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inerals are foundational in warfighting.'

They are used in defense platforms like

attack submarines, heavy bombers, and
mobile missile launchers, and in munitions like sub-
marine-launched torpedoes, air-launched standoff
missiles, and ground-launched rockets and missiles. In
its last three great power wars—World War I, World
War I, and the Korean War—the United States lacked
sizable mineral stockpiles yet was the world’s domi-
nant mineral producer.” The U.S. military experienced
mineral shortages during these wars due to increased
defense production, expanded export controls, and
contested shipping routes. Today, the U.S. military
is at a greater risk of severe mineral shortages if a
U.S.-China war were to unfold: the United States has
limited mineral stockpiles; low domestic mineral pro-
duction; and heavy mineral import reliance, including
from its great power rival, China.

A mineral shortage can severely undermine war
efforts and impact the war’s outcome. Importantly,
mineral shortages can prove decisive. C. K. Leith partly
attributes the loss of the Central Powers in World War
I to mineral shortages, saying, “The acute shortage of
essential minerals which they experienced was a very
considerable factor in their ultimate defeat” Similarly,
John D. Morgan argues that mineral shortages under-
mined U.S. industrial mobilization during World War
IT and prolonged the war.* The Allies also experienced
mineral shortages in the early part of 1942, hindering
defense production and bringing the Allies “dangerous-
ly close to losing the war,” according to Donald Nelson,
director of the War Production Board during World
War I1.° Critically, mineral shortages in a potential
U.S.-China war may not only prolong the conflict but,
if severe enough, also contribute to U.S. defeat.

U.S. Mineral Supply: Past and
Present

The United States was a dominant mineral pro-
ducer before the two world wars and the Korean War.
At the dawn of World War I in 1913, the United
States was the world’s leading producer of several
important minerals (see the figure).® Prior to World
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War II in 1938, the United States was the world’s
dominant mineral producer, controlling major min-

eral resources across Canada, Central America, and
South America.” The United States was self-sufficient
in many minerals before the Korean War in 1949, too.

U.S. Bureau of Mines Director James Boyd declared,
“During the last fifty years the United States has
achieved preeminence among the nations of the world

in producing, processing, and fabricating mineral

raw materials”® However, before these wars, the U.S.

government (USG) largely lacked mineral stockpiles

because it lacked a comprehensive mineral strategy.’
Still, the United States was the world’s dominant min-
eral producer before these wars.

The United States today has limited mineral

production compared

to these prior periods.
Moreover, the United
States increasingly de-
pends on mineral imports
to satisfy its domestic
mineral consumption,
which indicates a decline
in mineral production
relative to consumption."
From 1954 to 2019, the
number of minerals for
which the United States
was at least 25 percent
net import-reliant in-
creased from twenty-one
minerals to fifty-eight
minerals." It no longer
mines many minerals that
it previously did, such

as gallium, manganese,
niobium, or tantalum.!?
More importantly, the
United States is heavily
import-reliant on China
for many of its miner-
als. For its consumption
of twenty-four mineral
commodities in 2023, the
United States was over
50 percent reliant on
minerals imported from
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Figure. Leading Mineral Producers, 1913 and 2023
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China.” Like the prior periods preceding conflict,

the United States has limited mineral volumes in the
National Defense Stockpile.” In 2023, the Department
of Defense (DOD) estimated that, in a hypothetical
war with China, the U.S. military would have shortages
in sixty-nine materials."” Therefore, the United States
today has limited mineral production and mineral
stockpiles—a more precarious U.S. mineral position
versus prior periods before great power wars.

Mineral Shortage Risks in War

The U.S. military would face the following risks that
could contribute to mineral shortages in a war with
China: increased defense production, expanded export
controls, and contested shipping routes.

