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Disclaimer

Disclaimer: Information included in this report was prepared as an account of work sponsored by an agency 
of the United States Government.  Neither the United States Government nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights.  Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein do not necessarily state or reflect those 
of the United States Government or any agency thereof.



Critical Minerals and Materials (CMM)

US Geological Survey finalized a revised 
list of 50 critical minerals in 2022 & 60 in 
2025

Australia, Japan and European Union 
also identify CMM lists

*Rare Earth Elements (REE) compose 15 
elements of the U.S. 60

*

*



The CMM Supply Chain



Identifying Priority

Conventional 
and 
Unconventional 
from existing 
industry

Reuse 
Repurpose
(Re)utilize as new 
feedstocks 

Geology and Mining dictate 
unconventional priority

for a region



Emerging Unconventional CMM Supply Chain

flow sheets…

both old and new
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1Thomas, B.S. et al. 2024; 2Liu and Huang, 2026; 3US PATENT 12221672B2 
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Utilizing Collaboration

Industry
Participation

Applied
Research

Federal 
Support

US DOE - Notice of Funding Opportunity Number: DE-FOA-0003589



Year 1
Assessment of PRB feedstocks and REE extraction 
technology testing/optimization per each feedstock 
tested.

Year 2
Feedstock(s) down select paired with optimized 
technology selection for that feedstock(s) 
demonstration. 

Year 3 and 4
Technology upscaling to achieve pilot-scale REE 
extraction on site. Pilot-scale facility to be located in 
the PRB by project end date. 
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REE Extraction from Powder River Basin Coal 
Byproducts and Mining Waste, in response to 
DOE’s Technology Commercialization Fund 
(TCF)

Working Examples

~4 year project: December 
2020 – March 2025



Task 1.0 – Characterization
- catalog the existing data from core and well-logs
- add new samples from outcrop and core
- add new chemical and mineralogical data
- utilize advanced analytical techniques 

- ICP-MS, microprobe, elemental mapping (XRF), Raman 
spectroscopy, XRD, etc…

Task 2.0 – ML model development
- training of unsupervised ML model to extract 

REE/CM signatures
- construct high-resolution 3D geological 

framework model using Task 1 outputs and 
signatures learned with ML model

2.5 year project: March 2023 
– August 2025  

A Machine Learning Screening Tool for Rare 
Earth Elements and Critical Minerals at the 
Mine Scale

Working Examples



Examples at Scale
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Expertise Across Institutions

We must fully understand the resource 
to realize a meaningful supply chain



Future Work

3Reedy, et al. 2024

SER Advances Coal Refinery Field Demonstration
Success = pathway to 
commercialization
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