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Nice to Meet You 

• Madeleine Lewis

• BA, Sociology & Anthropology (2016), Carleton College

• JD, MA in Environment and Natural Resources (2019), University of Wyoming

• Clerk for U.S. District Court Judge Nancy D. Freudenthal, 2019–20

• Associate Attorney, Crowley Fleck PLLP, 2020–22

• Research Scientist & Lecturer at the University of Wyoming School of Energy Resources, 
2022––

• Research areas include: CM/REE, advanced nuclear energy, and CCS/CCUS
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Setting the Stage: 
A Shifting Energy Mix
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IEA, Global Critical Minerals Outlook 2024
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IEA, Global Critical Minerals Outlook 2024



What materials 
do these 
technologies 
depend on? 

9



Critical Minerals (CM)
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Image: U.S. DOE (2022)

• A critical  mineral  is defined as: 

• a non-fuel mineral or mineral material 

essential to the economic and national 
security of the United States,

• the supply chain of which is vulnerable to 
disruption,

• that serves an essential function in the 
manufacturing of a product, the absence of 
which would have significant consequences 
for the economy or national security of the 
United States (Energy Act of 2020).

• In 2022, the US Geological Survey finalized a 
revised list of 50 critical minerals (Federal Register 
2022-04027).

• Include, inter alia, aluminum, germanium, graphite, 
nickel, niobium, palladium, platinum, praseodymium, 
rhodium, rubidium, tin, titanium vanadium, zinc, and 
zirconium.
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Wind Turbines
USGS, 2019
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Illustration by University of North Dakota Energy & Environment 

Research Center (EERC), Williston Basin CORE-CM Program 
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Rare Earth Elements (REE) 

• REE are considered a subset of 
critical minerals

• REEs are typically distributed 
throughout other minerals and 
substances, but only in low 
concentrations. 

• REEs include: cerium, dysprosium, 
erbium, europium, gadolinium, 
holmium, lanthanum, lutetium, 
neodymium, praseodymium, 
samarium, scandium, terbium, 
thulium, ytterbium, and yttrium

• By 2040, demand for REEs is 
expected to increase by 3-7 times 
current levels
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IEA, Global Critical Minerals Outlook 2024



Illustration by Christine Reed, UW 
School of Energy Resources

Illustration by University of North Dakota Energy & 

Environment Research Center (EERC), Williston Basin 

CORE-CM Program 



A Complex Supply Chain
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Illustration by Christine Reed

R are  Ea rt h
Su ppl y  Ch a i n
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Some Uncertainties

• The new presidential administration will emphasize the 
use of traditional fossil fuels such as coal, oil, and gas over 
certain low-carbon, clean, and renewable energy sources 
and technologies, targeting wind, solar, and EVs

• Certain incentives and subsidies likely to be rolled back 

• Despite the uncertainties surrounding federal funding and 
incentives, the Trump Administration continues to 
prioritize the growth of a domestic CM/REE supply 
chain (e.g., E.O. “Declaring a National Energy 
Emergency,” Jan. 20, 2025).

• CM/REE will remain pertinent and “critical” for a long 
list of uses. 

20



The Need for a 
Domestic Supply Chain
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State of the Global Supply Chain

• 69% of extraction 
occurs from the 
Democratic Republic of 
the Congo

• 65% of processing 
occurs in China

Cobalt 

• 52% of extraction 
occurs in Australia

• 22% of extraction 
occurs in Chile

• 58% of processing 
occurs in China, 29% in 
Chile

Lithium 

• 64% of extraction 
occurs in China

Graphite

• 60% of extraction 
occurs in China

• 87% of processing 
occurs in China

Rare 
Earths
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Source: IEA, Critical Minerals Policy Tracker, Ensuring supply reliability and 
resiliency (2019).



Human Rights Challenges in the Existing Supply Chain: 
Concentration of Industry in Areas with High Social  and Environmental  Risk 
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Source: IEA, Why is ESG so important to critical mineral supplies, and what 

can we do about it? (2022).



National Security Risks Within the Global Supply Chain

PRESENTATION TITLE 24

According to the U.S. GAO: 

“Between 2019 and 2022, the U.S. imported 

more than 95% of the total rare earths it 

consumed. Much of it was from China.

If China decided to no longer sell to the United 

States, we would lose access to this supply and 

need to look for alternatives.” 

U.S. GAO, 2024



The path to a domestic supply chain:
 Government Incentives for Domestic Growth 2020-2024

In 2021, the Biden 
Administration ordered a 
review of ordered a review 
of vulnerabilities in the U.S. 
critical mineral supply. 

