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I. INTRODUCTION: THE CRITICAL MINERAL LANDSCAPE

Critical minerals have emerged as a priority for national policymakers. In an era of in-
tricate global supply chains, mineral resources that are essential to the economy and 
at risk of supply disruptions represent a unique choke point in a country’s ability to 
produce energy generation, storage, and distribution systems; military equipment; and 
data storage, transmission, and computational hardware. Because critical minerals are 
vital inputs to virtually every technology that shapes modern life, they play an outsized 
role in the global economy and national security.1 

Critical minerals and rare earth elements are not necessarily inhibited by their availability, 
but because established links in their supply chains are subject to sharp geopolitical and 
economic constraints. Three primary steps must take place before critical minerals can 
become a high-purity refined commodity to be used in manufacturing: (1) discovery 
and exploration, (2) mining and extraction, (3) refining and midstream processing. 
A fourth area, e-waste (4) recycling, offers a crucial path to supplement the supply chain. 
Each stage is subject to a set of unique political and economic hurdles; linking them to-
gether presents a far more daunting challenge.

The global critical minerals shortfall has been looming for over a decade but has been 
difficult to address for at least three reasons. One, the demand for critical minerals con-
tinues to rise sharply. The International Energy Agency (IEA) projects demand for critical 
minerals to double from 2025 to 2030 and quadruple by 2040.2 Two, the mining and 
refining of critical minerals is highly concentrated: the top three refining nations of key 
energy minerals rose from around 82 percent in 2020 to 86 percent in 2024.3 Three, 
investments in mining and processing are particularly challenging on economic and en-
vironmental grounds.4 Even under perfect circumstances, projects take a long time to 
develop and have to withstand cyclical markets, and struggle to attract private equity. 
Most countries — particularly democratic societies with market economies — must also 
contend with high capital costs, long-term risk, workforce and skills shortfalls, and out-
dated regulations. Political will and large subsidies are consequently required to develop 
national capabilities in discovery and exploration, mining and extraction, refining and 
processing, and recycling, even as private investment is key to long-term success.

Furthermore, critical minerals have proved central to ongoing geopolitical competition 
between the United States and its partners and allies on the one hand and China on the 
other.5 China refines and processes over 60-70 percent of cobalt and lithium globally, 
along with more than 90 percent of rare earth elements, which are critical to the produc-

1  Jeffrey Wilson, “Critical Minerals for the 21st Century Indo-Pacific,” Perth USAsia Centre, May 2019, 8, https://puac-wp-
uploads-bucket-aosudl-prod.s3.ap-southeast-2.amazonaws.com/wp-content/uploads/2023/11/02132902/Critical-Materials-for-
the-21st-Century-Indo-Pacific.pdf. 
2  International Energy Agency, “Global Critical Minerals Outlook 2025,” International Energy Agency, June 2025, https://iea.
blob.core.windows.net/assets/ef5e9b70-3374-4caa-ba9d-19c72253bfc4/GlobalCriticalMineralsOutlook2025.pdf. 
3  Ibid. 
4  Ernest Scheyder, The War Below: Lithium, Copper, and the Global Battle to Power Our Lives, One Signal Publishers, 2024, 298. 
5  Gracelin Baskaran, “Digging Deeper: Building Our Critical Minerals Workforce,” Center for Strategic and International 
Studies, June 12, 2024, https://www.csis.org/analysis/digging-deeper-building-our-critical-minerals-workforce.

https://puac-wp-uploads-bucket-aosudl-prod.s3.ap-southeast-2.amazonaws.com/wp-content/uploads/2023/11/02132902/Critical-Materials-for-the-21st-Century-Indo-Pacific.pdf
https://puac-wp-uploads-bucket-aosudl-prod.s3.ap-southeast-2.amazonaws.com/wp-content/uploads/2023/11/02132902/Critical-Materials-for-the-21st-Century-Indo-Pacific.pdf
https://puac-wp-uploads-bucket-aosudl-prod.s3.ap-southeast-2.amazonaws.com/wp-content/uploads/2023/11/02132902/Critical-Materials-for-the-21st-Century-Indo-Pacific.pdf
https://iea.blob.core.windows.net/assets/ef5e9b70-3374-4caa-ba9d-19c72253bfc4/GlobalCriticalMineralsOutlook2025.pdf
https://iea.blob.core.windows.net/assets/ef5e9b70-3374-4caa-ba9d-19c72253bfc4/GlobalCriticalMineralsOutlook2025.pdf
https://www.csis.org/analysis/digging-deeper-building-our-critical-minerals-workforce
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tion of batteries and permanent magnets.6 It holds a dominant position in the mining or 
refining and processing of many other strategic elements as well. And China has repeat-
edly demonstrated a willingness to use monopolistic market distortions to influence pric-
ing and weaponize supply chains via export controls and bans, in some cases in exchange 
for technology transfers, market access, or other advantages.7 

The United States, meanwhile, is over 75 percent import dependent on twelve critical 
minerals in addition to rare earth elements.8 Countries like India are over 90 percent 
import dependent across the thirty minerals the country identified as critical in 2023.9 
Even countries such as Australia and Canada, among the most mineral wealthy nations, 
face mid-stream processing constraints or limitations on specific minerals. For national 
security, energy security, and sustainability, and for basic growth and prosperity in an 
era of digital economies, cooperation in diversifying and strengthening critical mineral 
supply chains will be necessary.

Numerous countries have developed critical minerals lists. These lists greatly overlap but 
are rarely identical because vulnerabilities and demand are unique to each country’s ge-
ology, capacity, and requirements. The United States 2025 List of Critical Minerals, de-
veloped by the U.S. Geological Survey, includes sixty minerals, up from fifty in 2022.10 
Unlike many other countries, the United States does not group heavy and light rare earth 
elements (REEs) or Platinum Group metals, resulting in larger lists. By contrast, the Eu-
ropean Commission listed thirty-four critical raw materials in 2024, India’s Ministry of 
Mines identified thirty critical minerals in its 2023 study, Japan’s Ministry of Economy, 
Trade and Industry deems thirty-five minerals as critical, and South Korea’s Ministry of 
Trade, Industry and Energy names thirty-three critical minerals.11 Among resource-rich 
developed economies, Natural Resources Canada identified thirty-four critical minerals 
in an updated list, while the Australian government identified twenty-six critical minerals 
in its 2022 strategy.12 

