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September 8, 2023 
 
Chair David Hochschild  
California Energy Commission 
Docket Unit, MS-4 
Docket No. 23-SB-100 
715 P Street 
Sacramento, CA 95814-5512 
 
Subject: Comments on the CEC SB 100 Kickoff Workshop  
 
Dear Chair Hochschild,   
 
Southern California Gas Company (SoCalGas) appreciates the opportunity to provide comments 
on the August 22, 2023, Senate Bill (SB) 100 Kickoff Workshop (Workshop) conducted jointly 
by the California Energy Commission (CEC), California Public Utilities Commission (CPUC), 
and California Air Resources Board (CARB) (collectively, the Joint Agencies). It is in the public 
interest to work together to create feasible, reliable, and cost-effective supply side scenarios for an 
integrated net zero-emission energy system. 
 
SoCalGas appreciates the CEC-led efforts to bring stakeholders together through public forums 
that are necessary to develop policies that can reduce reliability and resiliency risks, and that are 
essential for the integrated energy system. Recently, in August 2023, the North American Electric 
Reliability Corporation (NERC) released the 2023 Electric Reliability Organization (ERO) 
Reliability Risk Priorities Report (Report) with the objective of identifying key risks to the bulk 
power system and to recommend mitigating actions.1  NERC identified “energy policy” as a new 
risk profile that has the highest and most critical risk factor to the bulk power system.2  
 

 
1 NERC, “2023 ERO Reliability Risk Priorities Report”, August 17, 2023, available at: 
https://www.nerc.com/comm/RISC/Related%20Files%20DL/RISC_ERO_Priorities_Report_2023_Board_Approved
_Aug_17_2023.pdf. 
2 Ibid.  
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Importantly, the Report notes that energy policy decisions can significantly affect reliability and 
resiliency and demonstrated risks such as energy sufficiency as well as natural gas and electric 
interdependence of critical infrastructures, are becoming increasingly critical. To mitigate 
potential risks, the Report recommends increased coordination and collaboration between federal, 
provincial, and state policy makers, regulators, owners and operators of the bulk power system, as 
well as the critical interdependent sectors.3 SoCalGas supports the State’s efforts to address energy 
policy barriers by synchronizing policy goals, incorporating reliability assessments, and offering 
clear key definitions, where needed, to facilitate a safe and reliable transition toward State clean 
energy goals. Thoughtful and collaborative policy discussions, like those occurring in the SB 100 
proceeding, are important initiatives to mitigate the policy risks raised by NERC.  
 
SoCalGas looks forward to actively engaging throughout the joint agency process. Specifically in 
response to the SB 100 Kickoff Workshop, our comments are as follows: 1) Clear definitions are 
needed for the term “zero-carbon resources” and “natural gas with carbon capture” to create clarity 
and increase market certainty; 2) SB 100 pathway analysis should include reliability analysis using 
the Loss of Load Expectation (LOLE) approach. SoCalGas believes a LOLE reliability analysis 
will lead to a more holistic understanding of how clean, fast-ramping and dispatchable resources 
will serve to meet planning targets and decarbonize the electric system; and 3) Resource diversity 
and an enhanced role for clean fuels will support a reliable electric portfolio.    
 

1) Clear definitions are needed for the term “zero-carbon resources” and “natural gas 
with carbon capture” to create clarity and increase market certainty.  
 

In the Workshop, the CEC listed technologies that could potentially be considered “zero carbon 
resources,” but stated that the term does not have an official definition.4 Similarly, the 2021 SB 
100 report used the terms “generic dispatchable” and “generic baseload” to categorize the same 
group of emerging technologies.5  Open-ended and undefined terms create uncertainty and can 
leave the market questioning whether technologies will be included as SB 100-eligible resources. 
Moreover, SoCalGas recommends that renewable hydrogen fueled generation be clearly 
categorized as a renewable resource that is eligible to be included in SB 100 modeling. SoCalGas 
further recommends that renewable hydrogen be added to the Renewable Portfolio Standard (RPS) 
guidebook. Clean hydrogen should also be categorized as a zero-carbon resource, making it 
eligible for the last 40 percent of SB 100 required resources.6  
 

 
3 Ibid. 
4 The example technologies named are nuclear (existing), large hydro (existing), natural gas with 100 percent carbon 
capture, clean renewable hydrogen combustion, or other emerging technologies.                                 
5 CEC, “2021 SB 100 Joint Agency Report Achieving 100 Percent Clean Electricity in California”, March 15, 2021, 
Docket Number 19-SB-100, TN#: 237167, p. 12, available at: 
https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349.  
6 In addition to the target of 100 percent renewable and zero carbon resources for retail electricity sales by 2045, SB 
100 also stipulated 60 percent of the total must be made up with RPS-eligible resources. Renewable hydrogen 
should be able to qualify for the 60 percent. The other 40 percent could include clean hydrogen consistent with the 
federal definition in 42 USC 16166. 

https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349
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The hydrogen market will benefit from the CEC’s development of a clear definition of the term 
“zero-carbon resources” beyond the broad “generic” title. Similarly, natural gas generation 
retrofitted with point source carbon capture technologies and direct air capture, if needed, to 
capture additional generation emissions should be considered as part of the “zero-carbon 
resources.” 7 
 
SoCalGas emphasizes that alignment of clean fuel and carbon management, including in 
terminology and potential pathways, needs to run in parallel with other state planning efforts. 
Adequately communicating SB 100’s expectations and resources inclusion by providing clear 
guidance in the form of definitions will help stakeholders and the market to better identify, plan, 
and build out the State's infrastructure. 

