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1. Introduction 
I’ve been an engineer most of my adult life. I graduated with a BSEE in 1975, and been 
working as an engineer ever since. I’ve had a wonderful career. I have been able to work 
on leading-edge electric utility technologies, including advanced electric metering, fossil-
fueled energy, nuclear energy, renewable energy and microgrids. When working on 
these projects, I quickly learned that the science behind these was important, really 
important. Thus I studied this science and became a member of the American 
Association for the Advancement of Science (AAAS). I am still primarily an engineer, but 
so are many other members of AAAS including many of their leaders. 

With the above paragraph as a context, there is one thing that that really angers me. 
That is when foolish people make foolish utterances, and expect me to treat it as if it is 
the truth. My least favorite foolish utterance is “climate change is not real.” I only believe 
in facts: that is, real, peer-reviewed observations and real, peer-replicated experiments. 
All of these in the scientific literature unequivocally say that not only is climate change 
real but it is getting worse every year, and if we (the good people of our planet), do not 
mitigate climate change, it will cause massive pain. The primary reason it is getting 
worse is rapidly increasing greenhouse gases (GHGs). 

If I can get down from my soapbox. I will describe the real reason for this post. My home-
state (California) has a goal to use “…renewable energy resources and zero-carbon 
resources…” to supply 100 percent of retail electricity sales and electricity procured to 
serve all state agencies by 2045. 

The statute (AB 100) calls upon the California Public Utilities Commission (CPUC), 
California Energy Commission (CEC), and the California Air Resources Board (CARB) to 
use programs under existing statutes to achieve this policy and issue a joint report on 
the policy to the Legislature by January 1, 2021, and every four years thereafter. This 
post will briefly cover the first of the above reports, referenced below.1 

There is little doubt that California is a leader in fighting climate change and has been for 
many years. We have a record of generally meeting or exceeding our climate and 
environmental goals. See the “fan” graph and comment on the next page.2 

Also, “The debate is over around climate change. Just come to the state of 
California. Observe it with your own eyes” – (California) Governor Newsom noted 
during a September 2020 press conference following a tour of the destruction from the 
North Complex Fire, which burned 318,935 acres and killed 15 people.3 

                                                 
1 California Energy Commission, California Air Resources Board, California Public Utilities Commission,  

Commissioner Andrew McAllister, California Energy Commission, “2021 SB 100 Joint Agency Report”, , 

March 2021, https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349  
2 California Air Resources Board, GHG Emission Inventory Graphs, https://ww2.arb.ca.gov/ghg-inventory-

graphs  
3 ABC10 video. “Governor Gavin Newsom to survey damage caused by the North Complex Fire” 

Sep 11, 2020, https://www.youtube.com/watch?v=CXga8CM_uuk  

https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349
https://ww2.arb.ca.gov/ghg-inventory-graphs
https://ww2.arb.ca.gov/ghg-inventory-graphs
https://www.youtube.com/watch?v=CXga8CM_uuk
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Change in California GDP, Population and GHG Emissions Since 2000 

 

As of 2020, California had more than 530,000 clean energy jobs, more than half of the 
total energy-related jobs in the state. While the global COVID-19 pandemic has 
dramatically affected California’s energy sector, clean energy jobs remain an important 
component of the state’s economy. SB 100 provides an opportunity to create more high-
quality clean energy jobs and increase diversity in the state’s clean energy workforce.4 

Note that most of the content below was taken from the Executive Summary of reference 
1, which was over 20 pages long. 

2. The Team 
This report is called. “SB 100 Joint Agency Report: Charting a path to a 100% Clean 
Energy Future.” The SB 100 Joint Agencies were briefly mentioned in the intro. The 
following is a summary of their roles: 

The California Energy Commission’s primary functions include forecasting electricity 
and natural gas demand for state planning, siting and licensing thermal power plants 50 
megawatts or greater, investing in energy innovation, setting the state’s appliance and 
building energy efficiency standards, and planning for and directing state response to 
energy emergencies. The CEC also publishes the Integrated Energy Policy Report, 
which provides an assessment of major energy trends and issues facing California's 
electricity, natural gas, and transportation fuel sectors. 

