Climate DARPA.” Launched in 2009, the Advanced Re-
search Projects Agency — Energy (ARPA-E) aims to help en-
ergy programs bridge the “valley of death” between innova-

tion in the lab and the commercial market. The agency has



proven effective, with projects funded by ARPA-E “five times
more likely to produce a patent and scientific publication
than projects funded by other R&D programs at DOE.” 1%

The Biden administration seeks to create ARPA-C, a re-
search agency modeled on DARPA, but focused solely on
addressing climate change, and split funding between the
new agency and ARPA-E."*" Given that that ARPA-E grants
already focus on developing alternative sources of clean en-
ergy, a new agency would create redundancy and stretch
resources; instead, additional funding should be channeled
to ARPA-E.

In case next-generation battery technologies disappoint or nev-

er materialize, the White House should:

Significantly increase the DOE’s Advanced Manufac-
turing Office budget to boost funding for improved
manufacturing techniques for lithium-ion batteries.
Battery consortium NAATBatt International recently con-
cluded that lithium-ion technology will remain relevant,
regardless of whether new battery chemistries enter the
market.'s? Thus, developing more efficient manufacturing
techniques for lithium-ion batteries can help reduce Bei-
jing’s hold on the advanced battery industry. Funding the
DOE’s Advanced Manufacturing Office could help shep-
herd new manufacturing techniques through the technol-
ogy valley of death.

lll. Use DOD tools to strengthen the supply chain
for military batteries, with a goal of putting new
capabilities in the field.

As detailed above, batteries carry a wide variety of implications

for national defense, from powering unmanned systems and

directed-energy weapons to providing power sources for satel-

lites. DOD must therefore take steps to secure the supply chain

for military-grade batteries, which are built to more extreme

specifications than off-the-shelf versions. DOD has a wide vari-

ety of policy tools at its disposal to accomplish this.

DOD should begin by adopting a more strategic approach to

batteries. First steps would include:

Initiating a defense industrial base review on batteries
for military applications, then integrating results into
the upcoming Operational Energy Strategy. The ad-
vanced batteries portion of the Biden administration’s supply
chain review, coordinated by the Department of Energy, did
not sufficiently address the important role that batteries play
in national defense.

DOD is required by Congress to release an Operational
Energy Strategy report every four years. The most recent
report was issued in 2016."%% DOD should undertake a
department-wide review of challenges faced by domestic
manufacturers of military batteries and integrate them into
the upcoming Operational Energy Strategy.

Reworking DOD’s approach to energy supply chains by
investing in decentralized power generation. Until DOD
develops alternative power sources, the US military will re-
main reliant on increasingly brittle fuel supply chains. Instead,
DOD needs mobile power sources that can generate energy
in the field. Meeting DOD’s energy needs will require a variety
of sources, including solar energy and bioreactors (see Energy

Storage, Distributed Operations, and Power Generation, inset).

DOD, working in tandem with the White House, should use its policy

tools to bolster battery production directly. This includes:

Reshoring military-grade battery production under the
auspices of Title lll of the Defense Production Act (DPA).
The DPA gives the president broad authority to “ensure the
timely availability of essential domestic industrial resources to
support national defense and homeland security requirements
through the use of highly tailored economic incentives. Spe-
cifically, the program is designed to create, maintain, protect,
expand, or restore domestic industrial base capabilities.” %

This should include advanced battery production and man-
ufacturing in the United States. In 2014, for example, this

POWERING INNOVATION: A STRATEGIC APPROACH TO AMERICA'S ADVANCED BATTERY TECHNOLOGY



authority was used to fund the Lithium-lon Battery for Mil-
itary Applications (LIMA) project to establish a long-term,
viable, world-class domestic manufacturer of advanced
lithium-ion batteries “that would be responsive to customer
requirements with respect to performance, reliability, quality,
delivery, and price.”®® This project needs to be expanded
and made a defense industrial base priority.

DOD should update acquisition and procurement processes for

military-grade batteries by:

Eliminating the use of “lowest priced, technically ac-
ceptable” awards in Pentagon battery procurement.
Extreme requirements for military batteries prevent battery
manufacturers from using commercial-grade battery cells,
which drives up costs for domestic battery firms. This grants

foreign cell manufacturers an edge over American producers.

Instead of procuring the least expensive batteries that meet
technical requirements, DOD should procure batteries via
trade-off analysis, which would promote higher quality bat-
tery cells that provide operational advantages. Such an ap-
proach would benefit US firms that specialize in manufactur-
ing batteries that meet DOD requirements.

Establishing a public-private partnership for military-op-
timized batteries and standardize battery specifications
across the services. The US military employs thousands of
different types of batteries. A public—private partnership—ded-
icated explicitly to military-optimized batteries—should work
with domestic manufacturers to establish battery standards
for future platforms. This would allow manufacturers to pro-
duce “families” of similar-sized military-optimized lithium cells

at scale, lowering costs for both firms and DOD.

DOD should foster innovation in military-grade batteries by:

Establishing a new Institute of Battery Manufacturing
and Innovation (IBMl) as part of the Manufacturing

Technology Program at the Department of Defense.
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The ManTech program’s nine existing institutes fund innova-
tive manufacturing methods for a range of advanced technol-
ogies required by DOD and its contractors. A tenth institute
devoted to advanced batteries would be a cost-effective way
to increase battery R&D geared specifically to the needs of
the military.