 
2) SB 100 pathway analysis should include reliability analysis using the LOLE 

approach. SoCalGas believes a LOLE reliability analysis will lead to a more holistic 
understanding of how clean, fast-ramping and dispatchable resources will serve to 
meet planning targets and decarbonize the electric system. 
 

The 2021 SB 100 Report recognized its lack of reliability analysis as a shortcoming and indicated 
that future reports would include additional analysis beyond what was modeled in the 2021 report.  
At the Workshop, the CEC followed through on this commitment by including a plan to conduct 
reliability analysis in the 2025 SB 100 Report framing. SoCalGas believes the CEC’s efforts in 
this regard are crucial to developing and considering SB 100 scenarios that can meet the State’s 
goal of renewable and zero-carbon resources to supply 100 percent of California electric retail 
sales by 2045—while maintaining reliability and resiliency of the energy system for every hour of 
the year.  
 
During the Workshop, San Diego Gas & Electric Company (SDG&E) gave an overview of The 
Path to Net Zero study8 which was the first publicly available analysis to model California 
decarbonization through 2045 using the NERC industry standard for evaluating electric system 
reliability.9 The study recommends the use of reliability modeling to inform resource diversity 
needs and, in particular, recommends the use of a random sampling or stochastic modeling, like 
LOLE, so that the electric system can meet planning targets and maintain reliability.  SoCalGas 
recommends the CEC incorporate LOLE modeling for its 2025 SB 100 reliability analysis.  

 
7 Governor Newsom has set a target for 20 million metric tons (MMT) of carbon removal by 2030 and 100 MMT of 
carbon removal by 2045. See Governor Newsom’s letter to Air Resources Board Chair Randolph dated July 22, 
2022, available at: https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-
CARB.pdf.  
8 SDG&E, The Path to Net Zero: A Decarbonization Roadmap for California, accessed on September 5, 2023, 
available at: https://www.sdge.com/netzero.  
9 The study used the NERC “one day in ten year” or 1-in-10 LOLE standard. 

https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf
https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf
https://www.sdge.com/netzero
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Historical CAISO electricity supply and demand data from 2018 to 202210 demonstrates that, 
based on currently available technologies, a reliable electric grid requires the use of natural gas to 
support integration of renewable resources. Graphs of the hourly data illustrate the necessity for a 
reliability analysis (Figure 1 and 2 below). These graphs show that over the course of the past five 
years renewable resources have increased, natural gas generation has increased, and imports have 
declined. It is not immediately evident what has caused the reduction of imports, nor has there 
been recognition that gas generation has been increasing either. We encourage the Joint Agencies 
to investigate the cause(s) of this trend to inform future planning expectations as the energy 
transition continues. Moving toward a zero-carbon future will require a comprehensive and clear 
understanding of the role for clean fuels.  
 
The data illustrated in Figure 1 is compiled from CAISO historical electricity supply and demand 
data11 and compares the annual averages of five-minute increment data for 2018 and 2022. As 
expected, renewable generation, mainly solar, increased from 2018 to 2022, resulting in a steeper 
midday net demand dip, and therefore sharper morning and evening net demand peaks. Despite 
more renewable generation, the grid’s need for natural gas generation has also increased - 
highlighting the need for dispatchable resources to meet increasing evening demand as solar 
resources ramp down with the sun. Part of the reason may be lower imports during the same 
timeframe.   
 

 
10 Compiled from CAISO Production and Curtailment data available at: 
http://www.caiso.com/informed/Pages/ManagingOversupply.aspx#dailyCurtailment. 
11 Ibid.  

http://www.caiso.com/informed/Pages/ManagingOversupply.aspx#dailyCurtailment


5 
 

Figure 1: CAISO Electricity Supply and Demand Annual Averages (MW)12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 shows that California’s electric grid relies on natural gas more heavily in 2022 than 2018 despite increased 
levels of renewable energy. The trend is partly driven by fewer imports. 

 
Similarly, Figure 2 below shows the annual averages of five-minute increment data for 2018 to 
2022 for thermal or natural gas generation based on the same CAISO data as above. It highlights 
that thermal or natural gas generation has increased steadily for all hours of the day as renewable 
resources have increased during the same time period. This showcases the important role the gas 
system is playing in managing energy and reliability needs to meet electric generation ramping 
requirements associated with daily declines in solar output and/or changes in the amount of imports 
available to CAISO to balance the grid. A reliability analysis would provide further analysis of the 
grid’s changing needs to plan for a smoother and reliable clean energy transition for the grid.  
 

 
12 Ibid. 



6 
 

Figure 2: CAISO Thermal (Natural Gas) Electricity Generation Annual Averages (MW)13 

 
Figure 2 shows natural gas generation has increased steadily from 2018 to 2022 throughout the day include the 

evening peak, showcases the important role of natural gas in providing reliability to the grid during a time of rapid 
increase in intermittent renewable resources and falling imports. 

 
As California continues the decarbonization transition, a robust clean fuels network could provide 
similar flexible, dispatchable attributes currently provided by the natural gas system, but with 
reduced GHG emissions. A reliability analysis could help identify instances where clean fuels like 
clean hydrogen, or natural gas paired with CCS, could serve as firm dispatchable generation that 
is available on a “just in time” basis to support further integration of renewable resources. 
 

 
13 Ibid. The year 2020 was omitted due to potential discrepancies in the data due to the COVID-19 pandemic.  
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3) Resource diversity and an enhanced role for clean fuels delivers a more reliable 
electric portfolio. 

