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BACKGROUND — CRITICAL MINERALS

° U S G S 2022 Criti Cal M i ne ra I S Re port i nCI u d eS F S Europium 100% Phosphors, nuclear control rods Beryllium 11%  Alloying agent in aerospace, defense industries

50 M . I C d g Fluorspar 100% Manufacture of aluminum, cement, steel, gasoline Aluminum 13%  Power lines, construction, electronics
I n e ra 0 m m 0 Itl eS 100% Medical imaging, steelmaking Zirconium 25%  High-temperature ceramics production
100% Integrated circuits, LEDs Palladium 40%  Catalytic converters
ifi i I 100% Lubricants, batteries Germanium 50% Fiber optics, night vision applications
» Classification based on share of import & =
100% Permanent magnets, nuclear control rods 'Eliﬂl.‘JJJJ 50%  EVrechargeable batteries

countries of origin

ne: | 50% Carseats, luggage, laptops

100% Liquid crystal display screens

Lanthanum 100% Catalysts, ceramics, glass, polishing compounds 50%  ‘Stainlesssteel rechargeable batteriesié——

O World Bank esti mated that “energy Critical Lutetium 100% Scintillators for medical imaging, cancer therapies
. ” . . . Manganese 100% Steelmaking, batteries
minerals” (Lithium, Cobalt) need to increase e :
by 500% by 2050!

Tungsten 50%  Wear-resistant metals
Barite 75%  Hydrocarbon production
Chromium 75%  Stainless steel

T

Neodymium 100% Medical, industrial lasers +—m———————

n 75%  Coatings, alloys for steel « S

100% Steel, superalloys ]
76%  Rechargeable batteries, superalloys
Praseodymium 100% Permanent magnets, batteries, aerospace alloys
79%  Catalytic converters
100% Research, development in electronics
Antimony 81%  Lead-acid batteries, flame retardants

P> P

100% Cancer treatment, absorber in nuclear reactors ~——
83%  Metallurgy to produce galvanized steel e——

100% Alloys, ceramics, fuel cells

https://www.worldbank.org/en/topic/extractiveindustries/brief/climate-smart-mining-minerals-for-climate-action Titanium 88%  White pigment or metal alloys

& BELIET 100% Electronic components, superalloys
¢ 4 4 94%  Medical, atomic research

i Metal alloys, lasers
Terbium 100% V! 95%  Solar cells, thermoelectric devices

C riti Cal ity U SU al Iy I n CI u d esS. Thulium el g ki FN Vanadium 96%  Alloying agent for iron, steel
1. Dependence on Imports oy e i ol
2. Country Origin of Mineral Producer

+ *Responsible Sourcing Practices”

100% Semi-conductors, lumber preservatives, pesticides

100% Catalytic converters, ceramics, glass, metallurgy =—

b

»

o Coating of anodes for electrochemical processes Cesium 100% Research, development
s Catalytic converters, electrical components Dysprosium 100% Data storage devices, lasers

¥ Electrical contacts, chip resistors in computers 100% Fiber optics, optical amplifiers, lasers

Source: Visual Capitalist


https://www.worldbank.org/en/topic/extractiveindustries/brief/climate-smart-mining-minerals-for-climate-action
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RESEARCH TEAM

West Virginia University _ University of Kentucky
Mining Engineering Mining Engineering
Marshall Miller & Associates Gray Energy Technologies Oak Ridge National Laboratory
Advanced Resources Intl. Chmura Economics U. S. Geological Survey
Crescent Resource Innov. Southern States Energy Board Virginia Dept of Energy

Mountain Empire Community College Coalition

- Mountain Empire Community College (MECC), VA

- Roane State Community College (RSCC), TN

- Southeast Kentucky Community & Tech. College (SKCTC)
- Southern West Virginia Comm. & Tech. College (SWVCTC)
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PROJECT OVERVIEW

Investigating the Rare Earth & Critical Minerals potential of the Central Appalachian (CAPP) basin
* Project Dates: October 1,202 1 — September 30, 2023; Funding: $1,584,999 DOE + $526,492 cost share

» Extension for Resource Characterization: Oct |, 2023 — Mar 31, 2024: $500K DOE + $ 125K cost share
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PROJECT TIMELINE

