


California’s Path to Zero Requires Carbon Removal

LLNL estimated that 125 M tons/yr of negative emissions capacity would ’
comfortably meet the need - especially if some measures are slow



California’s Fire Emissions in 2020 Exceeded
our Industrial Emissions by 18 Million Tons

https://wwz2.arb.ca.gov/sites/default/files/2021-07/Wildfire%20Emission%20Estimates%20for%202020%20_Final.pdf 3



CARB 2022 Scoping Plan




How can we remove
CO, from the air?

1. Natural Solutions (trees and soil)

2. Waste biomass (permanently store carbon
captured by plants)

3. Direct air capture (machines and chemical
systems to filter CO, from the air)
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LLNL's report on
California’s options
for carbon removal
and storage evaluated
the potential in tons

per year, and estimated
2045 costs

https://www-gs.linl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf




We need three main options:

1. Natural and 2. Waste Biomass Conversion 3. Direct Air Capture with
Working Lands to Fuels with CO, Storage CO, Storage
25 MT/year 83 MT/year >17 MT/year

Technological readiness: mid-to-high — no new breakthroughs required




58 million tons of
biomass waste Is
available

= We estimate that 58
million bone-dry tons will
be available from waste
sources in 2045

= 100% conversion to CO,
would yield 106 MT CO,

= Only waste biomass
considered — no
energy crops

= Much of this is burned or
allowed to decay today

4.9 MT



California’s
least-cost path
to 125 MT/year
of carbon
removal and

permanent
storage would
average about
$65/ton

Negative Emission Cost ($/ton CO,)

250

N

o

o
|

Gasification of Sawmill
Residue and Shrub &
Chaparral to H,

-

(6)]

o
|

Gasification of Forest
Management to H,

100 -

Ethanol Fermentation

Gasification of Dry
Municipal Solid
Waste to H, 47

64

(&)
o
| IR

1 Natural Solutions
| £y

: 1
0 ﬁ ;
0 25 50 75
Million tons CO,/year

Biogas to Electricity with
Local Carbon Capture
(Retrofit Power Plant)

Gasification of Low
Moisture Agricultural

Conventional
Geothermal Direct Air Capture.
Direct Air‘ Capture

193 198

Residue to H,

100

125



The carbon removal value of biomass greatly
exceeds its energy value at realistic carbon prices

Value ($/ton of biomass)
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Who will pay? Just like trash
removal. we all will. California Negative

Emssions:

* 125 MT @ $65/T = ~$9B
per year

* 0.3% of California GDP

US Trash $200B Per Year
e 1% of US GDP




USGS, 2018



Permanent geologic
storage is readily
store CO, underground— available in CA
In the same rocks that
have held oil and gas for
millions of years.

LLNL has identified
17 billion tons of safe

storage in just 2 areas
of the Central Valley.

As much as 200 billion
tons may be available.




Geologic storage

m CO, stored in solid but porous rock (e.g. sandstone)

m Far from groundwater, 1000s of feet deep (e.g. 1 mile)
® Multiple mechanisms trap the CO,

®m Mimics natural processes

m Decades of intensive research/10s MtCO, stored

Source: IPCC



Needs & Co-benefits

Support and build Infrastructure:
50-100 nhew-generation biofuel
plants
CO, pipeline network
CO, storage
Buy down direct air capture costs
early

Wildfire prevention and management
Central Valley jobs

Decarbonizing the state’s oil industry
Air quality improvements
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Trunk pipeline
for CO2

transport




Every ton of CO2 emissions
adds to global warming.

Every ton we remove

reverses that by about
807%.
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Every Ton Matters