 
In The Evolution of Clean Fuels in California published in July, SoCalGas conducted a Reliability 
Analysis that highlights the need for resource diversity in order to maintain a clean and reliable 
energy grid in 2045.14 The study includes a stress test for electric reliability under NERC standards 
for LOLE on the directional scenarios outlined in the SoCalGas’ Clean Fuels Study (CFS) which 
was released in October 2021.15 The LOLE analysis is an electric industry standard approach to 
assess hourly reliability and the potential for an electric system outage at a granular level. 
Incorporating LOLE reliability standards provides critical insight into potential reliability needs 
and impacts not previously reflected. Deployment of clean fuels, like hydrogen, to support a 
reliable electric sector can catalyze clean fuels adoption in other hard-to-abate sectors of the 
economy by leveraging the build out of shared clean fuels infrastructure. The modeling results 
indicated that while more battery, solar, and wind resources will be needed, additional clean, firm 
generation and its unique ability to follow energy consumption fluctuations are critical to balancing 
the grid and preventing service disruptions.   
 
More specifically, the Reliability Analysis revealed that each CFS scenario required additional 
generation capacity, incremental to the electric portfolios designed in the CFS, to avoid electric 
system outages. All CFS scenarios tested in the Reliability Analysis required significant 
incremental renewable resources in addition to approximately 10 gigawatts (GW) of Renewable 
Hydrogen generation for reliability. The Reliability Analysis suggests that the State should 
prioritize rapid deployment of clean, dispatchable generation, such as renewable hydrogen 
resources. Clean, firm generation could provide necessary load-following support similar to the 
role of natural gas today, especially during extreme weather events that cause greater fluctuations 
in energy consumption. The Reliability Analysis shows a critical point: resource diversity is 
essential for maintaining not only a clean, but also reliable, grid in 2045.  Resource diversity 
availability tomorrow relies on infrastructure investment today. Continued investment in existing 
gas infrastructure and a clean fuels network for safe and reliable delivery of increasingly cleaner 
molecules will be crucial to maintaining a portfolio of clean, firm, and reliable resources.  
 
For the complete SoCalGas 2023 Reliability Analysis, The Evolution of Clean Fuels in California, 
please refer to Appendix A.  
 

 
14 SoCalGas, The Evolution of Clean Fuels in California, July 2023, available at: 
https://issuu.com/stfrd/docs/cleanfuelsreliabilityreportjuly23?fr=sNDA4OTYwNzQ4NTk.  
15 SoCalGas, Clean Fuels, accessed on September 5, 2023, available at: 
https://www.socalgas.com/sustainability/clean-fuels.  

https://issuu.com/stfrd/docs/cleanfuelsreliabilityreportjuly23?fr=sNDA4OTYwNzQ4NTk
https://www.socalgas.com/sustainability/clean-fuels
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Conclusion 
SoCalGas appreciates the opportunity to provide input as the Joint Agencies set up the framework 
for the next iteration of SB 100 modeling and the Report. A rigorous reliability analysis is a critical 
step in the SB 100 modeling process for reliability of the State’s electric grid while the State strives 
to decarbonize 100 percent of California’s electricity retail sales by 2045. In addition, clear 
communication of the State's expectations and resources inclusion will help stakeholders and the 
market to better identify, plan, and build out the State's infrastructure. We look forward to working 
with the Joint Agencies throughout the 2025 SB 100 process. Thank you for your consideration of 
our comments.  
 
Respectfully, 
 
 
/s/ Kevin Barker 
 
Kevin Barker 
Senior Manager 
Energy and Environmental Policy 
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APPENDIX A: 

 
The Evolution of Clean Fuels in California 

 
SoCalGas 2023 Reliability Analysis 



RELIABILITY ANALYSIS
JULY 2023

CLEAN FUELS
T H E  E V O L U T I O N  O F

I N  C A L I F O R N I A



S C E N A R I O  D E S C R I P T I O N S

Significant electrification 
of buildings and vehicles 
supported by low level of 
clean fuels, with carbon 
management

Moderate electrification 
of buildings and vehicles 
supported by a high level 
of clean fuels, but no 
sequestration

High Clean  
Fuels 

Moderate electrification 
of buildings and vehicles 
supported by a high level 
of carbon management 
but a low level of clean 
fuels

High Carbon 
Sequestration

Significant electrification 
of buildings and vehicles 
with no support from 
either clean fuels or 
carbon management

No 
Clean Fuels 

Resilient 
Electrification

The question facing California is: What are some of the best options for reaching carbon neutrality? In October 
2021, SoCalGas published the Clean Fuels Study (CFS), an analysis to find possible solutions for California to 
achieve clean, reliable, and affordable energy to ultimately support a carbon neutral economy by 2045.1 The 
CFS explored four scenarios that could meet California’s 2045 net zero emissions target and offered detailed 
solutions that considered the complexity of achieving carbon neutrality. The CFS found that the most feasible 
and affordable pathways to net zero allow for diverse decarbonization tools, including clean fuels and carbon 
management. Clean fuels are defined in this analysis as alternative fuels that have a net zero carbon footprint.2 
Hydrogen, biogas, synthetic natural gas (syngas), biofuels and several synthetic gaseous and liquid fuels fall in 
that category as long as their production process and their end use do not lead to net-positive CO2 emissions. 
Clean fuels can complement electrification efforts by providing possible solutions for hard-to-abate activities 
and electric sector reliability.3 This Reliability Analysis expands on the CFS scenarios to understand how each 
electric portfolio might evolve if required to meet reliability constraints.