6  “Energy Technology Perspectives 2023,” International Energy Agency, 2023, 82, https://www.iea.org/reports/energy-
technology-perspectives-2023/clean-energy-supply-chains-vulnerabilities.
7  Heidi Crebo-Rediker and Mahnaz Khan, “Leapfrogging China’s Critical Minerals Dominance: How Innovation Can Secure 
U.S. Supply Chains,” Council on Foreign Relations and Silverado Policy Accelerator, February 2026, https://assets.cfr.org/
images/CFR_CSR101_CriticalMinerals_Full_2026-02-12/CFR_CSR101_CriticalMinerals_Full_2026-02-12.pdf; Abhisri 
Nath and Jeffrey D. Bean, “China’s Critical Mineral Export Controls: Background & Chokepoints,” ORF America, April 2025, 
https://orfamerica.org/newresearch/chinas-critical-mineral-export-controls.
8  “Minerals with Net Import Reliance on China” U.S. Geological Survey, March 14, 2025, https://www.usgs.gov/media/images/
minerals-net-import-reliance-china. 
9  “Critical Minerals for India: Report on the Committee on Identification of Critical Minerals,” Ministry of Mines, Government 
of India, June 2023, https://mines.gov.in/admin/download/649d4212cceb01688027666.pdf.
10  “2025 List of Critical Minerals,” United States Geological Survey, November 2025, https://www.usgs.gov/media/
images/2025-list-critical-minerals.
11  “Critical Raw Materials Act,” European Council, accessed on April 15, 2026, https://www.consilium.europa.eu/en/
infographics/critical-raw-materials/; “Critical Minerals for India: Report on the Committee on Identification of Critical 
Minerals,”; Minoru Nogimori, “Restructuring of Critical Minerals Supply Chain Faces ‘Trilemma,’” Japan Research Institute, 
January 23, 2024, https://www.jri.co.jp/en/MediaLibrary/file/english/periodical/jrirj/2024/01/nogimori.pdf; Critical Minerals 
Association, “Spotlight on South Korea’s Critical Minerals List,” Critical Minerals Association, September 30, 2025, https://
www.criticalmineralsassociation.com/post/spotlight-on-south-korea-s-critical-minerals-list.
12  Department of Industry, Science, Energy and Resources, “2022 Critical Minerals Strategy,” Australian Government, March 
2022, https://www.australiaminerals.gov.au/publications/2022-critical-minerals-strategy.pdf; Natural Resources Canada, 
“Government of Canada Releases Updated Critical Minerals List,” Government of Canada, June 10, 2024, https://www.canada.
ca/en/natural-resources-canada/news/2024/06/government-of-canada-releases-updated-critical-minerals-list.html.

https://www.iea.org/reports/energy-technology-perspectives-2023/clean-energy-supply-chains-vulnerabilities
https://www.iea.org/reports/energy-technology-perspectives-2023/clean-energy-supply-chains-vulnerabilities
https://assets.cfr.org/images/CFR_CSR101_CriticalMinerals_Full_2026-02-12/CFR_CSR101_CriticalMinerals_Full_2026-02-12.pdf
https://assets.cfr.org/images/CFR_CSR101_CriticalMinerals_Full_2026-02-12/CFR_CSR101_CriticalMinerals_Full_2026-02-12.pdf
https://orfamerica.org/newresearch/chinas-critical-mineral-export-controls
https://www.usgs.gov/media/images/minerals-net-import-reliance-china
https://www.usgs.gov/media/images/minerals-net-import-reliance-china
https://mines.gov.in/admin/download/649d4212cceb01688027666.pdf
https://www.usgs.gov/media/images/2025-list-critical-minerals
https://www.usgs.gov/media/images/2025-list-critical-minerals
https://www.consilium.europa.eu/en/infographics/critical-raw-materials/
https://www.consilium.europa.eu/en/infographics/critical-raw-materials/
https://www.jri.co.jp/en/MediaLibrary/file/english/periodical/jrirj/2024/01/nogimori.pdf
https://www.criticalmineralsassociation.com/post/spotlight-on-south-korea-s-critical-minerals-list
https://www.criticalmineralsassociation.com/post/spotlight-on-south-korea-s-critical-minerals-list
https://www.australiaminerals.gov.au/publications/2022-critical-minerals-strategy.pdf
https://www.canada.ca/en/natural-resources-canada/news/2024/06/government-of-canada-releases-updated-critical-minerals-list.html
https://www.canada.ca/en/natural-resources-canada/news/2024/06/government-of-canada-releases-updated-critical-minerals-list.html
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Figure 1. Periodic Table of Elements & Minerals of Priority 	

Semiconductor Manufacturing

Defense Production Key Rare Earth Element Clean Energy / Renewable Technology

General ConstructionPlatinum Group

Source: Modified from National Center for Biotechnology Information, “Periodic Table of Elements,” PubChem, 
accessed May 18, 2026, U.S. Government Work, https://pubchem.ncbi.nlm.nih.gov/periodic-table/.

Overall, lithium, cobalt, nickel, and graphite—required for batteries—are near uni-
versally recognized as critical minerals, along with key rare earth elements (neodymium, 
praseodymium, dysprosium, and terbium) for magnets; gallium, germanium, sili-
con, arsenic, and cerium to produce semiconductors; and platinum group metals (plat-
inum, palladium, and rhodium) used in catalysts. In addition, copper and aluminum, 
although widely available, are generally considered important for a variety of industrial 
functions, while titanium, tungsten, tantalum, yttrium, antimony, and samarium are 
vital for defense and dual use purposes. This paper assesses growing demands for these 
minerals — minus the platinum group — and the risk of disruption, as well as the pros-
pects for international collaboration to address the shortfall among the United States, 
European Union, India, Japan, South Korea, Canada, and Australia. 

II. ENERGY: BATTERIES, PERMANENT MAGNETS, AND WIND TURBINES

As the world grapples with ways to provide secure and sustainable energy, critical miner-
als prove themselves indispensable for batteries, solar cells, wind turbines, nuclear power 
plants, transmission hubs, and power cables, as well as their components. Copper is 
necessary for transmission; lithium, nickel, cobalt, and graphite for battery storage; and 
dysprosium for permanent magnets, meaning these elements are necessary for electric 
vehicles (EVs), smart storage, and wind turbines. Yet the majority of processing for all 
these minerals is dependent on Chinese sources.13

Copper represents a prime example of a widely available mineral that confronts upstream 
challenges, including an estimated 30 percent shortfall by 2035. Growing electricity, 
data, and solar energy requirements through 2030 will place intense demand on copper 

13  “Strengthening Clean Energy Supply Chains for Decarbonisation and Economic Security: OECD Report for the G7 Finance 
Ministers and Central Bank Governors,” OECD, May 2023, 4-5, https://g7.utoronto.ca/finance/2023-clean-energy-supply-
chains-OECD-G7-202305.pdf; Gregory Wischer, “Charging Up: India’s Potential Role in Global Battery Supply Chains,” ORF 
America, May 2024, https://orfamerica.org/newresearch/batteries-ev-india.

https://pubchem.ncbi.nlm.nih.gov/periodic-table/
https://g7.utoronto.ca/finance/2023-clean-energy-supply-chains-OECD-G7-202305.pdf
https://g7.utoronto.ca/finance/2023-clean-energy-supply-chains-OECD-G7-202305.pdf
https://orfamerica.org/newresearch/batteries-ev-india
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for electricity transmission, thermal solutions for cooling electronics in data centers, pho-
tovoltaic cells, and batteries.14 Around 375,000 tons will be required annually by 2030 
for new data centers alone.15 Declining ore grade, higher capital costs, and exhausted 
mines coupled with a lack of recent copper discovery will make recycling and exploration 
indispensable. Although 249 substantial copper deposits were discovered between 1990 
and 2024, only a handful have been discovered since 2015.16 

With copper mines facing nearly two-decade lead times from discovery to extraction 
and with total demand by some estimates reaching over 50 million metric tons a year by 
2050, this places significant burden on other portions of the chain (e.g., recycling and 
efficient deployment) to use copper more efficiently.17 For context, according to the U.S. 
Geological Survey, recycled copper totaled 850,000 tons in 2023, which accounted for 
30 percent of U.S. copper supply that year.18 The existing sources of copper supply are 
less at risk from competitor inference in mining with Chile leading the way, and note-
worthy output from Peru and Mexico, in collectively contributing to 37 percent of the 
world’s copper production.19 While China holds around half of the world’s copper smelt-
ing capacity (and most of its smelters are state-owned enterprises), many other states also 
have smelting capacity, including the United States, Chile, Europe, Democratic Republic 
of the Congo, Japan, South Korea, and India.20 

Aluminum is similarly used in a wide variety of industrial functions, including transpor-
tation, electronics, and construction. Derived from bauxite, whose deposits are widely 
found in Australia, Guinea, and Brazil, aluminum production is once again concentrated 
in China. India, Canada, and Australia, while among the top ten producers, combine for 
less than 20 percent of China’s production capacity. Scaling up aluminum production 
using cleaner and less carbon-intensive technologies will remain a challenge, one that will 
require cooperation among partners in heavy industrial decarbonization. 

