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U.S. Department of Energy
Categorical Exclusion Determination Form

Proposed Action Title:

Program or Field Office:      

Location(s) (City/County/State):  

Proposed Action Description: 

Categorical Exclusion(s) Applied: 

For the complete DOE National Environmental Policy Act regulations regarding categorical exclusions, including the full text of each 
categorical exclusion, see Subpart D of 10 CFR Part 1021. 

Regulatory Requirements in 10 CFR 1021.410(b): (See full text in regulation)

     The proposal fits within a class of actions that is listed in Appendix A or B to 10 CFR Part 1021, Subpart D.  

To fit within the classes of actions listed in 10 CFR Part 1021, Subpart D, Appendix B, a proposal must be one that would not:  (1) threaten 
a violation of applicable statutory, regulatory, or permit requirements for environment, safety, and health, or similar requirements of DOE 
or Executive Orders; (2) require siting and construction or major expansion of waste storage, disposal, recovery, or treatment facilities 
(including incinerators), but the proposal may include categorically excluded waste storage, disposal, recovery, or treatment actions or 
facilities; (3) disturb hazardous substances, pollutants, contaminants, or CERCLA-excluded petroleum and natural gas products that 
preexist in the environment such that there would be uncontrolled or unpermitted releases; (4) have the potential to cause significant 
impacts on environmentally sensitive resources, including, but not limited to, those listed in paragraph B(4) of 10 CFR Part 1021, Subpart 
D, Appendix B; (5) involve genetically engineered organisms, synthetic biology, governmentally designated noxious weeds, or invasive 
species, unless the proposed activity would be contained or confined in a manner designed and operated to prevent unauthorized release 
into the environment and conducted in accordance with applicable requirements, such as those listed in paragraph B(5) of 10 CFR Part 
1021, Subpart D, Appendix B.

There are no extraordinary circumstances related to the proposal that may affect the significance of the environmental effects of the 
proposal.

The proposal has not been segmented to meet the definition of a categorical exclusion. This proposal is not connected to other actions 
with potentially significant impacts (40 CFR 1508.25(a)(1)), is not related to other actions with individually insignificant but cumulatively 
significant impacts (40 CFR 1508.27(b)(7)), and is not precluded by 40 CFR 1506.1 or 10 CFR 1021.211 concerning limitations on actions 
during preparation of an environmental impact statement.

Based on my review of the proposed action, as NEPA Compliance Officer (as authorized under DOE Order 451.1B), I have determined that 
the proposed action fits within the specified class(es) of action, the other regulatory requirements set forth above are met, and the proposed 
action is hereby categorically excluded from further NEPA review.

NEPA Compliance Officer: Date Determined:

Submit by E-mail

Mining Innovations for Negative Emissions Resource Recovery (MINER) Program (FOA No. DE-FOA-0002707 and 
DE-FOA-0002708)

Advanced Research Projects Agency - Energy

AZ, CA, CO, CT, DC, GA, KY, IL, IN, MA, MD, MI, MN, MO, NM, NV, NY, PA, TX, UT, VA, WA, WV, WY

THIRD AMENDED PROGRAMMATIC NEPA DETERMINATION (See attached original Programmatic Determination, dated December 20, 2022, 
First Amended Determination, dated January 17, 2023, and Second Amended Determination, dated January 31, 2023). The MINER Program is 
composed of 17 small-scale research and development projects that will be conducted by universities, for-profit entities, and federal laboratories. 
This Third Amended Determination adds 5 projects (Columbia University, University of Kentucky, Pacific Northwest National Laboratory, 
Travertine Technologies, and Harvard University) (see Attachment A for projects covered by this and the prior Determinations, with the 5 
additional project highlighted in bold). This project is covered by and fits within the class of actions identified under the DOE Categorical 
Exclusions identified below. This assessment was based on a review of the proposed scope of work and the potential environmental impacts of 
each project. The seven additional prime recipients have certified that all project tasks will be conducted in accordance with established safety 
and materials/waste management protocols and pursuant to applicable Federal, State, and Local regulatory requirements.   

A9 - Information gathering, analysis, and dissemination

B3.6 - Small-scale research and development, laboratory operations, and pilot projects

B3.15 - Small-scale indoor research and development projects using nanoscale materials

✔

✔

✔
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U.S. Department of Energy
Categorical Exclusion Determination Form

Proposed Action Title:

Program or Field Office:      

Location(s) (City/County/State):  

Proposed Action Description: 

Categorical Exclusion(s) Applied: 

For the complete DOE National Environmental Policy Act regulations regarding categorical exclusions, including the full text of each 
categorical exclusion, see Subpart D of 10 CFR Part 1021. 

Regulatory Requirements in 10 CFR 1021.410(b): (See full text in regulation)

     The proposal fits within a class of actions that is listed in Appendix A or B to 10 CFR Part 1021, Subpart D.  

To fit within the classes of actions listed in 10 CFR Part 1021, Subpart D, Appendix B, a proposal must be one that would not:  (1) threaten 
a violation of applicable statutory, regulatory, or permit requirements for environment, safety, and health, or similar requirements of DOE 
or Executive Orders; (2) require siting and construction or major expansion of waste storage, disposal, recovery, or treatment facilities 
(including incinerators), but the proposal may include categorically excluded waste storage, disposal, recovery, or treatment actions or 
facilities; (3) disturb hazardous substances, pollutants, contaminants, or CERCLA-excluded petroleum and natural gas products that 
preexist in the environment such that there would be uncontrolled or unpermitted releases; (4) have the potential to cause significant 
impacts on environmentally sensitive resources, including, but not limited to, those listed in paragraph B(4) of 10 CFR Part 1021, Subpart 
D, Appendix B; (5) involve genetically engineered organisms, synthetic biology, governmentally designated noxious weeds, or invasive 
species, unless the proposed activity would be contained or confined in a manner designed and operated to prevent unauthorized release 
into the environment and conducted in accordance with applicable requirements, such as those listed in paragraph B(5) of 10 CFR Part 
1021, Subpart D, Appendix B.

There are no extraordinary circumstances related to the proposal that may affect the significance of the environmental effects of the 
proposal.

The proposal has not been segmented to meet the definition of a categorical exclusion. This proposal is not connected to other actions 
with potentially significant impacts (40 CFR 1508.25(a)(1)), is not related to other actions with individually insignificant but cumulatively 
significant impacts (40 CFR 1508.27(b)(7)), and is not precluded by 40 CFR 1506.1 or 10 CFR 1021.211 concerning limitations on actions 
during preparation of an environmental impact statement.

Based on my review of the proposed action, as NEPA Compliance Officer (as authorized under DOE Order 451.1B), I have determined that 
the proposed action fits within the specified class(es) of action, the other regulatory requirements set forth above are met, and the proposed 
action is hereby categorically excluded from further NEPA review.

NEPA Compliance Officer: Date Determined: 

Submit by E-mail

Mining Innovations for Negative Emissions Resource Recovery (MINER) Program (FOA No. DE-FOA-0002707 and 
DE-FOA-0002708)

Advanced Research Projects Agency - Energy

AZ, CA, CO, IL, MA, MD, MI, MN, MO, NM, NV, NY, TX, UT, VA, WA

SECOND AMENDED PROGRAMMATIC NEPA DETERMINATION (See attached original Programmatic Determination, dated December 20, 
2022 and First Amended Determination, dated January 12, 2023). The MINER Program seeks to increase the U.S. domestic supplies of copper, 
nickel, lithium, cobalt, and other rare earth elements. Specifically, projects funded under the MINER Program aim to (1) decrease comminution 
energy by 50% compared to state-of-the-art; (2) increase yield of energy-relevant minerals by reducing unrecovered energy-relevant minerals in 
the tailings by 50% compared to state-of-the-art; and (3) enable the negative emissions production of key minerals by sequestering >10 wt.% 
CO2e per metric ton of carbon dioxide-reactive ore processed. If successful, the commercial-ready technologies developed under the MINER 
projects will decrease energy use of mineral processing and increase the yield of energy-relevant minerals via novel net-zero or negative 
emission technologies. The MINER Program is composed of 17 small-scale research and development projects that will be conducted by 
universities, for-profit entities, and federal laboratories. This Second Amended Determination adds 1 project (University of Arizona) (see 
Attachment A for all 9 projects covered by this and the prior Determinations). This project is covered by and fits within the class of actions 
identified under the DOE Categorical Exclusions identified below. This assessment was based on a review of the proposed scope of work and 
the potential environmental impacts of each project. The prime recipient has certified that all project tasks will be conducted in accordance with 
established safety and materials/waste management protocols and pursuant to applicable Federal, State, and Local regulatory requirements.   