2021 2022 2023 2024
Nk Task Name Qs Q6 Q7 Q8 Qo Q10
10{11)12|{ 1| 2| 3| 4| 5]6|7]|]8|9]|]10]11|12|]1 [ 2] 3] 4|5]|6[7]8]9|[10]11[12] 1] 2|3 ]| 4
1.0 Project Management & Planning Al B D H 1
1.1 Summary of Environmental Justice Considerations
1.2 Summary of Economic Revitalization & Job Creation Outcomes
1.3 EHS Analysis for Products ... from CORE-CM Resources (o]
2.0 Basinal Assessment of CORE-CM Resources E
2.1 Preliminary Basinal Resource Assessment
2.2 Basinal Resource Gap Analysis
2.3 Characterization & Data Acquisition Plan
3.0 Basinal Strategies for Reuse of Waste Streams
3.1 Assessment of Mining Refuse & CCR Waste Streams
3.2 Assessment of Other Waste Streams
3.3 Waste Stream Gap Analysis
3.4 Waste Stream Utilization Roadmap
4.0 Basinal Strategies for Infrastructure, Industries & Business
4.1 Regional Infrastructure, Industry & Business Assessment
4.2 Strategies to Spur Economic Growth
4.3 Infrastructure Needs, Economic Challenges & Supply Chain Gaps
5.0 Technology Assessment, Development & Field Testing
51 Technology Assessment - Mining
52 Technology Assessment - Separation Processes
53 Technology Assessment - Carbon Products
54 Technology Assessment & Testing
55 Technology Gap Analysis & Field Testing
6.0 Technology Innovation Centers (TIC)
6.1 TIC Location
6.2 Commercial Acceleration
7.0 Stakeholder Outreach & Education
71 Initial Stakeholder Outreach & Education Plan F
7.2 Stakeholders Advisory Committee G
7.3 Workforce Readiness & Development
7.4 Public Outreach, Education & Engagement




Evawve CAPP

PROJECT MILESTONES

Milestones:

(A) Project Kick-off Meeting
(B) Project Management Plan o
(C) EH&S Workshop e

(D) Interim Report e g A

A
’.'MéUSGS ol “;"( CHMURA

(F) Initial Outreach & Education Plan = === vecer

: - Wkt ¥OMERD A\ e,
(G) Stakeholder Advisory Committee
(H) Interim Report #2 @ iy | M

Stakeholders Advisory Committee:

( I ) F i n al Re po rt & Dominion Energy N Mayor of Norton, Virginia

) .
(E) Preliminary Sampling Plan .
)

OO0 < < X X X X

N RMEF W Kentucky River Properties
N Coalfield Strategies N Coronado

N Alpha Metallurgical Resources W Blackhawk Mining

B Thomas L. Pruitt N Michael Karmis

B -
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ASSESSMENT OF CORE-CM RESOURCES

* Characterization & Data Acquisition Plan

> Initial list of sampling locations: June 2022
* Assessment of Mining Refuse & CCR Waste Streams
» CCR sampling commenced September 2022

» Produced water sampling commenced December 2022




POTENTIAL FUTURE SAMPLING LOCATIONS

Evawve CAPP

« Targeting resource gaps

« Confirming historical sampling

sa-Tennessee

Potential Sampling Locations
Industry Partners

Central Appalachian Basin

Carbon Ore, Rare Earth Element, and Critical Mineral
Region of The United States

(CAPP CORE-CM) .

Associated Company

A Alpha Metallurgical Resources

A Blackhawk Mining LLC

A\ Coronado-Buchanan Minerals
Humphreys Enterprises, Inc

A Metinvest Coal

A\ Next Endeavor Ventures

0 2 ) «
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P-XRF SCREENING & LAB ANALYSIS OF DRILL CORE

glu-ﬁgglfq and CH-1R-2014 ' :”,“:_; Pla n.
2 S —— * Analyze Core Hole for REE-CMs
. o : * Compare pXRF to ICP-MS
s pewyim Awvisians wih Shae sk ““"_‘“"'“‘_ _!_
- [ - . ] -
- G, Status:
I'_l- F-:"sdn. i T E— -
| [ - .
= v - E— v" pXRF complete
— |
foliuoasi v" 19 samples analyzed w/ ICP-MS
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GEOPHYSICS — SPECTRAL GAMMA

