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GHG Emissions in CA

3

❑ CO2 emissions (2018) in CA: 1 % of global, 6.4 % of US (CARB, 2020)
❑ Industrial and electricity sectors: 39 % of the state’s GHG emissions.
❑ California’s non-CO2 emitting electric generation categories: 53 % of electricity
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Previous study of CA CO2 storage sites

Source Low High

O&G and UGS sites

NATCARB (2015) 3.6 Gt 6.6 Gt

Saline Aquifers

USGS (2013) 61 Gt 124 Gt

NATCARB (2015) 30 Gt 417 Gt

Teletzke et al. (2018, Exxon) 13 Gt 55 Gt

OG/Saline (LLNL (2019)) 17 Gt 200 Gt

All CO2 storage sites in CA
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Objectives

❑ Screen CO2 storage sites (oil/gas field, underground gas 
storage, and saline formation) in CA based on previous 
studies and criteria (EPA VI well and LCFS CCS protocol 
minimum siting criteria) with the consideration of exclusion 
zones.

❑ Link potential CO2 storage sites to CO2 emission sources to 
provide data for technoeconomic analysis.

Introduction
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California Geology
Methodology
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Multi-Stage Screening Procedures
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Methodology

(modified from EFI/Stanford, 2020)

“qualified”
conditions



Stage 1: Qualifying Criteria 

Category Criteria Qualifying Threshold EPA VI well 
Criteria

LCFS Minimum 
Criteria

Screening 
parameters

Storage Capacity > 3 million metric tonnes CO2
“sufficient areal 

extent”
“sufficient 
volume”

Depth (to top of 
formation)

> 800m “deeper than 
800m”

Permeability > 10mD “sufficient 
permeability”

“sufficient 
permeability”

Porosity > 10% “sufficient 
porosity”

“sufficient 
porosity”

Reservoir Thickness > 3m (one layer) or
sum of layers > 10 m

“sufficient 
thickness”

“sufficient 
thickness”

Salinity > 10,000 TDS (only dry gas field, UGS, 
and Saline formation)

> 10,000 TDS

Sufficient 
Injectivity

Anything that suggests this could be 
an issue* (e.g. current pressure < 4000 
PSI, Assume initial reservoir pressure 
< 5000 PSI)

“sufficient  
injectivity”

Methodology

*Additional disqualified sites: 50 sites (insufficient data) and 4 sites (offshore sites with no 45Q credit) 8



Stage 1: Prospective OG/UGS fields and 
saline formations

- CO2

Storage Cap. 
> 3 MT
- EPA 
VI/LCFS
Criteria 

Add
Saline
Formation 
(USGS/NATCARB
)

Total # O&G (503) and UGS sites (13):  516
Total capacity (NATCARB) of OG/UGS: 3.6 - 6.6 Gt CO2

Result
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503 sites
13 sites

≈ ≈

Prospective sites

≈

Saline formation CA study

Total # O&G (120) and UGS sites (9): 129
Total capacity of OG/UGS: 2.9 – 5.3 Gt CO2

Total capacity of Saline formation: 116 (mean) Gt CO2



Stage 2: Criteria for exclusion
Methodology
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❑ Near Quaternary faults

- 2km “buffer zone” each side of fault (4 km width)

❑ Seismicity activity (exclusion zone based on magnitude) 

- 10 km diameter for M>5 (from 1769 – present)

- 5 km diameter for M<5 (from 2015 – present)

❑ Population density

- Above 75 persons/ km2

❑ Land

- ownership status (restricted lands)

- sensitive habitats



Risk identification: Faults, Seismicity

▪ Buffer zones are applied based on
the degree of seismicity.
- Magnitude 5+ : 10 Km Dia.
- 1.5 < Magnitude < 5: 5 Km Dia.