The global demand for lithium is expected to quintuple while nickel and graphite are 
also expected to double between 2030 and 2040, particularly for batteries, with these 
minerals already experiencing annual demand of 6-8 percent according to the IEA. In-
donesia, Australia, and Brazil have significant nickel reserves, with possible finds in Ca-
nadian sulfide deposits and in Tanzania. Indonesia is the world’s leading nickel miner, 

14  “Renewable Energy,” International Copper Association, accessed on March 27, 2026, https://internationalcopper.org/policy-
focus/climate-environment/renewable-energy/.
15  Andrea Hotter, “DeepSeek, data centers and copper demand | Hotter Commodities,” Fast Markets, February 6, 2025, https://
www.fastmarkets.com/insights/deepseek-data-centers-copper-demand-andrea-hotter/.
16  Shobhan Dhir, Mari Nishiumi, and Tae-Yoon Kim, “Copper prices have hit record highs, but smelters face mounting 
strategic pressures,” IEA, March 2, 2026, https://www.iea.org/commentaries/copper-prices-have-hit-record-highs-but-smelters-
face-mounting-strategic-pressures; Sean DeCoff, “New Major Copper Discoveries Sparse amid Shift away from Early-Stage 
Exploration,” S&P Global. July 4, 2024. S&P Global, https://www.spglobal.com/market-intelligence/en/news-insights/research/
new-major-copper-discoveries-sparse-amid-shift-away-from-early-stage-exploration.
17  Sam Farrell and Laura Whitton, “How Copper Will Shape Our Future,” BHP Insights, September 2024, https://www.bhp.
com/-/media/project/bhp1ip/bhp-com-en/documents/news/2024/240930_bhpinsights_howcopperwillshapeourfuture.pdf.
18  “Mineral Commodity Summaries 2024: Copper,” United States Geological Survey, January 2024, https://pubs.usgs.gov/
periodicals/mcs2024/mcs2024-copper.pdf.
19  Nigel Clarke, “Critical Minerals & Energy: Powering Economic Development,” International Monetary Fund, March 13, 
2026, https://www.imf.org/en/news/articles/2026/03/12/critical-minerals-energy-powering-economic-development-dmd-nigel-
clark.
20  Shobhan Dhir, Mari Nishiumi, and Tae-Yoon Kim, “Copper prices have hit record highs, but smelters face mounting strategic 
pressures.”

https://internationalcopper.org/policy-focus/climate-environment/renewable-energy/
https://internationalcopper.org/policy-focus/climate-environment/renewable-energy/
https://www.fastmarkets.com/insights/deepseek-data-centers-copper-demand-andrea-hotter/
https://www.fastmarkets.com/insights/deepseek-data-centers-copper-demand-andrea-hotter/
https://www.iea.org/commentaries/copper-prices-have-hit-record-highs-but-smelters-face-mounting-strategic-pressures
https://www.iea.org/commentaries/copper-prices-have-hit-record-highs-but-smelters-face-mounting-strategic-pressures
https://www.spglobal.com/market-intelligence/en/news-insights/research/new-major-copper-discoveries-sparse-amid-shift-away-from-early-stage-exploration
https://www.spglobal.com/market-intelligence/en/news-insights/research/new-major-copper-discoveries-sparse-amid-shift-away-from-early-stage-exploration
https://www.bhp.com/-/media/project/bhp1ip/bhp-com-en/documents/news/2024/240930_bhpinsights_howcopperwillshapeourfuture.pdf
https://www.bhp.com/-/media/project/bhp1ip/bhp-com-en/documents/news/2024/240930_bhpinsights_howcopperwillshapeourfuture.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-copper.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-copper.pdf
https://www.imf.org/en/news/articles/2026/03/12/critical-minerals-energy-powering-economic-development-dmd-nigel-clark
https://www.imf.org/en/news/articles/2026/03/12/critical-minerals-energy-powering-economic-development-dmd-nigel-clark
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Figure 2. Disruption Risk and Supply of Key Critical Minerals 	
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Note that the risk of disruption is calculated by U.S. Geological Survey. Modified to include specific minerals based 
on data from Nedal T. Nassar et al., “Methodology and Technical Input for the 2025 U.S. List of Critical Minerals—
Assessing the Potential Effects of Mineral Commodity Supply Chain Disruptions on the U.S. Economy,” U.S. Geological 
Survey, 2025, 15, https://pubs.usgs.gov/of/2025/1047/ofr20251047.pdf; International Energy Agency, “Global Critical 
Minerals Outlook 2025,” International Energy Agency, June 2025, https://iea.blob.core.windows.net/assets/ef5e9b70-
3374-4caa-ba9d-19c72253bfc4/GlobalCriticalMineralsOutlook2025.pdf.

producing over 50 percent of global supply through laterite ore mining, whereas Canada 
and Norway represent notable players in nickel refining through firms Glencore, Sherritt 
International, and Vale.21 In recent years, Indonesia has had some success in increasing 
its domestic processing capacity, offering useful lessons to others, but outright bans on 
exports as Jakarta undertook would be unhelpful. Graphite reserves in Brazil and Mad-
agascar, as well as the further exploitation of deposits in Mozambique, offer upstream 
possibilities. Lithium deposits in Chile and Argentina are vital, with the United States, 
Canada, and Australia also offering possibilities. 

