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Ramping up sales of electric vehicles and
building appliances Industry is fully
d decarbonized through :

E mﬂ%salesofheatpummE a mix of H2, CCS, and
in buildings electrification

ﬁ 100% sales of ZEVs in LDVs CA's total
and MDVs; 93% in HDVs (incl. population-weighted

HECV) share of waste

’ biomass is utilized for
diesel and jet fuel, as
well as RNG

—~ Electricity is 100%
=" zero-carbon
generation

m 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

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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Gettingto Neutral Results:The lowest cost set of solutions for removing 125
million tons of CQ

Natural and BICRS Conversion of Waste DAC: Direct Air Capture with
Working Lands to Fuels with CQ Storage CQ Storage
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25 MT/year 84 MT/year 16 MT/year
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What doesiititake

to obtain climate/
environmental

bcecntieifoh €4's
58 million tons of

A Supply chain
A Gasification

A Manage CQfrom
digesters



SO0Urcing, siting, and offtak
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Gasification of Waste Biomass
to Hydrogen:

Ahighest carbon removal capacity

Alowest 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 CQ Capture:Barriers 10/ implementation
A small scalle distiibutetl(CQsources

A lack of ecamomicalssmalssealecGrapture technalagies




BICRSANnalysis Needs

A Deployment ratewhat is needed:torreach @aliforniggoals?

A Understanding ©f highestiimpactrinvestmentsto buy dowoosts

A Needed iincentives/risk seductionlalong the supply:chain totcatalyze thelindustry
(costs vs.rrevenue today)
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Historic Oil & Gas Job Losses

Geographic distribution of
employment losses and gains
from NAICS Industry Code #21
(Oil & Gas), 2015-2021. Data
from U.S, Bureau of Labor and
Statistics.

Jmm Percent of Total
L Total Lost
Both High
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Can we capptimize materials, structures, and processes to maximize throughput with minimal energy?