A S S U M P T I O N S  A N D  M E T H O D O L O G Y

The CFS relied on detailed decarbonization modeling that integrated demand-side end-use accounting 
and supply-side capacity expansion modeling, similar to the modeling done to support other California 
decarbonization studies, including those conducted by the California Air Resources Board (CARB) and the 
California Energy Commission (CEC). All scenarios combined user-defined demand-side assumptions with cost 
optimized supply-side resource decisions to model economy-wide carbon neutrality by 2045.4 The CFS also 
included a unique clean fuels infrastructure analysis layered on top of the decarbonization analysis to determine 
the costs associated with different potential configurations of a clean fuels network. The scenarios examined 
different decarbonization tools by testing different demand-side assumptions, like electric appliance adoption, 
and different supply-side constraints, like hydrogen pipeline blending limits or carbon sequestration.

2021

 2

Recap of Clean Fuels Study

 1 To learn more about SoCalGas’ 2021 Clean Fuels Study, visit: socalgas.com/cleanfuels

 2 For the purposes of this study, “clean” is defined in this analysis as alternative fuels and/or carbon management resulting in a net zero carbon footprint. The term is not intended to suggest or imply 

any other environmental attribute of the fuels. References to and use of the word “clean hydrogen” in this study refer to net zero emissions hydrogen; green or blue whereby carbon emissions are 

captured and stored. The study’s authors recognize that this definition could differ from the definitions used for “clean hydrogen” by the Department of Energy and the State of California. For the 

purposes of this study, “clean renewable hydrogen” is defined as green hydrogen, which is commonly understood to be hydrogen produced through electrolysis using renewable energy.

3 “Hard-to-abate sectors” of the economy, which includes heavy-duty transportation (trucking, long-haul aviation, maritime shipping) and industrial sectors, are areas in which electrification is challenged 

to meet the sector’s needs.

4 These scenarios are designed to highlight distinctions and to test end-points for key variables. Pushing key variables to their end-points allows the model to identify and understand the impacts of and 

trade-offs across those variables.
socalgas.com/cleanfuels



2021

Minimal challenges and/or
highest benefit for California

Significant challenges; potentially
not viable for California

$230B $215B $245B $290B

Resilient
Electrification

High Clean
Fuels

High Carbon
Sequestration

Full
Electrification
(No Clean Fuels)

Reliability and Resiliency

Solution for  
Hard-To-Abate Sectors

Customer Conversion 
Challenges

Technical Maturity

Affordability

The scenarios that advance decarbonization that most successfully attain the metrics above combine the 
strengths of renewables, clean fuels and electrification. A clean fuels network supports:

» System Reliability and Resiliency: Provides flexible, dispatchable power at times when renewables 
 are unavailable.

» Solution for Hard-to-Abate Sectors: Addresses areas that are difficult to decarbonize, like heavy-duty
 transportation, industrial activities, and dispatchable generation.

» Customer Conversion Challenges: Fuel switching from natural gas appliances to electric and/or hydrogen  
 equipment may require changes to many customers’ homes and businesses. Managing this conversion 
  is one of the most substantial implementation challenges associated with net zero efforts. A clean fuels
 network may provide the carbon neutral or carbon negative fuels that customers require where 
 electrification may be challenging or inequitable to implement.

» Technical Maturity: A diverse set of decarbonization levers reduces the risks of overdependence on any 
 one technology.

» Affordability: Without a clean fuels network, a larger and more expensive buildout of renewables and 
 storage may be needed.

 3

C L E A N  F U E L S  S T U D Y  R E S U LT S

Recap of Clean Fuels Study

socalgas.com/cleanfuels



Expanding on the CFS scenarios, this Reliability Analysis investigates the potential evolution of each electric 

portfolio in response to reliability constraints.5 SoCalGas found that up to 10 gigawatts (GW) of additional clean 

renewable hydrogen generation could be needed in the CFS electric portfolios for reliability purposes. The 

incremental clean renewable hydrogen generation could increase the amount of fuel based generation 

capacity by up to 35% by 2045.6,7

This Reliability Analysis reinforces and expands on key takeaways from the CFS, such as what electric resources 

could be needed to maintain electric grid reliability as California progresses towards net zero emissions by 2045. 

While the CFS highlighted the benefits of energy diversity at the macro level, the modeling results underscored 

the reliability benefits of electric resource diversity and the value of clean renewable hydrogen generation. 

Dispatchable generation powered by clean fuels, like hydrogen, may rely on supporting infrastructure like 

transportation and storage. As demand for clean fuels grows, efficiencies gained by increasing infrastructure 

utilization and falling marginal production costs for clean fuels could benefit multiple areas of the economy.8 

California should accelerate clean fuels infrastructure deployment to enable access to clean fuels for customers, 

including hard-to-abate sectors.

C L E A N  F U E L S  S T U D Y R E L I A B I L I T Y  A N A LY S I S

Stakeholders must act faster and with greater collaboration to expand and accelerate the 
deployment of decarbonization tools, including the clean fuels initiatives already underway.

Combining the strengths of renewable 
electricity and clean fuels can be the most 
affordable and resilient path to net zero

Infrastructure that transports clean 
fuels and captured carbon could 
become essential for affordably 
meeting California’s climate goals

Resource diversity and dispatchable 
generation powered by clean fuels could 
be vital for electric reliability

Clean fuels investments to support the 
electric sector can catalyze clean fuels 
adoption in hard-to-abate areas

Reliability Analysis Findings
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5 To learn more about SoCalGas’ 2021 Clean Fuels Study, visit: socalgas.com/cleanfuels

6 The term “fuel based generation” in this study refers to combustion generation that may be fueled by natural gas, renewable natural gas, synthetic gas, hydrogen, clean hydrogen, or clean renewable 

hydrogen. In this analysis, fuel based generation is referred to as “clean” when fueled by clean fuels and “clean renewable” when fueled by clean renewable hydrogen (see footnote 2).