First, the United States would likely increase
defense production to expand U.S. warfighting capabil-
ities and to replenish attrited war materiel. During the
two world wars and the Korean War, the United States
consumed significant minerals for increased defense
production, which contributed to some mineral short-
ages. For instance, the United States was self-sufficient
in many minerals before World War II, but wartime
demand contributed to shortages of nickel, tin, zinc,
and aluminum.*® Near the end of the war, E. W.
Pehrson of the U.S. Bureau of Mines noted that despite
substantial domestic mineral production, “the demands
for this war overtaxed our capacity for production”"’
Likewise, during the Korean War in 1951, titanium
demand greatly exceeded production capacity.'®

In a U.S.-China war, the United States would likely
face mineral shortage risks from increased defense
production for the war effort. A 2016 RAND publi-
cation on a possible U.S.-China war over Taiwan said,
“War between the two countries could be intense, last
a year or more, have no winner, and inflict huge losses
and costs on both sides” To illustrate, in U.S.-China
war games conducted by the Center for Strategic and
International Studies, the U.S. military expended its en-
tire inventory of long-range antiship missiles in the first
week of combat.”® Estimating mineral consumption in
a U.S.-China war is difficult given limited open-source
information on the material composition of such
defense platforms and munitions. Yet as previous great
power wars indicate, defense production in a U.S.-
China war would heavily demand minerals and may
cause mineral shortages (see table 1).
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Second, the United States would likely confront
expanded export controls implemented by China and
possibly Russia. Before U.S. entry into the two world
wars and the Korean War, it faced export controls that
reduced access to foreign minerals and contributed to
mineral shortages. During the Berlin Blockade in the
late 1940s, for instance, the Soviet Union restricted
mineral exports to the United States.”! Interestingly,
the United States also faced export controls from its
geopolitical partners. Before the United States entered
World War I, Great Britain imposed export restrictions
on tin, prohibiting U.S. manufacturers from exporting
such tin or their products to Germany.”

In a U.S.-China war, the United States would also
face export controls from China. In fact, it already
does. The United States imports most of its gallium,
germanium, and graphite from China, and China
placed export restrictions on these minerals in 2023.”
Then in December 2024, China banned the export
of gallium and germanium and tightened export
controls on graphite.* As geopolitical tensions rise
globally, other countries may impose export restric-
tions to secure their own mineral supplies or disrupt
the mineral supply chains of other countries. A 2023
report by the Organization for Economic Cooperation
and Development noted that export restrictions may
already be “affecting availability and prices” of critical
raw materials.?’ Therefore, if a war unfolds, the United
States would likely face mineral export controls, posing
mineral shortage risks.

Third, the United States would likely encounter
contested shipping routes, including submarine war-
fare. During the two world wars, U.S. mineral imports
faced such disruption. In a 1949 study on the U.S. min-
eral industry during World War II, John D. Morgan Jr.
wrote, “The World War I and World War II records
likewise shows [sic] that import shipping is a very
vulnerable activity.?® Submarine warfare threatened
mineral imports even before the United States entered
the wars, and mineral imports experienced significant
disruption after U.S. entry into the wars.”” For example,
in World War I, Germany’s unrestricted submarine
warfare disrupted U.S. imports of Spanish pyrites, caus-
ing severe shortages.”

The United States would similarly face mineral
supply disruption from contested shipping routes and
may experience mineral shortages during a potential
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Table 1. U.S. Defense Use of Minerals

