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Overall Project Objectives

Near-Term (Tactical)
• resource assessments 
• Identify resource 

production technologies 
• Identify key infrastructure 

resources and gaps 
• Engage in-basin 

industrial/commercial 
partners 

Long-Term (Strategic)
• development of commercial 

supply chains 
• Identify “value-added” 

technologies 
• Identify domestic supply chain 

gaps  
• technology transfer, 

commercialization and 
deployment





Next Generation Coal Value Chain



MAPP-CORE Vision
• MAPP-CORE addresses

• upstream production
• midstream refining and 

processing
• downstream manufacturing of 

high value products
• MAPP-CORE will identify

• key barriers and opportunities in 
connecting raw materials and 
resources to end users and 
manufacturers 

• technical, workforce and 
economic considerations.

• Directly addresses social justice 
through economic development

• Directly addresses 
environmental justice concerns 
through focus on mine waste 
cleanup and site reclamation 
opportunities.

• Specific projects will require 
additional analysis (outside the 
scope of this project)



Success Criteria

• Quantify resource 
base
– Refuse
– Coal ash
– Acid mine drainage
– Drill cuttings, shale

• Technology options
– Handling, sorting
– Remining, reprocessing
– AMD treatment options

• Assess processing 
strategies
– REE/CM enrichment
– Carbon products 

upgrading
• Economic 

development
– Workforce
– Markets
– Supply chain
– Infrastructure



Resource Assessment
Focused on Economically Significant 
Coal Beds

• Current resource volumes for major 
coal seams

• REE/CM Ratios are similar across the 
basin.

• Total Waste Volumes can be 
estimated using consistent loadings 
and historic waste fractions.  

• Significant Differences in Mineral 
Content and Loading Between 
Waste Streams

• Coal Refuse – Gob/Overburden vs. 
Prep Plant Wastes 
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Resource Assessment

Powerplant Wastes
• Estimates for mass are critical
• Heavy dependence on GIS techniques to 

estimate volumes/mass

Acid Mine Drainage
• Major sources have been identified and in many 

cases quantified
• Perhaps the most “mature” resource assessment 

Shale Wastes
• Shale waste discussion is likely to be dominated 

by new production.  
• Black shales also have similar loadings across 

the basin
• “Production” will be a function of future gas 

development (hydrogen?)
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Waste Stream Processing

Significant Challenges in Waste 
Stream Processing
• Deconstruction of 

Impoundments
• Prep Plant and Coal Ash 

Impoundments
• Significant geotechnical 

difficulty in deconstructing these 
structures safely

• Permitting of 
reprocessing/remining has 
significant liability 
considerations



Waste Stream 
Processing

Significant Challenges in Waste 
Stream Processing
• Gob Piles Are Often Burned Out

• Spontaneous combustion

• What is ultimate fate of 
re-mined/reprocessed wastes?

• Significant mass/volume remain 
after REE/CM extraction.  
Physical space and disposal is a 
concern

• AMD processing provides bright 
spot

• Non-hazardous wastes
• Benign materials handling 



REE/CM Production Technologies



Remote
site AMD
treatment
/ REE/CM
capture

NaOH

Ca(OH)2

Pump concentrate 
to geotubes



Summary:  
Feedstocks/processing

Feedstock Processing
Refuse Physical beneficiation low low recovery

Chemical extraction Low high acid consumption
Pre leach calcination Higher higher recovery/kinetics

Fly ash Physical beneficiation Low Low Recovery
Chemical extraction Low High acid consumption multi stage recovery
Alkaline thermal extraction Higher Relative to Physical and Chemical methods

AMD Multi stage AMD treatment High High recovery, low CapX, OpX

Economic viability



Challenges with carbon fiber from coal

• Ash – plug spinnerets, stops mesophase 
coalescences, results in rough fiber surfaces, and 
acts as point failure defect

• Sulfur – puffs during oxidation
• Too low or too high softening point
• Cost of producing synthetic pitch
• Cost of thermal treatments
• Ash
• Ash
• Ash



Most REE/CM is in the mineral fraction
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Refuse piles A+B contain ~6,700 t REE
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Key Early Findings

Basin Reuse
• Deconstruction of impoundments(prep waste or powerplant ash) has 

significant risk
• Construction type is an early screening tool – if known
• Permitting of these operations is likely to be challenging
• Economics will favor largest sources and favorable siting (ARQ is an 

example – but unclear how many sites have this set of conditions)

• Materials Handling and Sorting Issues
• Prep Wastes are predominantly carbon (mass).  

• Powerplant wastes are extremely challenging
• Permitting and financing will be difficult due to actual and perceived 

difficulties in handling

• Challenge to processing – what to do with “new” waste from a 
proposed process

At 10,000 ppm loading = 99% reject
Example – Project would need to reject ~31.9MM tons of material 
(estimate 400+ acres)



Key Early Findings
Significant (Potentially Critical) 
Challenges Exist in Each Technical 
Area

Fundamental Issues of Ownership 
and Liability Follow All Of These Sites

Resource Quantification
• Significant data gaps exist to 

evaluate REE/CM loading in waste 
impoundments

• Gob/Overburden wastes are likely 
not a significant source (Burnout)

• Shale Wastes Are Not As 
“Condensed” as coal wastes

• Wastes have historically been non-
hazardous landfilled

• Pre-law sites can be very difficult to 
locate (and thus to assess)

Pre-Law Site – Note 
Revegetation



Future Plans
Technology Development
• REE/CM

• Identify potential technologies to 
refine waste materials 
(powerplant ash; coal prep 
waste) to products

Future work
• Identify potential research areas 

for “hard to manage” sources.  
(Powerplant Waste)

• Carbon Products
• Seek to expand feedstock 

suitability for existing 
processes/products

• Impoundments are not uniform 
in characteristics

Future Work
• Identify potential sectors for 

substitution of carbon materials
• Volume/Mass mismatch 

between waste source 
potentials and products is big –
except for combustion.
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Summary Slide:  Next Steps

1. Resource Classification/Inventory
1. Refuse
2. Ash
3. AMD

2. REE/CM vs. Carbon Products
3. Extraction Technology Evaluation

1. Practicality, Access, Safety, Regulations
2. Cost relative to value

4. First Sort:  Feasible/non-Feasible
5. For example:
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Screening matrix:
Reserve/recovery strategies

Refuse Coal ash AMD
Reserve tons
Grade %
Recovery TRL
Processing TRL

Refuse Coal ash AMD
Reserve tons
Grade %
Recovery TRL
Processing TRL

REE/CM

Carbon Products
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Appendix
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Organization Chart



31

Gantt Chart



Pathways to products

• mild oxidation (only one acid is used without additional oxidant). 
• more cost-effective and simpler process than Hummer’s method 
• preservation and extraction of graphitic domains in the coal

VT one-pot synthesis of GO from  purified coal 

• graphite to graphite oxide 
• graphite oxide to graphene oxide

conventional 2-step method of producing graphene oxide 

• straight from coal to graphene oxide 
• eliminating additional mechanical exfoliation and multiple washing 

one-pot method 

MAIN PATHWAY
synthesize GO from coal 
Patent App No. 17/415,445 
PCT/US2019/066941
Roop. L. Mahajan and Seul-Yi 
Lee
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