The 2022 report calls for 
new social and 
environmental standards for 
the extraction and processing 
of critical minerals, both 
domestically and abroad.

Executive 
Order 
14017

Allocated funding for 
critical minerals 
extraction, pilot projects 
for processing, and 
research activities.

Infrastructure, 
Investment, 
and Jobs Act 

(IIJA)

Commits to increasing the 
domestic supply of lithium, 
cobalt, nickel, graphite, tin and 
aluminum. 

Restricts tax incentives for 
EVs with battery components 
sourced from “foreign entities 
of concern”

Inflation 
Reduction 
Act (IRA)

States like Wyoming have 
passed legislation to 
clarify permitting 
procedures for rare earth 
mining and streamline 
processing. See Wyoming 
H.B. 61 (2023).

State 
Permitting 
Guidance
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Under the Trump Administration, the future of some 

federal incentives and direct funding is currently unclear. 



Challenges for Domestic 
Mining Growth
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Economic Social

Legal Environmental



Economic Challenges
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Difficult for the U.S. to 
compete with cheaper foreign 

CM/REE produced in 
countries with lower 

environmental and labor-
related regulation and 

standards

Federal incentives and direct 
funding under the IRA and 
IIJA have helped subsidize 
new mining projects, but 

significant challenges remain, 
especially amidst the 

uncertain future of incentives.



Social, Legal & 
Environmental 
Challenges

• The vast majority of CM/REE deposits in the 
U.S. are believed to be located on or within 35 
miles of Native American reservations

• Social, environmental, and cultural opposition 
to new conventional mining has been met 
with significant protest and legal challenges.

• High-Profile Example: Apache Stronghold v. 
United States (pending petition for review)
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Social, Legal & Environmental Challenges
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THACKER PASS LITHIUM MINE 

IN NEVADA
TWIN METALS/POLYMET 

COPPER-SULFIDE MINE IN 

MINNESOTA

PEBBLE MINES COPPER-GOLD 

MINE IN ALASKA



Opportunities with Circular Recovery 
Methods
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Lignite 

coals

Fly ash

Acid Mine 

Drainage

Other sources include: refuse piles, recycled 

battery components and other materials, 

produced water from oil and gas, and trona
Tailings



Recovery Potential

• According to DOE, “initial estimates 
suggest unconventional and secondary 
sources currently contain . .. more than 
10 million tons of rare earth elements, 
which is equivalent to more than a 300-
year supply at the current rate of U.S. 
consumption.
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Drainage from an abandoned mine in Clear Creek County, Colo. 

(Wyoming Public Media 2024)



Focusing on Coal Sources & 
Hardrock Mining. . . 
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I. Recovery from coal-
based sources: Aiding 
Priority Energy 
Communities

• Circular recovery methods have 
the potential to vitalize priority 
energy communities that may face 
potential future job and revenue 
losses from the projected decline 
of traditional fossil fuel industries. 
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Recovery from coal waste/byproducts:
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- Davin Bagdonas (UWyo), et al., Rare earth element resource evaluation of coal 
byproducts: A case study from the Powder River Basin, Wyoming, 158 RENEWABLE AND 

SUSTAINABLE ENERGY REVIEWS 112148 (2022). 

• Initial efforts to extract REE from 

coal waste have been successful and 

even offer numerous advantages over 

some other recovery methods

• Technology is still being proven at 

scale



Lessons Learned from Wyoming CORE-CM
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Utilizing existing 
waste streams

Promoting energy 
trained workforce

Utilizing existing 
infrastructure

Education and 
training

Reclamation, 
reuse, and 
recycling

Meaningful 
engagement 

with/empowerment 
of communities



II. Recovery from Hardrock Mine Tailings: 
Remediating Legacy Mine Contamination 

• General Mining Act of 1872

• Law allowed homesteaders to “locate” claims on “valuable mineral 
deposits” such as platinum, gold, silver, copper, lead, zinc, uranium, 
zinc, and tungsten, without reclamation obligations (30 U.S. Code § 
22 et seq.). 

• Thousands of mine sites and waste piles sit abandoned today, with 
western states having no “consistent source of funding . . .  to address 
hazards at abandoned hardrock mines.”  (U.S. GAO 2020). 