Meanwhile, cobalt and rare earth elements dysprosium and neodymium are requisite 
to permanent magnets, such as those used in electric vehicle motors and wind turbines. 
Demand for these elements is expected to grow by 50-150 percent in the next decade. 
Cobalt reserves are concentrated in the Democratic Republic of the Congo but also 
exist in Morocco, Australia, and Indonesia. Dysprosium can be found in Myanmar and 
Australia, with neodymium present in Vietnam, Brazil, Australia, and the United States. 
Terbium, also used in magnets in EVs and wind turbines, is concentrated in China, with 
Japan discovering deposits in deep sea mud in 2018.22 

III. DEFENSE: STEALTH FIGHTERS, NIGHT VISION, AND LASERS

In defense applications, critical minerals and rare earth elements play a fundamental 
role in the systems that military leaders use. These include C4ISR (Command, Control, 

21  Rob Gray, “Minerals 101: Nickel,” Resource Capital Funds, January 3, 2023, https://resourcecapitalfunds.com/insights/
mining-and-minerals-101/nickel/.
22  Nature Portfolio, “The Rich Resources in Japan’s Deep-Sea Muds,” Nature, accessed on April 16, 2026, https://www.nature.
com/articles/d42473-020-00528-8.

https://pubs.usgs.gov/of/2025/1047/ofr20251047.pdf
https://iea.blob.core.windows.net/assets/ef5e9b70-3374-4caa-ba9d-19c72253bfc4/GlobalCriticalMineralsOutlook2025.pdf
https://iea.blob.core.windows.net/assets/ef5e9b70-3374-4caa-ba9d-19c72253bfc4/GlobalCriticalMineralsOutlook2025.pdf
https://resourcecapitalfunds.com/insights/mining-and-minerals-101/nickel/
https://resourcecapitalfunds.com/insights/mining-and-minerals-101/nickel/
https://www.nature.com/articles/d42473-020-00528-8
https://www.nature.com/articles/d42473-020-00528-8
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Communications, Computers, Intelligence, Surveillance, and Reconnaissance) capabili-
ties that shape threat assessments and planning as well as the operational capabilities that 
militaries use on the battlefield. For example, radio sets require lithium-ion batteries, 
night vision goggles utilize antimony, thermal imagining systems require germanium, 
and range-finding capabilities require yttrium and neodymium. 

Currently, titanium, tungsten, and tantalum matter play important varied roles in many 
military applications; antimony and germanium have multiple uses in defense equip-
ment but are severely supply constrained; the rare earth yttrium’s properties make it es-
sential for lasers, range finders, and precision weapons systems; while samarium is used in 
guidance systems and represents a point of high vulnerability. 23 Fifth-generation fighter 
airframes require titanium alloys, while their jet engines use rare earth magnets and tung-
sten turbine blades and components coated in tantalum for heat resistance.24 Crucial 
military aircraft components require germanium, gallium, samarium, praseodymium, 
and antimony, including for precision guidance and armor-piercing weaponry.25 As these 
examples illustrate, critical minerals and rare earths are foundational to the specialized 
systems used in defense operations. 

Titanium will witness a steady demand growth with early exploration and recovery po-
tential identified in Australia, India, Saudi Arabia, and mineral sands in Mozambique 
and Madagascar. Vietnam boasts tungsten reserves, with South Korea reopening a mine 
in Sangdong and the United Kingdom attempting to reopen a facility in Hemerdon. 
Tantalum is concentrated in central Africa (particularly the Democratic Republic of the 
Congo and Rwanda) and in Australia. Tajikistan, Turkey, the United States, and Austra-
lia have antimony deposits, while germanium may be extracted as a by-product of coal 
ash and zinc refining in countries like Canada and the United States. Gallium too is a 
by-product of bauxite and zinc processing, with the United States, Canada, European 

23  FiberLabs Inc., “Erbium-Doped Fiber Amplifier (EDFA),” FiberLabs Inc., July 5, 2021, accessed on March 25, 2026, 
https://www.fiberlabs.com/glossary/erbium-doped-fiber-amplifier/; Innova Optics, “The Development of Low-light Night 
Vision Devices and the Characteristics of Each Generation,” Innova Optics, April 23, 2024, https://www.innovaoptics.com/
news/detail/133.html; Shepard News Team, “L-3 delivers first Scarab GLTD,” Shepard Media, January 19, 2015, https://
www.shephardmedia.com/news/defence-notes/l-3-delivers-first-scarab-gltd/; L3 Harris, “SCARAB-TILD-A, LASER RANGE 
FINDER/DESIGNATOR Datasheet,” L3Harris, accessed on March 27, 2026, https://www.l3harris.com/sites/default/
files/2021-03/ims_eo_datasheet_SpSh_ALST_SCARAB-TILD-A.pdf; Bharat Electronics Limited, “Light Weight Laser 
Target Designator,” Government of India, accessed on March 26, 2026, https://bel-india.in/product/light-weight-laser-target-
designator/; In the future many designation systems will be mounted on drones.
24  Paramjit Singh, Harish Pungotra, and Nirmal S. Kalsi, “On the Characteristics of Titanium Alloys for the Aircraft 
Applications,” Materials Today: Proceedings, 2017, https://www.sciencedirect.com/science/article/abs/pii/S2214785317315468; 
Stanford Advanced Materials, “Tantalum-Based Superalloys: Powering Jet Engines and Nuclear Systems,” Stanford Advanced 
Materials, July 24, 2025, https://www.samaterials.com/blog/tantalum-based-superalloys-powering-jet-engines-and-nuclear-
systems.html; Alyk Russell Kenlan, “Rare Elements of Security,” Air Force Magazine, November 1, 2020, https://www.
airandspaceforces.com/article/rare-elements-of-security/.
25  Nayantara Hensel, “Challenges and Opportunities in Global Supply Chains: The Role of Critical Minerals,” National 
Defense University Press, September 7, 2023, https://ndupress.ndu.edu/Media/News/News-Article-View/Article/3512099/
challenges-and-opportunities-in-global-supply-chains-the-role-of-critical-miner/; RTX, “RTX unveils new APG-82(V)X radar 
enhanced with gallium nitride,” RTX, September 23, 2025, https://www.rtx.com/news/news-center/2025/09/23/rtx-unveils-
new-apg-82vx-radar-enhanced-with-gallium-nitride; SFA Oxford, “Praseodymium,” SFA Oxford accessed on March 28, 2026, 
https://www.sfa-oxford.com/rare-earths-and-minor-metals/rare-earths-elements/praseodymium-market-and-praseodymium-
price-drivers/; William C. Caywood, Robert M. Rivello, and Louis B. Weckesser, “Tactical Missile Structures and Materials 
Technology,” Johns Hopkins Technical Digest, July 1983, 170, https://secwww.jhuapl.edu/techdigest/Content/techdigest/pdf/
V04-N03/04-03-Caywood.pdf; Amanda Van Dyke, “A Deep Dive on Samarium, the Most Critical Mineral, and What it Can 
Teach Us About the Real Value of Rare Earths,” Amanda’s Substack, September 21, 2025, https://amandavandyke.substack.
com/p/a-deep-dive-on-samarium-the-most; Royal Society of Chemistry, “Promethium,” Royal Society of Chemistry, accessed on 
March 29, 2026, https://periodic-table.rsc.org/element/61/promethium.