* Spectral Gamma — continuously measures % rays from Thorium vs Uranium vs Potassium rock

* Relationship between Thorium / REE & Uranium / REE

REE versus Thorium

o0
3

Rare Earth Elements (ppm)
L

Thorium (ppm) MM&A DownhOIe GeOPhySicaI LOggmg TrUCk
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SAMPLE ANALYSIS — COLLECTED SAMPLES

Bed Ash

Core Samples
: G \ ‘§ v" Coal combustion ash & core
- £ A * samples collected

v" Analyzed w/ ICP-MS

v" Developing protocols for
future sampling




Sample Number
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USGS PRODUCED WATER DATABASE

* 1280 samples were identified for KY & WV
* No REE data present within database across study area

* Subset of || critical elements present include:
* Antimony (Sb) — 14 e Aluminum (Al) - 16

* Beryllium (Be) — 14 * Arsenic (As) - 14
* Cobalt (Co) - 14 e Barium (Ba) — 430
*  Lithium (Li) — 16 (see below) * Chromium (Cr) — 14
* Magnesium (Mg) — 715 ¢ Nickel (Ni) - 14
 Manganese (Mn) — 19
22
15 45
97.2
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1 0.196
Il 105
125
9 71.2
41.9
7 — | 8
0.0092
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3 =e— )33
— 9 48
|1 0.0445
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140 Blondes, M. S, Gans, K. D, Engle, M. A, Kharaka, Y. K., Reidy, M. E., Saraswathula, V., Thordsen, J. J., Rowan, E. L.,

& Morrissey, E. A. (2019). U.S. Geological Survey National Produced Waters Geochemical Database v2.3 [Data
set]. U.S. Geological Survey. https://doi.org/10.5066/F7)964W8
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INITIAL INFRASTRUCTURE ASSESSMENT

CAPP Region Population 'With Access to Broadband

Screening for various metrics, including:

» Cheapest source of electricity 0 50 wom 9

27 Population Access to
Broadband (%)

* Primary & secondary roads

Bl O- 464

] s Bl 464 - 664
+ Power generation ‘éir»b = o0a-sas
* Railroad networks

CAPP Region Railroad MNetwork

« Commercially navigable waterways
+ Fly ash pond locations £ R Ay
« Population with access to broadband hig=
e Educational Opportunities va,_k :
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TECHNOLOGY ASSESSMENT, DEVELOPMENT & FIELD TESTING

* Mining (primary, co-products, re-mining) ¢ Technology Assessment
Separation Processes * Field-Testing

Carbon Products « Gap Analysis
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WORKFORCE READINESS & DEVELOPMENT

« Workforce Readiness Plan

- Workshops & Forums Labor Force Participation Rate with locations of

_ Public 2-year or Less Training Facilities
- Engage stakeholders/entrepreneurs, public, future

workforce personnel °3"; ° ¢ ota
« ldentify & assess skillsets & employment
opportunities o

=40.0%

40.0% to 44.0%

« Offer programs, certifications & skills training to
match needs of projects in basin

44.0% 1o 48.0%

Workforce Readiness Plan

Step 1 IcslteF;'f Step 3 . % 0
entity Develop the ¢ o
North (ggrolin= | g



Evawve CAPP

CAPP EMPLOYMENT TRENDS & SOCIOECONOMIC INDICATORS

Quarterly coal mine production, employee count for select regions
e WP THEFT Appalachia Central APPALACHIE  —llinolsBasin

Coal produced (000 tons)
45,000
400,000
36,000
30,000
25,000
20,000
15,000
10,000
5,000

1]
Q1 Q3 1 Q3 91 Q32 @1 Q3 o1 Q@ @1 Q3 o1 Q3 @1 @3 @1 Q3 @1 Q3 M

012 2013 2004 205 206 2017 z018 2004 2020 2021 2022
Avarage number of employees
40,000
3,000
30,000
25,000

20,000

S ——

10,0:00 [y, —

5,000 N—

o
Q1 Q3 @1 Q3 @ @2 @ 93 @1 Q@3 o Q@ o @8 1 Q3 @ @ & @3

02 a1z 24 2018 206 v me 2018 2020 200 xR

Source: S&P Global Market Intelligence (May 2022)
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Eexin
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i'Socioeconomic Indicators
Low Income (National Percentiles)

. 95 - 100 percentile
20 - 95 percentile
80 - 90 percentile
B0 percantile
&0 -70 percentile
50 -&60 percentile
Less than 50 percentile

Data not available
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STAKEHOLDER OUTREACH & EDUCATION

* Open Public Session, Stakeholders Advisory Committee: March 2022 EV%%ELCXECI)I_ZIXAL
* Initial Stakeholder Outreach & Education Plan: fJune 2022 \/ |\/|1£|;%H

* Public Outreach, Education & Engagement: | 4 presentations..