A9 - Information gathering, analysis, and dissemination

B3.6 - Small-scale research and development, laboratory operations, and pilot projects

B3.15 - Small-scale indoor research and development projects using nanoscale materials

✔

✔

✔



(This form will be locked for editing upon signature) 

U.S. Department of Energy
Categorical Exclusion Determination Form

Proposed Action Title:

Program or Field Office:      

Location(s) (City/County/State):  

Proposed Action Description: 

Categorical Exclusion(s) Applied: 

For the complete DOE National Environmental Policy Act regulations regarding categorical exclusions, including the full text of each 
categorical exclusion, see Subpart D of 10 CFR Part 1021. 

Regulatory Requirements in 10 CFR 1021.410(b): (See full text in regulation)

     The proposal fits within a class of actions that is listed in Appendix A or B to 10 CFR Part 1021, Subpart D.  

To fit within the classes of actions listed in 10 CFR Part 1021, Subpart D, Appendix B, a proposal must be one that would not:  (1) threaten 
a violation of applicable statutory, regulatory, or permit requirements for environment, safety, and health, or similar requirements of DOE 
or Executive Orders; (2) require siting and construction or major expansion of waste storage, disposal, recovery, or treatment facilities 
(including incinerators), but the proposal may include categorically excluded waste storage, disposal, recovery, or treatment actions or 
facilities; (3) disturb hazardous substances, pollutants, contaminants, or CERCLA-excluded petroleum and natural gas products that 
preexist in the environment such that there would be uncontrolled or unpermitted releases; (4) have the potential to cause significant 
impacts on environmentally sensitive resources, including, but not limited to, those listed in paragraph B(4) of 10 CFR Part 1021, Subpart 
D, Appendix B; (5) involve genetically engineered organisms, synthetic biology, governmentally designated noxious weeds, or invasive 
species, unless the proposed activity would be contained or confined in a manner designed and operated to prevent unauthorized release 
into the environment and conducted in accordance with applicable requirements, such as those listed in paragraph B(5) of 10 CFR Part 
1021, Subpart D, Appendix B.

There are no extraordinary circumstances related to the proposal that may affect the significance of the environmental effects of the 
proposal.

The proposal has not been segmented to meet the definition of a categorical exclusion. This proposal is not connected to other actions 
with potentially significant impacts (40 CFR 1508.25(a)(1)), is not related to other actions with individually insignificant but cumulatively 
significant impacts (40 CFR 1508.27(b)(7)), and is not precluded by 40 CFR 1506.1 or 10 CFR 1021.211 concerning limitations on actions 
during preparation of an environmental impact statement.

Based on my review of the proposed action, as NEPA Compliance Officer (as authorized under DOE Order 451.1B), I have determined that 
the proposed action fits within the specified class(es) of action, the other regulatory requirements set forth above are met, and the proposed 
action is hereby categorically excluded from further NEPA review.

NEPA Compliance Officer: Date Determined: 

Submit by E-mail

Mining Innovations for Negative Emissions Resource Recovery (MINER) Program (FOA No. DE-FOA-0002707 and 
DE-FOA-0002708)

Advanced Research Projects Agency - Energy

CA, CO, IL, MA, MD, MI, MN, MO, NM, NV, NY, TX, UT, VA

FIRST AMENDED PROGRAMMATIC NEPA DETERMINATION (See attached original Programmatic Determination, dated December 20, 2022). 
The MINER Program is composed of 17 small-scale research and development projects that will be conducted by universities, for-profit entities, 
and federal laboratories. This First Amended Determination adds 7 projects (Columbia University, Colorado School of Mines, Johns Hopkins 
University, Michigan Technological University, Missouri University of Science and Technology, Phoenix Tailings, Inc., and University of Nevada, 
Reno) (see Attachment A for projects covered by this and the prior Determination, with the 7 additional projects highlighted in bold). These 
projects are covered by and fit within the class of actions identified under the DOE Categorical Exclusions identified below. This assessment was 
based on a review of the proposed scope of work and the potential environmental impacts of each project. The seven additional prime recipients 
have certified that all project tasks will be conducted in accordance with established safety and materials/waste management protocols and 
pursuant to applicable Federal, State, and Local regulatory requirements.   

A9 - Information gathering, analysis, and dissemination

B3.6 - Small-scale research and development, laboratory operations, and pilot projects

B3.15 - Small-scale indoor research and development projects using nanoscale materials

✔

✔

✔



(This form will be locked for editing upon signature) 

U.S. Department of Energy
Categorical Exclusion Determination Form

Proposed Action Title:

Program or Field Office:      

Location(s) (City/County/State):  

Proposed Action Description: 

Categorical Exclusion(s) Applied: 

For the complete DOE National Environmental Policy Act regulations regarding categorical exclusions, including the full text of each 
categorical exclusion, see Subpart D of 10 CFR Part 1021. 

Regulatory Requirements in 10 CFR 1021.410(b): (See full text in regulation)

     The proposal fits within a class of actions that is listed in Appendix A or B to 10 CFR Part 1021, Subpart D.  

To fit within the classes of actions listed in 10 CFR Part 1021, Subpart D, Appendix B, a proposal must be one that would not:  (1) threaten 
a violation of applicable statutory, regulatory, or permit requirements for environment, safety, and health, or similar requirements of DOE 
or Executive Orders; (2) require siting and construction or major expansion of waste storage, disposal, recovery, or treatment facilities 
(including incinerators), but the proposal may include categorically excluded waste storage, disposal, recovery, or treatment actions or 
facilities; (3) disturb hazardous substances, pollutants, contaminants, or CERCLA-excluded petroleum and natural gas products that 
preexist in the environment such that there would be uncontrolled or unpermitted releases; (4) have the potential to cause significant 
impacts on environmentally sensitive resources, including, but not limited to, those listed in paragraph B(4) of 10 CFR Part 1021, Subpart 
D, Appendix B; (5) involve genetically engineered organisms, synthetic biology, governmentally designated noxious weeds, or invasive 
species, unless the proposed activity would be contained or confined in a manner designed and operated to prevent unauthorized release 
into the environment and conducted in accordance with applicable requirements, such as those listed in paragraph B(5) of 10 CFR Part 
1021, Subpart D, Appendix B.

There are no extraordinary circumstances related to the proposal that may affect the significance of the environmental effects of the 
proposal.

The proposal has not been segmented to meet the definition of a categorical exclusion. This proposal is not connected to other actions 
with potentially significant impacts (40 CFR 1508.25(a)(1)), is not related to other actions with individually insignificant but cumulatively 
significant impacts (40 CFR 1508.27(b)(7)), and is not precluded by 40 CFR 1506.1 or 10 CFR 1021.211 concerning limitations on actions 
during preparation of an environmental impact statement.

Based on my review of the proposed action, as NEPA Compliance Officer (as authorized under DOE Order 451.1B), I have determined that 
the proposed action fits within the specified class(es) of action, the other regulatory requirements set forth above are met, and the proposed 
action is hereby categorically excluded from further NEPA review.

NEPA Compliance Officer: Date Determined: 

Submit by E-mail

Mining Innovations for Negative Emissions Resource Recovery (MINER) Program (FOA No. DE-FOA-0002707 and 
DE-FOA-0002708)

Advanced Research Projects Agency - Energy

Arlington, Texas; Los Angeles, California

The MINER Program seeks to increase the U.S. domestic supplies of copper, nickel, lithium, cobalt, and other rare earth elements. Specifically, 
projects funded under the MINER Program aim to (1) decrease comminution energy by 50% compared to state-of-the-art; (2) increase yield of 
energy-relevant minerals by reducing unrecovered energy-relevant minerals in the tailings by 50% compared to state-of-the-art; and (3) enable 
the negative emissions production of key minerals by sequestering >10 wt.% CO2e per metric ton of carbon dioxide-reactive ore processed. If 
successful, the commercial-ready technologies developed under the MINER projects will decrease energy use of mineral processing and 
increase the yield of energy-relevant minerals via novel net-zero or negative emission technologies. 

