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These minerals are 
critical in the short 
term
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These minerals are 
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medium term
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Assessment, DOE



There are three ways 
to think about the US 
Critical Materials 
Dilemma

1. Us vs. Them



The rules of 
competition don’t 
apply to monopolies

Monopolies cease innovation and 
grow by acquisition.

Monopolies manipulate the supply 
chains to maintain the monopoly.

Incremental domestic improvements 
in conventional processes will be 
offshored.

Investment booms and busts 
primarily serve to solidify the 
monopoly.

Source: Visual Capitalist using IEA data



There are three ways 
to think about the US 
Critical Materials 
Dilemma

2. It is a race!



IEA 2040 
Demand 
Scenarios
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In less than 20 yrs 
we’ll need 5-50x 
our current CM 
supplies



There are three ways 
to think about the US 
Critical Materials 
Dilemma

3. We’re in this 
together





If We FOCUS on an 
Adversary’s Approach, 
We’re Playing the 
Wrong Game

For the World to Decarbonize, we 
need Critical Mineral Abundance

We Must Innovate Ways to Gain Public 
Acceptance and Approval

Leading the Way looks like:
 Green Mining Principles 
 Community Benefits
 Driving Down the Cost Curve



There are three ways 
to think about the US 
Critical Materials 
Dilemma

Give up, let 
markets fix it





If we let the 
Monopoly persist:

Monopoly leadership causes:
• Slower adaptation
• Slower growth
• Higher material costs
• Insecure supplies
• Perpetual Dependence
• Failure to Mitigate Climate 

Risks

IEA- NetZero Roadmap



IEA 2040 
Demand 
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In less than 20 yrs 
we’ll need 5-50x 
our current CM 
supplies



The Clean Energy 
Future Requires 
jumping to lower 
grades



The Clean Energy 
Future Requires 
jumping to lower 
grades



• NETL is the DOE’s Applied Energy Research 
Lab for Fossil Energy and Carbon 
Management

• NETL is also the heir of the US Bureau of 
Mines R&D operations following closure in 
1996.



The 1996 Division of functions of the USBM 
to USGS and to DOE



NETL is the government operated, government owned laboratory for: 
“research on mineral extraction, processing, use, and conservation of America’s 
mineral resources”

The Dissolution of the 
Bureau of Mines -
1996



The Bureau of Mines is NETL’s History

The Mines of the Future are NETL’s Business





The industry 
we need will 
be built from 
the industry 
we have

• Robust integrated markets and supply chains 
can be built from CM sources tied to US 
energy production.  

• The energy sector will benefit from solutions 
that target their waste materials and 
contribute to a clean energy future.



The US 
should seek 
to build new 
partners that 
benefit from 
successful 
solutions 

• Major multinational miners benefit from the 
status quo 

• Question the profit motive to solve the CM 
supply chain issues the US faces. 



Domestic 
Abundance

History Rhymes

Peak Oil - averted by Unconventional Sources



Domestic 
Abundance

Requires 
technologies that 
can hop on the 
learning curve

• Get Better, Cheaper, Quicker
• Resource Extraction become Resource 

Manufacturing



Domestic Abundance 

Requires 
community 
permission

• Bake-In community benefits
• Minimize Waste
• Clean up Legacy Harms 
• Life Cycle Assessments
• Environmental responsibility



NETL Critical Minerals Research
 Transformative Technology 
 Focused on American Advantages

Unrealized 
Environmental 

Benefits

AMD,
Coal Ash, 

Mine and Drilling Waste 

Resources That Will 
Grow into the 

Future

Produced Water
Mineral Carbonation 

Wastes

Legacy of 
Fossil Energy 
Leadership

Repurpose FE Infrastructure 
World’s Largest Coal Mines 

World Leader in Drilling



NETL Critical  
Minerals
Research

CM Resource Data

CM Systems Analysis

Emerging Resources R&D

Enabling Sensing and Processing 
Technology



Multi-faceted 
approaches to 
feedstock 
barriers
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Solutions for Today | Options for Tomorrow

Coal/Sedimentary Resources Recovery
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Whole 
Average
150 PPM

Ore 
Average
>1000ppm
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Solutions for Today | Options for Tomorrow

Recovery from Ash and AMD



Characterization Informed Recovery of Critical Minerals in Acid 
Mine Drainage Treatment Systems

Technical Challenges: Characterization informed extraction methodologies for acid mine drainage, a coal byproduct. 34

Fe-rich
Al-rich

Mn-rich



Novel Fiber Optic Sensors for Critical Minerals

Technical Challenges: Low-cost optical-based detection of low ppm or ppb levels of critical elements in process streams. 35



Solutions for Today | Options for Tomorrow

Produced Water Recovery



Sorbent Development for Produced Waters

Technical Challenges: The presence of eluted trace Si reduces the purity of CM collected.

End Product:
Precipitated solids 

enriched with one or a 
mixture of critical 

minerals.

37



Solutions for Today | Options for Tomorrow

Conventional Feedstock Recovery
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CM Task 7: CM Recovery from Mineral Carbonation (CDR) waste streams
Platinum Group Metal (PGM) potential in Twin Sisters olivine (TSO)

from TSO -1/4” crushed material:
• chromite liberation in 500x300 µm size fraction

Figure: hand-picked chromite grain mounts

Ir-Pt-S mineral inclusion within 
chromite in the Twin Sisters olivine 

25 µm

3.5 µm grain
~ 35wt% Ir, 6 wt% Pt 

(by EDS)

Next Steps:
• Produce chromite 

concentrate from TSO and 
fully determine PGM 
potential

TSO actively mined for foundry sand and enhanced weathering 
(CDR) products – opportunity for PGM byproducts 
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*assuming ability to be 
separated

(all data except TSO 
from Zientek et al, 2017 
and references therein)

(see slide notes for more details)

Chromite accessory minerals in dunite rocks
• Typically disseminated occurrences of chromite
• E.g., TSO contains ~1 wt% chromite average

Chromite

2 mm



Solutions for Today | Options for Tomorrow

Insitu Recovery from Unmineable 
Resources



NETL’s Vision for 
the Mines of the 
Future

• Tap Unmineable Mineral Wealth
• Improving Prediction and Targeting
• R&D for Bespoke Feedstock Leaching

• Subsurface Engineering
• R&D for Subsurface Containerization/ Env. Protection
• Enable Closed-System Leaching, Recovery, and Disposal

• Surface-based Processing
• Recovery
• Water Reuse

An R&D Thrust to unlock 
America’s hidden mineral 
resources
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