7 CFS portfolio gas plant capacity is discussed in the 2021 Clean Fuels Study (pg. 32-33) and the Technical Appendix (pg. 11).

8 Bloomberg New Energy Finance, “Hydrogen Economy Outlook,” p. 4, March 2020, available at: https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-

Mar-2020.pdf.

socalgas.com/cleanfuels



This Reliability Analysis examined the Clean Fuels Study electric portfolios and stress tested for reliability. 

This Reliability Analysis utilizes the electric demand-side assumptions of the CFS scenarios, including high 
levels of building electrification. This Reliability Analysis performs a more granular electric system reliability 
assessment of the CFS electric supply portfolios, and further illuminates electric system reliability needs. This 
more granular assessment provides critical insight into reliability impacts and potential reliability deficiencies 
not previously reflected in the CFS.

This Reliability Analysis provides directional results that explore potential electric system attributes that 
could be needed under potential net zero futures.

This Reliability Analysis is directional in nature to assess a decarbonization challenge: how to provide a reliable and 
resilient electric system while electrification increases demand and intermittent renewables make up a larger 
proportion of electric supply resources.9 This supplemental analysis provides new insight into how California may 
be able to achieve net zero emissions by 2045 while providing reliable electric service as electric demand grows. 

C L E A N  F U E L S  S T U D Y R E L I A B I L I T Y  A N A LY S I S

Context

 5

Energy system reliability provided through 
dual fuel service and backup power

Electric system reliability evaluated with a 
high-level reliability screen

Proposes various decarbonization tools 
to help reduce emissions in hard-to-
abate sectors, like industry, heavy-duty 
transportation, and dispatchable electric 
generation

Scenarios assume varying levels of 
electrification in the building and medium-
duty/heavy-duty transportation sectors

Leverages CFS assumptions and tests the 
reliability of the electric system

Electric generation portfolios created in the 
CFS are stress tested using industry standard 
approach (NERC standards)12

Focuses on understanding the future need 
for dispatchable electric generation under  
the CFS scenario assumptions

Maintains electric demand assumptions from 
the CFS scenarios and studies how to reliably 
serve electric load

Modeling results from this Reliability Analysis indicate that the electric resource portfolios developed in 
the Clean Fuels Study would require greater levels of clean, firm dispatchable generation to meet current 
reliability standards.

Each of the CFS scenarios required a more diverse resource portfolio to reliably serve the range of electric demand 
anticipated in the CFS. While the State’s actual resource procurement decisions will be influenced by technology 
developments and policy considerations, this Reliability Analysis identifies electric system attributes that likely 
demonstrate the need for clean, dispatchable generation to support a reliable electric grid in a net zero future.

SYSTEM 
RELIABILITY
& RESILIENCY 10,11

SOLUTION FOR 
HARD-TO-ABATE 
SECTORS

CUSTOMER 
CONVERSION 
CHALLENGES

9 Black & Veatch collaborated with SoCalGas and performed the Reliability Analysis modeling.

10 Reliability refers to the system operating under normal conditions. Resiliency is the system’s ability to resume normal operations quickly and minimize system outages from unforeseen events such as 

wildfires, high winds, or unexpected and significant constraints on energy supply.

11 Stemming from the CFS, this Reliability Analysis is based on numerous assumptions extending over decades and thus is not intended to be used in or apply to any existing, pending, or future 

proceedings or applications.

12 NERC, the North American Electric Reliability Corporation, develops and enforces electric reliability standards.

socalgas.com/cleanfuels



As many decarbonization pathways depend on a reliable electric grid, more robust reliability modeling is 
becoming a necessity for economy-wide decarbonization studies. This Reliability Analysis included a stress 
test on the CFS portfolios for electric reliability under NERC standards for Loss of Load Expectation (LOLE). 
LOLE analysis is an electricity industry standard approach that assesses reliability at a more granular level by 
evaluating every hour in a year to determine the potential for an electric system outage.13 Modeling reliability 
at the hourly level leads to more robust results, improving insight into portfolio design. 

This more granular analysis revealed that each CFS scenario required additional generation capacity, 
incremental to the electric portfolios designed in the CFS, to avoid electric system outages. The addition of 
clean renewable hydrogen generation was a potential solution and complemented incremental renewables 
and batteries, so that the CFS electric portfolios met the required reliability standard.

Reliability Analysis Summary

This Reliability Analysis shows that resource diversity 
with an enhanced role for clean fuels could deliver a 

more reliable electric portfolio.

 

Designing a Reliable Electric Portfolio for Net Zero
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Other15

30 GW
 Energy Storage16
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Fuel Based Generation17
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280 GW
Renewables18
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Capacity

Wind:
15 GW20

Clean 
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H2 Gen:
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Batteries: 
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Add Incremental Electric 
Capacity for the Scenarios

Stress Test Clean Fuels Study 
Electric Portfolios for Reliability 

(LOLE)

CFS Scenarios Designed

CFS Energy Portfolios Meet 
Energy Needs and Carbon 

Neutrality Goals

2045 Incremental
Capacity Needs

(Statewide)14

Utility Scale 
Solar: 
180 GW
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High Clean Fuels Scenario

13 The Plexos model was used for reliability testing. NERC requires reliable electric portfolios to meet a threshold of 0.1, or a maximum of 1 day in 10 years where the generation capacity is less than the system 

load (i.e., outage).