The MINER Program is composed of 16 small-scale research and development projects that will be conducted by universities, for-profit entities, 
and federal laboratories. This Determination covers 1 of the 16 projects (University of Texas - Arlington) (see Attachment A). This project is 
covered by and fits within the class of actions identified under the DOE Categorical Exclusions identified below. This assessment was based on 
a review of the proposed scope of work and the potential environmental impacts of each project. All project tasks will be conducted in 
accordance with established safety and materials/waste management protocols and pursuant to applicable Federal, State, and Local regulatory 
requirements

A9 - Information gathering, analysis, and dissemination

B3.6 - Small-scale research and development, laboratory operations, and pilot projects

B3.15 - Small-scale indoor research and development projects using nanoscale materials

✔

✔

✔



At
ta

ch
m

en
t A

: P
ro

je
ct

s i
n 

th
e 

M
IN

ER
 (F

O
A 

No
. D

E-
FO

A-
00

02
70

7 
an

d 
DE

-F
O

A-
00

02
70

8)
 P

ro
gr

am
 

 
 Pr

im
e 

Re
ci

pi
en

t 
(C

on
tr

ol
 N

o.
) 

Pr
oj

ec
t T

itl
e 

Pr
oj

ec
t D

es
cr

ip
tio

n 
Ca

te
go

ric
al

 
Ex

cl
us

io
n 

Co
lu

m
bi

a 
Un

iv
er

sit
y 

(2
70

7-
15

23
) 

Hy
dr

om
et

al
lu

rg
ic

al
 

Pr
od

uc
tio

n 
of

 D
om

es
tic

 
M

et
al

s f
or

 E
ne

rg
y 

Tr
an

sit
io

n 

Co
lu

m
bi

a 
Un

iv
er

sit
y 

w
ill

 d
ev

el
op

 n
ew

 p
ro

ce
ss

es
 w

ith
 lo

w
er

 e
nv

iro
nm

en
ta

l i
m

pa
ct

 to
 

ob
ta

in
 e

ne
rg

y 
re

le
va

nt
 m

et
al

s f
ro

m
 m

in
es

 th
at

 a
re

 o
liv

in
e-

ric
h 

at
 lo

w
er

 co
st

 th
an

 
st

at
e 

of
 th

e 
ar

t p
ro

ce
ss

es
. O

liv
in

e 
is 

a 
CO

2-
re

ac
tiv

e 
w

as
te

 p
ro

du
ct

 th
at

 ca
n 

be
 

re
tu

rn
ed

 a
s t

ai
lin

gs
 a

ft
er

 ca
pt

ur
e 

ca
rb

on
 fr

om
 th

e 
ai

r. 
Co

lu
m

bi
a 

w
ill

 im
pr

ov
e 

th
e 

yi
el

d 
of

 n
ic

ke
l (

Ni
) a

nd
 co

pp
er

 (C
u)

 fr
om

 it
s p

ar
tn

er
 m

in
in

g 
op

er
at

io
n,

 si
m

ul
ta

ne
ou

sly
 

in
cr

ea
sin

g 
th

e 
am

ou
nt

 o
f c

ar
bo

n 
ca

pt
ur

ed
 p

er
 k

ilo
gr

am
 o

f m
et

al
. I

nn
ov

at
io

ns
 a

re
 

ba
se

d 
on

 a
 re

ce
nt

 d
isc

ov
er

y 
of

 ra
pi

d 
m

in
er

al
-le

ac
h 

ki
ne

tic
s w

ith
 re

ag
en

ts
 th

at
 ca

n 
be

 
re

ge
ne

ra
te

d 
by

 a
n 

el
ec

tr
oc

he
m

ic
al

 p
ro

ce
ss

 in
sp

ire
d 

by
 fl

ow
-b

at
te

ry
 te

ch
no

lo
gi

es
. T

he
 

ch
em

ist
ry

 a
nd

 p
ro

ce
ss

 m
ay

 e
na

bl
e 

th
e 

re
pl

ac
em

en
t o

f s
m

el
te

rs
 fo

r p
ro

ce
ss

in
g 

su
lfi

de
 

m
in

er
al

s.
 T

he
 te

ch
no

lo
gy

 h
as

 b
ee

n 
pr

ov
ed

 fo
r c

op
pe

r-
su

lfi
de

 m
in

er
al

s, 
w

hi
ch

 w
ill

 
im

pr
ov

e 
th

e 
yi

el
ds

 o
f C

u 
an

d 
ul

tim
at

el
y 

Ni
. T

hi
s p

ro
je

ct
 is

 co
m

pr
ise

d 
of

 b
en

ch
-s

ca
le

 
la

bo
ra

to
ry

 a
ct

iv
iti

es
, w

ith
 a

n 
ou

td
oo

r o
r f

ie
ld

-te
st

in
g 

co
m

po
ne

nt
, a

nd
 h

as
 a

lre
ad

y 
ob

ta
in

ed
 th

e 
re

qu
ire

d 
EH

&
S 

(E
nv

iro
nm

en
ta

l, 
He

al
th

 a
nd

 S
af

et
y)

 a
pp

ro
va

ls 
ne

ce
ss

ar
y 

fo
r u

se
 o

f a
ll 

th
e 

m
at

er
ia

ls 
an

d 
pe

rm
its

 th
at

 it
 w

ill
 n

ee
d 

ov
er

 th
e 

co
ur

se
 o

f t
hi

s 
pr

oj
ec

t. 

A9
, B

3.
6 

Un
iv

er
sit

y 
of

 
Ke

nt
uc

ky
 

(2
70

7-
15

55
) 

De
ve

lo
pm

en
t o

f a
 

Ca
rb

on
-N

eg
at

iv
e 

Pr
oc

es
s f

or
 

Co
m

m
in

ut
io

n 
En

er
gy

 
Re

du
ct

io
n 

an
d 

En
er

gy
-

Re
le

va
nt

 M
in

er
al

 
Ex

tr
ac

tio
n 

th
ro

ug
h 

Ca
rb

on
 M

in
er

al
iza

tio
n 

an
d 

Bi
ol

og
ica

l C
ar

bo
n 

Fi
xa

tio
n 

op
er

at
in

g 
m

in
es

 a
nd

 p
ro

ce
ss

in
g 

op
er

at
io

ns
 to

 re
du

ce
 th

e 
en

er
gy

 co
ns

um
ed

 d
ur

in
g 

gr
in

di
ng

 b
y 

m
or

e 
th

an
 5

0%
 w

hi
le

 im
pr

ov
in

g 
th

e 
re

co
ve

ry
 o

f c
rit

ic
al

 e
ne

rg
y 

re
le

va
nt

 
m

in
er

al
s b

y 
20

%
 o

r g
re

at
er

. I
n 

th
is 

ap
pr

oa
ch

, C
O

2 
w

ill
 b

e 
m

ix
ed

 w
ith

 o
re

 co
nt

ai
ni

ng
 

th
e 

va
lu

ab
le

 m
in

er
al

s, 
es

pe
ci

al
ly

 co
pp

er
 (C

u)
 a

nd
 ra

re
 e

ar
th

 e
le

m
en

ts
, t

o 
im

pr
ov

e 
th

e 
ef

fic
ie

nc
y 

of
 g

rin
di

ng
 a

nd
 se

pa
ra

tio
n.

 A
dd

iti
on

al
ly

, b
io

lo
gi

ca
l f

ix
at

io
n 

of
 C

O
2 

w
ill

 b
e 

st
ud

ie
d 

an
d 

em
pl

oy
ed

 in
 p

ro
du

ci
ng

 a
ci

d 
th

at
 ca

n 
be

 u
se

d 
to

 re
co

ve
r C

u 
fr

om
 lo

w
 

gr
ad

e 
fe

ed
st

oc
ks

. I
f s

uc
ce

ss
fu

l, 
th

e 
pr

oj
ec

t w
ill

 p
ro

vi
de

 a
 n

ov
el

 ca
rb

on
-n

eg
at

iv
e 

pr
oc

es
s u

sin
g 

w
as

te
 C

O
2 

to
 in

cr
ea

se
 th

e 
am

ou
nt

 o
f r

ec
ov

er
ab

le
 v

al
ua

bl
e 

en
er

gy
-

re
le

va
nt

 m
in

er
al

s.
 T

hi
s p

ro
je

ct
 is

 co
m

pr
ise

d 
of

 b
en

ch
-s

ca
le

 la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 
an

 o
ut

do
or

 o
r f

ie
ld

-te
st

in
g 

co
m

po
ne

nt
, a

nd
 h

as
 a

lre
ad

y 
ob

ta
in

ed
 th

e 
re

qu
ire

d 
EH

&
S 

(E
nv

iro
nm

en
ta

l, 
He

al
th

 a
nd

 S
af

et
y)

 a
pp

ro
va

ls 
ne

ce
ss

ar
y 

fo
r u

se
 o

f a
ll 

th
e 

m
at

er
ia

ls 
an

d 
pe

rm
its

 th
at

 it
 w

ill
 n

ee
d 

ov
er

 th
e 

co
ur

se
 o

f t
hi

s p
ro

je
ct

.  