The California Public Utilities Commission regulates services and utilities, protects 
consumers, safeguards the environment, and assures Californians' access to safe and 
reliable utility infrastructure and services. The essential services regulated include 
electric, natural gas, telecommunications, water, railroad, rail transit, and passenger 
transportation companies. The CPUC does resource planning for 80 percent of 
California’s electric grid through the Integrated Resource Planning proceeding and 

                                                 
4 e2.org. Clean Jobs California 2020. June 25, 2020. https://e2.org/reports/clean-jobs-california-2020/  

https://e2.org/reports/clean-jobs-california-2020/
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implements programs such as the Renewable Portfolio Standard, efficiency incentives, 
transportation electrification investments, customer solar, and building decarbonization. 

The California Air Resources Board’s mission is to promote and protect public health, 
welfare, and ecological resources through effective reduction of air pollutants while 
recognizing and considering effects on the economy. CARB is the lead agency for 
climate change programs and oversees all air pollution control efforts in California to 
attain and maintain health-based air quality standards. 

Since I was involved in an earlier proceeding that was similar to the one that produced 
the subject report, I know that the above agencies provide strong leadership and 
administration, but the real technical muscle and consensus comes through extensive 
public involvement. The real power of these proceedings is that they bring together all 
interested parties, including utilities, technology-providers, manufacturers, other federal 
and state agencies, special interest groups, and public interest groups. The viewpoint of 
each participant is respected, and these are frequently repeated in resulting rulings. 

3. Clean Energy Portfolio 
Even if we have 100% GHG-free Electricity, but still emit huge amounts of GHG 
elsewhere it will be meaningless. However clean electricity is the cornerstone of all clean 
energy programs, because it is a generally universal source of energy, and will become 
more so in the future. The following are the other programs that will leverage this 
capability. 

Current greenhouse gas emissions by sector can be seen this the chart below: 

 

SB 100 sits within a portfolio of related key clean energy efforts to reduce climate and air 
pollution emissions while maintaining a reliable and affordable electric grid. These efforts 
include: 

• Transportation Electrification: While the transportation sector remains among 
the state’s biggest decarbonization challenges, California has already positioned 
itself as a leader in clean transportation with more than 566,000 zero-emission 
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vehicles (ZEVs) on the road and nearly half of the total U.S. ZEV sales. Building 
on this success, Governor Gavin Newsom issued an executive order in 
September 2020 5 requiring all new passenger car and truck sales to be zero-
emission by 2035. This transformation will require close coordination and 
planning across the electric and transportation sectors. 

• Building Decarbonization: The construction of and conversion to zero-emission 
buildings has rapidly emerged as a key decarbonization strategy in recent years. 
State agencies are assessing pathways to reduce emissions from this important 
sector and considering implications of migrating more building energy uses, such 
as space and water heating, to the electric grid. 

• Energy Efficiency: Prioritizing cost-effective energy efficiency measures 
remains critical as the state moves toward 100 percent clean electricity. Taking 
steps to reduce energy demand can offset the need for additional generation 
capacity, saving customers money while reducing land-use and other 
environmental impacts associated with the construction of new generation 
facilities. 

• Load Flexibility: Load flexibility — the ability to shift electricity consumption to 
other parts of the day — is critical to supporting grid reliability, especially in a 
high-renewables future, and reducing the total cost of the electric system. The 
state has efforts underway to research and implement a variety of load flexibility 
applications. 

• Research and Innovation: Given the urgency of achieving an electricity system 
powered by renewable and carbon-free electricity, continued prioritization of 
research and development of new and more cost-effective solutions is 
imperative. State agencies are also working to ensure these investments benefit 
all Californians. 

4. Modeling 
The primary work is modeling the future. This both determines the viability of the SB 100 
goals, and studies possible alternatives. 