14 Incremental capacity needs may represent an addition to or acceleration of capacity installations in the CFS portfolios.

15 Other includes resources like hydro and nuclear and makes up ~5% of the original CFS portfolios.

16 Energy Storage includes batteries and pumped hydro and makes up 5%-15% of the original CFS portfolios.

17 “Fuel based generation” makes up 5%-15% of the original CFS portfolios.

18 Renewables includes wind, utility-scale solar, and rooftop solar and make up 65%-80% of the original CFS portfolios. Original CFS portfolios include up to 10 GW of offshore wind.

19 For the purpose of this Reliability Analysis, “Clean Renewable H2 Gen” is combustible generation fueled by clean renewable hydrogen.

20 The directive set forth by Assembly Bill 525 (AB 525, Chiu, Chapter 231, Statutes of 2021) directed the California Energy Commission (CEC) to provide a preliminary assessment of the economic benefits of 

offshore wind as these potential benefits relate to seaport investments and workforce development needs and standards. The report established offshore wind energy planning goals of 2-5 GW by 2030 

and 25 GW by 2045. While offshore wind may impact hydrogen demand across the State, this Reliability Analysis did not assess how the offshore wind energy planning goals could impact local and 

regional reliability. Incremental wind capacity by 2045 could potentially be satisfied by offshore wind.
socalgas.com/cleanfuels



In the CFS, clean hydrogen demand primarily served end uses like fuel cell vehicles, heavy-duty transportation, 
and industrial activities. However, this Reliability Analysis indicates that to provide reliable electric service 
the State may require more clean, firm generation, and likely more clean hydrogen, than the 2021 Clean 
Fuels Study suggested.

In addition to supporting grid balancing and reliability, clean fuels, and especially hydrogen, is shown 
to be essential for serving hard-to-abate sectors. Electric sector demand for clean fuels can catalyze 
adoption in other sectors by contributing to the build-out of shared clean fuels infrastructure. Clean 
hydrogen pathways can support emission reductions for:

Planning for Reliability
2045: Clean Fuels Can Play an Essential Role for Reliability

C L E A N  F U E L S  S T U D Y  S C E N A R I O S

Economy-wide Clean Hydrogen Demand Across CFS Scenarios (Tbtu, 2045)
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Renewable generation combined with clean, dispatchable, fuel 
based generation could enable deep decarbonization while 
preserving reliability.
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In September 2022, SB1020 accelerated California’s electric 
grid decarbonization goals established in SB100, targeting 60% 
renewable and 30% zero carbon electricity by 2035. It is imperative 
that the State plan for a diverse portfolio to balance growing 
renewable generation. 

Prioritizing the development of clean, flexible resources 
like hydrogen generation could advance the State’s electric 
sector decarbonization goals while maintaining a reliable 
electric system.21

Heavy-Duty 
TransportationIndustryElectric

Generation
Aviation Ports + Ocean- 

Going Vessels

21 According to CAISO, flexible resources “can ramp up and ramp down quickly as needed, potentially starting up and shutting down multiple times per day - natural gas combined cycle plants and 

some energy storage devices, for example. These flexible resources will be necessary to help smooth the variability of wind and solar power” (2014, CAISO’s Flexible Capacity Proposal Approved by 

FERC, https://sustainableferc.org/caisos-flexible-capacity-proposal-approved-by-ferc/)
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Planning for Reliability
2045: Clean Fuels Can Play an Essential Role for Reliability

C L E A N  F U E L S  S T U D Y  S C E N A R I O S

Today, natural gas plants are the primary source of fuel based generation and are a critical resource for 
system balancing and ensuring electric reliability in California.22 By 2045, fuel based generation could 
include plants that use fuels like clean renewable hydrogen, renewable gas, and synthetic gas. These plants 
will likely be an essential component of the State’s resource mix and an integral tool in meeting the State’s 
decarbonization goals.

The frequency and duration of heatwave events have increased across 
the U.S. Compared to the 1960s, the top 50 U.S. metropolitan areas 
have experienced an average of nearly three times as many heatwaves 
annually, and the typical heatwave lasts 35% longer.24

The electric grid could experience more reliability challenges as 
extreme heat and drought events are expected to occur more 
frequently and electric consumption is projected to double by mid-
century. Clean, fuel based generation could provide support during 
extreme weather events, particularly by its ability to follow fluctuations 
in energy consumption.

In 2020, fuel based generation dispatch patterns were largely dictated by the availability of renewables and 
the need for load following resources. By 2045, a variety of factors could influence how grid needs are met, but 
electricity generation from clean hydrogen could help address that need, particularly if the U.S. Department of 
Energy’s Earthshot goals are met, assuming the necessary infrastructure is built.23 

2045: Fuel Based Generation

In the future, clean, dispatchable, and flexible generation could be critical for reliability.
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In 2045, renewable energy will be a key part of California’s clean energy future, even during the winter. The 
illustrative winter day dispatch graph further highlights the need to better plan for the grid’s net demand peak 
during the winter season. While the electric system continues to peak in summer, increased electrification may 
present new challenges for the grid, and high renewable portfolios may need to contend with an increasing 
peak that may be challenged due to low renewable production in winter, underscoring the value of seasonal 
long-duration storage that fuels can provide.
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22 California Energy Commission (CEC) Electric Generation Capacity and Energy, In-State Electric Generation by Fuel Type, available at: https://www.energy.ca.gov/data-reports/energy-almanac/california-

electricity-data/electric-generation-capacity-and-energy.