A9
, B

3.
6 



At
ta

ch
m

en
t A

: P
ro

je
ct

s i
n 

th
e 

M
IN

ER
 (F

O
A 

No
. D

E-
FO

A-
00

02
70

7 
an

d 
DE

-F
O

A-
00

02
70

8)
 P

ro
gr

am
 

 
 Pr

im
e 

Re
ci

pi
en

t 
(C

on
tr

ol
 N

o.
) 

Pr
oj

ec
t T

itl
e 

Pr
oj

ec
t D

es
cr

ip
tio

n 
Ca

te
go

ric
al

 
Ex

cl
us

io
n 

Pa
ci

fic
 

No
rt

hw
es

t 
N

at
io

na
l 

La
bo

ra
to

ry
 

(2
70

7-
15

02
) 

Su
pe

rc
rit

ic
al

 C
O

2-
Ba

se
d 

M
in

in
g 

fo
r C

ar
bo

n-
Ne

ga
tiv

e 
Cr

iti
ca

l 
M

in
er

al
 R

ec
ov

er
y 

Ef
fic

ie
nt

, n
et

 ca
rb

on
 n

eg
at

iv
e 

an
d 

co
st

-e
ffe

ct
iv

e 
te

ch
no

lo
gi

es
 a

re
 n

ee
de

d 
to

 
de

ca
rb

on
ize

 th
e 

m
in

in
g 

in
du

st
ry

, a
dd

re
ss

 d
ep

le
tio

n 
of

 h
ig

h 
va

lu
e 

or
e 

gr
ad

es
, m

in
im

ize
 

ha
za

rd
ou

s l
eg

ac
y 

of
 ta

ili
ng

 p
ile

s, 
an

d 
ul

tim
at

el
y 

de
ve

lo
p 

a 
re

sil
ie

nt
 su

pp
ly

 ch
ai

n 
of

 
do

m
es

tic
 e

ne
rg

y-
re

le
va

nt
 b

ea
rin

g 
m

in
er

al
s.

 T
hi

s p
ro

je
ct

 a
im

s t
o 

de
liv

er
 th

e 
fir

st
 

in
te

gr
at

ed
 te

ch
no

lo
gy

 a
nd

 co
m

pr
eh

en
siv

e 
su

ite
 o

f m
et

ho
ds

 fo
r i

n 
sit

u 
sc

CO
2-

En
ha

nc
ed

 M
in

er
al

 R
ec

ov
er

y 
(s

cC
O

2-
EM

R)
 a

nd
 p

er
m

an
en

t c
ar

bo
n 

st
or

ag
e 

vi
a 

m
in

er
al

iza
tio

n 
of

 m
af

ic
-u

ltr
am

af
ic

 fo
rm

at
io

ns
. I

f s
uc

ce
ss

fu
l, 

th
is 

pr
oj

ec
t w

ill
 e

st
ab

lis
h 

a 
m

et
ho

do
lo

gy
 fo

r i
de

nt
ify

in
g 

ex
pl

or
at

io
n 

ve
ct

or
s u

se
d 

fo
r r

an
ki

ng
 ta

rg
et

 a
ss

et
s 

ac
ro

ss
 th

e 
U.

S.
 a

nd
 e

xp
an

di
ng

 th
e 

en
er

gy
 re

le
va

nt
 m

in
er

al
 su

pp
ly

 ch
ai

n 
by

 e
xp

lo
iti

ng
 

lo
w

 v
al

ue
 o

re
s w

hi
le

 cr
ea

tin
g 

a 
ca

rb
on

-n
eg

at
iv

e 
pa

th
w

ay
, r

ed
uc

in
g 

en
er

gy
 co

st
 b

y 
63

%
 a

nd
 m

in
er

al
izi

ng
 ~

11
0 

kg
 C

O
2 

pe
r k

g 
of

 m
et

al
 e

xt
ra

ct
ed

. T
hi

s p
ro

je
ct

 is
 li

m
ite

d 
to

 
be

nc
h-

sc
al

e 
la

bo
ra

to
ry

 a
ct

iv
iti

es
, w

ith
 n

o 
ou

td
oo

r o
r f

ie
ld

-te
st

in
g 

co
m

po
ne

nt
, a

nd
 h

as
 

al
re

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r u
se

 o
f a

ll 
th

e 
m

at
er

ia
ls 

th
at

 it
 w

ill
 n

ee
d 

ov
er

 th
e 

co
ur

se
 o

f t
hi

s p
ro

je
ct

. 

A9
, B

3.
6 

Tr
av

er
tin

e 
Te

ch
no

lo
gi

es
, 

In
c.

  
(2

70
8-

15
05

) 

Ex
 S

itu
 Ta

ili
ng

s L
ea

ch
in

g 
an

d 
La

te
rit

iza
tio

n 
w

ith
 

El
ec

tr
ol

yt
ic

 A
ci

d 
Re

cy
cl

in
g 

fo
r C

rit
ic

al
 

M
et

al
 C

on
ce

nt
ra

tio
n 

an
d 

M
in

er
al

 C
ar

bo
n 

Se
qu

es
tr

at
io

n 

Tr
av

er
tin

e 
w

ill
 la

un
ch

 a
 tr

an
sf

or
m

at
iv

e 
pr

oc
es

s t
ha

t i
nt

eg
ra

te
s s

tr
on

g 
ac

id
 tr

ea
tm

en
t 

of
 m

in
in

g 
w

as
te

 o
r t

ai
lin

gs
 w

ith
 e

le
ct

ro
ly

tic
 a

ci
d 

re
cy

cl
in

g.
 Le

ac
he

d 
cr

iti
ca

l e
le

m
en

ts
 

ar
e 

re
co

ve
re

d 
as

 o
xi

de
s, 

w
hi

le
 ca

rb
on

at
e 

m
in

er
al

s a
re

 p
re

cip
ita

te
d 

us
in

g 
ca

rb
on

 
di

ox
id

e 
(C

O
2)

 fr
om

 th
e 

ai
r. 

Tr
av

er
tin

e 
w

ill
 d

ev
el

op
 th

e 
de

sig
n 

ba
sis

 fo
r a

 1
 to

n/
da

y 
CO

2 
re

m
ov

al
 sy

st
em

 to
 d

em
on

st
ra

te
 th

e 
te

ch
ni

ca
l f

ea
sib

ili
ty

 a
nd

 co
m

m
er

ci
al

 v
ia

bi
lit

y 
of

 th
is 

co
nc

ep
t, 

ta
ki

ng
 it

 fr
om

 p
ro

of
-o

f-c
on

ce
pt

 to
 fi

el
d-

re
ad

y.
 If

 su
cc

es
sf

ul
, t

he
 

pr
oj

ec
t w

ill
 o

ffe
r a

 co
m

m
er

ci
al

ly
 v

ia
bl

e 
ap

pr
oa

ch
 th

at
 w

ill
 m

ax
im

ize
 cr

iti
ca

l e
le

m
en

t 
yi

el
d 

fr
om

 d
om

es
tic

 re
so

ur
ce

s w
hi

le
 m

in
im

izi
ng

 e
nv

iro
nm

en
ta

l i
m

pa
ct

s a
nd

 
po

te
nt

ia
lly

 se
qu

es
te

rin
g 

hu
nd

re
ds

 o
f m

ill
io

ns
 o

f t
on

s o
f c

ar
bo

n 
di

ox
id

e 
ev

er
y 

ye
ar

. 
Th

is 
pr

oj
ec

t i
s l

im
ite

d 
to

 b
en

ch
-s

ca
le

 la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r f
ie

ld
-

te
st

in
g 

co
m

po
ne

nt
, a

nd
 h

as
 a

lre
ad

y 
ob

ta
in

ed
 th

e 
re

qu
ire

d 
EH

&
S 

(E
nv

iro
nm

en
ta

l, 
He

al
th

 a
nd

 S
af

et
y)

 a
pp

ro
va

ls 
ne

ce
ss

ar
y 

fo
r u

se
 o

f a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
. 

A9
, B

3.
6 

Ha
rv

ar
d 

Un
iv

er
sit

y 
(2

70
2-

15
19

) 

De
ve

lo
pi

ng
 A

dv
an

ce
d 

N
M

R 
Te

ch
ni

qu
es

 to
 

Pr
ed

ic
t a

nd
 M

on
ito

r 

Ha
rv

ar
d 

Un
iv

er
sit

y 
w

ill
 d

ev
el

op
 a

dv
an

ce
d 

nu
cl

ea
r m

ag
ne

tic
 re

so
na

nc
e 

(N
M

R)
 

m
et

ho
ds

 fo
r e

va
lu

at
in

g 
th

e 
ch

em
ist

ry
 o

f C
O

2 
m

in
er

al
iza

tio
n 

in
 C

O
2 

re
ac

tiv
e 

ro
ck

s.
 