To bridge the valley of death, IBMI should also mediate col-
laboration between R&D entities and production facilities to
drive licensing of new battery designs and chemistries.

e Building a “BATTFab” facility to allow smaller compa-
nies to prototype and test battery designs and rapidly
scale manufacturing. Drawing from the example of the
large-scale fabs used by the semiconductor industry, DOD
should establish a battery fabrication facility open exclusively
to US-based startups. Battery fabrication facilities are ex-
pensive to build. A BATTFab would allow smaller companies
with limited capital to prototype and test their products, re-
ducing development costs and improving consistency in the
test equipment, processes, and methodologies across pro-
totyping, production, assembly, and end-unit qualification.
DOD should also explore using other transaction authorities

to increase speed to market.

IV. Invest in workforce development and talent
programs across the supply chain.

Designing and producing batteries and their inputs takes years of
specialized training. The United States faces a serious shortage
of talent in critical mining and processing; cathode, anode, and
electrode production; and battery engineering and manufacturing.
Policymakers should address this challenge by cultivating domes-

tic talent, and by bringing in foreign expertise as necessary.

The Federal Consortium on Advanced Batteries should work

with relevant agencies to:

e Create a job training program for critical mineral min-
ing, processing, and operations. Executives at the re-
cently approved Thacker Pass lithium mine in Nevada have



spoken openly about the challenges of fielding the skilled
workers required to run their facility. To create the necessary
talent pool, they have begun working with the local commu-
nity college and school district. Congress and DOE should
work with industry, union leadership, and leading technical
universities to develop a national initiative for promoting
careers in mining engineering for critical minerals, from ad-
vanced degrees to on-the-job training.

Create a scholarship fund for aspiring US battery en-
gineers. A scholarship fund linked to America’s top tech
universities could bring aspiring students to a field that
promises to be among the most important in advancing
the future of clean renewables. Such a program should
provide additional funding to schools that create an inter-
disciplinary battery engineering major, which would com-
bine mechanical, electrical, chemical, and electro-chem-
ical engineering, as well as advanced manufacturing

expertise.

Working with allied and partner countries to build the
US battery workforce. The fact that the United States has
few workers capable of operating advanced processing and
battery manufacturing equipment explains the recent boom
in joint-venture arrangements between US automakers and
foreign battery firms. In 2020, for example, GM announced
that it would partner with South Korean battery manufactur-
er LG Chem to produce battery cells to power the automak-
er's EV lineup.'®®

To supplement these private sector efforts, the Federal Consor-
tium on Advanced Batteries should create a critical mineral and
battery production exchange program, led by the State Depart-
ment, that taps into the wealth of expertise from battery-making
countries like Germany, Japan, and South Korea. Such a pro-
gram could take a page from the US.—Japan Competitiveness
and Resilience (CoRe) Partnership, which includes cooperation
“on sensitive supply chains, including semi-conductors, and on
the promotion and protection of critical technologies.” %"
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6. CONCLUSION

Today’s world is changing at a dizzying pace. In the energy sec-
tor, the shift toward EVs and renewable energy promises to re-
make some of the world’s largest industries. The CCP intends
to capitalize on this change. Chinese grand strategy hinges on
the assumption that, in our technology-driven world, a coun-
try’s ability to control market share, domestic production, and
international standards in high technology sectors has become
perhaps the most important factor in calculating national pow-
er. This belief is driving CCP efforts to “seize the commanding

heights” in advanced technologies, including batteries and EVs.

As Xi’'s push for self-sufficiency and “indigenous innovation”
demonstrates, Beijing has embraced the logic of decoupling:
the CCP seeks to bolster China’s national power by means of
zero-sum technological and economic leadership, throwing
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the process of globalization into reverse. The United States
has no choice but to reciprocate. Given the importance of
batteries as a source of geopolitical leverage, as a crucial en-
abler of next-generation defense concepts, and as the key
to competition for economic leadership in the EV industry,
breaking Chinese bottlenecks in critical mineral production
and battery manufacturing must be a strategic imperative for
the United States.

To break free of Chinese leverage, American policymakers

must communicate and implement a national battery strategy

Photo: A pilot plant technician works at a Lithium Americas Corp. facility
in Reno, Nevada on June 7, 2021. (Carolyn Cole/Los Angeles Times via

Getty Images)



that builds a domestic supply chain for advanced batteries, but
this strategy must be approached through the lens of geopol-
itics. Such a strategy should include the four steps outlined in
this report: (1) provide US government support for critical min-
eral mining and processing, battery and cell production, and
battery recycling; (2) offer additional US government funding
to boost innovation in cobalt- and graphite-less chemistries,
next-generation batteries, and manufacturing techniques for
lithium-ion batteries through targeted investments; (3) Create
DOD initiatives to secure the supply chain for military-grade

batteries; and (4) invest in workforce and talent development

programs.

Whether the United States can successfully implement and re-
source this strategy is another matter. Ultimately, this may be
a question of will—establishing a more resilient battery supply
chain will require years of sustained effort from dedicated pol-
icymakers. If the US intends to win the battery race, reframing
energy policy as another front in the US—China strategic compe-
tition is a crucial first step.
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