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Mission — Develop / rebuild U.S. leadership role in the
extraction and processing fechnologies that support an
economic, environmentally benign, and geopolitically
sustainable production of domestic rare earth elements and
critical minerals and materials for use in clean energy and
national defense applications

%

Minerals Sustainability Division
Unconventional & Secondary Resource RD&D

Coal Preparation Refuse / Tailings
Coal Seam Over / Under-Burden Clay and )
Shale Materials
Coal-Based Power Generation Ash
Legacy Ash Impoundment Materials
Coal-Based Acid Mine Drainage (AMD)
Mineral / Metal Mine Drainage
Oil and NG Produced Waters
Bauxite Tailings (Red Mud)
Phosphate Wastes
Hard Rock Mine Tailings
Industrial By-Products / Wastes —
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TRL 5-7
Physical Beneficiation
Hydrometallurgy

-Extraction / Separation-

Refining

Feasibility / FEED Studies

LREE & HREE
-

CMIM
NI, Co, Mn, Ga, Ge, Sc,
Zn, Ti, Al....
&
Value-Added Products
Including Carbon

Magnets
Batteries
Semiconductors

Electrolyzers

Fuel Cells -<

Light Weight Alloys
Solar Panels
Motors

Transformers

(" Grid Reliability
Power Generation

Aerospace &
Defense

Heavy Industry

Transportation
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. Unconventional & Secondary Resource Materials

wmeorts /oestvarions ——— Unique Properties & Benefits of
Coal-Based Materials
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SOURCES / EXPORTS

Australia 353 MT

« Higher Heavy Rare Earth Element (HREE)
158MT Crina Content in Comparison to Conventional
Resources (Monazite; Bastnaesite)

[l Canada 38MT ——

—

Indonesia 77 MT 'y Bituminous coal — JK”HQMT orea, Rep. Y H

: ) World Integrated Trade Solution ! S Eqse Of EXtquhon L. .

S 207 e I *  AMD - Physical Beneficiation Is Not Required;

Russian Federation 110MT \ 16 MT-Brazil Reduced PrOCGSSiﬂg COSTS

e 7 —— « Lignite — REE Are Organically Bound
e « Abundant Ash Resources

United States 87 MT

24 MT Germany

12MT Turkey
1O-MT-Poland-—

+ Power Generation Fly Ash
* Legacy Impoundments

« Waste Remediation — Active or Abandoned
Mines & Land Reclamation with Generation of
REE-CMM

ﬂ Colombia 56 MT

- DEPARTMENT | Eogsil Energy and

ENERGY | Carbon Management fecm.energy.gov




Unconventional Feedstocks — Legacy coal & Ash Materials

U.S. Legacy Coal Waste — 4 Billion Tons Scattered over 1,000 Sites

U.S. Legacy Coal Ash — 2 Billion Tons Scattered over 1,300 Sites

e . e Potential Supply in
Average Quantities in Estimated Average Quantities in PPY
. . U.S. Legacy Coal Ash
Concentration in U.S. Legacy Waste | Concentration in U.S. Legacy Coal
. at Current Rates of
Domestic Coal Coal (Rough OME) U.S. Coal Ash Ash (Rough OME) .
Consumption
Nd 9.5 ppm 38,000 tons 86 ppm 172,000 tons ~40-year supply (Estimate)
Dy 3.39 ppm 13,600 tons 31 ppm 62,000 tons ~14-year supply (Estimate)
Li 16 ppm 64,000 tons 144 ppm 288,000 tons 130-year supply
Co 6.1 ppm 24,400 tons 55 ppm 110,000 tons 15-year supply
Ni 14 ppm 56,000 tons 126 ppm 252,000 tons 1.1-year supply
Ir 0.002 ppm 8tons 0.02 ppm 40 tons 15 -year supply
Pt 0.035 ppm 140 tons 0.3 ppm 600 tons 15-year supply
Ga 5.1 ppm 20,400 tons 10 ppm 20,000 tons 1,100-year supply
Ge 7.2 ppm 28,800 tons 65 ppm 130,000 tons 3,900-year supply
COALQUAL, Finkelman, Lin, U.S. Geological Survey, 2022,
Granite Mineral Commodity Summaries
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Critical Minerals Processing (2014-2023)

UKY — Coal Refuse

TRL
5-7 ( 2021 & 2022: 2 Additional First-

of-a-Kind Small Pilot-Scale REE
& CMM Facilities

2020 & 2021: RFP
Concept & Feasibility Studies
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2019: 3 First-of-a-Kind Bench &
Small Pilot-Scale REE Facilities

UND — Lignit

Wwvu — AMD

TRL
7-8

Wwvu — AM

v

First-of-a-Kind REE

7 2023: FOA-2618 Demonstration Facility  {
_ Az TRL | 2016 FOA-1202 | REE Demonstration 1,000 R
3.5 onventiona eoparat[on Facility (Phase 1 , tonnes yr
WWS-PSI — Fly Ash | & Recovery - 80-90% Purity v ) CMM through Metals
Refining
2015 2020 2025
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Critical Minerals Processing RDD&D (20252035/2050)
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Advanced Process / System Development Reduced CAPEX / OPEX — Al & ML = Economic Viability
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. Critical Minerals Processing

Mary Anne Alvin

Senior Program Manager, Critical Minerals
Processing

Office of Fossil Energy & Carbon Management
Minerals Sustainability Division

1000 Independence Avenue, SW

Washington, D.C. 20585
maryanne.alvin@hqg.doe.gov

Learn more about CMM at DOE
energy.gov/criticalmaterials
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