Re
ac

tio
ns

 w
ith

 th
es

e 
ro

ck
s e

na
bl

es
 th

e 
pe

rm
an

en
t s

eq
ue

st
ra

tio
n 

of
 C

O
2,

 a
nd

 
A9

, B
3.

6 



At
ta

ch
m

en
t A

: P
ro

je
ct

s i
n 

th
e 

M
IN

ER
 (F

O
A 

No
. D

E-
FO

A-
00

02
70

7 
an

d 
DE

-F
O

A-
00

02
70

8)
 P

ro
gr

am
 

 
 Pr

im
e 

Re
ci

pi
en

t 
(C

on
tr

ol
 N

o.
) 

Pr
oj

ec
t T

itl
e 

Pr
oj

ec
t D

es
cr

ip
tio

n 
Ca

te
go

ric
al

 
Ex

cl
us

io
n 

CO
2 

St
or

ag
e 

an
d 

M
in

er
al

iza
tio

n 
fo

r 
En

ha
nc

ed
 M

in
in

g 
Ex

pl
or

at
io

n 
an

d 
O

pe
ra

tio
n 

pr
om

ot
es

 e
nh

an
ce

d 
m

in
er

al
 e

xt
ra

ct
io

n.
 M

in
er

al
iza

tio
n 

re
ac

tio
ns

 o
cc

ur
 o

nl
y 

in
 p

or
es

 
oc

cu
pi

ed
 b

y 
CO

2;
 th

us
, u

nd
er

st
an

di
ng

 C
O

2 
tr

an
sp

or
t a

nd
 d

ist
rib

ut
io

n 
in

 ro
ck

 
po

ro
sit

ie
s i

s k
ey

 to
 e

ffi
ci

en
t m

in
er

al
iza

tio
n 

an
d 

se
qu

es
tr

at
io

n.
 N

M
R 

w
el

l-l
og

gi
ng

 
al

lo
w

s a
cc

ur
at

e 
ev

al
ua

tio
n 

of
 C

O
2 

re
ac

tiv
e 

ro
ck

 fo
rm

at
io

ns
 to

 o
pt

im
ize

 fi
el

d 
de

ve
lo

pm
en

t f
or

 th
e 

ec
on

om
ic

al
 d

ep
lo

ym
en

t o
f m

in
in

g 
an

d 
ca

rb
on

 st
or

ag
e.

 If
 

su
cc

es
sf

ul
, H

ar
va

rd
 w

ill
 e

xp
an

d 
th

e 
pr

od
uc

tiv
e 

fie
ld

s f
or

 C
O

2 
in

je
ct

io
n 

an
d 

en
ha

nc
ed

 
m

in
in

g 
by

 1
00

%
. T

hi
s p

ro
je

ct
 is

 li
m

ite
d 

to
 b

en
ch

-s
ca

le
 la

bo
ra

to
ry

 a
ct

iv
iti

es
, w

ith
 n

o 
ou

td
oo

r o
r f

ie
ld

-te
st

in
g 

co
m

po
ne

nt
, a

nd
 h

as
 a

lre
ad

y 
ob

ta
in

ed
 th

e 
re

qu
ire

d 
EH

&
S 

(E
nv

iro
nm

en
ta

l, 
He

al
th

 a
nd

 S
af

et
y)

 a
pp

ro
va

ls 
ne

ce
ss

ar
y 

fo
r u

se
 o

f a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
. 

Ar
izo

na
 S

ta
te

 
Un

iv
er

sit
y 

(2
70

2-
15

15
) 

Re
-M

in
in

g 
Re

d 
M

ud
 

W
as

te
 fo

r C
O

2 
Ca

pt
ur

e 
an

d 
St

or
ag

e 
an

d 
Cr

iti
ca

l 
El

em
en

t R
ec

ov
er

y 
(R

M
CC

S-
CE

R)
 

Ar
izo

na
 S

ta
te

 U
ni

ve
rs

ity
 in

 p
ar

tn
er

sh
ip

 w
ith

 P
ac

ifi
c N

or
th

w
es

t N
at

io
na

l L
ab

or
at

or
y 

w
ill

 
ad

va
nc

e 
in

-s
itu

 a
nd

 e
x-

sit
u 

te
ch

ni
qu

es
 to

 d
et

er
m

in
e 

th
e 

so
lu

bi
lit

y 
an

d 
th

er
m

od
yn

am
ic 

pr
op

er
tie

s o
f v

ar
io

us
 so

di
um

 ra
re

 e
ar

th
 e

le
m

en
t (

RE
E)

 ca
rb

on
at

es
, R

EE
 

(h
yd

ro
xy

)c
ar

bo
na

te
s, 

RE
E 

ph
os

ph
at

e,
 a

nd
 R

EE
 (o

xy
)h

yd
ro

xi
de

s i
n 

va
rio

us
 so

lu
tio

ns
 a

nd
 

pr
es

su
re

s a
nd

 te
m

pe
ra

tu
re

 co
nd

iti
on

s, 
w

ith
 o

r w
ith

ou
t t

he
 p

re
se

nc
e 

of
 ca

rb
on

 d
io

xid
e 

(C
O

2)
. T

he
 te

am
 w

ill
 u

se
 th

e 
re

su
lts

 to
 co

ns
tr

uc
t a

 d
at

ab
as

e 
fo

r o
pt

im
izi

ng
 co

nd
iti

on
s 

th
at

 e
ffi

cie
nt

ly
 re

co
ve

r e
ne

rg
y-

re
le

va
nt

 m
in

er
al

s i
n 

re
d 

m
ud

 w
as

te
. T

hi
s p

ro
je

ct
 is

 
lim

ite
d 

to
 b

en
ch

-s
ca

le
 la

bo
ra

to
ry

 a
ct

iv
iti

es
, w

ith
 n

o 
ou

td
oo

r o
r f

ie
ld

-te
st

in
g 

co
m

po
ne

nt
, 

an
d 

ha
s a

lre
ad

y 
ob

ta
in

ed
 th

e 
re

qu
ire

d 
EH

&
S 

(E
nv

iro
nm

en
ta

l, 
He

al
th

 a
nd

 S
af

et
y)

 
ap

pr
ov

al
s n

ec
es

sa
ry

 fo
r u

se
 o

f a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s 

pr
oj

ec
t. 

A9
, B

3.
6 

Co
lo

ra
do

 
Sc

ho
ol

 o
f 

M
in

es
  

(2
70

7-
15

53
) 

Bl
oc

k 
M

od
el

in
g 

of
 th

e 
Ca

rb
on

at
io

n 
Po

te
nt

ia
l o

f 
O

re
 D

ep
os

its
 U

sin
g 

Cu
tti

ng
-E

dg
e 

Co
re

 
Sc

an
ni

ng
 Te

ch
no

lo
gy

 
an

d 
Ad

va
nc

ed
 M

ac
hi

ne
 

Le
ar

ni
ng

 A
lg

or
ith

m
s 

Th
e 

Co
lo

ra
do

 S
ch

oo
l o

f M
in

es
 w

ill
 d

ev
el

op
 a

 n
ov

el
 te

ch
no

lo
gi

ca
l s

ol
ut

io
n 

to
 e

na
bl

e 
m

in
in

g 
co

m
pa

ni
es

 to
 q

ua
nt

ita
tiv

el
y 

m
od

el
 th

e 
ca

rb
on

at
io

n 
po

te
nt

ia
l o

f C
O

2-
re

ac
tiv

e 
co

pp
er

-n
ick

el
-p

la
tin

um
-g

ro
up

 e
le

m
en

t o
re

 d
ep

os
its

 u
sin

g 
cu

tt
in

g-
ed

ge
 X

-ra
y 

flu
or

es
ce

nc
e 

co
re

 sc
an

ni
ng

 te
ch

no
lo

gy
 a

nd
 a

dv
an

ce
d 

m
ac

hi
ne

 le
ar

ni
ng

 te
ch

ni
qu

es
. T

he
 

qu
an

tit
at

iv
e 

m
od

el
s w

ill
 a

llo
w

 th
e 

fir
st

 o
f i

ts
 k

in
d 

co
st

-b
en

ef
it 

an
al

ys
is 

of
 th

e 
to

ta
l 

ca
rb

on
at

io
n 

po
te

nt
ia

l o
f o

re
 d

ep
os

its
 to

 d
em

on
st

ra
te

 th
at

 a
da

pt
in

g 
ne

ga
tiv

e 
em

iss
io

n 
te

ch
no

lo
gi

es
 w

ill
 b

ec
om

e 
an

 in
te

gr
al

 p
ar

t o
f m

in
e 

fe
as

ib
ili

ty
 st

ud
ie

s. 
Th

is 
pr

oj
ec

t i
s 

lim
ite

d 
to

 b
en

ch
-s

ca
le

 la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r f
ie

ld
-te

st
in

g 
co

m
po

ne
nt

, 
an

d 
ha

s a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 

A9
, B

3.
6 



At
ta

ch
m

en
t A

: P
ro

je
ct

s i
n 

th
e 

M
IN

ER
 (F

O
A 

No
. D

E-
FO

A-
00

02
70

7 
an

d 
DE

-F
O

A-
00

02
70

8)
 P

ro
gr

am
 

 
 Pr

im
e 

Re
ci

pi
en

t 
(C

on
tr

ol
 N

o.
) 