4.1. Tools 
The most important tool used to understand the possible future energy landscape in 
California is the RESOLVE California model, a capacity expansion model developed by 
Energy and Environmental Economics, Inc. (E3). The RESOLVE model produces a 
least-cost resource portfolio, given the policy and reliability constraints. The modeling 
inputs and assumptions build upon previous state efforts, including the CPUC’s 
Integrated Resource Planning (IRP) 2045 Framing Study and were informed through 
public and stakeholder comments.6 

                                                 
5 Governor Gavin Newsom. Executive Order N-79-20, September 23, 2020, https://www.gov.ca.gov/wp-

content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf  
6 Jimmy Nelson, Energy and Environmental Economics, Inc., “Solar power and resource planning in 

California and beyond”, March 18, 2019, 

https://www.energy.gov/sites/prod/files/2019/04/f61/CSP%20Summit2019%20E3%20Nelson.pdf  

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf
https://www.energy.gov/sites/prod/files/2019/04/f61/CSP%20Summit2019%20E3%20Nelson.pdf
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The analysis examines estimated resource requirements and cost impacts of various SB 
100 implementation pathways. Although capacity expansion is an important tool, it is just 
the first step in a series of modeling phases to develop reliable portfolios that meet all 
applicable policy objectives. Further analysis is needed to evaluate topics such as 
reliability and land use and better reflect equity, workforce, and additional planning and 
implementation considerations. 

Note that the Resolve Model is used by quite a few state and regional power agencies. 
Go through the link below for details. 

https://www.ethree.com/tools/resolve-renewable-energy-solutions-model/  

4.2. Types of Scenarios 
There are two types of scenarios: The “core scenarios”… modeled for the 2021 Report 
are consistent with the joint agencies’ interpretation of the statute and include only 
commercialized technologies with publicly available cost and performance data. 

The “Study Scenarios”… are exploratory analyses that examine outcomes outside the 
scope of the joint agencies’ interpretation of the SB 100 policy. They are intended to 
provide additional information for consideration and support broader state energy, 
climate planning, and public health efforts…  

4.3. Renewable & Zero-Carbon Resources 
Note that, although I do not use “zero-carbon resources,” as I feel it is misleading, SB 
100 specifically uses this language: “b) The Legislature finds and declares that the 
Public Utilities Commission, State Energy Resources Conservation and Development 
Commission, and State Air Resources Board should plan for 100 percent of total retail 
sales of electricity in California to come from eligible renewable energy resources and 
zero-carbon resources by December 31, 2045.7  

The Reference 1 report also uses this term, but clarifies: SB 100 does not define “zero-
carbon resources” and the state had no legal definition prior to the bill becoming law. For 
modeling purposes, the joint agencies interpreted “zero-carbon resources” to mean 
energy resources that either qualify as “renewable” in the most recent RPS (Renewables 
Portfolio Standard) Eligibility Guidebook8 or generate zero greenhouse gas emissions on 
site.9 

Only commercialized technologies with vetted and publicly available cost and 
performance data and an anticipated pipeline of development were included for the core 
scenarios. Additionally, the joint agencies excluded energy resources from some or all 
scenarios if their use would have significant negative effects on public health or the 

                                                 
7 California Legislative Information, “SB-100 California Renewables Portfolio Standard Program: 

emissions of greenhouse gases.(2017-2018)”, 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB100  
8 California Energy Commission. Renewables Portfolio Standard Eligibility Guidebook, Ninth Edition 

(Revised). Publication Number: CEC-300-2016-006-ED9-CMF-REV. January 2017. 

https://efiling.energy.ca.gov/getdocument.aspx?tn=217317  
9 For modeling purposes, this list does not acknowledge de minimis emissions associated with included 

technologies. SB 100 compliance programs would need to establish clear requirements for qualification as 

a zero-carbon generation resource. Author: “de minimis emissions” are those that are too trivial or minor 

to merit consideration. This is mainly a legal term. 

https://www.ethree.com/tools/resolve-renewable-energy-solutions-model/
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB100
https://efiling.energy.ca.gov/getdocument.aspx?tn=217317
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environment or were otherwise at odds with state policies and priorities. Note that 
excluded technologies may be included in future SB 100 analyses if assessments 
change. Staff will update modeling as emerging technologies become commercialized. 

The following are the technologies included in both the Core and Study Scenarios unless 
otherwise noted: 

 Solar PV  

 Solar Thermal (existing only)  

 Onshore Wind  

 Offshore Wind  

 Geothermal  

 Bioenergy  

 Fuel Cells (using green hydrogen) 

 Small Hydro (existing only) 

 Large Hydro (existing only) 

 Nuclear (existing only) 

 Generic Firm Dispatchable Resource10 

 Generic Firm Baseload Resource11 

Below is the Core scenario. The 60% Renewable Portfolio Standard (RPS) chart is for 
the SB 100 2030 goal. 