• ~60% of documented abandoned mines pose environmental or safety 
risks

• Tribes have been disproportionately burdened, with many mining 
projects sited close to tribal lands (reservations or cultural or ancestral 
lands) (Nat’l Wildlife Federation, 2013)

• E.g., There are over 500 abandoned uranium mines on and near 
Navajo Nation (EPA 2025) 
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Joshua Lott, NYT (“An abandoned uranium mine on the Navajo reservation 

in Cameron, Ariz., emits dangerous levels of radiation.”) (2012) 



Recovery 
from 
Hardrock 
Mine Tailings

• According to Sarker, et al., 2022: 

• “The [cost of secondary recovery from mine tailings] 
is significantly reduced as the ores have already been 
collected and partly processed and ground. 

• [B]ecause [mining] technologies used in the past were 
less efficient than they are now[,] the likelihood of 
finding valuable minerals at economic concentration is 
higher in older tailings than in newer ones. . . these 
by-products minerals had very little uses in the past, 
which resulted in a little desire to extract them 
regardless of their concentration.” 

- Shuronjit Kumar Sarker, et al., Recovery of strategically important 
critical minerals from mine tailings, 10 J. ENVTL. CHEMICAL ENG’G 
107622 (2022). 
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Problems that secondary recovery might alleviate 
within the supply chain:

40

Reduction of new 
landscape burdens from 

new conventional 
mining

Ability to leverage 
existing infrastructure 

& workforce

Encourage reclamation 
of waste

Reduce changes to 
land use

Provide opportunities 
for fossil fuel-reliant 

"energy communities" 
faced with declining 

coal markets

Ability to site industry 
in communities that 
have existing social 

license for extraction



What remains unsolved:

Permitting & Liability Challenges

• Operators attempting secondary 
recovery methods from hard rock mine 
tailings could face liability

• The Good Samaritan Remediation of 
Abandoned Hardrock Mines Act of 
2024 does not resolve all issues

Economic Challenges  

• The economic viability of conducting 
secondary recovery at scale remains 
uncertain, but significant work is being 
done in this area 

Other: 

• Not a one-size-fits-all solution!
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Remaining 
Permitting & 
Liability Challenges

• Operators attempting secondary recovery 
methods from tailings (abandoned mines in 
particular) could face liability for historical 
contamination 

• Sources of liability: Clean Water Act & 
CERCLA

• Plus, to the extent legal liability could arise, 
operators must meet heightened financial 
assurance requirements

• New legislation has begun to change the 
landscape, however. . . 
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Creation of the Abandoned Hardrock Mining 
Reclamation (AHMR)  Program Under the IIJA

• 2021: The 2021 IIJA instructed DOI to:
•  establish a program to inventory abandoned hardrock mine lands and 
• provide grants to states and tribes to conduct eligible activities on abandoned hardrock mine 

land under their jurisdiction

• Applies to land and water resources that were:
• used for, or affected by, hardrock mining activities; and
• abandoned or left in an inadequate reclamation status before November 15, 2021; and where
• there is no continuing reclamation responsibility of a claim holder, liable party, operator, or other 

person that abandoned the site prior to completion of required reclamation under Federal or 
State law.

• The IIJA also provided additional funding for the Office of Surface Mining 
Reclamation and Enforcement's (OSMRE's) Abandoned Mine Reclamation Fund 
(established in 1977 under the Surface Mining Control and Reclamation Act 
(SMCRA)). 

• The appropriations do not appear to address reprocessing of any associated 
CM/REE– only remediation. 
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Good 
Samaritan 
Legislation 

• The Good Samaritan Remediation of Abandoned Hardrock Mines Act of 2024 
helps, but does not resolve all issues:

• Establishes a pilot program of fifteen (15) permits to incentivize mine waste cleanups over the 
next seven (7) years on abandoned hardrock mine sites

• Eliminates certain liabilities under the Clean Water Act and CERCLA

• Provides funding for projects

• Applies only to sites:

• On federal or non-federal land used for the production of minerals other than coal

• Who can apply: A person or entity that is not a past or current owner or operator of the 
abandoned hardrock mine site (or a portion of the site), that had no role in the creation of 
the historic mine residue, and that is not potentially liable for the historic mine residue. 

• Permit Requirements:  Applications are submitted to EPA and must include, inter alia : 

• A description of  the baseline conditions caused by historic mine residue, a 
remediation plan, detailed engineering plans, and plans for monitoring to determine 
the success of the remediation activities;

• A demonstration of the applicant’s financial ability to carry out the remediation, or a 
showing of the applicant’s ability to secure third-party financial assurance;

• A demonstration of the applicant’s ability to ensure the work is completed and carry 

out any long-term operation and maintenance of remediation activities.