U.S. Net Import
Mineral Defense Use Reliance in 2022
Antimony Antimony metal is used in most of the military’s lead-acid batteries. Indium antimonide semi- | 84%
conductors are used in forward-looking infrared vision systems and infrared homing missiles.
Antimony trisulfide is used in fuses, small arms ammunition, mortar rounds, and artillery
projectiles.
Beryllium Beryllium metal is used in intelligence, surveillance, and reconnaissance guidance systems, 6%
chassis and support arm/beam components, neutron reflectors, and X-ray mirrors.
Bismuth Bismuth-based alloys are used in machining. 97%
Chromium Chromium metal is used as superalloys in turbine engines for jet aircraft, tanks, and marine 84%
applications.
Cobalt Used in superalloys for jet engines, Stellite alloys, nickel-metal hydride (NiMH) and lithium-ion 73%
batteries, samarium-cobalt, and Alnico magnets.
Gallium Used in electronics and missile guidance systems. Gallium arsenide (GaAs) is used for radar, 100%
short wave infrared tracking, night vision, and satellite communications. Gallium antimonide is
used for night vision and missile guidance.
Germanium High-purity germanium is used in infrared lenses for most of the Department of Defense’s night | > 50%
vision technology, thermal imaging systems, and infrared tracking systems in combat vehicles.
These applications are essential for tracking ground targets and heat-seeking missiles and con-
ducting nighttime operations. High-purity germanium substrates are also used in the manufac-
ture of solar cells that power defense and national security space satellites. These satellites are
critical for reconnaissance, missile detection, and communication.
Graphite (nat- Used in batteries, lubricants, body armor, engine turbine components, coatings for aircraft 100%
ural) manufacture, and missile parts.
Indium Used in infrared imaging systems and communications systems. 100%
Lead High-purity lead is used for thin-plate pure lead batteries used in aircraft and some navy vessels. | 38%
Lithium Used for repairs of fighter jet structures, safety-critical batteries, and batteries in electronics. > 25%
Magnesium Used in helicopter transmission housings, armor applications, broadcast and wireless commu- >50%
nication equipment, radar equipment, torpedoes, antitank ammunition rounds, batteries, flare
and ordnance applications, and infrared and missile countermeasures. Also used an alloy for
aircraft, vehicle engine casings, and missile construction.
Nickel Used in superalloys for high-temperature sections of jet engines and maraging steel (aerospace | 54%
and military use).
Niobium Used in superalloys for turbine engines, rocket sub-assemblies, and memory metal for hydraulic | 100%
couplings.
Palladium Used in circuit boards and brazing and soldering in aerospace applications. 31%
Rhenium Used in high-temperature alloys including superalloys for air transport and land power genera- | 70%
tion turbine engines.
Stronitium Used for pyrotechnics (e.g., signal flares). 100%
Tantalum Used in nickel superalloys for high-temperature sections of jet engines and capacitors for 100%
Department of Defense military specification and U.S. space applications. Also used in shaped
charge and explosively formed penetrator liners, missile systems, ignition systems, night vision
goggles, and global positioning systems.
Tellurium Used in thermal imaging devices such as short and mid-wave infrared sensors, thermoelectric >75%
coolers for infrared detectors, integrated circuits, and laser diodes.
Tin Used in alloys for bearings. 77%
Tungsten Used in high-temperature superalloys for military turbine engines, tungsten filaments for elec- > 50%
tronics, and lighting and armor-piercing ammunition.
Vanadium Used as an additive in steel, specialty steel, catalysts, titanium-aluminum-vanadium alloys for jet 60%
engines, cladding, vanadium-gallium tape for superconducting magnets, and glass coatings.

(Table by author; adapted from Under Secretary of Defense for Acquisition, Technology and Logistics, Strategic and Critical Materials 2015 Report on Stockpile Requirements
[U.S. Department of Defense, 2015]; and U.S. Geological Survey, Mineral Commodity Summaries 2024 [U.S. Geological Survey, 2024])
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Table 2. Mineral Import Demand

U.S. Self-Sufficiency Inereasey)
Element -Decrease

1938 2023
Aluminum 97% 56% -41%
Antimony 16% 18% 2%
Arsenic 43% 0% -43%
Bauxite 47% 25% -22%
Manganese 6% 0% -6%
Nickel 2% 43% 41%
Platinum 81% 17% -64%
Tin 0% 26% 26%
Tungsten 95% 50% -45%

(Table by author; adapted from H. Herbert Hughes, ed., Minerals Yearbook 1939
[U.S. Government Printing Office, 1939]; and National Minerals Information Center,
"US Geological Survey Mineral Commodity Summaries 2024 Data Release” [U.S.
Geological Survey, 30 January 2024])

U.S.-China war. Such a war would severely disrupt
supply chains in Northeast Asia and Southeast Asia,
regions from which the United States imports sig-
nificant volumes of minerals.” Japan is a major U.S.
import source for cobalt, gallium, tellurium, titanium,
and rare earth elements including scandium; and
South Korea and the Philippines are also major min-
eral suppliers to the United States: South Korea is a
major U.S. import source for bismuth, indium, refined
lead, yttrium, and refined zinc, while the Philippines
is a major U.S. import source for scandium, selenium,
and tellurium.*

Shipping routes from other resource-rich countries
would also face disruption. For example, Australia is
a major mineral producer, but Australia’s sea lanes
could face disruption in a war that encompasses the
South China Sea.** Currently, “Beijing is seeking to
transform the South China Sea from an international
SLOC (sea line of communication] into a Chinese-
controlled waterway and a strategic chokepoint for
other countries,” according to Richard A. Bitzinger.””
Consequently, U.S. mineral imports would likely face
contested shipping routes and may create mineral
shortages for the U.S. military.