Pr
oj

ec
t T

itl
e 

Pr
oj

ec
t D

es
cr

ip
tio

n 
Ca

te
go

ric
al

 
Ex

cl
us

io
n 

ap
pr

ov
al

s n
ec

es
sa

ry
 fo

r u
se

 o
f a

ll 
th

e 
m

at
er

ia
ls 

th
at

 it
 w

ill
 n

ee
d 

ov
er

 th
e 

co
ur

se
 o

f t
hi

s 
pr

oj
ec

t. 

Co
lu

m
bi

a 
Un

iv
er

sit
y 

(2
70

7-
15

61
) 

In
no

va
tiv

e 
St

irr
ed

 
M

ed
ia

 M
ill

 R
ea

ct
or

 w
ith

 
In

te
gr

at
ed

 C
ar

bo
n 

M
in

er
al

iza
tio

n 
an

d 
El

ec
tr

oc
he

m
ica

l 
Se

pa
ra

tio
n 

of
 C

rit
ica

l 
M

et
al

s (
cr

iti
ca

l S
M

M
-e

) 

Co
lu

m
bi

a 
Un

iv
er

sit
y 

w
ill

 d
ev

el
op

 a
 m

or
e 

en
er

gy
 e

ffi
cie

nt
, h

ig
hl

y 
in

te
gr

at
ed

 re
ne

w
ab

le
-

en
er

gy
-d

riv
en

 ca
rb

on
 m

in
er

al
iza

tio
n 

an
d 

m
et

al
 re

co
ve

ry
 te

ch
no

lo
gy

 fr
om

 lo
w

-g
ra

de
 

or
es

. T
he

 co
nc

ep
t w

ill
 e

na
bl

e 
co

nc
ur

re
nt

 m
et

al
 v

al
or

iza
tio

n 
an

d 
CO

2 
se

qu
es

tr
at

io
n 

vi
a 

an
 a

ut
og

en
ou

s, 
re

ac
tiv

e 
co

m
m

in
ut

io
n 

re
ac

to
r s

ys
te

m
 th

at
 ca

n 
sim

ul
ta

ne
ou

sly
 p

ro
vi

de
 

hi
gh

 sp
ec

ifi
c s

ur
fa

ce
 a

re
a 

m
in

er
al

 p
ar

tic
le

s a
nd

 a
cc

el
er

at
e 

m
in

er
al

 d
iss

ol
ut

io
n 

by
 

re
m

ov
in

g 
sil

ico
n-

ric
h 

pa
ss

iv
at

io
n 

la
ye

rs
. T

hi
s a

pp
ro

ac
h 

re
du

ce
s c

om
m

in
ut

io
n 

en
er

gy
 

co
ns

um
pt

io
n 

an
d 

ca
n 

be
 co

up
le

d 
w

ith
 su

st
ai

na
bl

e 
ca

rb
on

 m
in

er
al

iza
tio

n 
an

d 
el

ec
tr

oc
he

m
ica

l r
ec

ov
er

y 
of

 k
ey

 e
ne

rg
y 

m
in

er
al

s u
sin

g 
se

le
ct

iv
e 

ox
id

at
io

n 
an

d 
re

du
ct

io
n 

pa
th

w
ay

s. 
Th

is 
pr

oj
ec

t i
s l

im
ite

d 
to

 b
en

ch
-s

ca
le

 la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r 
fie

ld
-te

st
in

g 
co

m
po

ne
nt

, a
nd

 h
as

 a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r u
se

 o
f a

ll 
th

e 
m

at
er

ia
ls 

th
at

 it
 w

ill
 n

ee
d 

ov
er

 
th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
.  

A9
, B

3.
6 

Jo
hn

s H
op

ki
ns

 
Un

iv
er

sit
y 

(2
70

7-
15

50
) 

Ca
rb

on
-N

eg
at

iv
e 

M
in

in
g 

fro
m

 G
an

gu
e 

M
in

er
al

s 
En

ab
le

d 
by

 E
ne

rg
y-

Ef
fic

ie
nt

 
El

ec
tr

os
yn

th
es

is 
of

 A
cid

 
an

d 
Ba

se
 

Jo
hn

s H
op

ki
ns

 U
ni

ve
rs

ity
 w

ill
 d

ev
el

op
 su

st
ai

na
bl

e 
m

in
in

g 
of

 cr
iti

ca
l e

le
m

en
ts

, s
uc

h 
as

 
m

an
ga

ne
se

 (M
n)

, c
ob

al
t (

Co
), 

ni
ck

el
 (N

i),
 co

pp
er

 (C
u)

, e
tc

., 
fro

m
 g

an
gu

e 
m

in
er

al
s. 

Th
e 

te
ch

no
lo

gy
 is

 b
as

ed
 o

n 
ro

bu
st

 a
cid

-b
as

e 
ch

em
ist

rie
s a

nd
 re

ne
w

ab
le

 e
le

ct
ric

ity
 a

s t
he

 
po

w
er

 so
ur

ce
. I

t w
ill

 e
na

bl
e 

th
e 

us
e 

of
 u

nc
on

ve
nt

io
na

l m
in

er
al

 so
ur

ce
s f

or
 m

in
in

g 
of

 
en

er
gy

-re
le

va
nt

 cr
iti

ca
l m

et
al

s. 
It 

w
ill

 a
lso

 a
vo

id
 h

ig
h-

te
m

pe
ra

tu
re

 th
er

m
oc

he
m

ica
l 

pr
oc

es
sin

g,
 m

in
im

ize
 th

e 
di

sc
ha

rg
e 

of
 h

az
ar

do
us

 ch
em

ica
l w

as
te

s a
nd

 su
bs

ta
nt

ia
lly

 
re

du
ce

 th
e 

ca
rb

on
 e

m
iss

io
n 

of
 m

in
in

g 
in

du
st

rie
s. 

Th
e 

pr
op

os
ed

 p
ro

ce
ss

 re
pr

es
en

ts
 a

 
su

st
ai

na
bl

e 
ap

pr
oa

ch
 to

w
ar

d 
in

cr
ea

sin
g 

do
m

es
tic

 su
pp

lie
s o

f c
rit

ica
l m

at
er

ia
ls 

re
qu

ire
d 

fo
r t

he
 tr

an
sit

io
n 

to
 cl

ea
n 

en
er

gy
. T

hi
s p

ro
je

ct
 is

 li
m

ite
d 

to
 b

en
ch

-s
ca

le
 la

bo
ra

to
ry

 
ac

tiv
iti

es
, w

ith
 n

o 
ou

td
oo

r o
r f

ie
ld

-te
st

in
g 

co
m

po
ne

nt
, a

nd
 h

as
 a

lre
ad

y 
ob

ta
in

ed
 th

e 
re

qu
ire

d 
EH

&
S 

(E
nv

iro
nm

en
ta

l, 
He

al
th

 a
nd

 S
af

et
y)

 a
pp

ro
va

ls 
ne

ce
ss

ar
y 

fo
r u

se
 o

f a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
.  