23 The US Department of Energy (DoE) aims to reduce clean hydrogen production costs to $1/kg within ten years. (U.S. National Clean Hydrogen Strategy and Roadmap,

 https://www.hydrogen.energy.gov/pdfs/us-national-clean-hydrogen-strategy-roadmap.pdf)

24 U.S. EPA, Climate Change Indicators, https://www.epa.gov/climate-indicators
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Reliability Analysis
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Planning for the Future

Reliability Analysis

Policy Recommendations 

Tests Clean Fuels Study scenarios for 
electric reliability under normal 

weather conditions

Identifies future challenges that  
can be addressed through 

 thoughtful planning 

Focuses on 2045 scenario results

Could extreme weather event risks
continue to impact the energy

system in the future? 

How could the State plan for changing
grid conditions with a more diverse

resource portfolio?

How could the State accommodate lead
times for infrastructure development?

Near-term and long-term actions to support resource diversity and facilitate coordination 
between the gas and electric systems.

Open Questions for Stakeholders

California remains at the forefront of climate policy and decarbonization trends. The State has called for 
ambitious emission reductions through electrification, and the resulting policy-driven increase in electric 
demand are anticipated to contribute to electric reliability concerns. These challenges will likely be amplified 
by continued growth in intermittent renewable resources. 

This Reliability Analysis models reliability under historical weather conditions, and while the results underscore 
the State’s acute need for resource diversity in the future, incorporating weather assumptions around climate 
change could further emphasize the need for clean, dispatchable generation. Viewing future reliability 
challenges within the context provided by extreme weather events offers the opportunity to expand upon the 
findings from this Reliability Analysis to help further inform policy recommendations.

The challenges in meeting higher demand will likely be exacerbated by constraints around the availability of 
key resources that help serve load reliably today, like imports, hydro, and nuclear generation. California may not 
be able to rely as heavily on imports as it competes with other states that attempt to decarbonize their electric 
grids, changing weather patterns could reduce the availability of hydro, and policy mandates could eliminate 
nuclear power from the State’s electric portfolio.25

The flexibility from clean fuels like hydrogen may allow intermittent resources like solar to contribute their 
maximum output while fuel based generation ramps up or down to balance the grid. Clean fuels may also 
provide reliability during hours when output from renewables and batteries is insufficient.

To advance California’s path to carbon neutrality, energy system planning needs to look beyond historical 
conditions and assumptions. Near-term clean fuels infrastructure development enables the resources necessary 
to meet potential reliability shortfalls.
25 Grid reliability concerns and resource uncertainty were key considerations leading to California legislation that extended operations at PG&E’s Diablo Canyon nuclear facilities.   See SB 846 Diablo Canyon 

Powerplant: Extension of Operations; available at: https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220SB846.

 

 CAISO has flagged long term electric resource diversity and potential capacity shortfall concerns in California resource planning proceedings. CAISO, Comments of the California Independent 

System Operator Corporation, Order Instituting Rulemaking to Continue Electric Integrated Resource Planning and Related Procurement Processes, R-20-05-003, available at: http://www.caiso.com/

Documents/Oct23-2020_Comments-on-Integrated-Resource-Planning-R20-05-003.pdf

socalgas.com/cleanfuels



Policy Recommendations

The State should prioritize rapid deployment of clean, dispatchable generation, especially clean 
hydrogen resources.

» Extreme weather events highlight the value of dispatchable resources, especially as the grid 
evolves to support more renewables and growing demand from electrification.

» The State should urgently pursue clean, dispatchable resources like clean hydrogen generation 
to have sufficient clean, firm power in 2045.

» An important step is to explicitly acknowledge decarbonized fuels, like clean hydrogen, as 
an SB100 eligible resource. Doing so could provide the appropriate market signal to electric 
generators and load serving entities, and encourage adoption and deployment of clean, 
dispatchable generation.26

The gas system needs a rigorous, integrated planning process that factors in the impacts of  
climate change and evolving policy and customer needs.

» All stakeholders must understand how climate change and aggressive decarbonization 
policies may affect the energy system in the long-term and create a framework that allows 
electric and gas system planners to coordinate closely in a long-term planning process. This 
can help assure that the necessary electric and clean fuels infrastructure is available when 
and where it is needed.

» An integrated planning process will help encourage the appropriate levels of reliability 
and resiliency to be built into the energy system to account for the increased frequency of 
extreme weather events.

» Policymakers and stakeholders need to go beyond current planning practices based 
primarily on historical assumptions to adequately prepare for future conditions.

To support future energy needs, immediate investment in clean fuels infrastructure is 
necessary now.

» Early investment in the clean fuels network is needed at scale to accommodate long lead 
times required for infrastructure development that is key to meeting California’s long-term 
energy needs.

» Furthermore, the development of shared clean fuels infrastructure capable of supporting 
grid needs as well as other sectors, like industry and transportation, should be prioritized to 
facilitate the timely decarbonization of hard-to-abate sectors.

» Investments in existing gas infrastructure need to continue for the safe and reliable delivery 
of increasingly cleaner molecules. Leveraging the existing gas system to deliver clean fuels 
could allow California to achieve net zero more affordably and with less risk.

1

2

3
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26 Clean hydrogen is consistent with the federal definition in 42 USC 16166.

socalgas.com/cleanfuels



In general, this Reliability Analysis, including the modeling contained therein, is uncertain and speculative as it is based upon and contains hypothetical 
assumptions related to technology development, customer behaviors, and other large-scale trends over a 30-year time period, which in some instances were 
selected to test a range of potential but not exhaustive scenarios. Therefore, while the results can be useful to guide high-level strategic decision-making, 
neither the assumptions nor the results should be used as forecasts or estimates.

