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Ramping up sales of electric vehicles and

building appliances
M 100% sales of heat pumps
in buildings

ﬁ 100% sales of ZEVs in LDVs :
and MDVs; 93% in HDVs (incl.

HFCV)
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Energy efficiency in buildings is
doubled relative to 2015 (SB 350)

*. & Electricity is ~75%
T renewable generation

MMT CO2e

100

Carbon Dioxide Removal strategies deployed to reach
net zero emissions by 2045

Industry is fully
decarbonized through :
a mix of H2, CCS, and i
electrification

CA's total
population-weighted
share of waste
biomass is utilized for
diesel and jet fuel, as
well as RNG :
_~ Electricity is 100% :
= zero-carbon

generation

2020 2025 2030

LLNL estimated that 125 M tons/yr of negative emissions capacity would
comfortably meet the need - especially if some measures are slow
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Getting to Neutral Results: The lowest cost set of solutions for removing 125
million tons of CO,

Natural and BiCRS: Conversion of Waste DAC: Direct Air Capture with
Working Lands to Fuels with CO, Storage CO, Storage
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25 MT/year 84 MT/year 16 MT/year



mass Carbon Remova
orage

Put
work to
goals
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6 B. Mordick Schmidt, et al. “Carbon Negative by 2030: CO, Removal Options for an Early Corporate Buyer” 2022, LLNL-TR-832071.



What does it take
to obtain climate/
environmental
benefits from CA's
58 million tons of

* Supply chain
e Gasification

* Manage CO, from
digesters
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Gasification of Waste Biomass
to Hydrogen:

= highest carbon removal capacity

=|lowest cost per ton CO,

Fulcrum Bioenergy Gasification Facility



Gasification to Hydrogen
Barriers to Implementation

Sourcing stable long term supply of biomass —
Unique challenges for forest, agriculture, and
municipal waste biomass

High capital cost of facilities to realize
economies of scale means high investment risk

Technology Is proven, but feedstock variability
and unigue biomass attributes pose technical
risk
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Biogas CO, Capture: Barriers to Implementation

* small scale distributed CO, sources

* lack of economical small scale CO, capture technologies




BiCRS Analysis Needs

* Understanding of highest impact investments to buy down costs

* Needed incentives/risk reduction along the supply chain to catalyze the industry
(costs vs. revenue today)
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California is an area of opportunity for DAC

Areas of Opportunity for DAC Deployment Historic Oil & Gas Job Losses
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How do we design materials tailored for California’s central valley (temperature, humidity)?
Can we co-optimize materials, structures, and processes to maximize throughput with minimal energy?
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Contactor

Annualized Capital Costs

3x sorbent lifetime

Design for

/' durability
~$280/tCO,

70% regeneration

energy
S0ICO,  qon:
~$70/t
2 throughput 33% blower
~$50/tCO, energy
~$25/CO,
Design for
location




In two years carbon
removal has boomed

250,000 metric tons of carbon
removal over 10 years from
STRATOS, ’s first DAC plant
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Microsoft has inked one of the largest carbon dioxide
removal (CDR) deals to date with Direct Air Capture
(DAC) startup Heirloom, which involves 315,000 metric

tons of carbon removal estimated to be worth $200
million.

amazon

Orsted launches landmark CCS
project in Denmark

Microsoft has agreed to purchase 2.76 million tonnes of carbon removal . 4
over 11 years from the project, representing one of the world’s largest AN
carbon removal offtake agreements to date.



https://www.1pointfive.com/about

Total Sales

Total Volume

4.5M

_J

Feb 2023

Data from CDR.FYI

/
Jun 2019 May 2020 Apr 2021 Mar 2022
Total Transactions
Total Expenditure
%2.58B
e
Apr 2019 Mar 2020 Feb 2021 Jan 2022

Dec 2022

(ocean electrochemical) to
$112 (biomass)

Overall average about
$550/ton
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Agriculture Forest Forest Cropland Municipal DAC DAC Geologic Renewable

California is Poised to
Lead the Nation
in Carbon Dioxide
Removal
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B West Coast B Great Basin Upper Midwest B Upper Great Lakes B Northeastern Cities Alaska
East Cascades B Upper Rocky Mountains Lower Midwest B Lower Great Lakes B Appalachia B Hawaii
B Western Cities B Lower Rocky Mountains Texas Lower Mississippi River B Southeast

California Central Valley B Desert Southwest B South Central B Northeast B Florida Peninsula
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Our goal is to understand options. con ﬁ"e\(':tian
inspire players (businéss, government,
community) who want to play a role in carbon
removal



 CARBON
= INITIATIVE




BiCRS : PYROLYSIS-ASPHALT & GASIFICATION-H2
(PREDOMINANTLY FROM WOODY WASTES, LOW ASH MSW, and CARBON CROPS)
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Getting to Neutral Big Ideas:

1. Mother nature can’t do it
on her own 8rivers

— Key outcome for
State Legislators

2. Waste biomass should be e~
used to draw down CO,, ‘ L
first, rather than
emphasize energy

Fulcrum

3. H, from waste biomass
gasification with CO,
storage is a leading
technology for California

Red Rock Biofuels



Robust Solutions
Tailored to California

Natural Ecosystems

I 5k

CO, Transport

Direct air capture
— P g
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P wﬁ

CO, from atmosphere

Permanent storage

S

EIeétricity, Fuels

Biomass Biomass treatment
process



Logistics/Adoption

Supply chain
(Biomass)

Co-location and
multi-stakeholder
challenge

Analysis

Deployment rate-what is
needed to reach California
goals?

Understanding of highest
impact investments to buy
down costs

Needed incentives/risk
reduction along the supply
chain to catalyze the industry
(costs vs. revenue today)

Technical

* Integration of CO2 capture
with scale of biorefinery

* Biomass feedstock variability
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