https://www.fiberlabs.com/glossary/erbium-doped-fiber-amplifier/
https://www.innovaoptics.com/news/detail/133.html
https://www.innovaoptics.com/news/detail/133.html
https://www.shephardmedia.com/news/defence-notes/l-3-delivers-first-scarab-gltd/
https://www.shephardmedia.com/news/defence-notes/l-3-delivers-first-scarab-gltd/
https://www.l3harris.com/sites/default/files/2021-03/ims_eo_datasheet_SpSh_ALST_SCARAB-TILD-A.pdf
https://www.l3harris.com/sites/default/files/2021-03/ims_eo_datasheet_SpSh_ALST_SCARAB-TILD-A.pdf
https://bel-india.in/product/light-weight-laser-target-designator/
https://bel-india.in/product/light-weight-laser-target-designator/
https://www.sciencedirect.com/science/article/abs/pii/S2214785317315468
https://www.samaterials.com/blog/tantalum-based-superalloys-powering-jet-engines-and-nuclear-systems.html
https://www.samaterials.com/blog/tantalum-based-superalloys-powering-jet-engines-and-nuclear-systems.html
https://www.airandspaceforces.com/article/rare-elements-of-security/
https://www.airandspaceforces.com/article/rare-elements-of-security/
https://ndupress.ndu.edu/Media/News/News-Article-View/Article/3512099/challenges-and-opportunities-in-global-supply-chains-the-role-of-critical-miner/
https://ndupress.ndu.edu/Media/News/News-Article-View/Article/3512099/challenges-and-opportunities-in-global-supply-chains-the-role-of-critical-miner/
https://www.rtx.com/news/news-center/2025/09/23/rtx-unveils-new-apg-82vx-radar-enhanced-with-gallium-nitride
https://www.rtx.com/news/news-center/2025/09/23/rtx-unveils-new-apg-82vx-radar-enhanced-with-gallium-nitride
https://www.sfa-oxford.com/rare-earths-and-minor-metals/rare-earths-elements/praseodymium-market-and-praseodymium-price-drivers/
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https://secwww.jhuapl.edu/techdigest/Content/techdigest/pdf/V04-N03/04-03-Caywood.pdf
https://secwww.jhuapl.edu/techdigest/Content/techdigest/pdf/V04-N03/04-03-Caywood.pdf
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Union, and Australia examining recovery project and by-product extraction for its use in 
semiconductors and EVs. 

Among rare earth elements, yttrium — crucial for lasers — can be found in Australia, 
Brazil, and Africa, with possible ionic clay deposits in Southeast Asia. China produces 
99 percent of the world’s supply of samarium, a heavy rare earth, which is irreplaceable 
in guidance for missiles and space applications. Its disruption risks a net loss to the gross 
domestic product of $4.5 billion for the United States.26 Samarium deposits — along 
with praseodymium — have been explored in Australia, the United States, Tanzania, 
and Malawi. 

IV. SEMICONDUCTORS & HIGH TECHNOLOGY MANUFACTURING 

In high technology manufacturing, the semiconductor industry is representative of the 
need and uses for strategic elements. The industry’s core manufacturing phrase includes 
both the front-end process of fabrication on a high purity wafer, through deposition, 
photo-resist coating, lithography, etching and cleaning, and ion implantation, and the 
backend process of assembly, marking, testing, and packaging to prepare the chip for 
attachment to a broader circuit board.27 Supplies of minerals like gallium, germanium, 
silicon, and the rare earths cerium and neodymium are all pivotal in different aspects of 
production or finished products. 

Gallium, produced as a by-product of zinc and aluminum mining, serves as a linchpin 
for modern semiconductors — including compound semiconductors utilized in com-
mercial products and advanced defense systems. When combined with oxygen, nitrogen, 
or arsenic, gallium forms semiconductor material that exceeds the performance of the 
most commonly used mineral, silicon, because of a wider band gap.28 Gallium nitride 
is used in advanced microelectronics, satellites, radio communication devices, LiDAR, 
and white LEDs and can power on and off more quickly and operate more efficiently. 
Semiconductor wafers made with gallium arsenide can also operate at higher frequencies 
and are more heat-resistant than those made with silicon. 

The United States has a 100 percent import dependency for finished gallium products 
but sources it from a diverse base, including Japan, China, and Germany.29 Despite Chi-
na’s significant production (it controls 98 percent of low purity production as of 2024), 
the diverse supplier base somewhat mitigates potential risks. Yet China still holds the 
keys on the essential processing plants. Japan, Germany, and Australia are attempting to 
produce primary gallium. Silicon — while widely available in the Earth’s crust — simi-

26  Nedal T. Nassar et al., “Methodology and Technical Input for the 2025 U.S. List of Critical Minerals—Assessing the Potential 
Effects of Mineral Commodity Supply Chain Disruptions on the U.S. Economy,” U.S. Geological Survey, 2025, 15, https://
pubs.usgs.gov/of/2025/1047/ofr20251047.pdf.
27  Alison Li and Jessica Timings, “6 Crucial Steps in Semiconductor Manufacturing,” ASML, October 4, 2023, https://www.
asml.com/en/news/stories/2021/semiconductor-manufacturing-process-steps; Jeffrey D. Bean and Andreas Kuehn, “Building 
Resilient Supply Chains: The Case of Semiconductors,” ORF America, August 2024, https://orfamerica.org/newresearch/
building-resilient-supply-chains-semiconductors.
28  Cornell Brooks Public Policy, “Unlocking Potential: The Significance of Gallium in Semiconductor Industry,” Cornell Brooks 
Public Policy, April 14, 2025, https://publicpolicy.cornell.edu/research/unlocking-potential-the-significance-of-gallium-in-
semiconductor-industry/.
29  Abhisri Nath and Jeffrey D. Bean, “China’s Critical Mineral Export Controls: Background & Chokepoints,” ORF America, 
April 2025, https://orfamerica.org/newresearch/chinas-critical-mineral-export-controls.
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larly sees its production concentrated in China, which accounts for about 80 percent of 
global production. Silicon has important uses in solar photovoltaics, semiconductors, 
and transistors. Its advantages of lying halfway between a conductor and insulator enable 
manufactures to create high precision electron flows via the transistors used in micro-
chips. U.S. firm Hemlock Semiconductor is the sole large hyper purity polysilicon manu-
facturing plant in the United States, producing 30,000 – 35,000 tons annually.30 Chinese 
firms account for 93 percent of global polysilicon production.31 Improving production in 
Brazil, Europe, India, and Canada, among other places, would increase global resilience. 
In recent years, investments in polysilicon production in the Gulf – particularly Saudi 
Arabia and Oman – offer examples of diversification. 

Within chips, copper is still widely leveraged for interconnects, with cobalt sheathes 
and caps to protect against electromigration at the atomic scale.32 Cobalt has wide in-
dustrial uses but does not occur in nature on its own and is usually found with copper 
and nickel deposits. Supplies of germanium, like silicon and gallium, are important 
because there is a lack of substitutes at scale for these three foundational minerals in chip 
production. Similar to gallium, germanium wafers offer different properties when used 
in chips, including higher frequencies and greater power efficiencies. The element also 
has unique benefits as a direct band element to manipulate light and thus is used as an 
irreplaceable dopant in fiber optics. Its role in fiber optics for GPU-heavy AI data cen-
ters is notable because server racks used in these cutting-edge hyperscalers use five times 
more fiber optic cable than a traditional server rack.33 In 2024, 44 percent of germani-
um consumption by revenue was for fiber optics.34 In 2025, around $66 million worth 
of refined germanium was imported to the United States, with China, Russia, and the 
United States the leading miners globally.35 Additional producers to offset China’s grip 
on production for germanium metal and germanium dioxide (it had 60 percent of global 
processing as 2025), include Canada, Belgium, and expanded U.S. sources.36 Due to the 
aforementioned mining and processing supply chain constraints driven by Chinese ex-
port controls, germanium is also a prime candidate for e-waste recycling, with 30 percent 
of consumed germanium recovered annually from recycled electronic devices as of 2020 
as well as from decommissioned tanks and armored vehicles.37 

