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The IEA’s 2050 Scenarios....Require CCS

GtCO:

20

20

10

2010

2020

EFFICIENCY

B INDUSTRIAL ELECTRIC MOTORS
B BUILDINGS
0 POWER
LIGHT & INDUSTRY
CARS & TRUCKS
HEAVY INDUSTRY
0 AIR CONDITIONERS
I AVIATION & SHIPPING

2030

RENEWAEBLES
B WIND
B SOLARPV
BIOFUELS TRANSPORT
OTHER RENEWAELES POWER
OTHER RENEWABLES END USES
B HYDRO

Source: GCCSI, 2021 (based on IEA World Energy Outlook, 2020)

2040

FUEL SWITCH, CCUS & OTHER

B NUCLEAR
@ FUEL SWITCH INC. HYDROGEN

Cl B ToK VeI, ES

CCUS POWER
B COUS INDUSTRY
@ BEHAVIOURAL CHANGE
@ RESOURCE EFFICIENCY

v

Efficiency

Renewables

Fuel Switch, CCUS & Other

Sustainable
Development Scenario

2050 ~1.5 Degrees C by
2100



CCS Facilities Around the World (2021)
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California Historic Emissions and Future Targets

AB32- 40% emissions

reductions by 2030
500 2020 Goal: - EO B-55-38 - Zero
2019 Emissions  Eqyal to 1990 Emissions Level emissions by 2045

418 Wt CO.e 427 Mt COze

300
200
100

o LALNRRRRARRERRENNRNE

2000 2005 2010 2015 2020 2025 2030 2035 2040

e SB 100 — Net-Zero

400 carbon electricity grid
in 2045
2030 Goal: « EO N-79-20 — Bans
A0% Reduction from
1990 Emissions Level Sale Of new gaS'
456.2 Mt COe powered cars and
trucks by 2035

« Enabler: LCFS CCS
Protocol

Greenhouse Gas Emissions (MtCO,e)

2045 Goal:
Carbon Neutrality & Met-Negative
Emissions Thereafter

mm Agriculture and Forestry  Buildings meTransportation mmiIndustry mmElectricity

Source: Adapted from CARB (2021)
e

Stanford University



CCS Opportunities in the Industrial & Electricity Sectors

25 NGCCs meet CCS retrofit criteria e 35.8 Mt CO2/yr current emissions
* 14 GW total capacity e 31.8 Mt CO2 /yr capturable emissions
* 21.6 Mt CO,/yr current emissions * 51 Facilities

* 27.5 capturable emissions Mt CO,/yr*

-
Industrial Candidates
>100,000 t/yr

Electricity Candidates

Combined Cycle

Built after 2000

No planned retirement
Capacity >250 MW

Operating and reporting
emissions in 2018

Larger sources at
refineries

e Cement (8)

e Potential NGCC-CCS e CHP (15) Source: Energy
Retrofit Sites Ethanol (3) Futures Initiative

© Other Gas Power e Hydrogen (16) and Stanford
Plant Sites o Refineries (9) University, 2020.
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Comparison of Emissions and Capture Costs
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Marginal Abatement Curve

Total Cost with LCFS, 45Q ($/tCO,)
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Policy Incentives
e LCFS at S100/ton

34 facilities have negative costs =

positive revenues (20 MtCO,/yr) * 45Q tax credit

10 20 30 40 50
Million Metric Tons of CO, per year

. Hydrogen Production . CHP Ethanol Production
Ml nGec B cement Production Bl Refinery

60

Source: Energy
Futures Initiative
and Stanford
University, 2020.



Source: Energy o
Futures Initiative
and Stanford

University, 2020.

» Exclusion Zone
e CO, Emission Sources

Potential CO, storage sites
Saline Reservoir Storage
" 0il Fields with CO,- EOR potential

O

m Other Oil & Gas Fields -
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Challenges for CCS in California
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Future Role of CCS
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Support for
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- Numerous Regulatory Revenue Challenge: LCFS
Sepirdatle | suicions e Ceitverier ||| Conem 5
Tra dg CEQA Lead for Industry CCS Uncertainty and Policy

Rick Fossil Fuel Use
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Unclear Eligibility of CCS
for SB100 Zero-Carbon
Electricity Target

-

CCSis Not Included [ State and Federal Post-

Limitations of the Federal and Varied Opinions of
Timelines 45Q Tax Credit Design CCs

. .

Cost Challenge: Aligning
Players, Permitting, and
Financing

Historic Inequities in
Energy Infrastructure
Siting

in Other State Injection Site Care
Energy Planning Reqwrements Vary

Cost Challe*ge: Financial
Responsibility
Associated with UIC

Inadequate Legal
Framework for Obtaining
Pore Space Rights

Source: Energy
Futures Initiative
and Stanford
University, 2020.

Uncertain Permitting j Revenue Challenge: Low Public Awareness
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Social Equity and Community Benefits

Local Air Quality « Some industrial facilities with high CO, emissions also emit high levels of criteria air
Improvements

pollutants such as sulfur dioxide (SO,), nitrous dioxide (NO,), and particulates

* Post-combustion carbon capture requires reduction of these other pollutants
creating local air quality benefits

Local E?Qnomic » CCS projects can stimulate local economic activity, including new construction,
Activity operations, and maintenance jobs

» Multiplier effects across the supply chain can drive additional economic benefits

» The economic benefits associated with job training could provide new employment
opportunities in the low carbon economy

» CCS activities support employment for skill sets which may otherwise become obsolete
in a clean energy transition

Job Creation and
Preservation
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Can Renewables save the day???
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NGCC Power Plants + CCS: An Option for Clean, Firm Power

140
Approx. $750 M/yr
120 Cost Savings
SB100 & AB32 100
*60% renewable electricity by 2030 g 80
System capacity model for 2030 with and .?2; _127_ 51 43
without CCS shows 4 GW of CCS in the 8 ©0
system results in: © 40 12
 Lower capacity needed } Natural Gas
 Lower costs ® H
° 2018 No CCS CCS
I Hydro Bio+Gen+Nuc .Battery storage [ Natural Gas
ccs Wind PV

Source: Energy Futures Initiative and Stanford University, 2020.
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Conclusions

Including CCS in wide-ranging portfolio of options for reducin _
emissions of CO, can provide a way to deal with hard-to-decarbonize
sectors of the economy

We have enough experience with injection of CO, in the subsurface to
be able to design and operate CCS projects safely at sites that are
carefully chosen

CCS with dispatchable electric power generation can improve reliability
for a power system deeF penetration of intermittent renewables iwmd
and solar) and do so at lower system costs than battery storage alone

Streamlining and coordinating the processes for permitting CCS
projects would allow projects to move forward more quickly

Air quality and jobs benefits would follow from CCS projects
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