 

A9
, B

3.
6 

M
ich

ig
an

 
Te

ch
no

lo
gi

ca
l 

En
er

gy
 R

ed
uc

tio
n 

an
d 

Im
pr

ov
ed

 C
rit

ica
l 

M
in

er
al

 R
ec

ov
er

y 
fro

m
 

M
ich

ig
an

 T
ec

hn
ol

og
ica

l U
ni

ve
rs

ity
 (M

TU
) w

ill
 a

ch
ie

ve
 a

 d
ec

re
as

e 
of

 1
0 

w
t%

 C
O

2 
eq

ui
va

le
nt

 p
er

 to
nn

e 
of

 o
re

 p
ro

ce
ss

ed
 co

m
pa

re
d 

w
ith

 th
e 

cu
rr

en
t m

et
ho

ds
 fo

r p
rim

ar
y 

ni
ck

el
 e

xt
ra

ct
io

n 
by

 st
or

in
g 

CO
2 

in
 C

O
2-

re
ac

tiv
e 

m
in

er
al

s a
nd

 re
co

ve
rin

g 
80

%
 o

f e
ne

rg
y-

A9
, B

3.
6 



At
ta

ch
m

en
t A

: P
ro

je
ct

s i
n 

th
e 

M
IN

ER
 (F

O
A 

No
. D

E-
FO

A-
00

02
70

7 
an

d 
DE

-F
O

A-
00

02
70

8)
 P

ro
gr

am
 

 
 Pr

im
e 

Re
ci

pi
en

t 
(C

on
tr

ol
 N

o.
) 

Pr
oj

ec
t T

itl
e 

Pr
oj

ec
t D

es
cr

ip
tio

n 
Ca

te
go

ric
al

 
Ex

cl
us

io
n 

Un
iv

er
sit

y 
(2

70
7-

15
10

) 
Lo

w
-G

ra
de

 
Di

ss
em

in
at

ed
 S

ul
ph

id
e 

De
po

sit
s a

nd
 M

in
e 

Ta
ili

ng
s 

re
le

va
nt

 m
in

er
al

s f
ro

m
 b

ot
h 

su
lfi

de
 a

nd
 n

ick
el

-b
ea

rin
g 

sil
ica

te
 m

in
er

al
s i

n 
m

in
e 

ta
ili

ng
s. 

M
TU

 w
ill

 v
al

id
at

e 
(1

) 2
00

 k
g 

of
 C

O
2 

st
or

ag
e 

pe
r t

on
ne

 o
f m

ag
ne

siu
m

-ri
ch

 a
nd

 ir
on

-ri
ch

 
sil

ica
te

 m
in

er
al

s i
n 

m
in

e 
ta

ili
ng

s w
ith

in
 4

 h
ou

rs
 a

fte
r p

ro
ce

ss
in

g 
w

ith
 1

0%
 e

ne
rg

y 
re

du
ct

io
n 

co
m

pa
re

d 
w

ith
 st

at
e-

of
-th

e-
ar

t, 
an

d 
(2

) a
 re

co
ve

ry
 o

f 5
0-

80
%

 y
ie

ld
 o

f n
ick

el
 

fro
m

 d
om

es
tic

 lo
w

-g
ra

de
 d

iss
em

in
at

ed
 su

lfi
de

 o
re

s. 
An

 e
st

im
at

ed
 2

.2
 m

ill
io

n 
to

nn
es

 o
f 

CO
2 

pe
r y

ea
r w

ill
 b

e 
se

qu
es

te
re

d 
in

 m
in

e 
ta

ili
ng

s t
ha

t a
re

 p
er

m
an

en
tly

 a
nd

 sa
fe

ly
 

st
or

ed
 w

ith
 a

 d
ec

re
as

e 
of

 1
00

 k
g 

of
 C

O
2 

eq
ui

va
le

nt
 p

er
 to

nn
e 

of
 o

re
 p

ro
ce

ss
ed

. T
hi

s 
pr

oj
ec

t i
s l

im
ite

d 
to

 b
en

ch
-s

ca
le

 la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r f
ie

ld
-te

st
in

g 
co

m
po

ne
nt

, a
nd

 h
as

 a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 

Sa
fe

ty
) a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r u
se

 o
f a

ll 
th

e 
m

at
er

ia
ls 

th
at

 it
 w

ill
 n

ee
d 

ov
er

 th
e 

co
ur

se
 

of
 th

is 
pr

oj
ec

t. 
  

M
iss

ou
ri 

Un
iv

er
sit

y 
of

 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

 
(2

70
7-

15
28

) 

Re
du

ce
 C

om
m

in
ut

io
n 

En
er

gy
 a

nd
 Im

pr
ov

e 
En

er
gy

 R
el

ev
an

t M
in

er
al

 
Yi

el
d 

Us
in

g 
Ca

rb
on

-
Ne

ga
tiv

e 
Ox

al
at

iza
tio

n 
Re

ac
tio

ns
 

M
iss

ou
ri 

Un
iv

er
sit

y 
of

 S
cie

nc
e 

an
d 

Te
ch

no
lo

gy
 a

im
s t

o 
es

ta
bl

ish
 a

 n
ov

el
 p

at
hw

ay
 to

 
ex

tr
ac

t e
ne

rg
y-

re
le

va
nt

 m
in

er
al

s, 
su

ch
 a

s n
ick

el
 a

nd
 co

ba
lt,

 fr
om

 C
O

2-
re

ac
tiv

e 
an

d 
lo

w
-

gr
ad

e 
sil

ica
te

 fe
ed

st
oc

k 
(e

.g
., 

le
an

 o
re

, m
in

e 
w

as
te

, a
nd

 g
eo

lo
gi

c f
or

m
at

io
ns

) v
ia

 a
 n

ov
el

 
pr

et
re

at
m

en
t u

sin
g 

a 
CO

2-
 o

r b
io

m
as

s-
de

riv
ed

 o
rg

an
ic 

ac
id

 th
at

 ca
n 

di
ss

ol
ve

 si
lic

at
es

 
ef

fic
ie

nt
ly

 a
nd

 li
be

ra
te

 m
et

al
s. 

Th
e 

pr
og

re
ss

iv
e 

di
ss

ol
ut

io
n 

w
ill

 b
e 

fo
llo

w
ed

 b
y 

th
e 

pr
ec

ip
ita

tio
n 

of
 o

xa
la

te
 p

ro
du

ct
s, 

tu
rn

in
g 

th
e 

bu
lk

y 
sil

ica
te

 ro
ck

s i
nt

o 
m

icr
on

-s
ize

d 
cr

ys
ta

l p
ar

tic
le

s a
nd

 a
m

or
ph

ou
s s

ili
ca

. T
he

 m
icr

on
-s

ize
d 

cr
ys

ta
l p

ar
tic

le
s r

ed
uc

e 
th

e 
ne

ed
 fo

r e
ne

rg
y-

in
te

ns
iv

e 
co

m
m

in
ut

io
n 

du
rin

g 
m

in
er

al
 b

en
ef

ic
ia

tio
n,

 a
nd

 th
e 

se
pa

ra
te

d 
cr

ys
ta

lli
ne

 o
xa

la
te

s w
ill

 b
e 

fu
rt

he
r p

ro
ce

ss
ed

 u
sin

g 
hy

dr
om

et
al

lu
rg

ica
l a

pp
ro

ac
he

s t
o 

se
pa

ra
te

 th
e 

de
sir

ed
 e

ne
rg

y-
re

le
va

nt
 m

in
er

al
s. 

Th
is 

pr
oj

ec
t i

s l
im

ite
d 

to
 b

en
ch

-s
ca

le
 

la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r f
ie

ld
-te

st
in

g 
co

m
po

ne
nt

, a
nd

 h
as

 a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r 
us

e 
of

 a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
.  

 

A9
, B

3.
6 

Ph
oe

ni
x 

Ta
ili

ng
s, 

In
c.

 
(2

70
8-

15
15

) 

CO
2 

GO
NE

 –
 C

O
2 

Ga
sif

ica
tio

n 
of

 O
re

 fo
r 

Ni
ck

el
 E

xt
ra

ct
io

n 

Ph
oe

ni
x T

ai
lin

g’
s C

O
2 

GO
NE

 p
ro

ce
ss

 u
se

s a
nd

 re
cy

cle
s c

ar
bo

n 
di

ox
id

e 
(C

O
2)

 to
 e

xt
ra

ct
 

en
er

gy
-re

le
va

nt
 m

in
er

al
s, 

pr
im

ar
ily

 n
ick

el
 (N

i) 
an

d 
m

ag
ne

siu
m

 (M
g)

, f
ro

m
 ir

on
- a

nd
 

al
um

in
um

-ri
ch

 o
re

 th
ro

ug
h 

ca
rb

on
at

io
n 

w
ith

 C
O

2.
 U

sin
g 

CO
2 

w
ith

 h
ig

h 
pr

es
su

re
s, 

te
m

pe
ra

tu
re

s a
nd

 m
ix

in
g 

br
ea

ks
 th

e 
ro

ck
 st

ru
ct

ur
e 

an
d 

al
lo

w
s f

or
 g

re
at

er
 e

xt
ra

ct
io

n 
of

 
en

er
gy

 re
le

va
nt

 e
le

m
en

ts
 li

ke
 N

i a
nd

 M
g,

 w
hi

ch
 a

re
 th

en
 co

nv
er

te
d 

to
 m

et
al

 ca
rb

on
at

es
 

(N
iC

O
3,

 M
gC

O
3)

