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Results: 0.7-1.7 billion tons production capacity

BTU approx. (quadrillions)
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[ Currently used for energy
Il Wastes

I Forestland

I Ag. Residues and wastes
[ Ag. Energy crops

[ Microalgae

I Macroalgae

All prices are marginal prices
except for waste, which is
weighted average price.

Bioeconomy currently provides
340 million tons biomass
(5 Quads or 5% total)

Currently available resources
can double biomass in near-
term

Mature market induces
another 440-800 million tons
biomass depending on yield
assumptions

Emerging resources can
supply another 250 million tons

e All estimates include

sustainability constraints



Demands for Decarbonization
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https://www.energy.gov/sites/default/files/2022-09/beto-saf-gc-roadmap-report-sept-2022.pdf

2023 Billion-Ton Report (BT23) is 4" in a series

To inform research, development, and
deployment strategies.

Update to latest economic conditions

Better clarity in terms of

— Production capacity by market maturity
— Level of resource utilization

New resources (e.g. ollseeds, macroalgae)

Biomass as Feedstock for a
Bioenergy and Bioproducts Industry:
The Technical Feasibility of a
Billion-Ton Annual Supply

* Not targets * Policy agnostic
* Not predictions * End-use agnostic
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BT23 considers current, available, and future resources

Agricultural -
resources-.

Timberland

Currently used for energy Currently available & :
and coproducts Mature-market Emerging resources

Bl \Wostes B Agricultural
Bl Timberland resources

B Microalgoe CcCO?2
Bl Macroalgae

Currently used
resources
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U.S. Energy Production
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Waste & byproduct resources can provide 180-220 million

fons
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Dry short tons (millions)

YELLOW GREASE - 980 K
BROWN GREASE - 1.42 M
l ?MMALHUS—LGSM

FOG 4 M |vesTewaren
SRR OTHER WET
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6.6 M

OTHER

SOLID FOOD WASTE ANIMAL MANURE

WASTE 123 M 21M
377 M
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WO00D 9.4 M

TEXTILES
13.7M

Reference scenario

217 million

tons/yr equivalent

Recycled, )

current bioenergy,
and other uses

235 million

tons/yr equivalent *Mature-market medium, reference scenario, all prices



Timberland resources can provide 32-63 million tons
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Dry short tons (millions)
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Logging Residues

Reference scenario

19 million

tons/yr equivalent

—

Additional in forest
(not harvested)

23 million

tons/yr equivalent

Tree Biomass

Harvest for conventional

N
forest products J I |
~200 million

tons/yr equivalent

Reference scenario
(small-diameter trees)

® 35 million

tons/yr equivalent

l

Remaining timberland (unharvested)

~14,000 million

tons

*Mature-market medium, reference scenario, up to $70 per ton



Agricultural resources can provide 150-800+ million tons
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Ag lands can
be used to
grow 300-600
million tons of
cellulosic

energy crops.

Infermediate
oil seeds can
provide
another 28
million tons.
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Agricultural Land

Cropland
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acTels on \

Woodland cropland

73 miillion —
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Pastureland

Energy crops on cropland

26 million
dacres

- -

315 million ._/ Energy crops on pastureland

acres

50 million
acres

*Mature-market medium, reference scenario, up to $70 per ton



Energy crops results on cropland are ouiside the corn belt

Potential energy crops on cropland

Dry tons per SQMI
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Map excludes currently used resources.
Purple colors indicate sufficient supply density

to support >750,000 tons per year within
a 50-mile radius.
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Energy crops results on cropland are ouiside the corn belt

Potential energy crops on cropland
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- o to support >750,000 tons per year within
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Energy crops could have nominal impacts on food
production

Business as Usual (no energy crops), 2041:
150%

() 120%

% from Baselin

Grain Production Food price Farm market revenues

@ Business as usual, 2041

Modeled impacts of energy crop scenarios on US commodity crop production, food prices, and farm revenues.
Future yield improvements simulated in the MM High scenario mitigate impacts on conventional production and
increase biomass production.
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Energy crops could have nominal impacts on food
production, big increases in farm revenues