Can’t the United States Just Produce
More Minerals in War?

One counterargument to U.S. mineral short-
age risks is that the United States can significantly

MINERAL SHORTAGES

increase its mineral production, as it did in previous
wars. For instance, from 1913 to 1918, U.S. tungsten
production increased by 222 percent, manganese pro-
duction by 984 percent, and chromite production by
23,327 percent.”> However, before and during the two
world wars and the Korean War, the United States
arguably possessed the world’s dominant mineral
industry, which even made the United States self-suf-
ficient in some minerals.?* Since then, the U.S. min-
eral industry has declined. As previously noted, the
United States relies increasingly on imports to meet
domestic demand, and it has even stopped mining
and refining some minerals (see table 2).* For exam-
ple, the United States has not mined tantalum since
1959 and has not produced cobalt metal since 1983.%
Therefore, the United States has a relatively weakened
mineral industry with less expertise.

Consequently, additional U.S. production lines for
defense platforms and munitions may be built quickly
in a U.S.-China war, but mines and refineries would
take far longer to develop given the lack of U.S. ex-
pertise. In 1951, then-U.S. Bureau of Mines Director
James Boyd said that “new domestic raw material
supplies cannot be made available in less than two to
five years?” Currently, a mine in the United States
takes an average of thirteen years from discovery to
production.’® Compared to other prewar periods, the
U.S. mineral industry lacks the production base and
expertise to increase mineral production quickly.

Today, the United States is analogous to Russia
during World War I—mineral rich but unprepared
for wartime demands and foreign supply restrictions.”
Despite Russia’s efforts to support its mineral industry
during World War I—from mapping resources across
the country to improving infrastructure in mining
regions—Russia could not sufficiently supply its mili-
tary.** Writing in The Scientific Weekly in 1917, Joseph
Pogue compared the British Empire’s well-developed
mineral industry with Russia’s largely undeveloped
mineral industry, saying, “Industrial organization
for war is one problem and can be quickly arranged
for—behold England; the development of a country’s
resources is a different matter and can not [sic] be
accomplished in a brief period of years—that Russia
has learned to her loss”** Like Russia in World War 1,
the United States in a U.S.-China war cannot quickly
increase mineral production.
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U.S. Policy Options

The USG can, however, adopt policies now to miti-
gate risks of mineral shortages in case a U.S.-China war
occurs. First, the USG should stockpile more minerals—
both larger volumes and a larger variety.”” It is already
doing so, like seeking to acquire 18,500 metric tons of
high-purity aluminum and aluminum alloys.” However,
the National Defense Stockpile lacks some of the most-
used minerals by the U.S. military, such as copper, lead,
and fluorspar.* An expanded stockpile has precedent.
The USG stockpiled minerals at 213 locations around
the country during the Cold War in 1961; presently, the
USG only stores minerals at six locations.*

The DOD should stockpile more minerals in the
National Defense Stockpile. Under 50 U.S.C. § 98h-5(b)-
(c), the DOD sets target stockpile inventories based
on the Pentagon’s “base case” conflict scenario, in this
instance, a one-year, large-scale conventional U.S.-China
war followed by three years of industrial recovery.* The
DOD can intensify this conflict scenario, increasing the
military’s mineral demand. For example, the National
Security Council in 1950 produced policy paper NSC 68,
A Report to the National Security Council by the Executive
Secretary (Lay) on United States Objectives and Programs for
National Security, which updated the U.S. threat planning
scenario and corresponding mobilization period, and
consequently increased stockpiling appropriations in
1950 and throughout the Korean War.*” Congress could
also increase the one-year combat duration currently in
law; just as it did in 1988 when it explicitly required that
the stockpile “be sufficient to sustain the United States
for a period of not less than three years during a national
emergency situation that would necessitate total mobili-
zation of the economy of the United States for a sus-
tained conventional global war of indefinite duration”**