30  Taylor DesOrmeau, “Hidden in the Cornfields, Michigan has its own Little Silicon Valley,” MLive, March 25, 2021. https://
www.mlive.com/public-interest/2021/03/hidden-in-the-cornfields-michigan-has-its-own-little-silicon-valley.html.
31  Michael Davidson and Sandy Qian, “China’s Solar Industry Is in Upheaval—The Effects Will Be Global,” Center for Strategic 
and International Studies, March 12, 2026, https://www.csis.org/analysis/chinas-solar-industry-upheaval-effects-will-be-global.
32  Pete Singer, “Intel 4 Process Drops Cobalt Interconnect, Goes with Tried and Tested Copper with Cobalt Liner/Cap,” 
Semiconductor Digest, October 1, 2022, http://ow.ly/sS0Y50L0jK3.
33  Alan Weissberger, “How will fiber and equipment vendors meet the increased demand for fiber optics in 2026 due to AI data 
center buildouts?” IEEE ComSoc Technology Blog, December 23, 2025, https://techblog.comsoc.org/2025/12/23/how-will-
fiber-and-equipment-vendors-meet-the-increased-demand-for-fiber-in-2026-due-to-ai-data-center-buildouts/. 
34  Grand View Research, “Germanium Market (2025–2033),” Grand View Research, accessed on April 16, 2026, https://www.
grandviewresearch.com/industry-analysis/germanium-market-report.
35  U.S. Geological Survey, “Germanium,” U.S. Geological Survey Mineral Commodity Summaries, February 2026, https://
pubs.usgs.gov/periodicals/mcs2026/mcs2026-germanium.pdf.
36  Alex Leader, Andrew Doris, Angeli Juani, and Allison Carlson, “Artificial Intelligence and the Critical Minerals Crunch,” FP 
Analytics and JCDREAM Strategies, October 2025, https://fpanalytics.foreignpolicy.com/wp-content/uploads/sites/5/2025/10/
FPA-JCDREAM-October-2025-Part-2-final.pdf;  Max Frenzel, Marina P. Ketris and Jens Gutzmer, “On the Geological 
Availability of Germanium,” International Journal for Geology, Mineralogy and Geochemistry of Mineral Deposits, April 2014, 
https://www.researchgate.net/publication/261249124_On_the_geological_availability_of_germanium.
37  U.S. Geological Survey, “Germanium Data Sheet: Mineral Commodity Summaries 2020,” January 2020, https://pubs.usgs.
gov/periodicals/mcs2020/mcs2020-germanium.pdf.
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Cerium is indicative of several rare earths used in different aspects of chip manufactur-
ing.38 Cerium oxide slurries are used during fabrication processes immediately before 
lithography to finish and clean wafers through chemical-mechanical planarization.39 In 
plain terms, they polish and flatten the wafers both to help ensure deconfliction between 
active areas and insulators and create a pristine surface for microscopic lithographic pat-
tern projection. Cerium is widely abundant in nature and accrued during bastnäsite and 
monazite mining and used in other applications like catalytic converters. Today, China 
still holds a majority of the world’s extraction efforts and processing capacity of cerium, 
although the United States, Australia, and Malaysia also play roles in the upstream sup-
ply chain, and there are many consumers downstream. As a result, and because of stable 
market prices, it is viewed as a commodity at moderate to low risk of disruption.40 

Rare earth magnets, built around neodymium, play an essential function in semiconduc-
tor manufacturing equipment. Specifically, sintered neodymium iron boron (NdFeB) 
magnets have a pivotal role in advanced chip manufacturing. NdFeB magnets are utilized 
in ASML’s extreme ultraviolet lithography machines to reduce vibrations and minimize 
friction during photolithography. They are also used in chemical vapor deposition, etch-
ing, and pump tools and equipment.41 

V. MULTILATERAL AND MINILATERAL INITIATIVES

De-risking critical mineral supply chains will require cooperation among a variety of 
actors, including U.S. allies and partners and between the developed and developing 
worlds. Following the completion of the Section 232 investigation on critical minerals 
in October 2025, U.S. president Donald Trump directed the U.S. government to con-
tinue the process of addressing the critical minerals deficit with international partners 
through various authorities, tools, and relationships, including new partnerships.42 These 
partnerships include three main U.S. government-led efforts: Pax Silica, the Forum on 
Resource Geostrategic Engagement (FORGE), and Project Vault. In addition, critical 
mineral coordination is underway among the Group of Seven Plus and Quad (Australia, 
India, Japan, and the United States) groupings. The United States in early 2026 hosted 
two ministerial sessions involving many of the same partners to coordinate strategies and 
commit to pricing and offtake arrangements. There are also non-U.S. minilateral efforts, 
such as that involving Australia, Canada, and India (ACITI), in addition to various bi-
lateral and public-private initiatives. Moreover, cooperation with and investment in ma-

38  Shubham Rajendra Ekatpure, “Rare Earth Elements for Semiconductor Manufacturing: Global Supply Chain 
and Dominance,” Journal of Marketing & Supply Chain Management, March 2022, https://www.researchgate.net/
publication/384211713_Rare_Earth_Elements_for_Semiconductor_Manufacturing_Global_Supply_Chain_and_Dominance.
39  Chuandong Chen et al., “Improvement of chemical mechanical polishing performance by introducing N–Si bond via external 
coating of cerium oxide with ZIF-8,” Surfaces and Interfaces, July 2024, https://www.sciencedirect.com/science/article/abs/pii/
S246802302400645X.
40  Nedal T. Nassar et al., “Methodology and Technical Input for the 2025 U.S. List of Critical Minerals—Assessing the Potential 
Effects of Mineral Commodity Supply Chain Disruptions on the U.S. Economy.” 
41  NIST, “Department of Commerce Announces CHIPS Incentives Letter of Intent with Vulcan Elements to Support Domestic 
Manufacturing of Critical Rare Earth Magnets,” NIST, November 3, 2025, https://www.nist.gov/news-events/news/2025/11/
department-commerce-announces-chips-incentives-letter-intent-vulcan; Christine Middleton, “6 Ingredients of a Robust Supply 
Chain,” ASML, July 17, 2023, https://www.asml.com/en/news/stories/2023/6-ingredients-robust-supply-chain.
42  The White House, “Adjusting Imports of Processed Critical Minerals and their Derivative Products into the United States,” 
The White House, January 14, 2026, https://www.whitehouse.gov/presidential-actions/2026/01/adjusting-imports-of-
processed-critical-minerals-and-their-derivative-products-into-the-united-states/.
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jor mineral-producing countries in the Global South—Chile, Peru, Mexico, Argentina, 
and Brazil in Latin America; Indonesia, Myanmar, and Vietnam in Southeast Asia; and 
the Democratic Republic of the Congo, Rwanda, Mozambique, Madagascar, Tanzania, 
Zambia, and Zimbabwe in Africa — will be crucial. 