▪ Buffer width of Faults zone: 4 km

Result
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Sensitivity/restricted zone

S

Result
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≈

Restricted 

lands

Federal, state land, American Indian, military 
installation

Sensitive 

habitat/zone

- Cultural sites (national landmark, national 
register properties),
- Ecology habitats (sharp tailed grouse, 

desert tortoise connectivity, and so on),  
- Wildlife habitat (wildlife allocation, 

national historic park/monument, 
wilderness study area, Conservation land, 
wildlife management area)

Sensitivity/restricted zone

Population above 75 persons/km2

Restricted lands

Sensitive habitat/zone



Stage 3: Potential CO2 storage sites
Result

≈

Potential CO2 EOR sites

NG powerplant 25 sites

Industrial source > 0.3 MT /y  (except Ethanol plant ( >0.1 MT/y))

Industrial source 42 sites

Potential CO2 storage sites 
= Screened Oil/gas, UGS +
Saline formation - Exclusion layers

13



Comparison of 45Q vs. LCFS for CO2 storage

❑ 45Q Tax credit
- Project type: Store CO2 from any industrial/Direct air capture (DAC) unit in US

- Credit: Saline (Max $50/tCO2), CO2-EOR Max $35/tCO2

- Project condition: Above 0.1 MtCO2/year capture volume, 12 years after injection 

- Construction must begin by Jan. 1. 2024

❑ LCFS (Low Carbon Fuel Standard) credit
- Geographic scope: Anywhere provided they sell fuel into CA

- Project type: Store CO2/CH4/Nox/VOC from any fuel production facility and DAC unit

- Credit: Market based credit (~ $200/tCO2, current) during injection period

- There is no limitation of project capacity

Discussion

Both credits require permanent storage
14



Storage Optimization for OG/UGS field
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Criteria J=1 (worst) J=2 J=3 J=4 J=5 (best)

Storage Capacity 3-5 Mt CO2 5-10 Mt CO2 10-30 Mt CO2 30-50 Mt CO2 >50 Mt CO2

Bottom Seal No seal Yes-Seal

Depth of Top of 
Formation

800-1000m Deep (>3,000 m) 1,000-1,500m 2,000-3,000m 1,500-2,000m

Permeability 10-20 mD 20-50 mD >500 mD 50-100 mD 100-500 mD

Porosity 10-15% 15-20% 20-25% 25-30% >30%

Reservoir Thickness 3-20m 20-50m 50-100m 100-300m >300m

Geothemal Gradient
(Geothermal 
favorability)

Warm Basin 
(>40 oC/km)

Class1

Moderate 
(20-40 oC/km)
(Class 2, 3, 4)

Cold Basin 
(<20 oC/Km)

(Class 5)

Discussion

Total score: 35 
points

Scoring criteria based on subsurface properties 

(modified after Hay, 2020)



Prospective OG/UGS CO2 storage, Northern CA
Discussion

NG Powerplant, emission CO2e tons/year

Industrial, emission CO2e tons/year

❑ Potential CO2-OG sites (depleted OG) are mainly located in northern CA.

16Industrial source > 0.3 MT /y  (except Ethanol plant ( >0.1 MT/y))

CO2 EOR 21 sites

OG/UGS 40 sites

NG powerplant 25 sites

Industrial source 42 sites

CO2 Large sources



Prospective OG/UGS CO2 storage, Southern/Central CA
Discussion

NG Powerplant, CO2e tons/year

Industrial, CO2e tons/year

❑ Potential CO2-EOR sites are mainly located in southern/central CA.

Elk Hills field (Gas-power + EOR)) is under development. 17

CO2 EOR 21 sites

OG/UGS 40 sites

NG powerplant 25 sites

Industrial source 42 sites

CO2 Large sources

Industrial source> 0.3 MT/y  (except Ethanol plant ( >0.1 MT/y))



Conclusion

❑ CO2 storage sites in CA were qualified based on previous studies with rigorous 
screening  criteria (EPA VI well and LCFS CCS siting criteria). 

❑ Potential CO2 storage sites in CA  were assessed and conservative exclusion zone 
criteria applied

- Oil/gas and underground gas storage sites: 1.1 -2.2 Gt CO2

- Saline formation: 69.1 (mean) Gt CO2

❑ Scoring parameters can be applied to optimize the selection of oil/gas fields and 
underground gas storage sites.
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Future directions
❑ Storage optimization focused on technoeconomic analysis, scenario 

development, and risk assessment: SIMCCS, NRAP, and more.

❑ Observe CCUS projects with CO2-EOR and saline formation (Elk Hills field, 
potential  gas-power + EOR).