Second, the USG should incentivize domestic
mineral production. These policies should include
supply-side and demand-side policies. The USG already
implements supply-side policies through programs like
the Department of Energy’s Advanced Technology
Vehicle Manufacturing program and Office of
Manufacturing and Energy Supply Chains, and the
DOD’s Defense Production Act Title III program and
Industrial Base and Sustainment program.” The USG
also offers demand-side policies, namely tax credits
to taxpayers who purchase new electric vehicles with
batteries containing a certain percentage of critical

minerals extracted or processed in the United States,
free-trade agreement countries (e.g., Australia), or crit-
ical mineral agreement countries (e.g., Japan).”

The USG should increase the available capital for
domestic mineral projects and increase the domestic
content requirements for mineral-related government
incentives. Supply-side policies would include more
grants and loans for mineral projects—both mining
and refining—while demand-side policies would in-
clude stricter domestic mineral content requirements
for government procurement (e.g., DOD procurement
of nontactical electric vehicles) and domestic mineral
feedstock requirements for grants and loans to down-
stream U.S. projects (e.g., battery gigafactories). The
USG should also modify the content requirements for
the electric vehicle critical minerals tax credit to estab-
lish a higher tax credit for batteries containing U.S.-
produced minerals versus foreign-produced minerals.

Third, the USG should restrict mineral imports
from China. China is presently an indispensable sup-
plier of several minerals. It produces mineral volumes
that other countries cannot easily replace. For exam-
ple, China is the world’s largest producer of yttrium,
and it supplied 94 percent of all yttrium compounds
consumed in the United States from 2019 to 20225 If
the USG were to ban yttrium imports from China, U.S.
companies would struggle to find alternative suppliers
to satisfy their demand. Rather than outright banning
U.S. imports of minerals from China, the United States
should apply tariffs on these minerals, making them the
highest-cost mineral source. Such tariffs would incen-
tivize U.S. companies to find alternative, non-Chinese
mineral sources and incentivize non-Chinese produc-
ers to develop other mineral resources.

The USG should also condition any grants, loans,
and tax credits related to critical minerals on excluding
Chinese minerals. For instance, the critical minerals tax
credit for electric vehicles requires no minerals from
foreign entities of concern, but the ownership threshold
for an entity to be deemed a foreign entity of concern
is currently 25 percent ownership by a foreign entity
of concern, including Chinese companies.”> The USG
should tighten this restriction: electric vehicles with
batteries containing any content in their supply chains
produced by companies with any Chinese ownership
should disqualify those vehicles from the critical min-
erals tax credit. Similarly, government procurement
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should also exclude goods containing any China-
produced minerals, and federal grants and loans for
U.S. projects should include conditions that prohibit
recipients from sourcing any China-produced minerals.

Lastly, for minerals lacking reserves in the United
States, the USG should seek to secure overseas mineral
production in countries aligned geopolitically with the
United States. This supply chain alignment is known
as “friendshoring”>* The United States simply does
not have enough reserves of some minerals to fulfill
U.S. mineral demand in a large-scale military con-
flict. For example, during World War II from 1942 to
1945, Canada supplied many minerals to the United
States, including 85 percent of the U.S. nickel supply,
49 percent of its platinum group metals, and 15 per-
cent of its aluminum.” The United States is currently
pursuing various friendshoring initiatives, such as the
Mineral Security Partnership, Partnership for Global
Infrastructure and Investment, and various bilateral
agreements.” The success of these friendshoring initia-
tives remains to be seen.”