Three prominent U.S.-led efforts under the Trump administration involve multiple 
countries. Pax Silica is a U.S.-led group of ten signatory nations (including India, Japan, 
South Korea, Singapore, Israel, the United Arab Emirates, the United Kingdom, Austra-
lia, and Sweden) launched in December 2025 and led by the U.S. State Department to 
support projects to secure the critical and emerging technology supply chain.43 Pax Sili-
ca’s first tangible initiative, a fund inaugurated in March 2026 with a U.S. commitment 
of $250 million and goal to raise $1 trillion, intends to support various projects across the 
AI value chain. How that fund will address critical minerals remains to be seen.44 

A second effort involves the FORGE. On February 4, 2026, during the U.S.-hosted Crit-
ical Minerals Ministerial, Secretary of State Marco Rubio announced the launch of a new 
initiative that builds on the preceding Minerals Security Partnership (MSP). For context, 
the MSP launched under the Biden administration in 2022, involved fourteen mem-
bers: Australia, Canada, Estonia, Finland, France, Germany, India, Italy, Japan, Norway, 
South Korea, Sweden, the United Kingdom, the United States, and the European Union. 
Whereas the MSP had a high focus on environmental sustainability, FORGE appears to 
be more results orientated and will potentially serve as a mechanism for price protections 
(notably price floors) to mitigate coercive impacts from China. South Korea, who was 
MSP chair for this period, will chair FORGE through June 2026. Such a customs union 
to insulate against Chinese coercion by setting price floors would likely be most useful 
for minerals not traded on the London Metal Exchange or those subject to high volatility. 
Securing supply of cobalt, for example, may require price floors, although other policy 
measures would be required to ensure such price floors work effectively without unnec-
essary inflationary or distortionary impacts.45 Furthermore, not every mineral (especially 
bulk minerals) will benefit from that form of intervention.  

Thirdly, Project Vault represents a new U.S. effort to stockpile critical minerals for do-
mestic commercial use led by the Export-Import Bank of the United States (EXIM). 
Announced on February 2, 2026, by EXIM chair John Jovanovic, the project aims to es-
tablish a U.S. Strategic Critical Mineral Reserve, an “independently governed public-pri-
vate partnership that will store essential raw materials in secure facilities across the United 
States.”46 The effort is supported by $12 billion in commitments: a $10 billion loan from 

43  Jeffrey D. Bean, “Pax Silica Will Under-Deliver Without Further Steps” ORF America, December 19, 2025, https://
orfamerica.org/orf-america-comments/pax-silica-will-under-deliver-without-further-steps.
44  Jeffrey D. Bean, “An Unstructured U.S. Critical Mineral Strategy for Takes Shape,” ORF America, April 6, 2026, https://
orfamerica.org/orf-america-comments/an-unstructured-us-critical-mineral-strategy-takes-shape.
45  Gracelin Baskaran and Meredith Schwartz, “Stabilizing Cobalt Markets: A Price Floor for U.S. Minerals Security,” Center for 
Strategic and International Studies, December 10, 2025, https://www.csis.org/analysis/stabilizing-cobalt-markets-price-floor-us-
minerals-security; Ernest Scheyder, “Trump eyes Pentagon AI program for trade block’s minerals pricing, sources say,” Reuters, 
February 24, 2026, https://www.reuters.com/world/us/trump-eyes-pentagon-ai-program-trade-blocks-minerals-pricing-sources-
say-2026-02-24/.
46  Export-Import Bank of the United States, “Week in Review: Project Vault and the U.S. Strategic Critical Mineral Reserve,” 
Export-Import Bank of the United States, February 6, 2026, https://www.exim.gov/news/week-review-project-vault-and-
strategic-critical-mineral-reserve.
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EXIM Bank over fifteen years and $2 billion in commitments from the private sector.47 
Which minerals it covers and how and under what circumstances firms will ultimately 
apply for withdrawals is still to be confirmed. 

Similar stockpiling initiatives have been discussed in partner countries including South 
Korea, India, and the European Union, or in Japan’s case expanding existing initiatives, 
with the difference that many of these initiatives cover both commercial and defense 
use, whereas the United States has maintained a long-standing separate stockpile for 
defense materials (National Defense Stockpile) for which strategic and critical materials 
are managed by the Defense Logistics Agency.48 Stockpiling represents only a temporary 
band-aid for a crisis, especially for high-volume minerals. 

Critical minerals are also increasingly making their way into existing multilateral co-
operative frameworks, such as the G7 and the Quad. In July 2025, the G7 leaders in 
Kananaskis, Canada, agreed to advance a multiyear effort to sign a formal action plan, 
which intends to build standards-based markets, mobilize capital and responsible mutual 
investments, and promote innovation in processing, intellectual property licensing, and 
recycling.49 This translated into a Critical Minerals Production Alliance, meant to link 
the G7’s action plan and road map with commitments to specific projects.50 U.S. treasury 
secretary Scott Bessent hosted a follow-up meeting on January 12, 2026, which fea-
tured finance ministers from the G7, along with ministers from Australia, India, Mexico, 
South Korea, and the EU — all of whom have endorsed the plan. The meeting focused 
mostly on information sharing related to Chinese coercive practices in the critical miner-
als supply chain and the need to build decoupled resilient alternatives. 

Meanwhile, the Quad has a critical mineral working group. In July 2025, the grouping 
also announced a critical mineral initiative following the Quad foreign ministers meet-
ing in Washington.51 While there are logical roles for each partner among the Quad 
countries, and supply chain monitoring and information sharing has been a focal point 
for several years, specific initiatives announced in May 2026 under this banner include 
e-waste recycling and minerals recovery and reprocessing among the twenty designated 
critical minerals that the partners have in common.

Another promising initiative that does not involve the United States is the Australia-Can-
ada-India Technology and Innovation ACITI Partnership. Announced via joint state-
ment in November 2025, the arrangement includes a focus on supply chain cooperation 

47  Ibid.
48  Cameron M. Keys, “Emergency Access to Strategic and Critical Materials: The National Defense Stockpile,” Congressional 
Research Service, November 14, 2023, https://www.congress.gov/crs-product/R47833.
49  G-7, “G7 Critical Minerals Action Plan,” Government of Canada, July 17, 2025, https://www.mofa.go.jp/files/100862251.
pdf; U.S. Department of the Treasury, “Secretary Bessent Convenes Finance Ministerial on Securing Critical Minerals Supply 
Chains,” U.S. Department of the Treasury, January 12, 2026, https://home.treasury.gov/news/press-releases/sb0356.
50  Natural Resources Canada, “Canada unlocks 26 new investments and partnerships with 9 allied countries to secure critical 
minerals supply chains,” October 31 2025, https://www.canada.ca/en/natural-resources-canada/news/2025/10/canada-unlocks-
25-new-investments-and-partnerships-with-9-allied-countries-to-secure-critical-minerals-supply-chains.html.
51  Ministry of External Affairs, “Joint Statement from the Quad Foreign Ministers’ Meeting in Washington D.C. (July 01, 
2025),” Government of India, July 2, 2025, https://www.mea.gov.in/bilateral-documents.htm?dtl/39733/Joint_Statement_
from_the_Quad_Foreign_Ministers_Meeting_in_Washington_DC_July_01_2025.
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and explicitly mentions critical minerals.52 Each of the partners currently has existing 
memoranda of understanding (MoUs) on a bilateral basis with one another tied to trade, 
supply chains, and critical minerals.53 With deep experience and private sector heft from 
Canada and Australia, including giants like Rio Tinto and Barrick, and some nascent op-
portunities to develop refining and processing in India, the agreement has real potential 
to support supply chain coordination for specific critical minerals in renewable energy 
applications and products. Australia has large reserves of lithium, cobalt, tantalum, rare 
earth elements, and uranium and, along with Canada, has deep mining expertise and an 
attractive investment and regulatory environment. Canada is a producer of aluminum, 
cobalt, indium, platinum, and palladium. India brings lower-cost manufacturing and 
demand, meaning complementarities.54 

Other bilateral initiatives, such as between the United States and India, or the United 
Kingdom and India, can complement such efforts. The European Union has also been 
playing an active role.55 In addition to a U.S.-EU Action Plan for Critical Minerals Sup-
ply Chain Resilience, the EU has been actively partnering with countries such as Angola, 
Namibia, and South Africa, including in the Lobito Corridor, clean energy investments 
in Namibia, and new kinds of investment partnerships with Angola and South Africa. 