19



CUSP (Carbon capture Utilization Storage 
Partnership) 

• Update/create geological data for 
CCUS

• Development/validation of risk 
assessment w/NRAP tools

• Select/analyze the focused scenario 
(capture/store/monitoring)

• Development readiness indices to 
identify best sites for short and 
long-term CCUS project

• Network development/technology 
transfer
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Backup slides



CO2 emission reduction scenario

CCUS = Carbon Capture, Utilization, and Storage
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Total US GHG Emissions (6,457 MtCO2e) 
by gas in 2017 (EIA, 2019)

MtCO2: million metric tons of CO2

GHG: Greenhouse gas
CO2e: CO2 equivalent

32.7 GtCO2

(2017)

5,295 MtCO2

Energy-related CO2 emissions and reductions technology scenario

Reference
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GHG Emissions in CA

24

❑ CO2 emissions (2018) in CA: 6.4 % of US, 1 % of global (CARB, 2020)
❑ Industrial and electricity sectors: 36 % of the state’s GHG emissions.
❑ California’s nonCO2 emitting electric generation categories:  53 % of electricity
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Reference: Multi-Stage Screening Procedures

Stage 1

• Selection qualifying oil/gas/UGS sites and Saline reservoirs
✔Storage limit (Based on NATCARB study (Oil/gas field, Underground gas storage (UGS))
✔LCFS and EPA Class 6 minimum criteria
✔Apply with "Disallowed Criteria"

Stage 2

• Development exclusion layers
✔Risk zone (faults and seismicity)
✔Sensitive habitats, population density, and restricted land ownership

Stage 3

• Potential CO2 storage sites identification with GIS-based information

(subtraction exclusion layers from stage 1 layer)

25
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Stage 1: Disallowed Criteria 

Category Criteria Disqualifying Threshold Disqualified
OG/UGS field

EPA IV well 
Criteria

LCFS Minimum 
Criteria

Screening 
parameters

Storage Capacity < 3 million metric tonnes CO2 306 sites “sufficient areal 
extent”

“sufficient 
volume”

Depth (to top of 
formation)

<800m 12 sites “deeper than 
800m”

Permeability <10mD 2 sites “sufficient 
permeability”

“sufficient 
permeability”

Porosity <10% - “sufficient 
porosity”

“sufficient 
porosity”

Reservoir Thickness <3m (one layer) or
sum of layers < 10 m

2 sites “sufficient 
thickness”

“sufficient 
thickness”

Salinity <10,000 TDS (only dry gas field and 
UGS)

10 sites EPA requirement

Sufficient 
Injectivity

Anything that suggests this could be 
an issue* (e.g. current pressure > 4000 
PSI, Assume initial reservoir pressure 
> 5000 PSI)

1 sites “sufficient  
injectivity”

Methodology

*Additional disqualified sites: 50 sites (insufficient data) and 4 sites (offshore sites with no 45Q credit) 26



Reference: CO2 emitters in CA
Selection Criteria
- Industrial: Emission amount (EPA 2018) > 0.3 MT1 /y except Ethanol plant ( >0.1 MT/y), total 33.3 MT CO2 equivalent emission 
- NG powerplant: CO2 capturable amount > 0.5 MT1/y (EFI report, 2020), total 27.5 MT CO2 equivalent emission 

Industrial sources: 42 sites 

1MT: Million metric 
Tonnes

Industrial:42 sites
NG powerplant: 25 sites
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Comparison of 45Q vs. LCFS

28

(0.1 MMtCO2)

Source: Global CCS Institute

Saline: Max $50/Tones of CO2

CO2-EOR: Max $35/Tones of CO2



Reference: Potential CO2 storage sites

Central/Southern CANorthern CA
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Reference: Elk Hills Field for CCUS

(Haney, 
2020)

CO2 sources: Elk Hills Power Plant
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Reference: Brea-Olinda OG field

NG Powerplant, CO2e tons/year

Industrial, CO2e tons/year

❑ Bridge Energy is considering to conduct CO2-EOR with the CO2 source from landfill gas. 

Brea Olinda field is located near the faults area.
31

CO2 EOR 22 sites

OG/UGS 40 sites



Reference: 
Injection capacity
Potential Sink and sources

(EFI/Stanford, 2020)
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Reference: CO2 storage: Saline formation

(Goodman et al., 2011)
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