$1.4999 MILLION
> MCPA, USEA, SSEB, Open Session, SME-CAS, FL-SME, SME, etc. oS-

The Members of the Evoive-CAFK (&
Resear ch Teams
L

The E-CAPP Supporting Companies and
Organizations

Definition:
CORE-CM Resources (Carbon Ore, Rare Eart
Y -4l Minerale
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ADDITIONAL OUTREACH

v
v
v
v
v
v
v

Open Session Public Outreach event on March 16t, 2022 in Abingdon, VA

1st Stakeholder Advisory Committee (SAC) meeting - March 16, 2022 in Abingdon, VA
Multiple regional news agencies reporting on Evolve CAPP after Open Session

2022 SME-FL Regional Mining Conference presentation on October 12th

2"d Stakeholder Advisory Committee (SAC) meeting — December 1t, 2022 in Lexington, KY
Central Appalachian SME Section Spring Meeting in Julian, WV on April 14th

SME-NYC Mining Finance Conference in Manhattan on May 9t — 10t

A\

Metallurgical Coal Producers Association (MCPA) Conference in Roanoke, WV on May 20t

» Planning 3™ Stakeholder Advisory Committee (SAC) meeting in West Virginia on August 4t



IN THE MEDIA..
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https://www.miningpeople.org/
https://www.miningpeople.org/
https://heraldcourier.com/news/local/group-works-to-identify-areas-mineral-assets/article_ccd408de-a561-11ec-9bcb-838c86577e5d.html

IN THE MEDIA..
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Group works to identify
Appalachia’s mineral assets

BY DAVID MCGEE
HRISTOL HERALD COUMER

BINGDON, Va. — A public-
private project designed to
assess the region's critical

mineral assets and apply them
toward economic development
was unveiled Wednesday.

Evolve Central Appalachia, or
Evolve CAPPE brings together a
university-led research effort with
public, private and academic
interests in hopes of creating
new industrial opportunities for
Southwest Virginia, eastern Ken-
tucky, West Virginia and portions
of Tennessee

It was announced Wednesday
at the Virginia Highlands Small
Business Incubator in Abingdon
as a project that aims 1o harvest
the industrial, envirenmental and
economic petential of rae earth
elements, eritical minerals and
nonfuel, carbon-based products

all out of waste coal.

It is designed to generate 2 new
industry and to create better

CAPP: VCCER Defipition: In
(counties per ARC) and Geo

SO CRIGCER ER L S ERAL [ CEMIEIER
Michael Karmis, original principal investigator, talks about the purpese of
Evolve Central Appalachia (Evalve CAPP).

environmental conditions in the Kentucky and West Virginia Uni-
Appalachian basin by accelerating  versitv.

waste coal cleanup, according o a “We have a very large, diverse
statement. team with a lot of different

The research coalition includes
Virginia Tech, the Uiniversity of

See CAPP, Page A4

-ﬁ CARDINAL NEWS m m

e Frunnmy Crlkun Headlines Chpamiine: Q

R CH W W

Tech scientists see rare opportunity in
Appalachla

| Tk 00«

LT EMAIL UPDATES

TICLE SUFPORT LS

Suppore Local
Journalism

HRECENT POSTS

I 'I.I-"'}'l:hﬂ'i“ﬂ. thase hall® |'|'\_|.' 1665
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https://heraldcourier.com/news/local/group-works-to-identify-areas-mineral-assets/article_ccd408de-a561-11ec-9bcb-838c86577e5d.html
https://cardinalnews.org/2022/09/14/tech-scientists-see-rare-opportunity-in-appalachia/
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Scan QR code g i gmeta i
for more info: % izt



https://energy.vt.edu/research/evolve-capp.html
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