Unless otherwise indicated herein, such information and analysis have not been independently verified and no guarantee or representation is given with 
respect to the accuracy or completeness of any such information and analysis. Accordingly, you should not place undue reliance on any of this information.

The assumptions, analyses, and conclusions contained in this Reliability Analysis are based on or derived from publicly available and SoCalGas  data. Furthermore, 
such data, analyses, and conclusions are they themselves based on various factors and events that involve estimates and assumptions that are subject to 
change and uncertainty. Thus, future results could be materially different from any forecast or estimates contained herein. These results represent a range of 
outcomes based on the modeling of the referenced assumptions. This Reliability Analysis contains links to third-party websites that are not hosted or managed 
by Sempra or its family of companies, including SoCalGas. We are not responsible for, nor do we recommend, endorse or support, any information contained 
on any such third-party websites.

This white paper contains statements that constitute forward-looking statements within the meaning of the Private Securities Litigation Reform Act of 1995. 
Forward-looking statements are based on assumptions with respect to the future, involve risks and uncertainties, and are not guarantees. Future results 
may differ materially from those expressed or implied in any forward-looking statement. These forward-looking statements represent our estimates and 
assumptions only as of the date of this white paper. We assume no obligation to update or revise any forward-looking statement as a result of new information, 
future events or otherwise.

In this white paper, forward-looking statements can be identified by words such as “believes,” “expects,” “intends,” “anticipates,” “contemplates,” “plans,” 
“estimates,” “projects,” “forecasts,” “should,” “could,” “would,” “will,” “confident,” “may,” “can,” “potential,” “possible,” “proposed,” “in process,” “construct,” “develop,” 
“opportunity,” “initiative,” “target,” “outlook,” “optimistic,” “poised,” “maintain,” “continue,” “progress,” “advance,” “goal,” “aim,” “commit,” or similar expressions, or 
when we discuss our guidance, priorities, strategy, goals, vision, mission, opportunities, projections, intentions or expectations.

Factors, among others, that could cause actual results and events to differ materially from those expressed or implied in any forward-looking statement 
include risks and uncertainties relating to: decisions, investigations, inquiries, regulations, issuances or revocations of permits, consents, approvals or other 
authorizations, renewals of franchises, and other actions by (i) the California Public Utilities Commission (CPUC), U.S. Department of Energy, and other 
governmental and regulatory bodies and (ii) the U.S. and states, counties, cities and other jurisdictions therein in which we do business; the success of business 
development efforts and construction projects, including risks in (i) completing construction projects or other transactions on schedule and budget, (ii) 
realizing anticipated benefits from any of these efforts if completed, and (iii) obtaining the consent or approval of third parties; litigation, arbitrations and other 
proceedings, and changes to laws and regulations; cybersecurity threats, including by state and state-sponsored actors, of ransomware or other attacks on our 
systems or the systems of third-parties with which we conduct business, including the energy grid or other energy infrastructure, all of which have become 
more pronounced due to recent geopolitical events; our ability to borrow money on favorable terms and meet our obligations, including due to (i) actions 
by credit rating agencies to downgrade our credit ratings or place those ratings on negative outlook or (ii) rising interest rates and inflation; failure of our 
counterparties to honor their contracts and commitments; the impact on affordability of our customer rates and our cost of capital and on our ability to pass 
through higher costs to customers due to (i) volatility in inflation, interest rates and commodity prices, and (ii) the cost of the clean energy transition in California; 
the impact of climate and sustainability policies, laws, rules, regulations, disclosures and trends, including actions to reduce or eliminate reliance on natural gas, 
increased uncertainty in the political or regulatory environment for California natural gas distribution companies, the risk of nonrecovery for stranded assets, 
and our ability to incorporate new technologies; weather, natural disasters, pandemics, accidents, equipment failures, explosions, terrorism, information system 
outages or other events that disrupt our operations, damage our facilities or systems, cause the release of harmful materials or fires or subject us to liability 
for damages, fines and penalties, some of which may not be recoverable through regulatory mechanisms or insurance or may impact our ability to obtain 
satisfactory levels of affordable insurance; the availability of natural gas and natural gas storage capacity, including disruptions caused by failures in the pipeline 
system or limitations on the withdrawal of natural gas from storage facilities; changes in tax and trade policies, laws and regulations, including tariffs, revisions 
to international trade agreements and sanctions, such as those imposed in connection with the war in Ukraine, any of which may increase our costs, reduce our 
competitiveness, impact our ability to do business with certain counterparties, or impair our ability to resolve trade disputes; and other uncertainties, some of 
which are difficult to predict and beyond our control.

These risks and uncertainties are further discussed in the reports that the company has filed with the U.S. Securities and Exchange Commission (SEC). These 
reports are available through the EDGAR system free-of-charge on the SEC’s website, www.sec.gov, and on Sempra’s website, www.sempra.com. Investors 
should not rely unduly on any forward-looking statements.

Sempra Infrastructure, Sempra Infrastructure Partners, Sempra Texas, Sempra Texas Utilities, Oncor Electric Delivery Company LLC (Oncor) and Infraestructura 
Energética Nova, S.A.P.I. de C.V. (IEnova) are not the same companies as the California utilities, San Diego Gas & Electric Company or Southern California 
Gas Company, and Sempra Infrastructure, Sempra Infrastructure Partners, Sempra Texas, Sempra Mexico, Sempra Texas Utilities, Oncor and IEnova are not 
regulated by the CPUC.

Disclaimer
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