Figure 3: Cumulative capacity additions for SB 100 Core Scenario & 60% RPS Reference Scenario 

 
Source: CEC Staff and E3 analysis 

                                                 
10 Used in Study only. For example, natural gas with 100% carbon capture and sequestration or 100% drop-

in renewable fuels. 
11 Used in study only. For example, low-cost geothermal or imports of emerging nuclear generation 

technologies. 
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Regarding the 60% RPS, see the chart below. As of the date on the chart we had 
exceeded the 2020 goal. 

 

5. Results 
Even with good simulation software, predicting the future is tricky. Thus there were many 
caveats in the results. This is why the team will need to repeat this project every few 
years. Nevertheless, there are important takeaways: 

SB 100 is Achievable: This initial analysis demonstrates that SB 100 is technically 
achievable. Preliminary modeling suggests the total resource cost of achieving SB 100 is 
approximately 6 percent higher than a 60% RPS future in 2045. This cost may be lower 
if the cost trends for renewables continue to fall faster than projections. Cost reductions 
and innovation in zero-carbon technologies, as well as load flexibility and energy storage 
development, can further reduce implementation costs. 

Sustained Record Setting Build Rates Will be required to Meet SB 100 in a High 
Electrification Future: The need for a significant amount of new generation resources 
is driven both by the 100% clean electricity target and increasing electricity demand to 
achieve economy-wide decarbonization. The projected record-setting resource 
development rates needed have implications for workforce needs, land use planning, 
technology supply-chains, and regulatory and permitting processes that must be 
considered for successful implementation of SB 100. 

Author’s Comment: These models assumed that there would be no carbon capture 
and sequestration (CCS) used in 2045. I believe very strongly that this will be needed 
and used, and have written extensively on this subject. Technologies for this function 
have been improving rapidly, and CCS will be needed, mainly for negative emissions 
technologies (NET). Even if California is successful in achieving SB 100 goals, there will 
still be many other sources of GHG in our state that must be offset, and NET appears to 
be the most effective way to do this. NET can also be done via existing generation 
assets, reducing the cost of electric decarbonization. 

6. Other Information in this Report 

6.1. Future Work 
This report is still a work in progress. All future projections are always a work in progress 
until the future actually happens. Having said this, the report identified the following 
immediate work that needs to be performed before the next report: 

1. Perform a comprehensive reliability assessment as the next step in the 
modeling process. 
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Additional modeling is needed to evaluate whether the projected portfolios meet system 
reliability requirements. Projected portfolios can be adjusted as needed in an iterative 
process to ensure reliability requirements are met and inform the state’s long-term 
system planning. 

The CEC and CPUC are assessing resource availability to complete this modeling 
ahead of the next report. The joint agencies will continue to consult with the California 
Balancing Authorities when developing the tools and metrics for this analysis. 

2. Continue to assess the role and impacts of emerging technologies and non-
generation resources. 

Future analyses should be updated to reflect market trends, including changes in price, 
the commercialization of new technologies, and updates to total resource potential. 
Additionally, the joint agencies should continue to evaluate and consider ways to better 
assess the impacts of less-proven technologies that could significantly impact a 2045 
resource mix and total cost. 

3. Analyze projected land-use impacts of scenarios and opportunities to mitigate 
environmental impacts. 

The CEC is developing tools to better assess the total land area required to implement 
SB 100, areas where new resources could be located, and relative environmental 
impacts. As state agencies work to better quantify the carbon stored in natural and 
working lands, these areas must also be incorporated into electricity land-use planning. 
Closer collaboration with local and regional jurisdictions, tribal governments, and 
stakeholders, to plan for development will be important to balance clean electric grid 
infrastructure needs with efforts to restore, conserve, and strengthen natural and 
working lands. 

There were additional items, but the above seemed to be the most critical. 

6.2. Process for Future Work, and Additional Work 
This was covered in detail, and there were some useful suggestions, but I will not cover 
these herein. 