• Other features: When the project involves long-term operations or maintenance on 
federal lands, the Good Samaritan permitee can negotiate an agreement with the 
relevant federal agency to take over and terminate the permit. 



Good 
Samaritan law 
considerations 
and limitations: 

• Does not apply to sites: 

• Where a responsible owner or operator has been identified who is 
potentially liable for remediation activities under applicable law;

• Where active mining or mineral processing occurred after 
December 11, 1980;

• In temporary shutdown or cessation; or

• That are listed on the CERCLA National Priorities List

• A Good Samaritan permittee can recover (i.e., “reprocess”) valuable 
materials from the cleanup site only if the land is owned by the U.S. and 
if proceeds from the reprocessing are used to defray the costs of 
remediation. 

• Any remaining funds go to to the Good Samaritan Mine Remediation Fund 
established by the Act (for use by federal land management agencies and the EPA).

• The proposed project must pose a low risk to the environment, as 
determined by the EPA administrator;

• The issuance of a Good Samaritan Permit will be considered a major 
agency action, subject to the National Environmental Policy Act 
(NEPA).
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The Bottom-Line for Bringing Benefits to 
Communities & the Environment

46

A pla ce-bas ed  approach should  be imp lemented  to un de rs tand  and addres s t he unique 
socia l , e conomic, and  environment al  a spect s of  a  re gion.

 St rat eg ies  for g rowing ci rcu lar  indus tr ies  should  general ly  work  with  communi ties  t o ensure: 

Economic Benefits

• Job creation

• Local tax revenue generation

• Decrease energy burden

• Local workforce 
development & re-
development

Procedural Fairness 

• Fair labor practices (health, 
safety, wages, etc.)

• Community partnerships, 
engagement, or express 
community benefit 
agreements

• Meaningful involvement of 
communities in decision-
making

• Tribal sovereignty in 
decision-making

E nvi ronmenta l  S tewa rdship 

• Mitigate and minimize 

emissions, pollutants, and 

wildlife impacts

• Minimize land use change and 

freshwater use

• Utilize and redirect existing 

waste streams

• Remediate legacy 

environmental impacts



THANK YOU

Madeleine Lewis

mlewis35@uwyo.edu

47


	Slide 1: Critical Minerals, Rare Earth Elements & the Opportunities for Circular Economies in a U.S. Supply Chain
	Slide 2: Outline
	Slide 3: Nice to Meet You 
	Slide 4: Acknowledgement and Disclaimer
	Slide 5: Setting the Stage:  A Shifting Energy Mix
	Slide 6
	Slide 7
	Slide 8
	Slide 9: What materials do these technologies depend on? 
	Slide 10: Critical Minerals (CM)
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Rare Earth Elements (REE) 
	Slide 16
	Slide 17: A Complex Supply Chain
	Slide 18
	Slide 19
	Slide 20: Some Uncertainties
	Slide 21: The Need for a Domestic Supply Chain
	Slide 22: State of the Global Supply Chain
	Slide 23: Human Rights Challenges in the Existing Supply Chain: Concentration of Industry in Areas with High Social and Environmental Risk 
	Slide 24: National Security Risks Within the Global Supply Chain
	Slide 25: The path to a domestic supply chain:  Government Incentives for Domestic Growth 2020-2024
	Slide 26: Challenges for Domestic Mining Growth
	Slide 27
	Slide 28: Economic Challenges
	Slide 29: Social, Legal & Environmental Challenges
	Slide 30: Social, Legal & Environmental Challenges
	Slide 31: Opportunities with Circular Recovery Methods
	Slide 32
	Slide 33: Recovery Potential
	Slide 34: Focusing on Coal Sources & Hardrock Mining. . . 
	Slide 35: I. Recovery from coal-based sources: Aiding Priority Energy Communities
	Slide 36: Recovery from coal waste/byproducts:
	Slide 37: Lessons Learned from Wyoming CORE-CM
	Slide 38: II. Recovery from Hardrock Mine Tailings: Remediating Legacy Mine Contamination 
	Slide 39: Recovery from Hardrock Mine Tailings
	Slide 40: Problems that secondary recovery might alleviate within the supply chain:
	Slide 41: What remains unsolved:
	Slide 42: Remaining Permitting & Liability Challenges
	Slide 43: Creation of the Abandoned Hardrock Mining Reclamation (AHMR)  Program Under the IIJA
	Slide 44: Good Samaritan Legislation 
	Slide 45: Good Samaritan law considerations and limitations: 
	Slide 46: The Bottom-Line for Bringing Benefits to  Communities & the Environment
	Slide 47: THANK YOU

