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LLNL estimated that 125 M tons/yr of negative emissions capacity would 

comfortably meet the need ð especially if some measures are slow

Californiaõs Path to Zero Requires Carbon Removal
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Natural Solutions

Biomass Solutions

Californiaõs least-
cost path to 125 
Mt/year of 
durable carbon 
removal averages 
~$60/ton



ÁNatural and 
Working Lands

25 MT/year
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ÁBiCRS: Conversion of Waste
to Fuels with CO2 Storage 

84 MT/year

ÁDAC: Direct Air Capture with 
CO2 Storage 

16 MT/year

Technological readiness: mid-to-highñwith substantial co-benefits for CA, 

but significant implementation barriers remain for BiCRS and DAC

Getting to Neutral Results: The lowest cost  set of solutions for removing 125 
million tons of CO2
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Biomass Carbon Removal and 
Storage

Put waste biomass to 

work to reach climate 

goals



The regions of highest opportunity for BiCRS are located where there is 

abundant waste biomass and local geologic carbon storage
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What does it take 
to obtain climate/ 
environmental 
benefits from CAõs 
58 million tons of 
waste biomass?
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ÅSupply chain

ÅGasification

ÅManage CO2 from 
digesters
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BiCRS: Supply Chain and Logistics Pose the Greatest Barriers
Sourcing, siting, and offtake 



Gasification of Waste Biomass 
to Hydrogen: 
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Áhighest carbon removal capacity 

Álowest cost per ton CO2

Áwhile reaching stateôs hydrogen 

goals

Fulcrum Bioenergy Gasification Facility



Gasification to Hydrogen 
Barriers to Implementation
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Sourcing stable long term supply of biomass ï

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 unique biomass attributes pose technical 

risk



Capture of Biogas CO2 from 
Dairies, Landfills, and 
Wastewater Treatment: 
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Åbiomass already collected

Åconversion technology exists

Ågenerate lower CI renewable 

natural gas

Åavoid flaring



Biogas CO2 Capture: Barriers to Implementation
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Åsmall scale distributed CO2 sources

Ålack of economical small scale CO2 capture technologies 



BiCRS Analysis Needs
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ÅDeployment rate-what is needed to reach California goals?

ÅUnderstanding of highest impact investments to buy down costs 

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



Direct air capture

1000 ton per year capture facility, Zurich

Chemical filters, solvents, 

and minerals that 

absorb CO2; No reliance 

on Biomass but higher 

cost



California is an area of opportunity for DAC

15

(Ï× ÄÏ ×Å ÄÅÓÉÇÎ ÍÁÔÅÒÉÁÌÓ ÔÁÉÌÏÒÅÄ ÆÏÒ #ÁÌÉÆÏÒÎÉÁȭÓ ÃÅÎÔÒÁÌ ÖÁÌÌÅÙ ɉÔÅÍÐÅÒÁÔÕÒÅȟ ÈÕÍÉÄÉÔÙɊȩ
Can we co-optimize materials, structures, and processes to maximize throughput with minimal energy?

DAC 

cost
DAC 

capacity

Areas of Opportunity for DAC Deployment Historic Oil & Gas Job Losses


