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Significant Challenges for Utility Scale Battery StorageStudy Goals

✓ Maximizing the value of CCS for meeting the 
state’s economywide decarbonization goals 
affordably and equitably

✓ Motivating the private sector to decarbonize
✓ Enabling economic and reliability benefits from 

existing industries and power generation
✓ Assessing social equity and community benefits 

from CCS
✓ Unlocking new clean energy industries and jobs



Significant Challenges for Utility Scale Battery StorageStudy Approach and Framing 

CO2 Source 
Identification

• Industry

• Electricity

Assessment 
of Storage 
Potential

• Oil and gas 
reservoirs

• Saline 
Formations

Technoeconomic 
Analysis

• SB100 2030 goals

• Source/Sink 
Matching

• Cash flow analysis

Social Equity & 
Community   
Benefits

• Local Air 
Quality

• Jobs
Opportunities

Challenges

Action Plan

The Need For CCS

2014 2019 2020

CCSisNotIncluded  inOtherStateEnergy  
Planning

HistoricInequitiesinEnergy  InfrastructureSitingCostChallenge:Aligning Players, Permitting,and  
Financing

Inadequate Legal  Framework forObtaining  Pore 
SpaceRights

Cost Challenge:Financial  ResponsibilityAssociated 
withUICClassVI Wells

Unclear Eligibility of  CCSforSB100Zero-
Carbon

ElectricityTarget

CCS IneligibleUnder  Cap-and-Trade

AmbiguousPosition  of the 

State on the  FutureRoleof

CCS

StateandFederalPost- Injection Site Care  
RequirementsVary

UncertainPermitting  Timelines

Numerous Regulatory  Jurisdictions and Unclear  CEQA
LeadforIndustryCCS  Projects

Complex and UntestedRegulatory  

Processfor

GettingPermits forCCS

Revenue Challenge:  LimitationsoftheFederal  45Q Tax 
CreditDesign

Revenue Challenge:LCFS  CreditMarket Uncertainty  
and PolicyRisk

Revenue and  Cost 

Uncertainty  Discourage

Project

Finance

LowPublicAwarenessand  VariedOpinionsofCCS

Concern that CCS  AllowsforContinued
Fossil FuelUse

Lack of Public  

Awarenessand  

Supportfor CCS



California’s Economy-Wide Climate Goals

2017 Emissions

424 MtCO2e

2020 Goal: 

Equal to 1990 

Emissions Level

427 MtCO2e

2030 Goal: 

40% Reduction from 

1990 Emissions Level

256.2 MtCO2e

2045 Goal: 

Carbon Neutrality & 

Net-Negative Emissions 

Thereafter
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Renewable  Generation Goals
• 33% renewable generation by 2020

• 50% renewables by 2026

• 60% renewables by 2030

• 100% carbon-free electricity by 2045

• 40% emission reduction (AB 32 economy wide goal of 40% reduction from 1990 level) 

On track to meet 2020 and 2030 goals

Electricity System Decarbonization Goals 
(SB 100 and AB32)



California’s Energy System and the Role of CCS

Source: https://flowcharts.llnl.gov/

https://flowcharts.llnl.gov/


California’s Electricity Mix



California’s Day Time Electricity Mix



California’s Night Time Electricity Mix



Hourly trends in solar and wind capacity factors in CA for 2017 aligned to normalized variation in hourly load 

relative to peak daily load

Source: Energy Futures Initiative, 
2019. Compiled using data from 
CAISO, 2017
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Significant Challenges for Utility Scale Battery StorageWhat CCS Can Do For California: Support  for Grid 
Reliability, Variable Renewable and Climate Targets

Enable continued reliability benefits 
from clean firm power generation ...



✓California Low Carbon 
Fuel Stanford

➢CO2 Storage Protocol

✓Federal 45Q tax credit 
for CCUS

➢$35/tonne CO2 for CO2-
EOR

➢$50/tonne for saline 
formation storage

Favorable Policy Aspects for Decarbonizing Fossil 
Fuels in California



Credit prices in the LCFS Market

https://ww3.arb.ca.gov/fuels/lcfs/dashboard/dashboard.htm
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Million Metric Tons of CO2 per year

Bottom Line Up Front



What CCS Can Do for California?

Electricity 
14.9%

Total 2017 
Emissions:                   

424 MtCO2e

Buildings 
9.7%

Industry* 
21%

Transportation* 
40%

Other
3.6%

Other
3.6%

Aviation 1.1%
Rail          0.4%
Ships       0.8%
Other      1.3%

Heavy Duty Vehicles Heavy Duty Vehicles                               
8.4%

Passenger Vehicles
28.0%

Waste
2.1%

High GWP
4.9%

Agriculture 
7.6%

Other
2.3%

Livestock
5.3%

Residential
6.1%

Commercial
3.6%

In-state Generation
9.1%

Imports
5.8%

Refineries
7%

General Fuel Use
4.5%

Oil & Gas
4.1%

Thermal Cogen. 1.8%

Cement 1.8%
Other 1.8%

Source: Adapted from CARB, 2020

Emissions Reduction 
Potential from CCS in 

California

• Approx. 15% of state’s total 
CO2 emissions

• 65% greater than all 
emissions from in-state 
power generation

• 44% greater than  
emissions from the entire 
buildings sector

• 84% greater than all 
emissions from the 
agriculture sector

• 66% greater than 
emissions from all heavy-
duty vehicles



Translate Oil and Gas Skillsets to CCS Industry Job

What CCS Can Do for California: Enabling New 
Clean Energy Industries and Jobs 

Source: Energy 
Futures Initiative 
and Stanford 
University, 2020.

• Improved process energy 
efficiency
• Lifecycle analyses
• Low-carbon capture 

requirements/ systems
• Low-carbon heat

•Geologic storage

•Material manufacturing 
& scale-up
•Novel: catalysts; 

membranes; solvents; 
sorbents
• Simulation
• Sensors and controls 

Similarities with CCS

Enable Carbon Dioxide                                                             
Removal/Direct Air Capture and CO2

Utilization  Industry

o Half of ports’ drayage 
fleet (5,000 trucks)

o Entire ports’ electricity 
requirement 
(50MW/h)

o 80% of SCG’s 
petroleum refiner 
demand

o 10% of SCG’s 
residential gas demand 
(as blend)

o CO2 sequestration 
equivalent to half an 
average coal plant 
emissions

Support Development of A Hydrogen 
Economy

3

Onshore Sequestration

2 Steam Methane 
Reformers with CCS

H2 Storage

Combined 
Cycle Power 

Plant

1.5 million 
kg H2/day

Electrolysis

100,000 
kg H2/day

Natural Gas

CO2

H2

Petroleum 
Refining Retail Gas

... Unlock new, potentially multi-billion-dollar clean 
energy industries, creating new jobs in the process.

“The oil and gas industry…[w]as a major employer and 
leading economic drive in California responsible for 
368,100 jobs in 2015, or 1.6 percent of California’s 
employment, with almost $66 billion in total value-
added, contributing 2.7 percent of California’s state 
product.”  -LA County Economic Development Corporation