. T
he

 re
su

lti
ng

 N
iC

O
3 

an
d 

M
gC

O
3 

ar
e 

ch
em

ica
lly

 se
pa

ra
te

d 
by

 

A9
, B

3.
6 



At
ta

ch
m

en
t A

: P
ro

je
ct

s i
n 

th
e 

M
IN

ER
 (F

O
A 

No
. D

E-
FO

A-
00

02
70

7 
an

d 
DE

-F
O

A-
00

02
70

8)
 P

ro
gr

am
 

 
 Pr

im
e 

Re
ci

pi
en

t 
(C

on
tr

ol
 N

o.
) 

Pr
oj

ec
t T

itl
e 

Pr
oj

ec
t D

es
cr

ip
tio

n 
Ca

te
go

ric
al

 
Ex

cl
us

io
n 

am
m

on
ia

 (N
H3

) a
nd

 re
fin

ed
 to

 g
en

er
at

e 
hi

gh
-p

ur
ity

 n
ick

el
 o

xi
de

 (N
iO

) a
nd

 m
ag

ne
siu

m
 

ca
rb

on
at

e.
 T

he
 p

ro
ce

ss
 is

 ca
rb

on
 n

eg
at

iv
e,

 se
qu

es
te

rs
 C

O
2,

 a
nd

 re
cy

cle
s C

O
2 

an
d 

NH
3 

to
 k

ee
p 

th
e 

sy
st

em
 o

pe
ra

tin
g 

ef
fic

ie
nt

ly
. T

hi
s p

ro
je

ct
 is

 li
m

ite
d 

to
 b

en
ch

-s
ca

le
 

la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r f
ie

ld
-te

st
in

g 
co

m
po

ne
nt

, a
nd

 h
as

 a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r 
us

e 
of

 a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
.  

 

Un
iv

er
sit

y 
of

 
Ne

va
da

, R
en

o 
(2

70
7-

15
16

) 

Ac
ce

le
ra

te
d 

Re
ac

tiv
e 

Ca
rb

on
at

io
n 

Pr
oc

es
s 

(A
RC

P)
 fo

r E
ne

rg
y 

Ef
fic

ie
nt

 S
ep

ar
at

io
n 

of
 

Ra
re

 E
ar

th
 M

in
er

al
s 

Th
e 

Un
iv

er
sit

y 
of

 N
ev

ad
a,

 R
en

o,
 w

ill
 d

ev
el

op
 a

nd
 te

st
 a

n 
ac

ce
le

ra
te

d 
re

ac
tiv

e 
ca

rb
on

at
io

n 
pr

oc
es

s t
o 

en
ab

le
 im

pr
ov

ed
 m

in
er

al
 li

be
ra

tio
n,

 e
ne

rg
y-

ef
fic

ie
nt

 
co

m
m

in
ut

io
n 

(g
rin

di
ng

), 
an

d 
en

ha
nc

ed
 se

pa
ra

tio
n 

of
 ra

re
 e

ar
th

 e
le

m
en

ts
 fr

om
 lo

w
-

gr
ad

e 
ba

st
na

es
ite

-b
ea

rin
g 

or
es

. H
ig

h-
pr

es
su

re
 g

rin
di

ng
 ro

lls
 w

ill
 p

re
-c

ru
sh

 th
e 

or
es

 to
 

ge
ne

ra
te

 in
te

rn
al

 m
icr

o-
cr

ac
ks

 th
at

 w
ill

 fa
cil

ita
te

 th
e 

su
bs

eq
ue

nt
 ca

rb
on

at
io

n 
an

d 
gr

in
di

ng
 p

ro
ce

ss
. T

he
 ca

rb
on

at
io

n 
re

ac
tio

n 
w

ill
 co

nv
er

t R
EE

-b
ea

rin
g 

sil
ica

te
 m

in
er

al
s t

o 
RE

E-
be

ar
in

g 
ca

rb
on

at
e 

m
in

er
al

s. 
Th

e 
ca

rb
on

at
io

n 
re

ac
tio

n 
fro

m
 si

lic
at

e 
to

 ca
rb

on
at

e 
w

ill
 so

fte
n 

th
e 

m
in

er
al

s, 
th

er
ef

or
e 

re
du

ce
 th

e 
co

m
m

in
ut

io
n 

en
er

gy
 b

y 
50

%
 a

nd
 

in
cr

ea
sin

g 
th

e 
to

ta
l R

EE
s y

ie
ld

 b
y 

at
 le

as
t 2

0%
. T

hi
s p

ro
je

ct
 is

 li
m

ite
d 

to
 b

en
ch

-s
ca

le
 

la
bo

ra
to

ry
 a

ct
iv

iti
es

, w
ith

 n
o 

ou
td

oo
r o

r f
ie

ld
-te

st
in

g 
co

m
po

ne
nt

, a
nd

 h
as

 a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r 
us

e 
of

 a
ll 

th
e 

m
at

er
ia

ls 
th

at
 it

 w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
.  

 

A9
, B

3.
6 

Un
iv

er
sit

y 
of

 
Te

xa
s –

 
Ar

lin
gt

on
 

(2
70

7-
15

07
) 

RE
CL

AI
M

: 
El

ec
tr

oc
he

m
ica

l L
ith

iu
m

 
an

d 
Ni

ck
el

 E
xt

ra
ct

io
n 

w
ith

 C
on

cu
rr

en
t C

ar
bo

n 
Di

ox
id

e 
M

in
er

al
iza

tio
n 

Th
e 

Un
iv

er
sit

y 
of

 T
ex

as
 a

t A
rli

ng
to

n 
w

ill
 d

ev
el

op
 a

co
us

tic
 st

im
ul

at
io

n 
an

d 
el

ec
tr

ol
yt

ic 
pr

ot
on

 p
ro

du
ct

io
n 

to
 p

ro
du

ce
 li

th
iu

m
 (L

i) 
an

d 
ni

ck
el

 (N
i) 

fro
m

 C
O

2-
re

ac
tiv

e 
m

in
er

al
s 

an
d 

ro
ck

s t
ha

t c
on

ta
in

 ca
lci

um
 (C

a)
 a

nd
 m

ag
ne

siu
m

 (M
g)

, w
hi

le
 se

qu
es

te
rin

g 
CO

2 
in

 th
e 

fo
rm

 o
f c

ar
bo

na
te

 so
lid

s. 
Fi

rs
t, 

an
 e

le
ct

ric
 p

ot
en

tia
l w

ill
 b

e 
ap

pl
ie

d 
to

 w
at

er
 to

 
sim

ul
ta

ne
ou

sly
 p

ro
du

ce
 a

cid
ity

 a
nd

 a
lk

al
in

ity
. T

he
n,

 so
lid

 fe
ed

st
oc

ks
 (L

i/N
i/C

a/
M

g-
ric

h 
ig

ne
ou

s a
nd

 se
di

m
en

ta
ry

 m
in

er
al

s)
 w

ill
 b

e 
di

ss
ol

ve
d 

in
 th

e 
ac

id
ic 

an
ol

yt
e 

un
de

r a
co

us
tic

 
st

im
ul

at
io

n.
 T

hi
s p

ro
je

ct
 is

 li
m

ite
d 

to
 b

en
ch

-s
ca

le
 la

bo
ra

to
ry

 a
ct

iv
iti

es
, w

ith
 n

o 
ou

td
oo

r 
or

 fi
el

d-
te

st
in

g 
co

m
po

ne
nt

, a
nd

 h
as

 a
lre

ad
y 

ob
ta

in
ed

 th
e 

re
qu

ire
d 

EH
&

S 
(E

nv
iro

nm
en

ta
l, 

He
al

th
 a

nd
 S

af
et

y)
 a

pp
ro

va
ls 

ne
ce

ss
ar

y 
fo

r u
se

 o
f a

ll 
th

e 
m

at
er

ia
ls 

th
at

 
it 

w
ill

 n
ee

d 
ov

er
 th

e 
co

ur
se

 o
f t

hi
s p

ro
je

ct
.  

 

A9
, B

3.
6,

 
B3

.1
5 

 Bo
ld

 te
xt

 in
di

ca
te

s t
he

 fi
ve

 p
ro

je
ct

s a
dd

ed
 in

 th
e 

Th
ird

 A
m

en
de

d 
CX

. 