MM Low: No future yield improvement; 325 million tons per year
150%2 MM Medium: 1% per year yield improvement; 400 million tons per year
MM High: 3% per year yield improvement: 640 million tons per year

() 120%
c
— 1 1070 )/ T T TR
Q 90%
O
i 60%
E (o]
(@)
- 30%
BR

0%

Grain Production Food price Farm market revenues

B Business as usual, 2041 B Mature-market Low B Mature-market Med B Mature-market High

Modeled impacts of energy crop scenarios on US commodity crop production, food prices, and farm revenues.
Future yield improvements simulated in the MM High scenario mitigate impacts on conventional production and
increase biomass production.
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Farm net returns increase $17-527 Billion per year
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Farm net returns increase $17-527 Billion per year

Farm net income
changes of the mature-
market medium
reference case scenario
over baseline

Change in Net Returns
I s60.000.,001 - $75,000,000
B 545.000,001- $60.000,000
I $30.000,001- $45,000,000
| 315,000,001 - $30,000,000
~ | $0-$15,000,000

J Mo change
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How optimistic is this?

Total U.S. Logging Residues

Reference scenario

Mature-market medium
19 millio

tons/yr equivalent

Total U.S. Agricultural Residues
FOREST PROC. WASTE - 1.1 M
) | ‘ LOGGING RESIDUES - 19 M
K oot rarestea

| 1;7 Z m ill I ilop Currently harvested
ons/yr equivalen for livestock
1
%I\-ISIET% FQ[R5E?V| _.I FORESTRY/WOOD - 144 M AGRICULTURE - 162 M
s SMALL-DIA. —=

- J—< 3.2 million
tons/yr equivalent
Currently grazed
—|_. for livestock
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Trees-35M [ CURRENTLY USED FOR ENERGY-342 M
Additional in fields (not harvested)
U.S. Timberland Growing Stock L .315 million
(Conterminous United States) FO e *~——— MSW/OTH ER WASTES - 3 7 M tons/yr equivalent
Harvest for conventional
forest products
~200 million
tons/yr equivalent
Reference scenario
® (smalldiameter trecs) Total U.S. Agricultural Land
35 m|"|or| (Conterminous United States)
tons/yr equivalent
Energy crops on cropland
; Sropland 26 million
Remaining timberland (unharvested) 356a¢‘;1|:lelylon \ acres
~14,000 million
tons equivalent Woodland cropland
73 million — —]
Total U.S. Waste Resources
Reference scenario

acres v
Pastureland
217 million
tons/yr equivalent

315 million 0—/ Energy crops on pastureland
acres 50 million
acres
r )J ® Agriculture @ Wastes @ Timberland

Currently Used for Energy
235 million

tons/yr equivalent

1.2 billion tons per year
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Emerging resources can provide 250+ million tons in future

Microalgae
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Total U.S. CO, from stationary D) =
sources: 2.7 billion tons per year m Natural Gas Procsseing
El Ammonia
B Ethanol
2007771 em Hydrogen  [TTTTTTTTTTTTTTTTTTTTTITTTTTITIIIIT
o o Iron and Steel
High-purity CO, sources: Cement
HIH Natural Gas Combined Cycle
47.2 million tons per year, ol | w—ponrescont
<$30/i'0n mm Refinery Fluidized Catalytic Cracking

mm Stationary Combustion

Estimated CO, cost (tgoz)
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-" B
[ }
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s v gl o el
o T i 50 1
e o~ :
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Tosne O
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Subset of total CO, resource by facility category for stationary source and estimated cost of CO, capture
High-purity CO, from ethanol and ammonia production. and purification. Figure using data from NETL and the Office of Fossil Energy and Carbon Management
(NETL 2023; Fahs et al. 2023; Schmitt et al. 2023). See BT23 appendix for further information.
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Potential biomass depends on price (Near Term)
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Potential biomass depends on price (Mature-Market Low)
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Potential biomass depends on price (Mature-Market Medium)
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Potential biomass depends on price (Mature-Market High)
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Potential biomass depends on price (Emerging scenario)

Microalgae
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Results: 0.7-1.7 billion tons production capacity
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BT23: 1.7 billion tons under Emerging market scenario
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