However, U.S. friendshoring policies should in-
clude investing capital in U.S. companies for acquiring
ownership stakes in overseas mineral projects. The

MINERAL SHORTAGES

An aerial view of Santa Rita strip copper mine near Silver City, New
Mexico. (Photo by Cavan via Adobe Stock)

policy would be similar to how the U.S. International
Development Finance Corporation has invested in
TechMet, a Dublin-based private investment vehicle,
to invest in a nickel-cobalt mine in Brazil and a rare
earths project in South Africa.”” The USG should also
offer low-cost loans to U.S. companies for securing
long-term mineral offtake agreements with overseas
mineral producers. Both investments and offtake agree-
ments provide capital to projects in partner countries
for expanding their mineral operations.

Yet, friendshoring with overseas partners bears risks
during wars as sea lanes are vulnerable.”® Moreover,
international cooperation is particularly challenging
amid great power competition. For instance, after
World War I, some U.S. mineral experts proposed
an internationalist approach, including free trade for
mineral supply chains, but countries sought to increase
domestic mineral production and reduce their reliance
on imports.” Today, many countries are doing the same
for economic and geopolitical reasons.*® Therefore, the

MILITARY REVIEW  January-February 2025

153



USG should prioritize onshoring mineral production
over friendshoring.

The Outlook for U.S. Mineral
Security—and U.S. Military Power
Minerals influence war. In 1949, U.S. Bureau of

Mines Director James Boyd said,

The strength or weakness of our raw mate-

rials position, in respect to certain essential

minerals, may well determine the status of

our country as a world power in the years to

come. Our national potential in both peace

and war is intrinsically bound to the avail-

ability of minerals because many of them are

the foundation of our industrial and techno-

logic structure.®*
Minerals undergird industrial and technological power,
which undergirds military power, ultimately affecting
great power wars.”” Previously, the United States was
the world’s leading mineral power; today, China is.®

If a U.S.-China war occurs, the U.S. military will like-

ly face mineral shortages. The United States already has
limited mineral stockpiles, low domestic mineral pro-
duction, and heavy mineral import reliance from China,
its geopolitical rival. The United States would consume
significant mineral volumes for increased defense pro-
duction in a war, and it would face disrupted mineral
imports from expanded export controls and contested
shipping routes, posing mineral shortage risks. The USG
should stockpile more minerals, incentivize domestic
mineral production, and restrict mineral imports from
China to mitigate such shortage risks.

Emergency Access to Strategic and Critical
Materials: The National Defense Stockpile

November 14,2023

[a——

Mineral shortages could prove disastrous for the
United States, given the serious—sometimes decisive—
role of minerals in war.* In its last three great power
wars—World War I, World War II, and the Korean
‘War—the United States lacked sizable mineral stock-
piles but was the world’s dominant mineral producer.
Still, it experienced mineral shortages. Following these
wars, U.S. officials highlighted the importance of min-
erals in wartime, urging the country to pursue mineral
independence and self-sufficiency.*” Yet, the United
States now has a relatively weak mineral base and faces
the possibility of a major war against a minerally supe-
rior adversary. Past wars indicate that the United States
risks defeat if such a war occurs.

In this case, the words of U.S. Bureau of Mines
Director R. R. Sayers in 1941 may be particularly
prescient.

Events in 1940 have demonstrated again that
in this age of mechanization minerals are
indeed the sinews of war. The British have
shown that valor can offset, to a remarkable
extent, the advantages of superior armament
and munitions; but the experience of Finland,
Belgium, Greece, and others has revealed
the ineffectiveness of heroic men against an
avalanche of iron, manganese, aluminum, and
petroleum utilized in tanks and airplanes,
bullets and bombs.®®
But instead of Finland, Belgium, and Greece succumb-
ing to Germany’s mineral superiority in World War I,
Taiwan, Japan, and the United States may succumb to
China’s mineral superiority in a U.S.-China war. &

Military Review Recommends

The Department of Defense manages the National Defense Stockpile (NDS) and has
delegated authority as the NDS manager to release stockpiled materials to eligible
domestic manufacturers in the defense industrial base and other critical infrastructure
sectors under certain conditions. This report, Emergency Access to Strategic and Critical
Materials: The National Defense Stockpile, provides background on this NDS and ana-
lyzes selected issues that Congress may face related to its management.

= To read this report online, visit https://crsreports.congress.gov/product/pdf/R/R47833.
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