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The United States can
remove at least

1B

tonnes of CO, per year by 2050
using demonstrated
technologies

1 billion tonnes CO, removal
per year has an
average estimated cost of

$129B

per year
(3129 per tonne CO,)

Carbon removal activities
have the potential to
create more than

40,000

long-term jobs nationwide




**Must be ‘true’ negative emissions

Our analysis focused on mature tech
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What will it cost?

» We have more CO,
removal capacity that we
need

‘Extra’ removal capacity
allows each region to
make choices that
match local needs...

Converting waste
biomass to H, is a large,
affordable option

$/tonne CO,
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» Shelterwood harvests
* Pine-forest restoration

—= Carbon crop

= Cover crop
—= Restoration thinning
* Fast pyrolysis to asphalt (waste biomass)
» Fast pyrolysis to asphalt (carbon crop)

= Perennial field border

Biogas Capture

asification to hydrogen (waste biomass

DACS

Co #OTT 10 electricity
Gasification to SAF (waste biomass)
Gasification to SAF (carbon crop)

Cost for 1 billion tonnes CO, removal: $129 billion per year
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Using organic wastes, we can remoye mfl‘]]bﬂé of:

tonnes of CO, per year

» Targeted areas with biomass
(feedstock), good geologic
storage, & regional co-benefits

» Avoided land where we grow food

» In-depth technical-economic
analysis for 27 mature biomass
conversion pathways

» Would require ~300 new
biorefineries across the USA
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Carbon capture from
biomass is a key part of
solution to meet US
climate goals

» 800 million tonnes of CO,
removal per year from 300+
biorefineries

» 34 million tonnes of hydrogen
production, 150 TWh of
electricity production, 1.4
million tonnes biochar
production

» cost < $100 per tonne

Hydrothermal Liquefaction — Liquid Fuel
Fermentation-Sustainable Aviation Fuel
Fermentation-Polyethylene, Adipic Acid
Fermentation-Diesel, Adipic Acid

Fermentation-Ethanol, Adipic Acid
Fermentation-Sustainable Aviation Fuel
Fermentation-Polyethylene

Fermentation-Diesel

Gasification-H2

Fermentation-Ethanol

Gasification-Sustainable Aviation Fuel

Gasification-Liquid Fuel

Pyrolysis-Liquid Fuel, Char

Pyrolysis-Liquid Fuel

Gasification-Renewable Natural Gas
Combustion-Electricty

Sawmill - Wood products (Lumber)

Pyrolysis-H2

Anaerobic Digestion-Renewable Natural, Gas, Food Waste
Anaerobic Digestion-Renewable Natural, Gas, Dairy Manure
Anaerobic Digestion-Renewable Natural Gas, Dairy Beef Manure

Pyrolysis — Asphalt @
Biogas capture (Landfill) @
Biogas capture (WWTP) @
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RS capital investment costs are
snificant




Direct air capture uses engineered materalsiand
systems to remoye CO5 fromithe atmosphere

Captured CO2

to geologic storage

g
»
CO2-depleted air ™ COz-lean

COz-rich solvent

Captured
CO, to geologic
storage
09 oco %og

(80-120°C)
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The USA has invested in many DAC ¢

B
Y - ¥ ag
projects
Prairie Compass DAC
Hub
Ankeron Carbon Management Oliver County, ND
Hub ——@
Pacific Northwest Region - - ®
\:lvli/gmmg Regional DAC Teras DAC Hub
Sweetwater County. WY Mt. Simon Sandstone Basin, IL

_ llinois Basin Regional DAC
Red Rocks DAC Hub
I\H/Iu|? 4 Ut - lllinois Basin, IL DAC Hub for Appalachian Prosperity
o Colorado Regional DAC Eastern KY

\‘ Hub o
/ Pueblo, CO e

CCED

o )
[ J o, - - = < 4
‘ \ SOUthweSt Reglonal DAC MldweSt Nuclear DAC > Office of Clean Energy Demonstrations
Hub Hub T
_ - _ ® Phase O (Feasibility)
(\r Four Corners Region Midwest Region
- ® Phase 1 (Design)
Aera DAC Hub Western Regional DAC Hub Project Cypress Southeast DAC Hub _
Kern County, CA Kern County, CA Calcasieu Parish, LA Northern Mobile County, AL ® Phase 2 (Build)
® _ / Florida Regional DAC
Houston Area DAC e [ () Hub
Arctic DAC Hub Testing Ground e Hub ~~—o . Panama City, FL
Multiple Potential Locations, AK Houston, TX -
® Pelican-Gulf Coast Carbon
Removal
o — South Texas DAC Hub Baton Rouse. LA
Kleberg County, TX




and Is near regions ofr high energy anc

0, storage

» DAC can remove over 9

FS 270

Adsorbent DACS cost

[ I300kmD

(million tonnes per year)

billion tonnes of CO, per year,
at $200 - $250/tonne CO..

West Texas, Upper and Lower
Rocky Mountains, and parts
of the Upper and Lower
Midwest have the largest
potential for DACS
deployment with renewable
energy

Priority regions for DACS have

nearby geologic storage and
land for renewable energy
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3, T emes 1 ‘ . Ground level

» Assignment for ~30 basins.

» We assessed the volume
available, and injectivity

» Included costs to safely
maintain the project for 20 yrs

We have plenty of reliable geologic
storage

salty water -
«CO, '

rock grains
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| Prospective storage window, > $53.00

71 Prospective storage in basalts, limited
to no cost data

I No storage window

Total Storage Cost
($/tonnes CO;)

H $4.00
L >$40.00

More than half the land area in the United States has potential for
safe, affordable (<$40/tonne) CO, geologic storage
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the environment, communities, or both?

Soil Erosion (County Averages)

Units *10 Mg Ha/MJ/mm
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& Social Vulnerability Index (2020)
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Soil erosion

Social vulnerability index

PFAS concentrations
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B Upper Great Lakes
B Lower Great Lakes
B Lower Mississippi River

[ Upper Rocky Mountains
B Lower Rocky Mountains
B Desert Southwest

B Westen Cities

I California Central Valley B South-Central

Adsorbent Geologic Renewable
Storage Energy
A\
B Northeastern Cities Alaska
B Appalachia B Hawaii

B Southeast
B Florida Peninsula
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