In addition to cooperation with developed economies, India can play an important role 
in working with mineral-rich countries in the developing world, particularly Africa and 
to a lesser extent Latin America. In Zambia, the co-owned Indo-Zambia Bank can fi-
nance mineral cooperation.56 Zambia is particularly rich in copper and cobalt and has 
nickel deposits. Zimbabwe, similarly, has potential for lithium extraction. Within the 
erstwhile MSP, Indian entities had indicated interest in co-investing in mineral proj-
ects in Latin America. For example, in February 2026, India and Brazil entered into a 
framework agreement on critical minerals, and Indian state-owned mining conglomerate 
KABIL has begun exploration of five lithium blocks in northwestern Argentina in a $24 

52  Ministry of External Affairs, “Joint statement by the Government of India, the Government of Australia and the Government 
of Canada,” Government of India, November 22, 2025, https://www.mea.gov.in/bilateral-documents.htm?dtl/40321.
53  Prime Minister of Australia, “Australia-Canada Joint Statement,” Government of Australia, March 5, 2026, https://www.
pm.gov.au/media/australia-canada-joint-statement; Natural Resources Canada, “Joint Declaration of Intent between Canada 
and Australia on Critical Minerals Cooperation,” Government of Canada, October 30, 2025, https://www.canada.ca/en/
natural-resources-canada/news/2025/10/joint-declaration-of-intent-between-canada-and-australia-on-critical-minerals-
cooperation.html; Department of Foreign Affairs and Trade, “Australia-India Economic Cooperation and Trade Agreement 
(ECTA): Benefits for the Australian Critical Minerals and Resources Sectors,” Government of Australia, accessed on March 
28, 2026, https://www.dfat.gov.au/sites/default/files/aiecta-benefits-for-australian-critical-mineral-and-resources.pdf; Rezaul 
H. Laskar, “India, Canada ink pacts on critical minerals, uranium ore; eye free trade deal,” Hindustan Times, March 2, 
2026, https://www.hindustantimes.com/india-news/india-canada-ink-pacts-on-critical-minerals-uranium-ore-eye-free-trade-
deal-101772444631949.html.
54  Holly Stevens and Siddharth Sharma, “How Australia, Canada, and India Can Reshape Critical Minerals Supply Chains,” 
Comment, ORF America, January 23, 2026.
55  United States Trade Representative “U.S.-EU Action Plan for Critical Minerals Supply Chain Resilience,” United States 
Trade Representative, April 24, 2026, https://ustr.gov/sites/default/files/files/Press/Releases/2026/U.S.-EU%20Critical%20
Minerals%20Action%20Plan.pdf.
56  Veda Vaidyanathan, “Beyond the Ore: India’s Value-Driven Critical Minerals Diplomacy in Africa,” Working Paper 114, 
Center for Social and Economic Progress, March 31, 2026, https://csep.org/working-paper/beyond-the-ore-indias-value-driven-
critical-minerals-diplomacy-in-africa/.
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billion mining project.57 More such efforts that engage key mineral-rich countries in the 
Global South would help to create downstream, midstream, and upstream alternatives to 
China’s stranglehold on critical mineral supply chains.

VI. CONCLUSION AND RECOMMENDATIONS

While a host of bilateral MoUs have been signed by the United States and its partners 
on critical minerals, attempts at true multilateral or minilateral cooperation are nascent, 
while public-private efforts remain challenging. Two areas for further research and inves-
tigation present themselves. First, how can the United States and its partners and allies 
effectively coordinate new initiatives and industrial policies tied to critical minerals in 
the midst of a scramble for self-sufficiency to avoid self-defeating competition? Second, 
what are the implications for the future global trading order if greater levels of customs 
union-style coordination are sought to redress imbalances in critical materials through 
price floors? 

•	 First, at the exploration stage, enhancing the resolution of data for national geologi-
cal surveys and ensuring that data and information gathered for claims is cumulative 
would create further opportunities. Conducive tax and regulatory environments for 
miners and market opportunities to sell the rights to claims could also benefit from 
closer inter-governmental coordination. It is notable that U.S. investments in explo-
ration have actually declined, despite growing demand. The G7 and key partners, 
such as Australia, India, Mexico, and South Korea, could coordinate information 
sharing and alignment for exploration efforts. 

•	 Second, on mining and extraction, joint investments using state-backed inves-
tors and sovereign wealth funds will be required in key resource-rich countries. 
In the United States, the U.S. International Development Finance Corpora-
tion could lead such efforts, in conjunction with analogous institutions in Japan, 
South Korea, and India, as well as private investors such as Mubadala and Te-
masek, with Pax Silica being a useful steering mechanism for investing in such 
efforts. A handful of countries in Africa (DRC, Zambia, and Mozambique), 
Southeast Asia (Indonesia and Vietnam), and Latin America (Chile, Bolivia, and 
Argentina) could be the focus of long-term commitments to mining and extraction. 

•	 Third, to incentive large-scale investment in mid-stream processing, off-take agree-
ments will need to be aligned. FORGE represents the most promising medium by 
which to do so. This would involve offtake for both mined and extracted ore as well 
as for refined and processed ore, including through government procurement initia-
tives. In addition, efforts such as ACITI—coalitions of mineral-rich countries and 
those with lower-cost processing and demand—could complement such efforts. 

57  Ministry of Mines, “India and Argentina sign agreement for exploration and mining of 5 lithium blocks in Argentina’s 
Catamarca province,” Government of India, January 15, 2024, https://mines.gov.in/webportal/newsdetail/india-and-argentina-
sign-agreement-for-exploration-and-mining-of-5-lithium-blocks-in-argentinas-catamarca-province; KABIL, “KABIL started 
Exploration activities in its lithium blocks in Argentina on 04.10.2024,” KABIL, accessed on April 15, 2026, https://kabilindia.
in/#:~:text=KABIL%20started%20Exploration%20activities%20in%20its%20lithium%20blocks%20in%20Argentina%20
on%2004.10.2024.
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•	 Finally, on recycling, building on efforts at the Quad critical mineral working group 
would be most practical, bringing in other partners with technical capabilities and 
recycling potential, while jump-starting efforts like the U.S.-India Strategic Mineral 
Recovery initiative to serve as a proof of concept. The announcement on May 26, 
2026, at the Quad Foreign Minister’s meeting of the initiative to mobilize $20 bil-
lion for the Quad Critical Minerals Initiative Framework provides the policy basis to 
promote deeper e-waste and scrap recycling among these four partners.58

58  Office of the Spokesperson, “Quad Critical Minerals Initiative Framework Among the United States, Japan, Australia, and 
India,” U.S. Department of State, May 26, 2026, https://www.state.gov/releases/office-of-the-spokesperson/2026/05/quad-
critical-minerals-initiative-framework-among-the-united-states-japan-australia-and-india/.
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